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SENSOR ASSEMBLIES 

CROSS REFERENCE TO RELATED 
APPLIC ATlONS 

111is application is a divisional or U.S. pi1tcnl application 
Ser. No. 11 /120,065 filed May 2, 2005 which claims priority 
uuder 35 U.S.C. § ll 9M of U.S. provis:ional patent ;ippli­
cation Ser. No. 60/592.838 filed Jul. 30, 2004 

AJI of tbe refort>Uces, patents and patt>nt applications that 
are referred to herein are incorporated by reforence in their 
enJirely as iflhey had each been set forth herei,1 in 1h11. Nok 
that this ,1pplicatil1n is one in a series or applications 
covering safety and other systems for vehicles and other 
uses. The disclosure herein goes beyond th.at needed to 
support tbe claims of tbe particular invention set forth 
herein. This is nor to be om1strned that the inventors are 
thereby releasing tl1e unclaimed disclosure and subject mat­
ter into the J')ublic domain. Rather, it is intendlcld that patent 
applications bave beeu or will be filed to cover all of the 
subject matter-disclosed below and in the current assignee's 
granted and pending applkatious. Also ple.1se note that the 
terms frequc11tly used below ''the inventiou'' or " this iuven­
tiou'' is not mean( to be coostrned tba( tbere is only one 
iuveutiou being discussed. lustead, wben the terms "the 
invention" or ''this invention•· are used. it is referring 10 the 
particular invention being discussed in the paragrapl; where 
the term is used. 

FIELD OP THB INVENTION 

rl1is invention relates to monitoring coll1pom,01s, sys1ems 
or subsystems of a vehicle by obtaining a measurement of a 
physical quantity related ln tl1e component. system or sub­
system and more particularly to monitoring the tires or a 
vehicle by measuring the temperature of the tires. This 
invention also relates to obtaining and processing infonua­
tiou from or related to one o r more components_ systems M 

subsystems of a vehicle wirelessly. 
Tue invention also relates to the application of a wireless 

power system lor controlling power 'transfer and conummi­
catioll between sensors and transducers mounted on the 
vehicle, such as tire monitoriug sensors. and other systems 
or devices in tile vehicle. 

There are numerous methods and components described 
and disclosed herein. Many combinations of these method~ 
ru1d components are described bm in order to conserve space 
\he inventurs have 11,01 described all c~1mbinat.ions and per­
mutations of these methods and components, however. the 
inventors intend that each and every such combination and 
permutation is an inveut-ion to be considered disclosed by 
tlJjs disclosure. Tbe inventors further h1tcnd to file cool'int1-
atio11 and coo1inuatio11 iu pru-t applications to cover mllily of 
these combinations aud permutations. 

BACKGROUND OF TUE INVHNTION 

I. Diagnostics 
I. I General lJi:'lgpostics 
Wben a vehicle compoocnt begins to foil, the repair cost 

is freq\1entJy minimal if the impending fa ilure of the C0l11-
po11ent is caught early, bm increases as the repair is delayed. 
Sometimes. if a component ill need of repair is not caught in 
a timely manner, the componeur. and particularly the 
impending failure tlwn::of. can cause other components of 
the vehicle to deteriorate. One example is where the water 

2 
pl!mp fails gradunlly until tbe vehicle overheats and blows 
a head gasket. Another example is when a tire gradually 
loses air until it bears up, fails and causes an accident lt is 
desirable. therefore. tl) de1e1mine that a vehicle component 

5 is about lo fail as early .is possible so as to minimize the 
probability of a brcakdowu and tl1e result ing consequences. 

TI1ere are various gages on an automobile which alert the 
driver to various vehicle problems. For example. if the oil 
pressure drops below some predcte.rmined levet the driver 

10 is warned to stop h.is vehicle inunedfately. Similarly. i r the 
coolant temperature e.xceed~ some predetermined value, U1e 
driver is also warned LO lake immediate co1Tcctive actio1l. In 
these cases. the w.iming often comes too la1e as most vehicle 
gages alert the driver after he or she cau couveuiently solve 

15 the problem. Thus. what is needed is a component failure 
wan,ing system tbat alerts the driver 10 <111 impending failure 
of a compouent su:llicicntly i11 advance of the time wbcn tbe 
problem gets to a catastrophic point. 

Some astute drivers can sense changes in the perfom1ance 
?(1 (l f I heir vehicle and correc1ly diagnose that a problem with 

a component is about to occur. Other drivers can sense tbat 
their vehicle is performing diftereutly but they don't know 
why or when ft component wi ll fai l or how serious that 
failure will be, or possibly even what specific compcme11t is 

25 the cause of we ditfereuce in performance. There is a need 
therefore tbr a ~)'stem which predicts componeut fai lures in 
time lo pcm1i1 maintenance and thus prevent vehicle break­
downs. 

Presently, automobile sensors in use are based on specific 
3C1 prcdcrenniued or set levels, sucb as the coofant temperature 

or oil pressure, whereby 1111 incre-,1se above the set level or a 
decrease below lbc sci level will activate 1bc scusot. rather 
than being based on changes in this level over time. The rare 
at which coolant heats up, for example, C'dn be an imporlant 

35 clue that some component in the cooling system is about to 
fail Tllere are no systems currently on automobiles to 
monitor \he uumerous vehicle components over time and to 
compare compoileul perfonuance with nom111l pcrfom1ancc. 
For example. nowhere in tbe vehicle is the vibratiou signal 

40 ofa oormally operating frool wheel stored or for tJ,at mailer, 
any nom1a1 signal from any other vehicle component. Addi­
tionally. there is no system currently existing on,, vehicle to 
look for erratic behavior of a vehicle compouem 1111d lo warn 
the driver, mamtfacl'llrer or tbe dealer that a co111poneu1 is 

45 misbehaving and is therefore likely to fail in the very near 
fi.mlt'e. ln order ro minii'uize breakdowns on the road, there 
is therefore a need for such a system. 

f3asically. operation or an automobile shm1ld be a pmcess 
not a project. To accomplish this. there is a need 10 eliminate 

50 breakdowns by identifying potential component failures 
before they occur so that they can be repaired in a timely 
111arn1er. Another need is to 11otify tile operator and a service 
facility of the pending failure so that it can be prevented. 

Sometimes, wben a component foils. a catasirophic acci-
5; dent results. In the Firestone lire case. for example. over I 00 

people were killed when a tire of a FOl'd Explorer blew out 
which caused tl1e Ford Explorer to rollover. S imilarly, other 
component failures can lead to loss of control of the vehicle 
and a subs1.,-quent accidcnt. Therefore, there is a need 10 

6<J accur:Jlely forecast that such au eve11I will tf1ke place but 
furthermore, for t·hose cases where the event takes place 
suddenly wiU10111 warning, there is also a need to djagoose 
the state of the entire vehicle. which in some cases can lead 
to automatic corrective action to prevenr 1mstable vehicle 

65 motion or rollovers resulting in an accident. 
Fina lly. au accmate ding11os1ic system for the entire 

vehicle can determine much more accurate ly tl1e severity of 
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an automobile crash once it has begun by knowing where the 
accident is taking p lt1ce oo the vducle (e.g .. the p&rl of or 
loc.:arioa on the vehicle which is being impacted by an 
object) aod what is colliding with the vehicle based oo a 
knowledge or U1c force deflection characle1is1ics of the 
vehicle at that locatim1. Since no ~uch ~ystem currently 
exists, therefore, in iidditiou to a compone11l dfagnostic. 
there is also a need to provide a diagrrostic system for rhe 
entire vehicle prior to and du.ring accidents. ln particular, to 
minimize the events described abow. there is a need for the 
simultaneous monitoring of multiple sensors on the vehicle 

4 
used to predict the state of machine tools. Again no sugges­
rion is made 1ha1 f11is can be used for diagnosing compone1\ls 
of land vehicle; .. 

As also pointed out in U.S. Pat. No. 06,330.499. after the 
5 filing or the current assignee's fundamental patents on the 

subject. " ... vehicles perfom1 such 111,1nitoriug typically 
only for the vehicle driver and without communication of 
any impe11d.ing results, problems and/or vehicle rualfonction 
to a remote site for trouble-shooting, diagnosis ,,r tracking 

10 for data mioing.'· 
''Systems that provide li:>r remote mo11iloring do not have 

a means fo.r automated analysis a.11d collllm1n.ic11Lion of 
problems or potential problems and recommendations to lhl! 
driver." 

"As a result. the vehicle driver or t1ser is ofien left 
stninded, or irrl.'parahle damage occurs to the vehicle as a 
result of ueg)e.:t or driving the vehicle without the user 
!mowing the velticle is rnalfuoction.ing until it is loo late.•· 

so that the best possible determination or the state of the 
vehicle can be detem1inod. Current crasl1 sensors operate 
i.11depeo.dently or at most one sensor may influence the 
threshold al which another sensor triggers a deployable 15 

restraint as taught in the current assignee-·s U.S. patent 
application Ser. No. 10/638,743 filed Aug. 11. 2003 aJJd 
related patents and pending applications. Io thti 1eaclungs of 
this invention, two or more sensors. frequently accelerom­
eters. a re monitor~-d simullaneously and the m~lpllls oflhese 
sensors can be combined continuously in making tl1e crash 
severity am1lys.is. 

U.S. Pat. No. 06,611. 740 provides a good stUmuary of 
2(1 

OBD-Il diagnostic systems as follows: 
" 'Ilic Gnvironmental Protection Agency (EPA) requires 

vehicle m:.111ufactmcrs to inst-all on-board diagnostics (OBD­
ll) for monitoring light-duty automobiles and trucks begi11• 

U.S. Pat. No. 05,754,965 (Hagenbuch) describes a.11 appa­
ratus for diugaosi.ng Lhe state of health of a construction 
vehicle and providing the operator or the vehicle with a 
substantially real-time indication or the elliciency of the 
vehicle in perfo11.11ing an assigned task wi th respect to a 
pn..>cletermined go,ll. A processor in the vehicle monitors 
sensors that provide in.formation regarding the state ofheallh 
of the vehicle and the amount of work the vehicle bas doue. 
The processor records infom1ation tl1at describes events 
kading up to ilie m;cu1Te1Jcc of an anomaly for later umtlysis. 
The sensors are aJso ll~ed to prompt the operator lo operak 
tl1e vehicle al optimum efficiency. ·111e system of this patent 
does 1101 predict or wam the operator or the home base of a 
pending problem. 

Asami et aJ , (U.S. Pat. No, 04,817.418) is directed to a 
failure diagnosis system for a vehicle including a failure 
display for displaying, failure infonnation to u cl.rivcr. This 
system only reports failures after tl1ey haw occun·ed and 
does not pre-diet them. 

Tiernan et al. (U.S. Pat. No. 05.313,407) is directed, inter 
alia. to a system for providing an exhaust aclive noise 
coutrol system, i .e .. an eleclron.ic mufller system, including 
an input ruicroplio11c 60 which senses exhaust noise at a first 
loc.:atfon 61 in an exhaust duel 58. Au engii1e bas exhaus1 
manifolds 56. 57 feeding exhaust air to the exhaust duct 58. 
The exhaust noise sensed by the microphone 60 is processed 
to obtain an output from an output speaker 65 aiTauged 
downstreaiu l1f thc input micmphone 61 in the exhaust path 
in order to cancel 1he noise in the exhaust duct 58. No 
attempt is made to diagnose system faulls llilr predict them. 

11.araruaty et al. (U.S. Pat. No. 05.406,502) describes a 
system that mooilors a machine in a factory aod notifies 
maintenance personnel remote from the machine (not the 
machine operator) that maintenance slK1uld be scheduled at 
a time when the m:tchine is not in L1Se. I Iaramaty er al. docs 
not expressly relate to vehicular upplications. 

NASA TechnieDl Suppori Package MFS-26529 "'Engine 
Monitoring Based on Normalized Vibrntioo Spectra•·. 
describes a lech11ique for diagnosing eugi1rn heahh tisiJ.Jg a 
neural network based system but does not suggest that this 
system can o.r should be used on land vehicles. 

A paper "Using acoustic emission signals for monitoring 
oJ production processes·• by [l. K. Tonshoff ct aL also 
provides a good description of how acoustic signals C}Ul be 

25 oiug with model yc.ar 1996. OBD-ll systems (e.g.; micro­
cootrollers and SCJ1sors) monitor tJ1e vehicle's electrical and 
mechanical systems and generate data tlia( are processed by 
,1 vehtele's engine c:.ontrol urut (ECU) to detect any rual­
fw1ction or deterioration in the vehicle's pcrformru,cc. Most 

,c, ECU~ trdnsmit st::Hus and diagnostic infonna1ion over a 
shared, standardized clecu-onic bLJss in the vehicle. The buss 
e.tleclively Junctions as an 0.11-board computer network with 
many processors, e,1ch ofwbich transmits and receives data, 
The primary computers in this network ,u·e the vehicle's 

35 electmnic-control module (ECM) and power-control mod­
ule (PCM). The ECM typically monitors engine functions 
(e.g .. the cmisc-conu·ol module, spark controller, exl1aust/ 
gas recirculatl1t), while the PCM mon.ilors the vehicle's 
power traio (e.g., its engine, transmission. and braking 

40 systems). Data availuble from the ECM and PCM include 
vehicle speed, fuel level, e11gine tempernrure. aod iutake 
manifold pressure. In addition, in response to input data. the 
ECU also generate; 5-digit 'diagnostic trouble codes· 
(lJTCs) that indicate <1 specific pn1bkm with the whick. 

45 The presence of a DTC in lhe memory of a vehicle's ECU 
typically results in i lltJminati,,n oflhe 'Service 8ngioe Soon· 
light present on the dashboard of most vehicles:· 

"Data from the abllve-mentioncd syi;tems are made avail­
able through a standardized, serial J 6-cavity co!lllector 

so referred to herein as an '08D-II connector'. The OBD-11 
conMclOr typically lies underneath the vehicle's dashboard. 
When a vehicle is serviced. data from the vehicle's ECM 
and/or PCM is typical1y queried usii1g :in external engine­
diagnostic tool (commonly called a 'scao tool') 1bat plugs 

55 iJ110 the OBD-JL connector. The veh.JcJe's engioe is turued. 
on and data are transferred from the engine compurer. 
through the OBD-11 connector. and to the scan tool. The data 
are then displayed and analyzed 1n service the vehicle. Scan 
tools are typically only used to diagnose stationary vehic.:les 

60 or vchicle5 rnn.o.ing on a dynamometcr." 
"Some vehicle manufacnirers also il-lclude complex clcc­

trouic systems in their vehicles to access and a»aly7e some 
of 1he above-d~cribed data. For example, General Motors 
includes a system called 'On-Star· in some of their high-end 

65 vehicles. On-Star coUecls and trru:ismits cfata relating lo 
these DTCs thn:m\l.h a wirckss network. On-Star ~ystems are 
not con11cctcd tb~ugh the OBD-11 corrnector, but instead are 
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wired directly to the vehicle's electronic system. Tb.is wiring 
process typically takes place when the vehicle is manufac­
tured." 

''The web pages also ~npporl a wide range of .:tlgoiithms 
that can be used to analyz,e cfata once it is extracted from the s 
data packets. Por example, the above-rne11ti(1ned alert mes­
sages are sent out in response to a DTC or when a vehicle 
approache~ a pre-spec.ified odometer reading. Alternatively, 
the message could be sen! out when a data parameter (e.g. 
engine coolant temper::in1re) exceeded a predetermined 10 
value. In some case8, multiple parameters (e.g., engine speed 
and load) can be analyzed to generate an ale1t mc~sagc. In 
generJl, an alert mcSsage can be sent out aficr ::1naly7.ing one 
or more d;,ta parameters using any type of algorithm. T11ese 
algorithms range from U1e relatively simple (e,g .. determiu- 15 

111g mileage valnes for each vehicle in a fleet) to 1l1e complex 
(e.g., pred ictive engine diagnoses using 'data mining' tech­
niques). Data analysis may be osed to characterize an 
individual vehicle as desciibed above, or a colleclion of 
vehicles. and can be used with a single data set or a 21, 

collection of historical dma.Al1writluus used to characterize 
a collec1io11 of vebides can be {;'sed. for example. for remote 
vehicle or parts sw·veys, to characterize emission perfor­
nrn11ce in speci fie geographic locations. or 10 cbamcteriz.e 
t.raillc." Again the OBD systt!llls provide a diagnostic after a ::!5 

problem has occurred nnd no atte1upl is made to foreca~t that 
a problem will occur sometime iu lhe fu ture. Similarly. Lhe 
data sent over OnStar™ is dma slating that a failure or 
problem has occurred. 

General diagnostics have been somewhst developed for 3c, 
industrial madii.nes irnd large naval ships as reported in 
Hadden. G. D., P. Bergstrom, T. Sai11ad. B. Fl. Bcn.oc11. G. J. 
Vachtsevanos, and .T. Van Dyke. 2000. "Application Chal­
lenges: System l lealth Management for Complex Systems." 
Parallel and Distributed Processing Proceedings. Lect11re 35 

Noles in Compuler Science, Vol. 1800 pp 784-791 and in 
Busch. D. el al.. "The Application of MEMS-Based Devices 
for Autonomous Bguipmeot I kalth Monitoring Systems ... 
Tlte first paper discusses fault detection uud identification, 
failu,re predictioo, modeling and trocking degradatioo. maio- 40 

tenance sch~luling and error corr,,ction for shipboard appli­
cations. Tue Wavelet Neural Network diagnostics and prog­
nostics system developed by Professor George Vaclnsevanos 
and colic.agues of Georgia Tech. is also disclosed. No 
mentio11 is made of applying these methods to diagnostics 45 

and prognostics of automobiles and trucks. In the secm1d 
paper. the autonomous Equipment Health Monitoring Sys­
tem cm IMS) is disclosed ulso for tl,e use l)ll naval ships and 
again 110 mention is made of applying this system lo auto­
mobiles or trucks. Various MEMS sensors are disclosed as so 

6 
sensor to make a decision will foil if that sensor fails. A 
general diagnostic system that cou1pares the onrput or sev­
eral sensors lhat would 1101 be fooled by a single failure of 
a seusor and also su1ce the sofiware could also be indepen­
dent it is less likely tl1 be subject to the s.:u11e failure mode 
as the dedic;tLcd vehicle system s~1ftware. 

1.2 Pattern Recognition 
Marko et al . (U.S. P11t. No. 05,041,976) is directed to a 

diagnostic system using pa!lern recog11itio11 .for elcctrouic 
automotive control systems and particularly for diagnosing 
faults in the engine of a motor vehicle after they have 
occtu1-ed, For example, Marko eL al. is interested in deter­
mining cylinder specific laults after Lhe cylinder i, oper.iting 
abnormally. More spec.ifically, Marko et aJ. is directed to 
detecting a fouit in a vehicular electromechauical system 
dir<!etly. i.e .. by means oflhe measurement ofparnmeLerS of 
sensors which arc desigued to be aJJecred ouly by tl1m 
system, aod after 1hm fault has already manifested itself in 
the $ystem. lu order to fonn the fault detccti1lg system, the 
parameters from (hese sensors are input lo a pattern recog.­
nition system for training thereof. 'TI1en, known faults are 
illtroduced and the parruneters from the sensors are input 
into the pattern recognition system with irnlicia of the known 
fault. Thus, drning snbsequent operation, the pattern recog­
uition system ca11 determ iue the fault ofthe electromechani­
cal system based oo the parameters oftJ1e sen.sors, assuming 
Lhat the foull wa, "trained" into the pattern recognition 
system and bas already occurred. 

When the electro.mecbauical system is an engine, the 
parameters inpul intLi tlie paltem recogrtition sy~tem for 
trai11ing thereof, ru1d used for fau lt detection during oper-d­
tion. all rclat..: to the engine. In otbcy words, each panuuctcr 
will he aflccted by t.he operation of the engine and depend 
U1ereou aud cb,111ges in the operation of the engine will a.Iler 
the pammeter, e.g., the manifold absolute pressttre is an 
indic.ation of the airflow illto the engine. In this case, the 
signal from the manifold absolute presstire sensor may be 
indicative of a foult in the intake of air in10 the engine, e.g., 
tbe eugiue is drawing in too much or too liltle air. and is tJ1L1s 
affected by tb.e operation of the engine. Sio1ilarly, the m.iss 
air flow is the airflow into the engine and is an altem:tl.ive to 
the manifold absolute pressure. IL is tbus a parameter that is 
directly associated with. related to and dependent on the 
engine. The exhaust gas oxygen sensor is also affected by the 
operation of the engine, and thus directly associated tbere­
witl1. since duJi11g oonua1 opemtiou. the mixture of the 
exhaust gas is m.·it·bcr ricb or le::in whereas during ahnomrnl 
c1}gine operation, the !.ensor wil l detect ao abrupt change 
iodicative of the nuxtme bei.J.,g too rich or too Jean. 

Thus. the sy~tem of Marko et al. is based on the mea-
surement of sensors wlucb affect or are alfacted by, i.e., are 
dil'\.>ctly associa1ed With. the l~peration of the elcctromc­
cb;micaJ system for which faults are to be detected. How­
ever, the system of Marko et al. does not deteC'l faults in the 

is wireless co1lllmuucat-io11. The ''MEMS-based sensors 
under devefopment .11 I loncywell have resulted in a fltuuly 
of sensors for me;1suring temperature. pressure. acoustic 
emission, strai11. and acceleration. The devices are based on 
precision resonan! rnicrohc,1m force sensing technology. 
Coupled with a precision silico11 microstrucn1re, the reso­
nant microbeams provide a high sensitivity pickoff for 
measuring inertial acceleration, inclination, and low fre­
quency vibratious." The MEMS-based sensors described in 
Uus paper are applicable to the inventions described below 
in the description of the refcrcoced embodiments. 

55 sensors that are conducting the measurements, e.g .. a fault in 
the exhaust gas m..-ygen sensor, or faults that are 011.ly 
developing but have not yet manifested themselves or faults 
ill other systems. Rather, the sensors are used to detect a fuult 
in the system a Iler it has occurred. Marko doe~ not ,lltempt 

AnoU1er viewpoint illustrating the dire need for a general 
vehicle diagnostics system is reported in T. Moran ''What's 
Buggillg the High-Tech Car", New York Times, Feb. 5, 
2005. This article tells of a series of problems Ouit car 
mvners have experienced due 10 software and sensor fail­
ures. Diaguostic systems that rely on the output o r one 

60 to forecast or predict that a fault will occur. 
Aside from the roferences above of assignee's p:1tents and 

patent applications and the ooc example of w1 engine C(lJltrol 

system. pat1em recognition bas not bee11 applied to the 
diag11osis of any faults on a vehicle. l1l the refereuced 

65 examples. the engi.J.1e courroller, fo.r example. only sen:iors 
dir~>etly associ.a1ed with the component have been used. No 
attempt has been made to forecast that a failure will occur 
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and 110 syslem has been disclosed other 1ha11 by the assignee 
for transmitting snch diagnostic informarion to a si1e off o f 
the veh.i cle. 

1.3 SAW, RFlD and Other Wireless Sensors 
Surface Acoustic Wave (SAW). Radio Frequency Jdenl1- 5 

fication (RPID) and other wireless ~ensors have particuJar 
advnutages in se11Sing vehicle and component parameters as 
will now be discussed. 

One of the first sign.i □cant SAW sensor patents is U.S. Pal. 
No. 04.534.223. This pa1ent descdbes tbe use l1f SAW 10 

devices for measuring pressure-and a lso a variety of methods 
f~1r temperature compensation but does not mention wjrele$s 
tr.ms miss.ion. 

One me1hod of measuring pressure that is applic.ible to 
this inventio11 is disclosed in V. V. Varodan .. Y. R. Roh and 15 

V. K. Varad:;iu "Local/Global SAW Sensors for Turbulence•·. 
JEEE 1989 Ullwson.ics Symposium p. 59 l - 594. This 
me1hod makes useofpolyvinylidene fluoride (PVDP) piew­
electric film lo measure pressure. ll1is art iclc discloses thal 
other piezoelectric materials can also be used.. Fxperimental 21, 

results are given wl.!ere the height of a coltunn of oil is 
measured based on the pressure measured by tl.!e piezoelec-
tric f11m used as a SAW device. In particular, the speed of the 
surface acoustic wave is dete1mined by the pressure exerted 
by the oil on the SAW devi<.:e. For the purposes herein, air 15 
pressure can a lso tl1eoretically be 111easurecl in a similar 
manner by firs1 placing a thin layerora rubber material onto 
the surface of the SAW device which serves as a coupling 
a gem from the air pressure to the SAW surface . .l.n this 
manner, the absolute pressure of a tire, for example. can be 3C1 

measured without the need for a di,iphragm ,md reference 
pressure g reatly s;tnplifying the pressure 1ncasurcmcnl. 
Tests however using lithium niohate have not been success-
ful. PVDF has 0~11 yet been attempted. Other examples of the 
use of PVDF film as a pressure rransducet can be fouJ1d i11 35 
U.S. Pal. No. 04577.510 and U.S. Pat. No. 05.341.687, 
which are incorporated by relerence herein, although they 
are not used as SAW devices. 

In rccenl years, SAW devices have been used as sensors 
iu a broad va.riety of applicalioos. Compnred with sensors 40 

u1ilizing altcmalive tcchi10logies, SAW sensors posse.~s 
i.m.portant properties such as high sensitivity. high resolu­
tion. and ease of manufocrnring by 111.icroelectronic tech­
nologies. However, the most attractive feature of SAW 
seusors is 1ha1 they c~u1 be interrogated wirelcssly an<l 1ha1 45 

they can be opernted \vithou1 a ballety or oilier sou1·ce or 
power except for !be RF signal tbal is capture.cl by the 
ant.:nna SAW devices. however, have a very low signal 
streng,th which will now be discussed. 

A SAW Pressure Sensor can also be used for many 50 

pressure seusingapplications such :is bladder weight sensors 
pen11itting tl1at device to be interrogated w'irelessly and 
witbou1 the need Lo supply power. Th.is also can use the 
boosting techniq11es as disclosed herein. Similarly. a SAW 
device can be used as a general swil'ch in a vehicle and in 55 

particular as a seatbelt buckle switch indicative of seatbelt 
use. None of these usefol concepts are believed to have been 
previously disclosed other than by the curren1 assignee. 

The operating frequency of SAW devices has been limited 

8 
ment system that does not use batteries. ll1e use of a 
SAW-based TPM and particularly a boosted SAW-based 
TPM permits the after-market replacement for other battery 
powered TPM systems such as those manufac1ured by 
Schrader wilh lhe replacement product removing the need 
for a battery and tlnL~ periodic replacement and solving tbe 
disposal problems. 

There is aJso a need to measure the footpri11t of a vebicJe 
tire since tl1e footprint is a good measure of the load that the 
vehjcle is carryi11g. "fbe use or a piezoelectric generator 
attached lO the tire tread also enables a measurement of the 
Lire footprinl and rims a determi11ation ~1f the load on the car 
and truck lires. '111is can also be accomplished by the system 
tl1at is powered by the change in di~1ru1ce between the tread 
and the rim as the tire rotates coupled with a measurement 
of the pressure within 1be 1ir~·. There appear:; to be l10 prior 
arc for either cun1,;epl. 

In a dilJerent but rela1ed invention disclosed below for the 
firs! lime, lhe driver is provided wi1h a keyless entry device 
ll1at can be powerless in 1he form of an RFII) or similar 
device, that cau also be boosted :.is described herein. and the 
vehicle rn01U1ted interrogator determines the proximity of 
the driver 10 the vehicle door. If the driver remains wiU1i11 1 
meter from the door, for ex:m1ple. for a rime period of 5 
seconds. for example. then the door uutomuticaJ!y unlocks 
aod even can open in S0l)le implementations. Thus, as the 
driver approaches tl1e tnmk with his or her arms lilied with 
groceries and p,iUSes, the tmnk cannutomaticaUy open. Such 
a system would be especially vaJuable for older people. 
Na1urally. this system c.:111 also be uSL-<l for L)thcr sy~tcms in 
Addition to vehicle doors and trunk lids. No such systems 
appca, 10 bavc been djsclo~cd prcvi,)usly iu the prior art. 

People freqrn:mtly lock their keys inside the vehicle. TI1ere 
is a need to prevent this from occurring. AtltJLher novel 
implementation is ro place a SAW or RFID tr1u1sponder in 
lhe vehicle key and prevent tbe doors from locking if the 
keys :.ire inside tmless tl.!e engine is rnnn.iug or a driver is 
present. 111.is would eliminate the accidemal locking ortbe 
keys inside the vehicle that has been oue of the main uses of 
tbe OoStarTM systeiu by subscribers. 

J .4 Tire Monitoring 
1n August, 2000. Bridgestone/Firestone Inc. recalled 

approximately 6.5 million Firestone AD{, ATX lI and Wil­
derness AT tires used primarily on Ford Motor Co. light 
truck$ ,md sport utility vehicles, including Ford's best­
sel ling uxplorer. The National llighway Trallic Safety 
Administralion (NI-ITSA) is invesligming Firestone lires in 
connection with npproximalely 150 U.S. \ratlic deaths and 
more than about 400 injuries. Most of the Firestone tire 
deaths occurred wbe11 the tires came apart while on Ford 
Explorers, causing the vehicles to roll over. 

Bridg1..-stone/Pircstm1e has heeu criticit-ed for not ordering 
fl recall sooner. even though the company's data on claims 
for injuries and property damage indicated problems with 
the tires at feast as e.1rly as 1997. Ford received harsh 
criticism after the Firestone recall because it acknowledged 
ordering ifs ow11 recoil of the same lires in 16 otl1er countries 
after receiving reports of problems. The foreign recalls 
bega11 more (ha11 a year bcfor..: the U.S. recall, but Ford never 
alened Nl lTSA. Ford was 001 required by Jaw lo report the 
foreign recalls. 

to less than abl1u1 500 Mf IZ due to manufacturing problems. 60 
However. recenl advances in lithography and in the 111anu­
factwe of diamond films tbat can be combined with a 
piezoelectric material such as lithituu 11iobate now penuit 
higher frequencies to be used. 

Spu.rrcd in particular by the receut problems with Fir­
estone tires, the U.S. House of Representatives passed a bill 
requiring vehicle rollover testing and installation of systems 

65 to warn of under-inJfated tires. II allows for s1itr prison 
sentences for au1omotivc industry exeeu1ivcs wh.o hide 
safety problems. According to the bill, IJ1cre could bl! a 

Most TPM (tire pressure monitor) systems use batteries in 
the tirc-motmted devices. C3atteries pose disposal and life 
problems an<l there is a need therefore 10 provide a rep'luce-
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15-y~r sentence for officials who withhold infunnation on 
defective products from government investigators. 1t also 
i.J.1t:ludes a safe lmrbor provision that woulcJ allow whistle­
blowers to report defects within a reasonable 81l1l)LUJt oftirne 
without being punished. Ml1rrover, companies would have 5 

to tell NI ITSA about tire recalls 1,JVerseas. 

rolling resistance which decreases ti.lei economy, The extra 
flex also creates excess:ive heac iu the tire that c:io ~horteu its 
service life. 

'lbe Society of Autommive Engineers reports tll:it about 
87 percent of all llat tires have a history of under-inflation. 
About 85% of pres$tlfe loss incidents are slow punclllfe!i 
caused either by small-diameter objects trapped iu the tire or 
by larger diameler nails. The leak will be minor as long as 
the uuil is trapped. If the nail comes out, pressure can 

Tue Honse bill also requires that all vehicles have warn-
ing indicators for low tire pressure and it includes a provi­
sion requiring NI--ITSA to develop driving 11:.-sts to determine 
veh.ic.:le rollover risk instead of the simple mathematical 
formula the agency plans to use. 

1 o decrease rapidly. locideuts of sudden pressLU·e loss are 
_potemiaUy the most d,U1gerous for drivers and account for 
about I 5% of a ll cases, Thus, Uiere is a need to detect nails 
and other objccls that have penetrated a tire prim to a sudden 

It is .known to use internal-to-vehicle mechaJlisms for 
monitoring the air pressure of the tires of a vehicle. "l11ese 
mecllani$lllS bavc a stationary device which interacts with a 
device that co-moves with the respective wheel of the 15 

vehicle in such a way that mo11itoring of the air pressure can 
take place during operation of the vehicle. 111e co~moviug 
device uses suitable means to sense the air pressure. and 
transmits an output-related signal to the stationary device if 

pressure loss incident. 
A properly in1fated tire loses approximately 1 psi per 

montb. A defective rime can )(lse pressure at a more rapid 
nne. About 35 percent of the recalled Bridgestone tin:s bad 
improper repairs, 

Research from a v.iriety of sources si1ggcsts that undcr­
in11ation can be significant to both fuel ect111omy a11d tire li fe. 
ludustry experts have determined that tires under-inflated by 
a mere l0% wear out about 15% faster. Au average driver 
with an nvcruge set of tires c.1m drive an extra 5.000 lo 7,000 
,uiles before buying new tires by keeping the tire properly 

t.he a ir pressure fol ls below a certain vulue. A prerequisite for ?(, 

,1pc:ra1 ion of 'lhese Systems is that the co-moving device has 
an energy supply, for example a small battery rotating aJo_ng 
with tbe wheel being monitored. Tbis coufigt1ration mu.st 
therefore be included i11 ongoing maintenance cycles so that 
a battery exchange is performed at the proper time. The ]5 

battery exchange leads co addicio11al costs. Moreover, the 
mass of the rotating whee-I is influenced by the requisite 
battery device: in particLtlar, ru1 asynunctrical muss distri­
bution results, which requires additional countenveights. 
OvernlJ wheel balance is therefore dqµaded. 3c, 

inflated. 
TI1e .Americun Automobile Associatk1n lu,s determint'<.1 

that under inflated tires cut a vehicle·s fi.icl economy by as 
much as 2'1/o per psi below the recommended level. If each 
ofa car's tires is supposed to bavea pressme of30 psi a..nd 
ius11.·ad bas a pressure of 25 psi. the car's fuel cllicicncy 
drops by ubout 10%. Depending on the vehicle and miles Tire 01on.itor.iJ.1g ls now extrcrnely important s.iJ.1ce 

NHTSA (National Highway Traliic Safety A<l.mi.nistn1ti011) 
has recently linked 148 deaths and more than 525 injuries i11 
the United States to sep,1rations. hlowouts and other tread 
problems in Firestnne's .t\TX, ATX II and Wilderness AT 
tires. 5 million of which \VeJe recalled in 2000. Many of the 
tires were standard equipment oo the Ford Explorer. Ford 
recommends that the Firestone tires on the Explorer sport 
utility vehicle be inflated to 26 psi, while Firestone rccc,m­
mends 30 psi. It is surprising that a tire can go from a sale 
coodi1:ion roan unsafe condition based ou an under inflation 
of 4 psi as suggested by Firestone. 

drivcll that could cost from $ 100 10 SSOO a year. 
TI1c ability 'le control fl vehicle is srrongly influenced hy 

lire pressure. Wlien the tire pressure is kept at proper levels, 
35 optimum vehicle braking.. steering, handling and stability are 

accompJished. Low Ii.re pressure can aJso lead to damitge to 
both the tires and wheels, 

A Michelin study reve.:iled that the aver:.ige drivet doe~n·t 
recognize u 'low tire until it is 14 psi coo low. One of the 

40 reasons is that today's radial tire is hard to judge visually 
becmtse the sidewall flexes even when properly inflated. 

Despite aU the recent press about keeping tires properly 

According Ill a NlrfSA research survey. 27 perceut of 
passenger can, ou U.S. roadways are driveo with one or 

45 
more substantialJy under-inflated tires. bJ addition, the sur-

inflated. new research shows that most drivers do not know 
the correct inflation pressure. In a recent survey, only 45 
percent of respondents knew where to look lo fu1d the 
correct prcssnre, even though 78 perce11t thought they knew. 

vey found tbat 33 pc.reeor of light trnc.ks (including sport 
utility vehicles. vans aud plck'llp trucks) art'drivcn with one 
or more substantialJy uuder-i.J1llated tires. 

Recent snidies .in the United States conducted by the 
Society of Automotive Engineers show that low tire pressure 
causes about 260,000 accidelJ\S imuually. Another finding is 
that ,1bout 75% of lire failures each year are preceded by 
slow air leaks or inadequate lire inflation. Nissan, for 
example, warns that incorrect tire pressures c;in compromise 
the stability and overall handling of a vehicle .ind can 
contlibute to an accident. Additionally. most non-crash amo 
fatalities occur while driwrs are changing flat tires. Thus, 
tire fai lures are clearly u serious automobile safety problem 
that requires a solution. 

About 16% of all caraccideots area result of incorrect tin: 
pressure. Thus, effective pressure and wear monitoring is 
extremely important. Motor Trend magazi11e stated that one 
of the most overlooked maintenance areas on a car is ti.re 
pressure. An estiJuated 40 to 80 percent of aU vehicles ou the 
road arc upcrating with t111dc r-inJfall'd tltL'S. W11c11 under­
inflated. a tire tends to flex. its sic.Jewell more, increasing its 

Twenty-seven percent incorrectly believed tbe sidewall of 
tl1e tiJe carries 1he correct infom1ation and <lid not know thut 
the sidewall ouly indicates the maximum pressure for the 

so tire. not the optimum pressure for the vehic.le. In another 
survey, about 60% of the respoudents reported that they 
check tire presS11re but only before going on a long trip. The 
Na1ioual Highway Traffic Safety Allmi.Jlistration estimates 
that at least one out of e-very five tires is not properly 

55 inflated. 
The problem is exacerbated with the new nm-flat tires 

where a driver may not be aware that a tire is flat until it is 
destroyed. Run-tlai- tires can be operated at air pressures 
bt:low normal for a limited distance and at a restricted speed 

60 ( 125 miles at a maxiunuu of 55 mph). 111e driver must 
therefore be warned of change~ io the condition oflhe tires 
so that she can adapt lier driving 10 tbe changed cooditioos, 

From the above discussion, there is clearly a ueed to 
monitor vehicle tire pressures. One solution is to continu-

65 ously monitor the pressme aud perhaps the temperai11re in 
the tire. Pressure [oss can be autumatically detected in twu 
ways: by directly meASLlfing air pressure within 1l1e tire or by 
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inilirect tire rotation metl10ds, V.-uious indirect methods are 
based on the number of revolntiot'ls each tire makes 1wcr mi 
extended period of time through tllc A.BS system and others 
are based oo monitoring the frequency clwnges in the sound 
emitted by tbe tire. ln the direct detection c.1sc, a sensor is 5 

moumed int() each wheel or tire ~se111bly, each with its own 
identity. An on-board coiUputer collects the signals. pro­
cesses and displays the data and triggers a warniJ1g signal iu 
the case of pressure loss. 

12 
372, 04,534,223. 05.289,160, 05.612,671, 05.661,651, 
05,853.020 and 05,987,980 and Juteniatioual Publication 
No. WO OJ 107271 (A I), all or which are illustrative of the 
state of the mon.itori.ng. 

Devices for measuring the pressure and/or temperature 
within a vehicle tire directly can be categorized as those 
containing electronic circuits and~ power supply within the 
fae, those wl1ich contilin electronic. circuits and derive the 
power to operate these ci.rcuits either .indut"tively, from a 

Under-in nation isu 't tl,e only cause of sudden tfre failure. 
A variety of mechm1ical problems including a bad wheel 
bearing or a ··dragging" br.ake coo cause the Lire to heat up 
and fail. In addition. as may have been a con11ibu1ing factor 
in the Firestone case, substanda.rd m.aterials can ltwd to 
intra-tire friction and a buildup of heat. TI1e use of re-capped 
truck tire~ is another ex<1mple of heal caused failure as a 
n:suJt by intra-tire lriclion. An overheated tire can fail 
suddenly without warning. ·nrns. there is aJso a need to 
monitor tire temperature. 

10 generator or through r..1clio frequency radiation. and tl10se 
that do not contain electronic circuits and receive their 
operatiJ1g power only from received radio freqt11mey radia­
tfon. For the reasons discussed above, the discussion herein 
is mainly concerned with the laner category. This category 

15 contains devices that operate on the principles of suriace 
<1coustic w,wes (SAW) and Radio Frequency Jde1uification 
(RFlDJ tags and the discfosurc below is concerned primarily 
with such SAW and RFlD devices. 

The l'ra11sporlalion Recall Enhanc••menl. J/ ('ro11111ahility, 20 

and Documentalion Act, (H.R. 5164. or Public Law No. 
106-----414) known as the TREAD Act, was signed by Presi­
dent Clinton 011 Nov. J, 2000. Section J 2, TIRE PRESSURE 
WARNJNG. states th11t: "Not later th::m one year afier the 
date of enactment of this Act. tbe Secretary of Tr-dllSportA- 25 

tion. acting through the National llighway Tr<1llic Safety 
Ad.ministration, shall complete a rnlemakiug for a .regulation 
to require a warning system ill a motor vehicle to iudicare to 
the operator when a tire is sig.11ificantly under-inflated Such 
tcquircmenl shall become effective not later than 2 years 3C1 

aficr Lhe date of lbc completion of such ntlem,tkiug." Thus, 
it is expected lhat a ruk rcquirio& coo1iuu,,us tire monitoring 
will take effect for the 2004 model year. 

This law will dominate the first genemtion of such sys­
tems as automobile lUa11ufacn1rers move 10 satisfy the 35 

requirement. This however will not solve all of the problems 
discussed above and thus the ueed will still exist for more 
sophisticated systems that in addition to pressure, monitor 
temperarurc, tite footprint we-df, vibration. etc. Although the 
Act requires that 01e l1re prcssu.re be monitored, ii is believed 40 

by the inventors that other parameters are as important as the 
tire pressure or even more importaul than the tire p.ressnre as 
described in more detail below. 

International Pl.tblicatinn No. WO 01/07271 describes a 
tire pressure sensor that replaces tl1e valve and valve stem in 
a tire. 

U.S. Pat. No. 05,231-827 co11ta111s a good description and 
background or the tire-monitoring problem. The device 
disclosed, however. coutains a bmte1y and electronics and is 
uot a SAW or RFlD device. Similarly. the device described 
in U.S. Pat. N'o. 05.285.J 89 contains a battery as do the 
devices described iu U.S. Pat. No. 05.335.540 and U.S. Pat. 
No. 05,559.484. U.S. Pat. No. 05.945,908 applies to a 
stationary tire mouitoiing system and does not use SAW 
devices. 

U.S. Pat. No. 05,987.980 describes fl tire valve assembly 
using a SAW prcs~urc transducer fo coujunctioo with a 
scaled cavity. -n1is patent does disclose wireless transmis­
sion .. The assembly includes a power supply and thu~ tJ1is 
also distinguishes it from a preferred system of this inven­
tion. It is not a powerless SAW system imd thus a battery or 
otbe:r power supply is l'equired. A piezo bi01orph system is 
disclosed but not illustrated for charging the battery t)r other 
storage device. 

U.S. Pat. No. 05,698.786 relates to the sensors and is 
primarily concerned with the design of e lectronic circuits in 
an intcrmgato.r. U.S. Pat. No. 05,700,952 also describes 
circuitry for use in the i.merrogator to be used with SAW 
devices. In neitl1er of these patents is the concept or using a lt is interest"ing lo note that consumers also recognize the 

need for t.u-c mo1titors. Johnson Controls' market rcsean:h 
showed that abolll 80 percent of ct)nsumen. be! ieve a low tire 
pressme w,1rnjng system is an important or extremely 
impo1iant vehicle foature. 

45 SAW device in a wireless tire pressure molliloriug system 
described. Tht'Se patents also do not describe inclnding an 
identification code with the temperat11re and/or pressure 
measurements in the $ensors and devices. 

U.S. Pa1. No. 05,804,729 describes circt11try for use with Although. as with most other safoty products, the initial 
introductions will be in the United State.s, speed limits w the 
United States ,Uld Canada are sufficiently low that tire 
pressure is not as critical an issue as in Eumpc, for example, 
where tl1e drivers ofle.1.1 drive mucb faster, 11rns. tl1e need is 
eveo g:reater in Europe for tire mo11it-ors. 

50 an interrogator iu order to obtain more precise measure­
meuts of the changes iu the delay caused by the physkal or 
chemical pn)perty being measured by the SAW devict·. 
Simila.r comments apply to U.S. Pat. No. 05,831.167. Oilier 

To solve some or the above needs, the advent ol' micro- 55 
eJectromechanical (MEMS) pressure seuso.rs, especially 
those based on surface acoustical wave (SAW) technology. 
bas now made the wi.reless and powerless monitoring of lire 
pressure feasible. This is the basis of the tire pressure 
monitors described below. Accor-ding Lt' a Frost and Sullivan 60 

report on t·be U.S. Micromccbaoical Systems (MEMS) mar-
ket (Juoc 1997): "A MEMS tjre pressure sc!lsnr represeuts 
one of the most profom1d opportunities for MEMS in the 
automotive sector.' · 

There are many wireless tire temperature and pressure 65 

monitoring systems disclosed in the prior art patents such as 
for example, U.S_ Pat. Nos. 04,295, l 02, 04,296,34 7, 04,3 I 7, 

related prior art includes U.S. PaL No. 04.895,017. 
Other patenls disclose the placement of an electronic 

device in the sidewall or opposite U1e trend of a tire but they 
do not disclose either an accelerometer or a surface acoustic 
wave device. ln most cases. the disclosed system has a 
baltery and electronic circuits. 

TI1e foll11wing additional U.S. patents may provide rel­
evant iofonnation to this ·invention: U.S. Pat. Nos. 04,361. 
026, 04,620, 191, 04, 703,327, 04. 724,443, 04, 725,~41. 
04,734,698, 05.691,698. 05.841.214, 06,060,815. 06.107, 
910. 06.l 14,971 and 06.144-332. 

U.S. Pat. No. 05.228.337 lo Sharpe. et al. describes a tire 
pressure and temperature mcasu.rement system in which the 
vehicle wheel tire i1tflation pressure is measured in real lime 
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by a sensor assembly molu11ed ou a rotaiy pan of the wheel. 
The assembly inc:Judes a piezoresistive cell exposed Lo 
inflation gas pressure and ru.1 e lectronics module comprising 
an assembly of three printed circuit boards (PCB). A power 
sigoal lransmiltcd from lhe vehicle lo the eleclmnics module 
via a rolary transfomier is conclilioned by PCB io provide an 
cnt1rgiziug sigual for the cell. Pressure- and 1empera111rc­
sig1.1als oulput by 1he cell are received by the PCB and 
converted to digital form before being applied to address 
locatfoos in a look-up table of PCB wlticb bolds pre­
calibrated t·elJ oulpurs. Dala from the look-up 1able is 
processed to obtain a corrected real time pressure value 
which is tral\smiued to lhe vehicle. lrdcsirod. :i lempcra11ire 
vlllue may also be transmitted. 

U.S. Pal. No. 05,600.301 and U.S. Pat. No. 05,838.229 lo 
Robi□son. 111 describe a remote tire pressure monitoring 
system employing coded tire idcntific.itioa and radio fre­
quency transmission. and enabling recaHbralion upon lire 
rotation or replacement. Tbe system indicates low tire pres­
sure in vehicles, in wbicb each vehicle wl1eel has a trans­
mit1er with a uu~ique code, i.e .. the transmill4"r is internal of 
the lire. A central receiver in the vehicle is taught, at 
manufocn,re, to recoguize the codes for the respective 
trnnsmitters for t'be vehicle, ;:ind also a common trnnsmfrter 
code. iii the event one 1.)f lhe tmnslllitters needs to be 
replaced. Du.ring vehicle operation and iUaimenance. when 
the tires are rotated, the system can be recalibrated lo relearn 
the )()Cations of the tran.smillers. The transmillers employ 
surface acoustic wave devices. An applica tion spcci ric inte­
grated circuit encoder in each transmitter is progralll.lDed at' 
ma11ufact11re. in accordance with its unique code. lo send its 
,oformatioa al dillerenl' intervals, to avoid clash between two 
or more transmitters oo the vehicle. The lransmillers are 
powered by long-life batteries. 

U.S. Pat. No. 05,880,363 to Meyer. et al. describes a 
method for checking a ir pressure in vehicle wheel tires 
wherein a pressure signal characteristic for the a.ir pressure 

14 
U.S. P;:it. No. 05,963,128 to McClelland describes a 

remote rite pressure monitl)1ing system whjch monitors a 
vehicle's tire pressures and displays real-lime pressure val­
ues on a dashboard display while the vehicle is on the road. 

5 An electronic unit wilh pressure sensllT. roll switch. reed 
switch, tilt switch, baneiy and control electronic, moumed to 
the valve stem i11Side each tire uses the pressure sensor to 
periodically measure the tire pressure, and uses a tr.rnsmitler 
to u,msmit 1he meastu·ed pressure values, via RF tnmsmis-

to sion, to a dashboard mo noted receiver. The receiver controls 
a display which indicates to U1e driver the real-ti1:ne lire 
prC$Sllfe in each wheel. The display also indicates au ak1rm 
condition when lhe tire press11re falls beknv certain pre­
defined lbreslmlds. The pres~1.1re values are compensated for 

15 temperature changes inside the tire. and also may be com­
pensated for altitude changes. 

U.S. Par. No 06,005,480 10 Ba117JJof, et al. describes a 
snap-in 1ire vahe including a valve body surrounded in part 
by a resilient element that fom1S an nnnular sc.iling surface 

?(1 configur-.-d lo snap in place into H valve opening of a wheel. 
A tire pressu.re radio-frequency sending unit is tno11uted to 
the valve body, and a column extends from the se□cliug unit. 
The region between the resilient element mid the pressure 
sending unit defines an expansion volume that receives 

::!5 displaced portions or the resilienl element during snap-in 
insertion of the valve bndy into a wheel opening. thereby 
facilitati ng insertion. Prefcmbly the colunm defines a central 
passageway lo facilitate insertion using st,1ndard insertion 
mols. lu oue \'ersion. two batleries are included in the 

3(1 sending uni 1. disposed on opposite sides of the column. 
U.S. Pat. No. 06.034.597 lo Normann, el al. describes a 

mcl11od fbr proccs~ing sig.itals of a tjn: prcssui:c 1l1l,uitoriog 
system on vehicles in which a lronsmilter is mounted on 
each wheel or the vehicle and a reception antenna allocated 

35 to each transmitter is co1mected ro the inpl.11 of a common 
!'eceiver. The transm.iners transmit, at time intervals, data 
telegrams which contain ai1 individual identifier and a dara 
portion following the loner. 111e signals received simulta-

iu lhe tire is picked up as a measured signal by a measure­
ment device located in or oo tile tire of each motor vehicle 40 
wheel. A data signal containing a me;:isured air pressure 
value derived from rhe pressllfe signal as well as an iden­
tification value characteristic for tbe respective transmitter 
device is genenited and oulpul by a transmitter device 
located i□ or on the tire of each motor vehicle wheel. 'fbe 45 
data signal output by the trans mi Her devices will be received 

neously from U1e ret--eption ru.iteunas and having the same 
ideutifierare conveyed io summed fashion tot.be receiver io 
a set manner. 

U.S. Pat. No. 06,043,738 lo Stewart, et al. describes a 
remote tire pressure monitoring system includes a seodfog 
unit for each monitored tire, and the sending units transmit 
RF sig,tials. c;1ch including an identifier and a pressure 
indicator. A receiver operates iu a learn mode in which the 

by a rl"ception device located at a distaoce lo the motor 
vehicle wheels. The identification value of the tr.tnsmitter 
device contained io the data signal will be compared by a 
control unit to identification comparison values assigned 1·0 50 
the respective transmitter devices such tha1 fmther process-

rece.ivcr associates specific identifiers either wiU1 the vehlcle 
or with specific tires. During the learn mode the vehicle is 
diiven at a speed above a threshold speed. such as thirty 
miles au hour, aud identifiers are associated with either tl1e 
vehicle or the respective tires of the vehicle only if they 

ing of t11c data signal by the control unit will be elfectcd 
only. if ti1e idenlificatiou value ;md the identification com­
parison value meet a specified assignment criterion. A draw­
back of lhis device is thal it also uses a battery. 

U.S. Pat. No. 05,939,977 to Monson describes a method 
and apparatus for remotely 1neasu.ri11g the press11re and 
temperature of the gas iu a vehicle wheel. Toe vebicle 
includes a frame mt:.mber. a vehicle wheel mmmted for 
n)tation relative Ll) tl1e frame member about a mtaLiou axis. 
aud ,1 modulator mounted on the vehicle wheel ror move­
ment therewith., lbe modulator generates a CUJTier signal 
including a first component encoding a plurality or consecu­
tive data signals corresponding to a physical characteristic of 
the vehicle wheel, alld 1be carrier signal including a second 
component identi(ving a portion of the respcc,ive one of the 
data ~iguals 

persist for a selected number or signals or frames during Lhe 
leaming period. ln one example, the tires are inflated wiU1 
different pressures (lccording to a predetennined pattern. and 

55 lhe pressure indicators or the receive signals are used 'lo 
associate individual tire positions wiU1 d1e respective send­
ing units. 

U.S. Pal. No. 06,046,672 to Pearman describes a tire 
condition indicntiog device having a detector for detecting 

6<J tl1e condit ion ofa tire 011 a wheel ofa vehicle rotatable about 
a wheel axis. preferably for dctecliog pressure or the lire. A 
signal emiller emi\s a signal when the detector detects \ue 
condition and a power supply device provides power to the 
signal eminer. The power supply device has an electric 

65 power generator including first and second parts dmt are 
relatively rotal.iblc about a gcncratur axis. lhc first part 
connected to the wheel to rotate. 
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tl)ring systems as or 2003: ''APOLLO JST-2001-34372 
"!otelligent Tyre for Accident-free Traflic, lntelligeot Tyre 
Systems- State of the A.11 uud Potential lechnologies Deliv­
erable DT'. May 22. 2003. This project was funded by. ::ind 

U.S. Pat. No. 06.053,033 to Schramm. et al. describes ru1 

1ntemal-to-vehiclc ·mec11an.ism for 11101ti1oring 1he air pres­
SW'e of a tire or a veh.icle. The mechan.isrn includes a sensor, 
detecting. the tire pressure, whicll rotates, together with an 
e lectrolecl111ical first device, synchronously with the wheel 
and which, as a fi.mc-tion of tl1e tire :iir pressure 1ha1 is 
determined, modifies parameters of the first device. namely 

s this report is available from. the European Community 
under tl1e "lriforniation Society Technology" Programme 
(1998- 2002). 

the energy uptake of the first device. A starionary eleclrn­
technical second device radiates ,m clcctrit· and/or magnetic, 
i11 parlicula-r electromagnetic. field through which the 6.rst 10 
device passes at, preferably, each wbeel rotation with an 
uptake of energy from the field.A 111011itoring device detects 
the energy uptake amt/or energy release of the second 
device. 

U.S. Pat. No. 06.101.870 to Knlo. et al. describes a device 15 

for monitoriog tbe ai~ pressure of n wheel. ' I11e device 
prevcnls a decrease in tbc u-ansmission level of radio waves 
caused by impedance m.ismatch between au antenna, which 
radiates the radio waves. and a circuit. which produces 
sig.nals that un: to be .r.1diated as the radio waves. The device 21, 

includes a v11lve stem 1hrougb which air is charged. The 
v11Jve stem einends tbrongh a vehicle wheel. A transmitter is 
secured to the wheel to t.ransmi1 a s ignal representing the a ir 
pressure of the wheel to a receiver iustalled in the veh.ic!e. 
The device further includes a case anached to the wheel. The ::!5 

case is connected to the valve stem. An electric circuit is 
accommodated in the case to detect the air pressure and 
convert the detected pressui·e 10 an elec-tric signal. An 
aute.iuui radiates the signal produced by the electric circuit 
and is arranged about the valve stem./\ conveying ,uecha- 3Ct 

nism conveys the signals produced by the electric circ;uit to 
the a nic 1u1a. 

U.S. Pat. No. 06. 11 2.585 10 Schronle. cl al. describes a 

l.4.l Antenoa Considerations 
l.4.1.l Tire Location Detennination 
There is mucb concern about determining the lm:at ion of 

a 1ire that bas a pressure sensor so tbm the driver can be 
made aware of which tire has low pressure. U.S. Pat. No. 
06,571,617 (and .issociated U.S. Pat. No. 0t;.463,798, and 
U.S. applications 20020092345. 20020092346 and 
20020092347) ,1ttempts to solve this problem by looking at 
the variation iu amplitude of the sigm1ls coming from the 
tires and Cl)rrelati.ng this to a rotntioo frequeocy of each tire 
as the vehicle turns siuce each wbeel wil I rotate at a diflerent 
freq\1ency a~ a vehjcle is going arotu,d a comer, for e:,;ample, 
This requires that each lire pressure monitor transmit many 
times per revolution which for conventional battery-oper-
ated systems is not prnctical as it wottJd soon deplete the 
battery charge. Such a system could also be used for 
SAW-based systems but such batlery-lcss sys1ems are not 
disclosed i11 the '617 patent. One system that does- not use a 
battery is disclosed in tJ1e '617 patent using an RFID but the 
inventors recog11ize that RPID systems have limited range 
and reciuirc that an anreuna be placed iu each wheel well. A 
permanent magnetic and coil charging system is briefly 
disclosed but uo mention is made of 1his possibility being 
used to solve the battery discharging problem that renders 
1.l:u: rowlion ~olution impraclkal. In parliculM. nu weu1io11 is 
made or the use of multiple antennas to deter.ruine the 
directiou that a particular tire is l'rom a centralized antenna tire pressure monitoring device for a vehicle having seveml 

wheels comprises a central receiving and evaluation device 
at I.he vehicle. A receiving ,mtelllla is arranged statfonariJy al 
the vehicle stnicnu·e adjace.i1t to 31 least each active w11eel 
and thus attributed to thot specific wheel. All receiving 
antennas are cou.uccted via a distinctive connecting line with 

35 location. A directional a111cn11a is 11.1entioucd but not 
described as to l10w it works, Since essentially all antennas 
are directional. it must be assumed that, consistent· with the 
earlier disclosure, the relative magn.i111de of tbe received 

u single receiver meaos. The receiver means comprises a 40 
multiplexer-circuit connecting per time interval only one 
single selecred receiving antelllla or several selected receiv-
ing anteu.uas with the receiving means. Further, tile receiver 
means sense a field strengili of each specific r.1diog.ram and 
thus select the specific rcceiviJ1g antenna c.:omprising the 45 

highest field strength of n received rndiogram during the 
specific time interval. "Thus. central evaluittion means may 
attribute a specific r;1d iogr.u11 to 1he 5J1ec-ific wheel arranged 
adjaceot 10 the receiving antenna comprising !be highest 
field strength of a received radiogram during the specific 50 
time interval, 

pulses is used to deterruiilc tire Ioc:itiou. 
Disclosed below aod in the parent patent applicntions is 

thus the first such disclosure of the use ofnnrh iple antennas 
or of smart antennas for determining 1.he location o f a 
transmitting source 011 or in the vicinity of a vehicle. 

1.4.J .2 Smart Antennas 
Smort antenn1.1 techoology is disclosed by Motia in 

"eu.hancing. 802.1 1 W L/\ Ns through Sm::irt Antennas··, Jamt­
ary 2004. :md elsewhere. Tb.is white paper is ava.ilable from 
tJ1e Motia web ~ile (J11otia.comJ. This technology has not 
been applied to vehicles and in particulur to finding the 
location or t.ran,-millers on or in 1.he vicinity of vehic le!! a~ 
disclosed herein. 

l.4 . .l.3 Distributed Load Dipole Finally, U.S. Pat. Nos. 05,641.Y02. 05.819,779 and 
04.103,549 illustmte a valve t.-ap pressuJ'e senso.r where a 
visual output is provided.- Otl1er related prior art includes 
U.S. Pat. No. 04.545.246. 

Toe distributed load dipole ontellllu, as developed ut the 
University of Rhode lslaud. also has application to intrn.-

55 
vehicle and velticle-to-infrastructure communications 
although it has not been used f(.)r thi~ purpose. 

None of these patents show a temperature sensor 111om1ted 
entirely at a locatiou external of and apru1 from tbe tire and 
coupling the temperarure sensor with a unit c.1pable or 
receiving power e ither inductively or through radio f"re­
quency energy transfer iu order to enable the temperature 60 

sensor to conduct a tcmperanirc measurcme111. AJso, many 
otber reatures of the inventions disclosed herein are absent 
from the above-mentioned related art. Rather, all of the tire 
monitoring systems entail lbe use of a sensor or 0U1er device 
moumed on the tire or formed in connection with the tire. 65 

' llle reack,'1· is n:fi.-rrcd to a recent pub I icalion that provides 
ru1 excellent summary of the stute of the ru·t of Lire lllOJU-

I .4.1.4 Plasma An1eiu1a 
"I11e plasma antenna, as developl.-d by Mru·kland Tech­

nologies. also bas application to intra-vebicle aud vehicle­
to-infrastnicturc communications a lthough it has also not 
been used for tltls puq1ose. 

1.4.l.5 Dielectric Antenna 
A great deal of work is ongoing 1.11 tile development of 

dielectric anteunas wh.icb also bas application to iutro­
vehicle and vebiclc-10-infrastnrcture corwnunicatio11s 
although it has not been used for th.is pw·posc. 
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1.4.1.6 Nanot11be Antewm 
18 

energy harvesting mats ofother strnctures for converting the 
flexure M vibration c11crgy in a tire, for exampl<::, 10 ekc­
tricity as disclosed herei11. Na111rdlly energy harvesting can 
be used for otller sensors in the system aud this is disclosed 

Nanott1bc tecluiology is now begiMi11g to be npplied 10 
antenna which also will bave appl ication to intra-vehicle and 
vehicle-10-infrastrucmre conummicatioos altl)(l11gh it has not 
heen used for th1s purpose. 

1.4.2 Signal Roosting 
5 for the first time below for use with vehicles ,md particularly 

at1tomobiles, truck~, and containers $UCh as $hipping con­
tainers. Also see P. Mrumion ''Energy Harvesting Brings 
Power to Wireless Nets", EE Times. Oct. 27. 2003. Patents 

ln the use of SAW sensors for vehicles, one problem 
arises from vehicle vibrations that can interfere with or 
create excessive noise in tl1e signals provided by the SAW 
seusor due to the generally low strength of fhe signal froru 1u 

the SAW sensor. ln many cases !'or SAW tire monitors. for 
example, an adequate return signal can be obtained while ~he 
vehicle is stationary but tJ1e signal degrades as the vehicle 
moves. ·mus. whereas the device can operate without power 
in the stationary mode it is desirable to have a source of 15 

power when the vehicle is moving. [ !owever, when the 
vehicle is moving there is a signiflc~rnt amount of e11ergy 
avai lable in the vellicle tire. and elsewhere in tl1e environ­
ment, to pe1111il the powered operation or lhe SAW device. 
This is known herein as using energy hai-vesting for signal 21, 

boosting. Such signal boosting. as described below. can 
increase the gain by as mucb ns 6 db iu botll directions, or 
a total of 12 db. or more. The energy ge11cmted can be stored 
Oil a capacitor. or ultracapacitor, or l"ln ,I rechargeable battery 
as appropriate. U.S. Pat. No. 05.987,980 tlescribes that a 15 
bi.morph c.in be used to generate:: a trickle cu1Tent to recharge 
a ha!lery for a powered electronic cirC111l TPM. ·n1c device 
is 1101 iUustrated and the clisclosure is minimal. No mention 

aml patent applications rc lnted to energy harvesti11g include 
U.S. Pat. No. 06.433,465 and U.S. Pat. No. 06.700,310, nod 
U.S. appl ications 20020070635, 20020074898, 
20040078662, 20040)24741 and 20040135554. 

·111ese can be used with the boosting circuit with or 
without a MEMS RF or other appropriate mechanical or 
electronic switch. 

1.4.4 Communication, ID 
Several U.S. patent applications to Witkowski et al., 

publication numbers 20040110472. 20040048622, 
20030228879, 20020197955, discuss Cllnununications 
between smart systeJUS such as a vehicle-mounted trans­
ceiver and a portable device such as a PDA or laptop 
computer. "In 011e exemplary embodiment, a wireless com­
mtulicatio11 system makes use of the Oluetooth commw'li­
cations standard for establish.ing a wireless communications 
link between two devices. where each device is equipped 
with a RP transceiver operating in accordaoce with the 
Bluelooth communications standard. TI1is enable.~ two or 
more devices 10 be coll.llected via hlgh speed. wireless 
cotU01t1.n.ications links to permit voice a.nd/or data iuforw.a-is made of the dual mode of operation where the device can 

run either with or without power. 
Previously, RF MEMS switches have not been used in the 

tire. RFID ~r SAW scusor environment such as t,,r TPM 
power and anl'enna switching as disclosed herein. Such 
RF-MF.MS ;;witches can be advantageously used with a 

3c, 11011 to be exclmnged between tbe various devices. ·11,e 
devices co111mtu1icale on the 2.4 GHz ISM frequency band 
aud employ cncrypti,1u aud authentication scbCOlCS, iu addi­
tion to l'requcncy hopping, to provide a high measure of 

booster circuit. lmernational Application No. 35 
WO03047035Al "'GPS equipped cellular phone using a 
SPOT MEMS switch and single shared antenna" describes 
snch a use fbr cell phones. One example of nn R11 MEMS 
switch is manufactured by Teravicta Technologies hlc. The 
company's iui tiul pr~xluct. tbe 'TT"612, is a Oto 6 Gll:z RF 40 
MEMS single-pole. double-throw (SPOT) switch. ft bas a 
loss of 0.14-dB at 2-Ghz. good linearity and a powe.r 
handling capability of three watts coutim1ous, all enclosed 
within a surface mornn package. 

Teravicta claims the RF performance of its switch is 45 

superior to that or conventio11a1 solid-srnte altemativcs such 
as gallium arsenide FETs and PIN diodes tb.:11 are used iu 
today's wireless voice a11d data products. 

l A.3 Energy Geueratiou 
Several prior art patems describe various non-batlery so 

power soLtrces Jor use with tire monitors. TI1ese include 
inductive, capacitive aud generator systems using a moving 
weight. Other systems that are disclosed herein ,lLld in the 
current assignee's patent applications to charge an energy 
storage device use an RFID circuit. the earth's magnetic 55 

field with a coil, a so.lar sensor. a MEMS or other e11ergy 
generator that uses tile vibrations in the tire and a generator 
that uses tbe be11ding. deflectio11 of tread or the deflection or 
the tire itselfrclc11ive to the tire rim as sources of energy. Tl1is 
is sometil'Ues known as Gnergy l l<.1Ncsting. See for example 60 

C. Brown "Eocrgy-barvestiog component nms wireless 
nets", EE Times, Dec. 30, 2003, or as a11pead.ug. at the URL 
hrtp://wwv.·.ee1:imes.com/article/showArticlejhtml?arti-
c leid- l 83 I 0200. By 11si11g single-crystal piezoelectric fibers 
such as are bei11g used to damp the vibrations iu spon-s 65 

equipment. the enCJIDI-COuvcrsion efficiency b<1s increased 
to from 600/o to 90% making this material ideal for fom1ing 

$ecurity 10 tl1e tran,-.mission of data between the devices, 
Advantageously, rl1e wireless co11UmU1icatio11s link is cre­
ated automatically as soon as ilie two devices come into 
proximity with each other." 

111is rather sophisticated syste1u would be co~t prohibitive 
for use in a tire preSstu'e and remperantre monitoring system, 
for example, and is certainly not applic<1ble for communi­
cation with passive RFID or SAW devices. 

Additionally. although there is considerable discussion 
about t1se of a wireless communication system for retail 
transactions, there is no menlion of the use of a mouse pad 
or switches. such as tl10$c on a steering wheel. that ca11 be 
operated by a driver in conjunctiou with the display that 
provides, e.g,, ,➔ fast food menu. 

TI1e combination of an RF! D with a SAW device has also 
1101 been reported in the prior art. This combination in 
addition to providing energy lo boost the S..L\ W system can 
also provide a tire identification to the interrogator. Tile ID 
portion of the RFJI) can he in tbe rcirm of a SAW Polyvi­
nylideoe Fluoride RFID l~1g U1at can be manu:foctured at low 
cost or using a conveutional memory. The use of such u 
PVDF SAW RFll) tag has not previously been reported. 

RFID tags generally suffer from Limited .range requiring 
the placement of the interrogator antenna within a fraction of 
a meter .from the tag itself. When RFID tag technology bas 
been used for tire mmiiroring, for example. the ru.1tenna is 
generally placed within the wheel wdl near to the tire. 
Rc.-cent developments have exle11ded tbc reading range of 
RPID tags to approaching JO meters tln1s perm.itting u 
centrally mounted antenna to be used for tire monilo1ing, for 
example. See, for example. U. Karthaus, and M. Fischer, 
"Fully lotegroted Passive UHF RFID Transponder IC with 
16,7-µW Mi111mu111 RF Input l:'uwer", IG.BB Jounwl of 
Solid-Stale Circuits. Vol. 38, No. LO, October 2003. Til.is 
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technology has 1101 been applied to vehicles ru1d particularly 
to monitoring RFll) tags monn1ed on vehicles or on objects 
within vehicles as is wntemplated herein. lt satisfies the 
need for au RFID system with a centrally 11101101ed antenna. 

'Tile Karthaus el a l. technology ,1s described in their 5 

abstract is: ''This paper presenl~ a novel fully integ.rated 
passive transponder [C with 4.5- or 9.25-m reading distance 
at 500-mW ERP or 4-W ElRP base-station transmit power, 
respectively. oper.iting in tl1e 868/915-MHz lSM band wi1l1 
an antenna gain less (ban 0.5 dB. Apart from the p1io1ed 10 

antenna. there are no external componenls. Tbe IC i~ imple­
mented in a 0.5-m digital two-roly two-metal djgita] CMOS 
technology with flEPROM and Schottky diodes. The !Cs 
power supply is taken from U1e energy oftbe received RF 
electromag,m:tic field with help of a Schottb.')' diode voltage 15 

multiplier. The IC includes de power supply generatiou. 
phase shift keying backscaner modulator, pulse width modn­
Ia1ion demodulator. BBPROM, and logic circuitry includi11g 
some finite state macl1ines handling the protocol used for 
wireless write and read access 10 the !Cs EEPROM and for 20 

the anti-collision procedure. The ]C outperforms other 
reported radio-frequency identification )Cs by a factor of 
three in terms of required receive power level for a given 
base-siaciou tn1nsmit power and tag antenna gai11:· 

20 
continues to register full even aft.er several gallons have 
bee11 co11sumed. Similarly. the gage will us,ially register 
empty when tbere are several gallons remaining. It is then a 
guessing game fo.r the d.tivcr to ki.1ow bow fur he can go 
before running out of gas. 

The problem i~ compmmded wilh the implementation of 
a digital fuel gage display where the driver now gets an 
in:1ccurate display, with seemingly gre.:11 precision. of the 
amount of fuel used ,Jlld amount remaining in tlie t,mk. If. for 
exampk. the gage stares that 14.5 g,1Jloos llave been con­
sumed and tlie driver lias the tank filled and notices iliat it 
uikes 15.3 gallons to 1111 it he wonders ifhc is bei11g cheated 
by the SeTVice station or, as a minimum. he begins Lo doubt 
the accuracy of the other gages on the instnunent panel. The 
inaccuracy of the foe! gage is now a co1runo11 complaint 
received by at least oue vehicle man11foclllrer fi-om its 
customers. Similar but less severe problems occunvitb other 
fluid containers or reservoirs on a vehicle. 

These prior art float systems are also vulneniblc to enurs 
due to fouling of the resistor induced by the necessity to 
operate the sensing elemeot.s iu direct contact with the 
mixture held in the tank. These errors can cause the system 
to become inoperative or to change its calibmtiou over time. 

U.S. Pat. No. 04.890,491 (Vetter er al.) d.-scribes a system 
1.5 i;'uel Gage 
Tbe present inveu1ioo is an improvement tin the invention 

disclosed in U.S. Pal. No. 05,133.212 to Grills ct ril. Grills 

25 for iudicating the level of fuel in an automobile tRo.k (FJG. 
4) which includes a fuel level detector l , a detector 24 for 
dercccing the longi1udi1rnl inclination of the vehicle, a detec­
tor 25 for detecling the transverse inclination of the vehicle et al. de.scribe a weighin.g system utilizing a plurality of load 

cells supporting the foe! tank and a reference weight and 
load cell. which, in combim1tiou with the 1ank load cells, 3c, 
corrects automatically for the extemal forces acting on the 
t111lk 10 &ivc au acc,u'fotc average mcasu:rc of 1hc quantity of 
liquid in the tank. Although this system is quite accurate and 
finds it.s best use where U1e cost of such a system can be 
justified.. sucll ,is in measuring the quantity ·of fuel in o.n 35 

airplane f-t1el tank, the complexity of such a system is not 
justified where cost is of relatively greater importance such 
as in the determination of the a1uol111t uf fod in an mnomo­
tive foci timk. 

A.notbcr tank weighing system which does not use load 40 
cells is descnl>ed in Kitagawa ct al. (U.S. P;it. No. 04,562, 
732) wbere the tank is supported on one side by a torsion bar 
system. In contrast to Grills et al., although the Kitagawa et 
al. device is quite complicated and consequently quite 
expensive. ii contains no system for correctiug for roll or 45 

pitch motions of the vellicle other tha11 to average the tank 
readings over ao extended period ol' time. 

The external force~ acting 011 an automobile foe) tank due 
to runung. roll and pitch. although significant, are much less 
severe in an automobil.e than in an airplane. Forces due to so 
pitch generally arise when a vehicle is climbing or descend-
ing ;;i hill, which in Nvrth America rarely exceeds 15 dcgR"eS 
ru1d only occasionally exceeds 5 degrees. Roll angles of 
more llian 5 degrees are similarly uncoiumon. Even when 
steep angles are encountered. ii is usually only for a short 55 

time. This is not generally the case in nircraJL. especially 
high performance military aircraft. where tlJJ'ning pitch and 
roll related forces are not oaly greater in magnitude but can 
last for an extended period of time. 

TI1e most commoo sysr.-ms of 01eaSLtring tbe quantity of 6<J 

fo1;.>J in au automobile fiiel taok use a variable resistance 
rbeo~1a1 which is C(111trollcd by a tloat withjn Uic ga$ tank. 
·n1is system m:ikes no anempt 10 correct for external forces 
ac1ingon the tank or for the ai1gle oftbe vehicle. Modern gas 
tanks have a convoluted shape and the level of foe] is 65 

frequently a poor indicator of the amount of fuel with.in the 
tank. In mru1._v imple111cnt11tions, for example. the gage 

and a microcomputer 26 containing a table providing an 
"immersion chnrac11?ris1ic curve''. In operation, 1be micro­
computer 26 receives input from lhe fuel level detector 1 and 
inelina1i,,u detectors 24. 25 aod cQrrects tbc level of fuel as 
measured by the fuel level detector J in light of the mms­
verse imd loogitudinal inclination of the vehicle as measured 
by the detectors 24, 25 by the application of the inunersion 
charncteristic curve to avoid false readings caused by incli-
nation of the vehicle. Vetter el al. does not take any readings 
during periods ofiuclinarion of the vebicl.- during, t)peration 
thereof nor provide a corrected level of liquid. 

U.S, Pat. No. 04,815.323 (Ellinger et al.) describes a foe] 
quantity measming system fo1ving ultrasonic transducers for 
measuring volume of fuel in a lank. In the embodiment 
shown in FlG. J (but not the embodiment sbown in FIG. 2), 
the system includes ultrasonic tank sensor uruts which 
provide a s ignal representative of ilie rmmd-trip time 
between each se,isor to tl1e surface of tile fuel. a processor 
unit (CPU) which receives the round-trip time (which is 
proportional to the height level of fi.Iel in the tank) and a 
display to display the volume of fuel in the tank. ln this 
embodimem, the processor is described as performing 
height-volume calculations and the11 correcting, for attitude, 
i.e .. the pitch and ml! of the vehicle. As such. it is clear tlrnt 
for this embodiment. the measured round-trip time is applied 
to the height-volwue table 10 obtain a volume corresponding 
to 1lu11 mu11d-lrip time. This volume estimation is thereafter 
corrected based on the attitude, i.e., the measured pitch and 
roll. Note that rather inaccuxate attitude gages are used and 
lhere is no mention of lhe use of an ine11ial measurement 
unit (]MU) or otl1cr accurate angular measuremeu1 system. 
An !MU \rsually conrain$ three :iccelerou1ecers and three 
gyroscopes. The errors 'io au I MU cao he corrected if G PS 
or 0LJ1er absolute c4ita is available !hrougb the use of a 
Kalman Fil ter as discussed in the curren! assignee's U.S. 
provisional patent application Ser. No. 60/461.648. 

ln the embodiment in Ellinger et al. (PlG. 3). rhe t,1nk 12 
includes three 1dtrasonic transducers 14.16.18 wh.icb send a 
respective signal representative of the rmU1d-trip time to the 
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stirfoce of the fuel JO in a respective stmwell 22 each 
surrounding that transducer to a comptlter 28 through a 
muhiplexer 34. OoJy one transducer is related to fuel level 
(see FIG. 2) and the other two transducers are related to 
refe.rence purposes and fuel density. The computer 28 has a 5 
memory 30 whid1 it appears contains height-volume iables 
specific to each locution of the trausdt1cer so that tl1e 
measnred rouncl-t:rip time representative of the heiglit level 

22 
ecoJ1omical solution. which will prevent the deployment of 
the passenger side airbag ifa rear faciug child seat is preseut. 

1.7 Vehicle or Component Control 
Based on the monitoring of vehicular components. sys­

tems and s-ubsystems as well ns l0 the measurement of 
physical and chemical chrtracteristics re lating to the vehicle 
or its components, systems and subsystems. it becomes 
possible to comrol a11Cl/or aflect one or more component, 
vehicular system or the vehicle itself as discussed below. of fuel al that sensor lot~c11ion can be converted into a volume 

measurement. 11llls. in this Ellinger et al. embodiment. Lbe 10 
height or the level of fuel in the timk al each clilferent 2,0 Telematics 

2.1 Transmission of Vehicle and Occupant [11lorn1atio11 location is converted to a volume meast1remen1 bused on the 
height-volume tables. 1 lowever, in this embocl.imcnl, !here is 
no disdosure of the converted volume measurements being 
corrected by an attitude correction Jactor. i.e., the pitch and 15 

roll ,u1glc~ of the whiclc. 
1n an attempt to gain accuracy. prior ~,rt systems use 

frequeLlfly multiple fluid level measuring trn.nsducers or 
pitch and/or roll angle meastirenieDI devices. f1uture vehicles 
are expected lo come equipped with an accurate IMLJ th:it is 20 

expected to be at least an ordc.r of magnitude more accurate 
th.an the mentioned atlin1de measurement devices. The infor­
mation from the IMU should be generally available on a 
vehicle bus and tbet'elbre it can be used witl1 the liquid level 
systems at no significant additional cost. ·n1is will permit the '.!5 

use of a single level measuring device and still result in 
greater accLll"'acy than previously available. 

Also. there is 1101 believed to be anything in the prior art 
cited above that suggests tl1e use of wireless transducers for 
level measurement such as devices based on surface acoustic 3c, 
wave teclrnology (SAW). J f tl1e vel1jcle bas a SAW-based tire 
pressure monitor. then to add additional devices is not only 
very inexpensive but reduces the number of wires th..1.t need 
to be placed in a vehicle ftu·tJ1er reducing costs and improv-
i11g reliability. 35 

"llJl'Sc and 01her proble01s associated with the prior arl 
fuel gages are solved by the present inveutiou as disclosed 
below, 

Every automobile driver fears that his or her vehicle will 
break down at some unfortunate time. e.g .. when he or she 
is tr:'.lvcling at night, during msb hour, or on a long t1ip away 
from home. To bclp alleviate that fear. ccrtaiJ1 luxury auto­
mobile manufacturers provide roadside service in the event 
of a breakdown. Nevertheless, unless the vehicle is equipped 
with OnStar® or an equivalent service, tl1e vehicle driver 
must still be able to ge1 to a telepho11e ro call for service. It 
is also a fact that many people purchase a new automobile 
out of Jear of a breakdown with their cwTent vehicle. -111c 
inventions described herein urc pdmarily concerned with 
preventing breakdowns and with minimizing ruuinteuancc 
costs by predicting component failure that wouJd lei1d to 
such a breakdown before ii occurs. 

A.nother important aspect disclosed in the Breed et al. 
patents relates to the operation of the ceUular commtlllica­
tions system in conjunction with the vehicle interior moni­
toring sysiem. Vehicles can be provided with a standard 
cellular phone as well us the Global Positioning System 
(GPS). ar1 :n11omohile n:wigati1Jn or location system with an 
optional connection to a manned ass1sllmce facil ity. ln the 
event of an accideut. the phone may automatically call 911 
for emergency assistance and report tJ1e exact position of the 
vehicle. lf tile vehicle also has a system as described below 
for monitoring each sear locution, the numbeJ :ll1d perhaps 
the condition oft be occupants CQ!l)d also be reported. lu tllat 
way. the emergency service (EMS) would kuow what equip-

1.6 Occupant Sensing 
40 ment aud bow rna11y ambulances to send to the accident site, 

Moreover. a com1mmicmio11 cha1111el cm1 be opened between 
the vehicle and a monitoring facility/emergency rn;ponse 
facility or persounel lo detennine bow badly people are 

It is now geL1era lly recognized that it is importa11t lO 

moniror the occupancy of a passenger compartment oJ a 
vebicle. For example see U.S. Pat. Nos. 05,653,462. 05.694. 
320. 05.822,707, 05.829.782, 05.835,613, 05.485.000. 
05.488,802. 05.901 ,978, 05,943,295, 06,309,139. 06,078, 45 

854. 06.081,757, 06,088,640, 06,116,639. 06,134,492, 
06.141,432. 06,168,198, 06.186,537, 06.234,519. 06,234, 
520. 06.242.701, 06,253.134. 06.254.127, 06,270.116. 
06.279,946, 06.283.503, 06.324.453, 06.325,414, 06.330. 
501. 06.331,014, RE37260. U.S. Pat. Nos. 06.393,133, so 
06.397,136. 06,412,813, 06,422,595, 06,452,S?0. 06,442, 
504. 06.445.98!s. 06.442.4(>5 (Breed et al.) wl1ich describe 
several vehicle ioterior monitoring systems tbat utilize pat­
tern recognition techniques mid wave-receiving sensors to 
obtain inlb rmation about the occupancy of the passenger 55 
compartment and uses this infonnation lO affect the opera­
tion of one or more systems iu the vehicle. including an 
occupant restraint device. an entertainment sy~1cm. a heating 
and a ir-conditioning system. a vehicle communication sys­
tem. a distress notification system. a light filtering system 6,; 

and a securi ty system. 
Of purticular interest, Breed et al. mentjous that tl1e 

preseuce of a child iu a rear facing child seat placed 011 the 
right front passenger seat may be detected as this has 
become an ihdustry-wide concern to prevent deployment of 65 
an occupant restminr device iu these siruatirn.J.S. ' l11c U.S. 
automobile industry is continually searching for an easy, 

injured. the number of occupants iu the vchick. und to 
enable directions to be provided to the occLtpaat(s) of the 
vehicle to assist in auy necessary first aid prior to arrival or 
the emergency assistance persoru1el. 

Communications between a vehicle and a ren1ote assis~ 
tru1ce facility are also important for the purpose of diagnos­
ing problems with the vehicle and forecasting problems with 
1J1e vehicle. called prognostics. Motor vehicles contain com-
plex u1cchan.ical systems that arc 01ouitored aud regulated 
by computer systems such as electronic control units (EC Us) 
and the like. Such BCUs monitor vt1rious compouenls oftbe 
vehicle including engine perfonmmce. carburetion/fiiol 
.injection, speed/acceleration coalrol, transmission, exhaust 
gas recircu lation (EGR), broking systems. etc. However. 
vehicles perform such monitoring typically only for the 
vehicle driver and without communication of ru1y impending 
results. problems ::md/or vel1iclc 111::illhncrion to a remote site 
for tmirble-shooting. dia_g11osis or tmckiag for data llUDing. 

lo the past, ~ystems tbm provide for ren:Jl1 te monitoring 
did not provide for automated analysis and co1111m11lication 
of problems or potential problems and recommendations to 
the driver, As a resulL the vehicle driver or user is often left 
Slmnded. or irrcpar:iblc damage occurs to 1J1c vehicle as a 
result of neglect or driving the vehicle without the user 
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knowing the vehicle -is mal fiinction:ing until it i s too late. 
such as low oil level and a malfunction.ing warning light, fan 
bell about to fail, failing radiator hose etc. 

24 
3.0 Wiring md I3usses 

It is not U1.1c0Jumou for an automotive vehicle today to 
have maoy motors. other actuators. ligllls etc .. coutrolled by 
one hundred or more switches and fifty or more relays and U.S. Pat. No. 05,400,018 (Scholl et al.) describes a sys tem 

for relaying raw sensor oui-put from a11 off road work site 
relating to the status or a vehicle to a remote location over 

5 connected lt1gether by almost five lumdred meters of wire, 
and close to one thousand pin connections gJ'l'.luped in 
various number, into connectors. It is not surprising there­
fore that the electrical system iu a vehicle is by for the most 

a communications claw link. ·111e infonmnion consists of 
fat1lt codes gc11erah:d by ~ensorS 1;md electronic control 
modules indicating that a failure bas occurred rather tl1an ,u 
forecasting a fai lure. ·n1e vehicle does not i1Jc lude a system 
for perfom1ing diagJJosis. Rather. the mw sensor data is 
processed at an off-vehicle location iu order to arrive at a 
diagnosis of the vehicle's operating condition. Bi-directional 
cotruuuuications are described in that a request for addi- 15 
tional iofonuatinn can be sent 10 the vc-hick- from the remote 
loca1ion with the vehicle responding and providing the 
requested i11fonuatiou but oo such commun:icution takes 
place wi th the vehicle operator ,1nd not or an operator or a 
vehicle traveli11g ou a road. AJso. SchoU et al. does not teach 2(, 

the diagnostics of the problem or potential problem on the 
vehicle itself nor does it teach the automatic diagnostics or 
any prognostics. In Scholl et a l. the determi.nat.ion of the 
problem occurs at the remote site hy hunrnn tecluticians. 

U.S. Pat. No. 05,955,942 (Sli.lkin et al .) describes a 25 
mel11od for nioniloring events in vehicles in which dectrical 
outputs representative of events in the vehicle arc produced .. 
the characteristics of one event are compared with the 
characteristics of other events accu.mulated over a given 
period of time and departures or vari;:ilions of a given extent 3C1 

from the other chamcleristics arc detenuincd as an iudica-
tiou of a sigrliJi.cant event. A warning is scot ill .response (O 

unreliable system orthe vehicle aod the probable cause of 
most warranty repairs. 

Unfortunately, the automobile industry is taking a piece­
meal approuch to solving this prQblem when a revolutionary 
approach is called for. Indeed. I.he current trend in the 
automotive industry is to group several devices o:f the 
vehicle's electrical system together which are located geo­
metricaJJy or physic."llly in the same area of the vehicle Md 
comiect them to a zone module which is then connected by 
conumuticatioo and power buses to the remainder of the 
vehicle's electrical system. ·11,e resulting hybrid systems 
still comain substantially the same munber and assortment 
ofconnectors w1tl1 only about a 20% reduction in the amount 
of wire in the vehicle. 

3 . .1 Wireless Switches 
011e ex~1mpk of related at1 in wireless switches is il!us­

trated in U.S. Patent Application 2004/0012362 which 
shows a SAW device with a MEMS denectable membrane 
or beam above the active SAW surface of the device. When 
electrically activated t11e MEMS beam or membrane deflects 
so as to contact the SAW surface and prevent tile SAW wnve 
.from reaching the output electrodes thereby efiectually 
switching off the SAW device. Assignee's patenls listed 
above disclose a siotilar etlect where 1be 11101ioi1 of a SAW 
absorbing member into contact wit.h the SAW device is 
accomplish.ed by non e lectrical meaus ;;uch as through tbe 

the indication, including the position of the vehicle as 
detennined by a global positioning system on the vehicle. 
For example, for 11se with a railroad c.1r. a microprocessor 
responds to outputs of an accelerometer by comparing 
acceleration charocteristics of one impact with accumulated 
accelerntion characteristics of other imp:1c1s and detcm1im:~ 
departures of a given nmguitude from the other character­
istics as u fai lure ivdicatioo whicb gives 1ise of a warniJ1g. 

35 action of acceleration or through being mL'chanically 
depressed by a finger or other manner. 

or course there arc many areas of the country where cell 
phone reception is nol available and thus a system that relies 
011 the availability of such a system for diagnostics will not 
always be available and thus bas a signific;'lnt fajlure mode. 
FLtrthenuore, it would be d.il:Iicult if not impossible for such 
a location to hiwe all or ll1c infon11ation to diagi1ose prob­
lems with all veh.icle models that are on the road and to be 
able to retrieve that infonnmion and act on raw data on a 
continuous basis tt1 keep track of whether all vohiclcs on the 
roadways are operati11g properly and to forec.ast all potential 
problems with each vehicle. Thus. there is a need to have this 
function resident ou tlic vehicle . Additionally. if a human 
operator is required then the system quickly becomes 
uwu::uiageable. 

2.2 Docking Stations and PDAs 
For related art in this area, see N. Tredennick •·031201 Go 

Reconfigure". nmE Spcccn1111 Magazine. pp. 37 40, 
Oecember 2003 and D. Vcrkcst ''Machine Cameleon" ibid 

Below an alternative method of switching on or off of a 
SAW device will be disclosed where IJ1e command can be 
send wirelessly tliroug.h an RF signal 10 an RF1D activated 

40 switch. 'fois met.h.od lends itself lo accomplishi.11g many of 
the same functions desired bv the palent application 20041 
0012362 and in some cnse:; c,~ serve as a substitution for it. 

3.2 Other Miscellaneous Sensors 
Electronic license plates are described iu U.S. Pat. Nos, 

45 03, 781.879, 03.984.835. 04,001.822. 05,579.008. 05,608, 
391 . 05.657,008 and 06,239,757 and U.S. patent applicatiou 
publication Nos. 20020021210 and 20040189493 ;:imong 
o tl,ers. Infrared scanning of license plates is reported in 
Vance. J. "Trendlines. Infrared Scanning I ligbway 

50 llelper". CJO Magazi11c. Apr. I. 2005. 

4.0 Displays aud Inputs to !Jisp1ays 
In an existing heads-up display, information is projected 

onto a specially treated portion of the windshield and 
55 reflected into the eyes of I ho driver. An important component 

of a head-up display system is known as the combiner. The 
combiner is positioned forward of the driver and extends 
partly across his or her view of the real world scene. Tt is 

pp. 4 1-46, which describe s~,me of the 1100-vehicle related 
60 

properties envisioned here the P ID. Also for some antomo­
tive appl ications, see P. Hansen "Portable electronics 
threaten embedded electronics'', Aulomotive Industries 
Magazine, December 2004. 

usually either on t11c interior surface of llf laminnted inside 
of the windshield. It is CMStructed 10 permit light from the 
real world scene ahead or the vehicle to pass t·hrougb the 
combiner and to renect light information of one or more 
particular wavelengths propagating from a sou.rec within the 
ve1iicle. The infonnation is projected onto the combiner 

2..3 Satellite and Wi-Fi Internet 
For related an in this area, see U.S. Pat. Nos. 06.611.740. 

06.751,452, 06,615, ]86 llnd 06.389,337. 

65 using su.itable optical elements. The light rays reflected by 
IJ1e combiner aTe" typically collimated to present an image of 
the iuformation focw;ed at optical infin.ity pe1mittiJ1g, the 
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driver to simultaneously view the real world scene and the 
displayed inforomtion without changing eye focus. 

Some combiners are simply serui-rcflectiag mirrors while 

16 

a particularly e:trective combiner can be constmcted using a 
hologram or a holographic optical elemeo\. In a currently 5 

used heads-up displ,1y in motor vehicles. the motorist views 

4.1 Prior Art Related to Heads-Up Display Systems 
111ere arc 111any patents and nmch literattJre that describe 

the prior art of I.leads-up displays. Among tl1e most sig11i fi­
cant of the patents arc: 

U.S. Pat. No. 04.2 I 8, 11 I which describes ,1 lens system 
for one of the early holographic heads-up display w:i.its. 

U.S. Pat. No. 04,309,070 which describes au aircraJt head 
up display system for pilots. 

U.S. ~,t. No. 04,613,200 which describes a system for 
10 u~ing narrow wavt'lengtb bauds for the heads-up display 

syslcm. It describes a rather oomplicmed system wherein 
two sources of information are combined. 'J11is patent is 
believed to be the first patent teaching a hcads-11p display for 

the foraurd outside real world scene through the windshield. 
lnforma citiu pcrrai11jng to the t)peralit1oal Stattl~ t)f the 
vehicle is displayed 011 a heads-up display system providing 
vehicle information, such as fuel supply and vehicle speed, 
positioned within the motorist's Held of view through the 
windshield thereby perminiag the motorist to safely main­
tain eye contact with the reaJ world scene while simulta­
neously viewing the display of information. However, such 15 

he.c,ds-up d isplays arc not interactive. 

automobiles. 
U.S. Pat. No. 04.711.544 which describes a beads-up 

display for an automobile and clearly describes tl1e process 
by which the fo~al length of the display is projected out from 
of the automobile wiodsbield. In tbis manuer. tl1e driver does 
not l1ave lo focus on a display which is close by as, for 

I leads-up displays are widely used on airplanes particu­
larly military airplanes. AJtl1ough many atte01pts have been 
made to apply tl1is techuolog,y to automobiles, as yet few 
heads-up display sy.stems are on production vehicles. One 
reason that heads-up displays have not been widely imple­
mented is th,n vehicle operators have not been willing lo pay 
the cost of such a system merely to perm.ii the operator to 
visualize his speed or the vehicle temperat11re. lbr example, 
without momentarily taking his eyes fmm the road. In other 
words. the service provided by sticb systems is not perceived 
to be worth the cost. There is thus a need for a low cost 
heads-up display. 

2(1 example, on U1e instnu11en1 panel. Thus. the driver can 
continue 1o focus on the road and other tnrffic while still 
seeiug the heads-up display. 

U.S. Pat. No. 04,763,990 wllich describes a method for 
reducing llare ormllltiple images tesulti11g in a i.ubstantially 

25 aberration free display. This is a problem also discussed by 
~ever.ii l.lf the other prior art patents. 

L!.S. Pat. No. 04.787,040 which describes another type 
displ;1y system for automobiles which is not a heads-up 
display_ This patent shows the use of "an infrared rouch 

, c, panel or Mylar"" touch swi'tcb matrix mounr~--cl over 11.ie fuce 
of the display". This display requires the driver to take his 
or bcr eyes of!' of tbc road. 

1l1crc arc funcrions other than vicwiug the vc.hiclc gagci; 
that a wivcr typi,:ally performs that require sig11ific1mtly 
more atleotion thao 11 u10melltfl.ry ghmce a l the speedometer 
Such functions have heretofore oot been coosidercd for the 
heads-up display system. These functions :1re primarily 
those fonctions that are only occasionally perlormed by the 
vehicle opemtor and yet require significant attention. A.s a 
result, the vehicle operator must remove his eyes from the 
road for a significant time period whilt.· he pcifonus these 
other functions crenti.ug a potential s,d'oty problem. One 
example of such a function is tbe acljustment of the vehicle 40 
entertai11.111e111 system. 1l1e vel1icle en!ertai11me111 system has 
become very complex in modern automobiles and it is now 
very clifliculr for a vehicle driver ro adjust the system for 
optimum listening pleasure while safely ope.rating the 
vehicle. 

U.S. Pat. NCI. 04.787,7 1 l which describes and solves 
problems of double reflection ~1 r binocular parallax that 

35 rest1lts from conventional heads-up displays for use i11 
automobiles. 

U.S. Pat. No. 04.790.613 which presents a low-cost 
heads-up display wirb fixed ioclieia. The mesNage is fixed bu1 
displayed onJy as needed. 

U.S. Pat. No. 04,886.32& wbich sb.ows a heads-tip display 
device and describes a method for preventing damage lo the 
optics of the system caused by sunligb1. 

U.S. Pat. Ne, 04.973.132 which describes a polarized 
holographic heads-up dfaplay which provides for increased 

45 reflectivity and inrnge conu·ast. 
Other simil::tr fltoctiMS include the adjustment of the 

heati1Jg. ventilatioa. air cooditionfog aud defrosting system, 
the dialing a nd answering of cellulur phone calls. as wel I as 
other fuuctions which arc. contemplated for fmw·e vehicles 
such as navigational assistance, Internet access, in-vehicle 
messaging systems. traffic congestion alerts, weather alerts. 
etc. Each ur tlwse funcrions. if performed by a driver while 
operating the vehicle, especially w1der stressful situations 
such as driving on congestion highways or in bad weather. 
contributes an mu1ccessary risk to tJ1edrivi11_gprocess. While 
a driver is atte111pti11g to operafe the vehicle in a safe ma Mer, 

U.S. Pat. No. 05,0J 3, 135 which desci-ibcs a heads-tlp 
display usiog Fmme-1 leoses to reduce 1he space required for 
ins1allation of the system. 

U.S. Pat. No. 05,157_549 which describes another method 
so of reducing the dam.age to the heads-up display optics by 

restricting the wavelengtl1s of external ligJit which are 
reflected i11to the heads-up display optics. 

U.S. Pa1. Ne,. 05,2 I 0,624 which describes a he-,1ds-up 
disph1y wherein llll light from the environment is a llowed ro 

55 pa~s through the combiner except light having a frequency 
equal to tbe frequency generated by the beads-lip display. 
The alleged improvement is to also filter out light from tl1e 
enviroumeut tbat is of a complementary color to t·he light 

be or she should uot be required to remove his or her eyes 
from lhe road in order to ad.f ust the radio or make a phone 
call. Therefore, there is a need to rnjaimjzc tl1is risky 
behavior- by permitting the operator tt) perfi.)TOl these fltnc- 6(J 

tions without takiog bis or her eyes off of tbc road. As 
discussed in greater detail below, this c:a1J be accomplished 
tlu·oug.h the use of a heads-up display system combined wirJ1 

from the heads-up display. 
U.S. P,,t. No. 05,212.471 which describes a method for 

reducing the- reflections from tbe outside windshield surface 
wb.icb produces ghost iJuages, 

U.S. Pat. No. 05,229,754 which describes apparatus for 
i11creasing lbe path length of the heads-up display usiug a 

65 reflecting plate. Th.is improves the quality of the beads-up 
display while maintaining a co111pact ,,pparatus design_ 'll1is 
added tr..tvel of the light rays is needed since iu lhis system 

a touch pad or otl1er driver operated 1npur device located, for 
example, on the steering wheel within easy reach of the 
driver. a gesture recognition input systt1m, or a voice input 
system. 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
27 

the virt11a1 image 1s located as far in fron1 of the vehicle 
wi11dshield as the dis1ance fn">m tbe infonn::ition source to 
the heads-up display reflector. 

U.S. Pal. No. 05.231,379 which describes a method for 
compensating for the complex aspheric curvat1irc of com­
mc;111 windshields. It al~o provides means of adjusting the 
vertical location of the retlection off the windshield to suit 
the size of a particuhir driver or his preferences. 

U.S. Pa1. No. 05,243.448 which describc!S a low-cost 
be.ids-up display for ~1uto01obiles. 

U.S. Pat. No. 05,289,315 wl1icb describes apparatus for 
displaying a multicolored heads-up display. The technique 
uses two ffims havii1g different spectral rencctivities. 

U.S. Pat. No. 05,313,292 which describes a melhod for 
manuJncturing a windshield containing a holographic ele­
ment. Thi~ patent presents a good dt!Scription of a heads-up 
display unit· including mechanisms for reducing the beat 
load on the LCD am,y caltsed by rhe projec1ion lamp and 
means for automatically odjusting tho intensity of the heads­
up d isplay so that I.he contrasl raLio between the heads-up 
display and the real world is mai111ained as a constant. 

28 
due 10 the limited space available for the required image 
soLtrce and projectiou n1irrors. 

U.S. Pat. No. 05.422.812 which describes an in mute 
velucle guidance system using a heads-up display. but not 

5 one that .is interactive 
U.S. Pat. No. 05,486,840 which describes a IH..•ads-up 

<lisplay wl1ich purportedly eliminate the eflec1 where sun­
light or street l ights travel down the path of the lieads-up 
<lisplay optics am.I illnminate tJ1e 11rojectio11 surrace and 

10 thereby cause .false readings 011 the beads-up display. 1bis 
problem is solved by using circularly polarized light. 

U.S. Pat. No. 05.473,466 describes a miniature high 
resolution display syslern for use wi th he.ids-up displays for 
installation into the helmets of fighter _pilots. This system, 

15 which is based 011 a thiu ga111et crystnl, requires very little 
power and maintains a particular disph.ty until display is 
cbangcd. Thus. for example, if1here is a loss of power tbe 
display will retain the image that was last displayed. ' f11is 
technlllogy has the capability of prod11cing a very small 

?<, heads-up display unit as will be described more detail below, 
U.S. Pat. No. 05,812,332 which describes a w.iudsliield 

for a head up display system that reduces 1he degree of 
double imaging that occLtrs when a lamit1nted windshield is 
used as the combiner iu the di~play system. 

U.S. Pat. No. 05.859.714 which describes a method for 
making the conibi11er sucb 1.hal a colored heads-tip di~play 
can be created. 

U.S. Pat. No. 05,313.326 which describes a heads-up 
displny ~md various methods or improving the view to 
driven. looking at the headi;-up displ::iy frnm diflerent ver­
tical and lateral positions. The inventor points out that " .. ::!5 

. tJ1e a llective eye box presel)ted to the driver, i.e. the area 
within which he will be able to sec the image is inherently 
limi1ed by the eftective aperrurc of the op1icaJ projection 
unit". 

FinaJly, U.S. Pat. No. 05,724,189 which describes meth­
ods and apparat11s for cre;.itiug aspheric optical elements for 

3c, use in a l1cads-up display. ' ll1e inventor goes ,111 ro teach that the eye box should be 
as large as possible to permit the greatest to lerance of the 
S)'litcm to drivc.r height variation. ddvct head movement. 

4.2 Swumary or Heads-Up Prior Art 
All ,~f 1bc heads-up display unit~ dcscl~bcd ate for pro• 

viding an alternate to viewing the gages on the instrument 
panel or at most the displaying of a map. That is, all are 

ere. It is also desimble to have a compact optical projection 
system as possible since available space in the car is limited. 
There are, however, limitations on the length of the projec­
tion unit and 1he size of the eye box that is achievable. 

35 passive systems. Nowhere bas it been suggested i11 the 
above-meutioned prior art to use the heads-up displiiy as a 
computer screen for iuteract-ive use by the veb.icle oper.:itor 
where the daiver can operate ~ cursor and/or otlierwise 

While the use of more powerfol optics will pem1.i1 a 
sborrer physical length unit for a fixed image projection 
distnncc, this wi ll give a higher display rnagnificatio11. Tbe 
bigl1er the 111agr1ificatioo. the smaller the actual display 40 

source lbr :l specific image size. Display resolution then 
becomes a criticaJ factor. A second limitation of opticaJ 
systems is that for a given eye box o shorter focal lengtl1 
system cannot' achieve as good an image q11ality as a Jong 
focal length system. 

interact with the display. 
No roentioo is made iu the above-11Je11tioned prior art of 

the use o f a heads-up display for. the lntcmcr: making or 
receiving phone calls; compartment temperature control: 
control of the entertainment system: active route g11.ida11ce 
wi-rh input from an external source such as OnStarTM; in 

45 vehicle sigimge; in vehicle signagc with language transla­
tion; safety alerts: weather alerts: tratlic and congestion 
alerts; video coruerenciug: TV news broadcasts: display of 
headlines. sports scores or stock 11Jarket displays: or of 
switches that can be activated orally. by gesture or by a toncb 

U.S. Pat. No. 05,329,272. as well tis many of the other 
pateots cited above, which describes 'lhe use of o beads-up 
display to alkw,r the operator or driver to watch the speed­
ometer, revolution counter, directional indicators, etc. while 
keeping his or her eyes on lhe road. 'Il1is patent is concerned 
with applying or adapting a large bul.k.-y optical system to the 
vehicle tmd solves problem by placing the main ele1uents of 
this optical system in a direction parallel to the t ransverse 
axis of the vehicle. ·nus patent also describes a method for 
adjusting the heads-up display based on lhe hi;>ight of the 55 
driver. It' mentions that using the teachings therein that the 
size of the driver's binocular or eye box is 13 cm horizontal 

so pad or other devices on 1he steering wheel or elsewhere. 
Furthermore, there does not appear to be any examples of 

where a heads-up display is used for 111ore thsn one purpose. 
1hat is. where u variety of dilferenl prc-sele..:table images are 
disph1yed. 

Although tJ1c primary focus above has been to develop a 
beads-up displny ,Utd interactive input devices for locatiou 
on d1e sleering wheel, in many cases it .,viii be desirable to 
have other input devices oJ a similar nature located at oilier 
plac.-cs within the vehic-lc. Par example, an input device 

by 7 cm vertical. 
U.S. Pat. Nu. 05,379.132 which attempts lo solve the 

problem l,fthe limited viewing 11rea provided 10 a driver due 
to tbe fact that the size of the driver is not known. A primary 
object of the itweotiou is to provide a display having an 
enlarged region of observation. This is done by reducing the 
image so that more information can be disp.layed on the 
beads--11p display. 

U.S. Pat. Nu. 05.414.439 which states that such heads-up 
displays huvc been qui te smal I relative to the ruadway scene 

60 locmioo fOf a passenger may be on tbe in~tn1mcnt panel. the 
armrest or attached. in au cxtcosiou and retrnctioo arrange­
ment fmm any surface of the p<1%engcr compartme.t1t includ­
ing the seats, floor, instnunenl panel, headli11er and door. In 
some cases, 1hedevice may be removable from a particLllar 

65 storage location a11d operated as a hand-held device by either 
tJ1e pnsscngcr or tJ1e-drivcr. ·111c interface thus cnn be by hard 
wire or wirclcs~. 
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Voice recognition systems are now being applied more 
and more to vehicles. Such systems are frequt>ntly trained on 
the vehicle operator and can recognize a limitt!d vocabulary 
mllicieut lo pennit the oper.nor to ct1utrol many fo11ctious of 
the vehicle by t1sing voice commands. TI1cse voice systems 
arc not I 00% accurate and there has not been ru1y eJTective 
means to provide feedback lo the operator of the vehicle 
lndki11ing what the voice system u11ders10od. When used 
wit.b the heads-up display interactive system described 
herein. a voice-iuput system can be used either separately or 
in conjunction with the touch pad systems described hereiu. 

30 
Although the discussion herein is not limited to a par­

ricular heads-up display teclinology. l)tle technology of iutt:r­
est is to use the garnet' crystal heads-up system described in 
U.S. Pat. No. 05.473,466. AJU1ough the system has never 

s been applied lo automobiles. it has siguifica11t advantages 
over oilier systems particularly in the resolution and optical 
intensity areas. The resolution of the garnet crystals as 
m11nufactured by Revtek is approximately 600 by 600 pix­
els. The size oflhc crys!al is 1ypically I cm square. Using a 

1 u laser prnjectioo system. a sufficiently large heads-up display 
cai1 be obtaiued while the system occupies a volume coo­
~ideJably sma ller thaD a1iy system described the prior art. By 
using .'l monochromatic laser as the optical sour-ce, the 

In this case, for example, the vehicle operator would see 
di~played C!n the heads-up display the reSults M voice 
commands. If the system misinterpreted the driver's com­
mand. ::i, correction can be issued and tl1e process repeated. 15 

For example. let us say tJ1ar the vcl1iclc operator gave a 
command to 1.he vdlicle phuac system to dial a speci fie 
m1111be.r. Let us assmne that the system ol..isuoderstood one of 
the digits of the number. Without feedback. the driver may 

energy absorbed by the garnet crystal is kept to a minim tun. 
A.11 alternate technology that can be used for a heads-up 

display is based on OLl2D (orgauic light emining diode) 
technology whereby the prt~cctioo system is uo longer 
needed ru1d a film 1bat can be sandwiche<l between the sheets 
of glass lhal make up ll1e windshield can be made 10 emit 

not know U1at he had dialed a wrong number. WiU1 feedback. 
be would see the munber as it is being dialed displayed on 
the heads-up display and if he or she sees that :JJ1 error 
occurred, he or $he can issue a conuuand to correct the error. 
In this manner. lhe ioter.=1ctivc heads-up display can fnnc1ion 
along with a voice commru1d data input system a;; wel.l as the 
touch pad systems described hereiu. In ano1.her example. the 
driver may imy "call Pelc" ·n1c d.ispfay can also be used as 
feedback for a gesture recognition system. 

U.S. Pat. No. 05,829,782 (Breed) describes, among other 
tl1ings. the use: of an occupant location system to find the 
approximate lm:atioo of the 01outl1 of a vel.tic:le operator. 
Once the locatio1l t~f the blOllth bas been determined. a 
directional microphone can focus in on that location and 
thereby sig11ifit.'1:111tly impJ-cwe the accuracy of voice c(1m­
mand systems. 11ms d1ere is a need to find the mouth of the 
occupant. 

In a si.111ilar manner also as described in U.S. Pat. No. 
05.822.707 (Breed) the location of the driver's eyes cau be 
appl'Oxima1ely determined aod either the sent can be 
ndjusted to place tl1e operator's eyes iJllo the eye ell ipse. 
which would be the ideal location for viewing " heads-up 
display or. alternately, the heads-up display projection sys­
tem can be adjusted based on the sensed location of1he eyes 
of the occupant. Although several prior art patents have 
disclosed the capability of adjusting the beads-up display, 
t1011e of 1bem have done so based on a determination of the 
location of the eyes of the occupant. Thus !be.re is a need to 
adjust the k1cation or tl1e eyes of the occupant or the 
projection system of the beads-up display. 

?(, light. Naturally other locations for the or.ED can be usc.-d. 
including a visor or any other window in the vehicle. 

4.3 Background on Touch Pad Techuologies 
Touch pads arc closely relutcd. to their "cousins", touch 

screens. Both use 1be operator's fingers as the direct link 
25 between the operator and the computer. lu some cases, a 

~tylus is used but probnb ly not for the cases to be considered 
here. In simple cases. touch pads can be used lo operate 
vir111al switches aud. iJ.1 more complicated cases. the move­
ment of the operator's fi11ger controls a cursor. which can be 

3c, used to select frolll a nrngc of very s imple w very compli­
cntcd functions. Several let·hnologies have evolved which 
will oo,, be described along with soo1e of their adva,11agcs 
nnd shor1comh1gs. 

Capacitive touch pads use the elecLrical (ctrnductive and 
35 dielectric) prop~rties of tl1e user's finger as it makes contact 

with the surface oJ the pad. This c.ipacitive teclillology 
provides fast re:.iionse ti.me. durability a11d a toler.u1ce for 
contamination. Generally, grease. water and din will not 
interfere with the operation of the t:11pacitive touch pad. 

40 Unfonuoately, tllis teclu1ology will oot work well wbeo tb.e 
cl.river is wearing gloveS. 

Projected capacitive touch pads sense changes in the 
eleclrical field adj11cent the touch pad. This technology will 
work with a driver wearing gloves but does not h11ve as high 

45 H resolution as the standard cupacitive touch pads. 
Infrared touch pads contain a grid of ligbt beams ac:ross 

the surface of the pad and check for interruptions in that gdd. 
This system is somewhat sensitive tn contamination that can 
block the transmitters or receivers. 

One of the problems with beads-up displays as described so 
in the related art patents is that sometimes tile intensity of 
light coming i11 from the cnvironmc1\t makes it difficult 10 

Surface acoustic wave (SAW) touch pads send sound 
waves across the surface of the tot1ch pad and look for 
intcrrnptious or damping caused by tl1e operator's fingers. 
TL'lis technology requires the use of a rigid substrate such as 
glass that could interfere with tbe operation of the airbag 

55 deployment door i r used on the center of the steering wheel. 
lt is also affected by c.omaminants which cru1 also absorb the 

sec the i11.fom1atioo 011 the beads-up displAy. fa U.S. Pat. No. 
05.829.782 (Breed), a filter is, disclosed that can be pfoced 
between the eyes of the vehicle operator and. the source of 
external light, head!jgbts or sun, and the windshield ca11 be 
darkened ir1 an area to lilter out the otfending light. TI'lis 
concept can be carried forther when used with a heads-up 
display to darken the area of Uu: windshield where the 
he..1ds-up display is motnJted, l)r even darken the entire 6<J 

wiodsl1ield. io order to maintain a sul!Jcicnt coorrnst rnlio 
between the ligbt corning from the automatiC'ally adjusted 
heads-up display optical system and the light coming from 
the real world scene. Th1s darkening can be acc:.ompJished 
using electrochro1uic glass, a liquid crystal system or 65 

equivalent. "thus there is a need to block the glare from the 
stu1 or vehicle light's. 

waves. 
Guided acoustic wave technology is similar to SAW 

except that it sends the waves through tl1c touch pad sub­
strate rather 1Ji.an across the ~urfoce. This technology alsu 
requires a rigid substmte such ;;s glass. It is additionally 
a.fleeted by contamination such as water c<;indensation. 

Poree sensing touch pads measure the actual force placed 
011 the pad and 1s measured where the pad is attached. 
Typically, strain gages or other force measuring devices are 
placed in the comers of a r:igid pad.. ·111is technology is very 
robust and would be quite appl icable to steering wheel type 
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applications, ho,irever, it generally has less resolution thw 
the other systems. Force sensing touch p:-i.ds are eithet strain 
gage or platfom1 types. The strain gage touch pad measures 
the stresses at each corner that a touch ro the pad creates. Tbe 
ratio of the four readings indicates the touch point coordi- s 
nates. The plaLform touch pad instead rests 011 a plmform 
with force measurement sensors at the supwns, A touch 
onto the touch pad translates to forces at the snpports. 

Resistive touch pads use a flexible resistive mcmbr:me, a 
grid of insulators and a secondmy couducting pad ro locate 1u 

the l'Ouch point. This pat! gener..tlly has higher resolution 
\han the force sensing touch pads and is equally applicable 
to steering whCl'l'I type applications. A further advantage is 
that it can be quite thin and does not generally require a rigid 
subst.i1lle which ca11 interfore with the deployment of the 15 

airbag door for steering wheel center <!pplications. Resistive 
technology touch screens are used in more Applicalions than 
any other bccimse of the high accuracy fast response and 
trouble-Free perfonnance in a variety of harsh applications. 

There are many U.S. patents and olher publications that 20 

describe touch pad teclrnologies primarily as Ibey relate to 
inputting data into a computer. Among the signilicaut pat­
ents arc: 

U.S. Pat. No. 04.190,785 describes a touch pad usiug a 
piezoelectric layer. When a fu1ger pressure is placed on the ]5 
piewelectric. a voltage is generated. TI1e t~)uch pad actually 
consists of on array or sensors rather tlian a continuously 
varying sensing element. One advautage of the system is that 

32 
U.S. Pal. No. 04,633,123 describes another piezoelectric 

polymer IClllcb screen. in th.is case used as a keyboard 
n pparatus. 

U.S. Pat. No 04,745.301 and U.S. Pat. No. 04.765.930 
describe a defonnable pressure sensitive electro-conductive 
switch U$ing rubber v,;hich is loaded with conductive pu.r­
ticles and which could be used in a touch switch or touch pad 
configuration. 

U.S. Pat. No. 04,904,857 describes a Louch scn:en based 
on light em.i11ing diodes (LEDs) mld receptors wherein light 
beams are sent parallel to and across lhe top of the video 
$Creen and the intemtptiou of these light beams is sen~ed.. 

U.S. Pat. No. 04.963.417 describes ,1 touch pad consisting 
of a conductive layer and a layer oJ de:fonuable insulating 
particles and a •~onductive film layer; Pressure 011 the co11-
ductive Jilm layer cause~ the insulating defi.)rmablc panides 
to deforru aud pc.rmits comact between the conductive film 
and tI1e conductive substrate that can be sensed by resistant 
moosuremcn\s. 

U.S. Pat. No. 04,964.302 describes a tactile sensor which 
can be used by robots tor example. TI1e tactile sensor 
consists oJ a series of ultrasonic pads and a deformable top 
layer. When the deformable layer is compressed the com­
pression can he se11Sed by the time of flight of the ttltrasonic 
waves by the ultrasonic sensor and therefore both tile 
location oft he compression can be determined as well us the 
amount compression or force. Such an ammgement is appli­
cable to the toucl1 pads of the current inve11tion as described 
below. Th.is pennits m1 :maJog input to be used to control the it can be passive. The piezoelectric coating is disclosed to be 

approximately 0.005 inches tl1ick. 3C1 radio volume. heating or air conditioning temperature. etc. 
U.S. Pal. No. 04.198,539 describes a touch pad basetl on 

rc~is1aucc. Tiu,,ugh a novel choice of n::sis1or~ nud t111.iforru 
resistive pad properties, tl1e inventor is able to achieve a 
unifonn electric field in the resismnce layer oftl1e touch pad. 

U.S. Pat. No. 04,328,441 describes a "piezoe.lectric poly- 35 
mer pressure sensor that ca11 be used to form a pressure 
sens1tive matrix keyboard having a plurality of keyboard 
switch pl)Sitions ~,rranged in a plurality of rows and col­
umns". The piezoelectric electric polymer film is made from 
polyviuylideue fluoride (PVl)f,J_ Tiu, is on ly one exam.pie 40 

of the use of the pte'tuclectric polymer and some otherS are 
referenced in this patent. Tb.is touch pad is set up as a series 
of switches rather than a continuous funct-iou. 

U.S. Pal. No. 04,448,837 describes the use of a silicone 
rubber clast ic sheet which has bl.'Cll pmtiaJly filled with 45 

conductive par1icles of va,ious sizes ::is part or a resistive 
touch pad. 

U.S. P,11. No. 04,476.463 describes a touch pad system for 
nse as an overlay ou a display that can detect and locate a 
touch at any location any;vhere on the clisplay scree11. In so 
other words, it is a continuously variable system. This 
system is based cm a capaci1ivc system using an elcc1rically 
conductive film overlaying the display screen. 

U.S. PaL No. 04.484.J 79 describes a touch sensitive 
device which is a l least partially lr.msparent lo light. A 55 
!iexible membraue is suspended over a CRT display 1:11td 
wllen pushed against the display it traps light emitted at the 
contact point by the scanning system. lrus trapped light can 
be sensetl by c<lgc mounted sensors and tl1e position of the 
touch de1er01i11cd based oo the known position of the scan 6!J 

when the light was detected. 

U.S. Pat. No. 05,008,497 describes an accurate means for 
iucasu.ring 1hc tO llCb positfoJ1 and prcssun:- ou a rc~istivc 
membrane. 

U.S. Pat. No_ 05,060,527 is anot11er example Qf the Ulctile 
sensor that is capable of measuring variable force or pres.­
sure. This pa teat uses an electrically conductive foam as I.he 
variable resistai1ce that penuits force to be measured. 

U.S. Pnt. No. 05.159,159 is ::mother exnmple of~ touch 
pad rhai is bused ou resistance and provides the X and Y 
positk1u of Lhe fu1ger oud the pressure at the touch pui.11t. 

U.S. Pal. No. 05.164.714 is another system using light 
emitters and dclecto.rs creating a field of light be~1ms going 
across the surface of the touch pad in both X and Y 
directions. 

U.S. Pat. No. 05,374,449 describe$ a monolithic piczo­
elec1ric slrnctural elemeut for keyboards which can be used 
to form discrete switchjog: elcm.ints ou the pad. 

U.S. Pat. No. 05.376,946 describes a touch screen made 
of two 1ransparent couductivernembers wllich when caused 
to couLract each other change the resist,mce of i-he ci.rcuit 
such that, by alternately applying ;., voltage to the X and Y 
edges, the location of the touch poinl cali be determined. 

A capacitive based touch screen is illustrated in U.S. Pat. 
No. 05.386.219 

U.S. Pal. No 05.398,962 describes a hom activator for 
steering wheels with airbags. This hom activator switch cmi 
be made part of the touch pad as discussed below whereby 
whea the presslire exceeds a certain amount, a horn blows 
mthcr than or in addition 10 activatiug the heads-up display. 

U.S. Pat. N(l. 05,404.443 describes a CRT tli~play with :i 
touch p.id overlay for use in an automobile. 

U.S. Pat. No. 04,506,354 describes an ultrasonic to~1ch 
pad rype device wherein rwo ultrasouic transducers transmit 
11ltraso11ud through the air and receive echoes based 011 the 
position of a finger ou tl1e touch pnd. 

lJ.S. Pat. No.04.516.112 describes anofher implcmen.ta­
tion of u touch pad using u piewclectric tilm. 

U.S, Pat. No. 05.453,941 describes a touch pad of tb.e 
resistive rype which also measures pressure as well as 
location of1he touch. This patent uses two separate boRrds, 

65 one for the X coordinate and one for the Y coordinate. A 
pressure applied against 1.he point located on 1be X coordi­
mnc resistance board c.:iuses the X coordina1e resistance 
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board to make contact wi1h the Y coordl11a1e resistance board 
at a point Jocak'cl ot1 the Y coordinate resistance board. The 
conlact is lhmugh R contact' resistance the 111ag11itucle of 
which is inversely proportional ro the presimre applied. 

34 
U.S. Pat. No. 05,933.102 describes an array of capacitive 

touch switches. 

U.S. Pat. No. 05,942.733 describes a capacitive touch pad 
sensor capable of being actuated with a stylus input. The pad 
consists of a plurality of first parallel conductive traces 
11.uming in U1e X direction and a plurality of second parallel 
cond,1ctivc trt1cc.-s n1nni11g in the Y u.irection. A layer of 
pressure conductive material is disposed over one of the 
faces of the substrate wbicl1 io t11m is covered with a 

U.S. Pal. No. 05.518,078 is another example were sepa- 5 
rate films are used r~1r the X and Y direction. Voltages are 
selectively opplied ro the film for meosnri11g U1e X coordi­
nate and then to the film for measuring the Y coordfoate. The 
pressure of Lbc touch is determined by the t'Onlact resistance 
between the X and Y film$. lu protective layer. As the conductive later is moved toward lhe 

arrays of substrates the capacitance between the conductive 
later aud each of the substrates is changed which is mea­
surable. A capacitive !ouch pad has the advantage that it 
requires much less force Umn II resist ive touch pad. ·111c 

Most of the prior art devices described above have an 
analog inptit, that is, tJ1e resistance or capacitance is con­
tinuo\1S!y varying as tl1e pressure p,)int move.~ across the 
pad. U.S. Par. No. 05.521,336, on the otber hand. describes 
a touch pad which provides ::i, digital it1pul device by using 
sets ofparalle1 strips in one layer ortbogon::il to auother sc1 
of' parallel srrips i.u auother layer. Upon depressing the 
surface. the panicular strips which make comact are deter­
mined. These are known as high-density switch closure type 
tm1ch pad sensors. 

15 traces are actually put on both sides of substrote with the X 
traces going o_ue way and Y traces 1he other way. An 
alternative would be to use u Oex circuit. 

International Publication No. WO98/43202 describes a 

U.S. Pai. No. 05.541.372 describes the use of s(rait1 gages 

?<, button wheel pointing device for use with notebook personal 
computers. 

to detect deformation of the touch panel itseU' as result of 
force being applied. Strain gages arc pJ1ysicnlly integrated 
with the panel and m~aoasme the strain on the panel. .'\n 
important fca111re of the invention of this palent is that i1 ::!5 

measures the defom1atiou of' panel itself instead of the 
defomrntion of the si1spensio11 members of the panel as in 
the prior art. 

U.S. Pat. No. 05,541.570 describes a force sensing ink 
that is used in U.S. Pal. No. 05.563,354 to fon11 a thin film 3C1 

force sensors lo be used. for example. for hom nctivation. 
U.S. Pat. No. 05,673.041 de.scribes o reflective mode 

ultrasonic touch sensitive switch. A touch change.~ the 
re0ectivity of u $Uriace through which the ultrasound is 
traveling and changes tl1e impedance of rhe transducer 35 

assembly. This switch can be multiplied 10 form a sort or 
digital touch pad. A piezoelectric polymer film is used 
presumably to maintain the lr.rnsparency of the switch. 

U.S. Pnt. No. 05,673,066 relate~ to a coordinate inpul 
device based on the position of a Hoger or pen to a personal 40 

computer. 171i-s patent provides various means for contTol­
li.ng the motion of a cursor based on the motion of a finger 
ru1d also of providjug a reliable switcl1iug fu.nction when an 
item has been selected with the ctu·sor. The invention 
describes the use of touch pressure to indicate the speed with 45 

which the cunsor should move. /'I. ligbt touch pressure 
provides for a rapid movement of cursor whereas a strong 
touch pressure signifies a slow movement. 111e pressure on 
the touch pad is detennined usi11g four piezoelectric ele­
ments for converting pressures to voltages thal are arranged so 
ou the four comers of the back surface of the rigid plate. 

U.S. Pat. No. 05,686.705 describes a touch pad consisting 
of a conduct'ive sur fac.-e cootait1i11g three electrodes, a com­
pressible insulating layer and a top c.-onductive layer such 
that when the top conductive layer is depressed it will 55 

receive signals from the three electrodes. These signals are 
transmitted in pairs 1hereby permitting the location of the 
contact point on a line bisect:i11g the 1wo electrodes. then by 
using ru1otJ1er pair, a second line can be determim.'<.11111d the 
inter~ectiou of those two Jines fixes the point. The detenni- 60 

nation is based on the level of signal thot is inversely 
proporti<.1ual .to tJ1e resistance drop between tJ1e contact point 
it1 the transm.ission point. 

U.S. Pat. No. 05,917,906 describes an alternate input 
system witl1 tactile feedback employing tl1e use of snap 65 
d0ll1l'S arranged in tJ1e predett·nnined spaced apart ammge-

lntemational Publication No. WO98/37506 reserves vari­
ous parts of U1c touc-h pad for command bar or scroll bar 
functions. 

U.S. Pat. No. 05,374,787 describes a two-d.im1:nsio11RI 
capacitive sensing system equipped wi th a separate set of' 
drive and sense electruuics for each row and colunm of the 
capacitive tablet. Tue device capacitively senses the pres­
ence of the finger and deten:uines its location, Th.is concept 
is further evo1vc:d in U.S. Pat. Nos. 05,841 ,078. 05.861 ,583. 
05,914,465. 05,920.310 aud 05.880,411. U.S. Pat. No. 
05.841.078 makes use in one cn1bodimcut of a neural 
network to interpret sit11ations when more than one finger ls 
placed OD the touch pad. This al lows the operat<.1r to use 
multiple fingers, coordinated g,est11res etc. for complex inter­
actions. Tbe t races can be placed on a printed circuit board 
or on a tlex circait. The seusor also measures finger pressure. 

U.S. Pat. No. 05.861.583 providc:s a two-dimensional 
capacitive sensing system thal cau.cels out background 
capacita11ce effects due 10 environmental conditions such as 
moisture 

OtJ1er capacitive prior art U.S, patents include U.S. Pat, 
Nos. 05.305,0l7. 05,339.213. 05.349,303, and 05.565,658. 
These patents also cover associated apparants for c.1pacitive 
ltrnch pads sensors, 

U.S. Pat. No. 05,565.658 describes a system that can be 
used with gloves sinl:e the finger need not contact the sw·foce 
of 1he touch pad and also describes a technique of making 
the 1ouch pad using silk screening and a variety of inks, 
some conducting ~ome 11011-conducling. 111e resulting array 
is both thi11 and 1-Iexible tha\ allows it to be fonned into 
curved surfaces such as required for a steering wheel 
ruot111ted touch pad. 

U.S. Pal. No. 05,940,065 describes a mapping method of 
how to compensate for systemaric and manufacturing errors 
which appear in a resistive touch sensor pnd. 

U.S. Pat. No. 05,694.150 provides a grnphic~1l user inter­
face system to permit multiple users of the same system, 
Such a system would be applic.able wbM bt1th the driver aud 
passenger arc viewing the same output ou different beads-up 
or otber displays. This could also be usefu.J, for ell;alJlplc, 
when the passenger is acting as the navigator indicating to 
1he driver on the beads-up display where he is now and 
where be should go. AJteruately. the navigator could be a 
remote access operator giving direct.ions to 1hc- driver as to 
how to get to a. specific locution. 
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Touch pads that are commercially available include. for 
example, model TSM946 as supplied by Cirqne Cl)rporation 
ru1d others supplied by the Elo illld Sym1ptics t.-orpomlions. 

Normally a touch pad or other input device is attached by 
wires to the heads-up djsplny or a controller. Au ahemate 5 
mctl1od of comnnmicating with a 1~1ucb pnd or other iJ1put 
device is to do so by passive wireless means. In one 
implementatjon of this approach. a c.able can be placed 
arournJ the vehicle and used to inductively charge a circuit 
located on lbe touch pad or other inptJt device. ' Inc device 10 

itself can be totally free of wires since the information that 
it sends can iilso be transmitted wirekssly to the loop, which 
now acts as an antenna. ·nw device can now be placed 
anywhere ill 1l1e vehicle and in fact. it can be moved from 
place lo place without concern for wires. Thus. there is a 15 

lll;l(.--d for a wireless com1ection to the heads·up display iJ1pu1 
device 

A human factors study bas shown that the ideal size of tbe 
square target for che 95 perccncile male population should be 
abolll 2.4 cm by 2.4 cm as repoiit..-d in "A Touch Screen 20 

Comparison Study: Bxamiuatioo Of Target Size And Dis­
play Type On Accuracy And Response Tune" by S. Gregory 
Michael mid Michael E. Miller, Eastman Kodak Co. Roch­
ester. N.Y. Narurally as the fi.,nctions of the heads-up display 
are increased tht' size may also have to incre-<1se. For 25 

navigatic.mal purpo,es. for exa11Jple. a subst.intial portion of 
tl1e \vindshield may be used by the display. 

4.4 Summary of the Touch r~,d Prior Art 
As can be appreciated from the sampling of touch pad 

patents and pnb)jcations listed above. many tcclmologies 3c, 
a.nd many variations ,u·e available lor touch pad tedumlogy. 
Lo pnrticular. ,uost of these dcsig.os arc applicab1c for u~e, for 
example, ns a touch pad mounted on a steering wheel. ln 
geue.ral, the.resolutiOLl required for a touch pad for a steering 
wheel application probably does not have to be as high as the 35 
resolution required for entering drawing or map data to a 
computer database, for example. A vehicle driver is uot 
going lt) be able lo focus intently ou snw]I features of the 
display. For many cases, a few switch choices are all that 
will be 1\ece~sazy. 111is wo11Jd allow !be driver to use the fi.rst 40 

screen to selec! among the major fonction groups that he or 
she is interested in. which might comprise the entertawment 
system, navigation system. lutemet, telephone, iustrnment 
panel cluster. and perhaps one or two adclirfonal subsystems. 
011cc be or she selects the system of interest by prc~sing a 45 

virmal hmron (or even au actual button on the perimeter of 
lbe steering wheel). be or sl1e would tbeu be presented \virh 
a new display scrt.-en with additional options. lf the enter­
tainment system had beeu chosen.. for example, the next 
series of what choices would include radio, satellite radio, so 
Internet radio, TV, CD. etc. Once the choice among rhese 
a lternatives has boon sdected the new screm of button 
choices would appear. 

Por other more involved applit.-ations. acM1l control of 
cursor might he required in much the same way tli.it a mouse 55 

is used to control the cursor on a personal computer. In fact. 
the heads-up display coupled with the steering wheel 
mounted touch pad cai1 in fact be a personal computer 
display ,:md control device. The particular choice of system 
compont!L1ts .includiqg the heads-\1p display techuology and 60 

the t·ouch pad technology will therefore depend oo the 
sophistication of (be particular system applicution aod the 
resulting resolution required. Therefore, essentially aU of the 
technologies described in the above referenced related art 
touch pad patents are applicable to t11e invention to be 65 

d~-scribcd herein. Naturally. these systems can be made 
avai lable 10 the passeL1ger as well as 1.he driver and perhaps 

36 
other vehicle occupams, l11e displays for the passenger and 
drivcrca11 be the same or di Oercnt. As 111en1io11td above, the 
passenger can use a commollly viewed display (two sepamte 
displays) lo indicate to the driver thal be or she should make 
a right tum at 01e next comer. for exnmplc. 'l11e heads-up 
display can also becrnne a computer monitor (at le11st for tbe 
passenger) for internet surfing. for example. 

Generally, tbt' steering wheel mounted touch pad. or 
similar input device. and heads-up display system will result 
iu safer driving for tbc vehicle operator. 11:us is because 
maJ1y flmc1ioL1s that are now perfonned require the driver 10 
take his or ber eyes fron1 the road and foc11s ou some other 
control sy$tem within the vehicle. TI1cre is a need therefore 
to make this shift of gaze unnecessary. 011 the other band, 
the potential exists for adding many more functions, some of 
which may become very distrncting. II is envisioned. tlwrc­
fore. thnt implementation ol'tile system will be in sla!!es and 
10 a large degree will be concomitant with the evolution of 
other safety systems sucl1 as auronomous vehicles. TI1e firs1 
tQ be adopted systems will likely be relatively simple with 
low resolution screens and minimum choices per screen. 
EvenniaUy. fuU -length movies may someday appear on the 
heads-up display for the eJ1tenai1unc1lt of the vehicle oper<t• 
tor while his vehicle is being at11011omously guided. 

111e preferred tou,,h pad technologies or those listed 
above i_ncludecapacitance and resistance technt1logies, Most 
of the capacitance technologies described require the con­
ductivity of the operator's finger and therefore will not 
function if the driver is wearing gloves_ Some oflhe patents 
have addressed this issue and with some loss of rc>Solution. 
lhe standard capacitive systems can be modified to sense 
tb.roltgh thio driving gloves. For ll:ucker gl,wcs. the projected 
capacitive systems become necessary with an addi tional loss 
of resolution. It is conte,up)ated in the invention described 
herein, that a combhia1ion of these technologies is feasible 
coupled with a detection system that allows the driver lo 
adjnst tl1e sensitivity and thus the resolution of the capaci­
tancc system. 

Resistance sensitive systems are nlso applicable and may 
also require tile resoltttfon adjus1010nt system to account for 
people wearing heavy gloves. 

Both the cap,1cilance and resistance systems described in 
the above patents and publications usually have at least one 
rigid ~1.1rface that forms the touch pad base or su1,port. For 
applications 0 11 the center of the steeri.J1g wheel. provision 
1t1t1s1 be made ror the airbag cover to open unimpeded hy 
ei ther the mas~ or strength of the touch pad. This is a 
different set of requirements than experienced in any of the 
prior art. This may require. for ex,unple. with 1he use of the 
capacitive system. that t:hin flexible circuits be used in place 
of rigid printed circuit boards. lo the case of the resistive 
system. th.in re~-isrivc pressure sc1\Sitive ink~ will geJ1crally 
be used in place of Lhicker variable resistance pads. Th_in 
metal oxide films 011 thin plastic films ca11 also be used. 
however, the du.rabilily of this system can ht> a pmblcm. 

Force sensing sy~1ems also req11ire that lhe member upou 
which the force is applied be relatively rigid so 1bat the force 
is transmitted to the edges of the touch pad where strain 
gages are located or where the supporting force can be 
measured. This requirement may also be incompatible with 
an airbag deploymcut doors un.Iess tbe pad fs pl,,ced wholly 
on one Har oftlie deployment door or multiple pads are used 
each on a single flap. Natl1rally. other solutions are possible. 

The use of a thi..11 piezoelectric polymer t'ilm, especially in 
a finger tapping switch actuation mode, is feasible where the 
electrical resisrnnce ofthe film can be controlled and wlm·e 
the sigllal s1reL1g1h resulting from a fiJ1ger tap can be mCct• 
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sured at the four corners of the rouch path. Aside from this 
possible design. and designs using a iuatrix or tube stmciure 
described below, it is unJi.kely lba1 surface acoustic wave or 
other ultrasonic systems will be applicable. 

38 
could also be nn inclicatioJ1 that 011e of the parts of the 
vellicle. e.g., a oompoucut. system or subsystem. is operat­
ing abnom1al ly. 

II should be noted IJlat the c-.ipucitive touch pad, when a 
touch pad Ms been selected as the input device, is a 
technology ofchoice primarily because of its high resolution 
in tl1e glove-less mode and the fact that it requires a very 
light toucl1 to activntc. 

As used herein. a "part'" of the vehicle includes any 
5 component. sensor, system or subsystem of tbe vehicle such 

as the steering system. bmk.ing system, thronk- system. 
navigation systl'lll. airbag system, seatbelt retractor. air bag 
inflation valve. air bag inOation co111rollcr and airbag vent 

HJ valve. as well as those listed below in the definitions of 
·'compooeot" aud "se11sor''. 

Although the discnssion here bas concentrated 011 the use 
oftouch p.id technologies. Chere are other input technologies 
that may be usable in some particular applications. In 
Jmrticular. iu addition to the touch pad. it will be lrequently 
desirable to place a variety of switches at various points 
outside oft:he sensitive area of the touch pad. These switches 15 

can be used in a general sense such as buttons that are oow 
on a computer mouse. or il1ey could have dedicated func­
tions such as hon.king of the bom. Additionally functions or 
the switches can be sol based on the screen that is displayed 

As used herein. a "sensor system" in.eludes any of the 
sensors listed below i11 the definition of'·sensor·• as well as 
any type of component or assembly of components which 
detect, seuse or measure something. 

The term "verucle·• shall me.in.any me11os for transporti□g 
or carrying s001etbiug im:ludiog automobiles, airplanes. 
trucks. vans, containers. trailers. boats. rnilroad cars and 
railroad engine$. 

The term ''gage" as used herein interchangeably with the 
tem1s "gauge". "sensor" and .. sensing device". 

011 the heads-up display. A matrix of switches can of course ?(1 

replace the touch pad aucl they need not be places on the 
center of the steering wheel but could also be placed on the 
rim, 

For some implementations, a tmckball. joystick. bu11on 
wheel, or other poi11ting device such as a gcs11.1re recognition 
system may be desirable. Thus, although a rreferred 
embodiment herein contemplates using a capacitive nr resis­
tance touch pad as the input device, all other input devices. 
including a keyboard, could be used either in conjunction 
with the touch pad or, in some cases, as a replacement for tl1e , c, 
touch pad dependi11g ou the pa11 icular application l)r desires 

The .. A-pillar" of a vehicle and specifkally of au auto­
mobile is defined as the first roor supporting pilhu· from the 

'.!5 from of il1e vehicle and usually supports the frout door. ll is 
ali.o 1-.'llown as lhe hinge pillar. 

ur the system designer. 
Tbese patents are meant to be representative of prior art 

and not exhaustive. Many othe r p;lle11ts that make up the 
prior art arc referenced by the patents reference herein. All 35 

prior art touch systems are active continuously. Herein. it is 
contemplated that the he.1ds-up display system may only be 
active or visible when io use. ·n1ere is uo known combioa­
tioa of the prior art that is applicable to this i.11 vea1ioa. 

"l11e "B-Pillar" is the next roof support pillar rearward 
from the !\-Pillar. 

·111e "C-Pillar" i~ the final roor support usually at or 
behind the rear sc.ats. 

111c windah.iold bcadct as used hcrciu i11cludcs the space 
above tJ1e front windshield including the fJJst fow inches of 
1J1e roof. The he:idliner is the rool'interior cover tl1at extend~ 
back rrom tl1c header. 

·111e tern1 "sqnib" represents the entire class of electrically 
initiated pyrotechnic devices capable of releasing sutlicient 
euergy to cause a veb.icJe window 'to hre,1k, for example. It 
is also used to represent the mechanism wb.ich starts the 
burning of an i11itiator wl1icb in turn ign.ites the propellant 
wi1llic1 an iutlator. 

The 1en11 ''airbag module'' generally cannot.es a unit 
having al least one airbag, gas generator means for produc-

As tile number or fl1uctions which the opemtor mus1 40 

perform while driving the vehicle is increasing. \here is a 
need for a system which will pennit the operator ru perform 
various fuuctions related to operating other vehicle systems 
wiil1ot1t requiring him or her to take his or her eyes off of tl1e 
toad. 

Such a system will 001 add Ltndue additional bu.rdento lbe 
driver. On the contrary, it will lesse11 the work load since the 
driver will not Deed to take bis or her eyes off or the wad LO 

control many funccions now being performed. On the same 
basis that people can. read road signs while they are driving, so 
people will not bave a problem reading messages that are 
displayed 011 the heads-up display with the foca l point om in 
fronf of the veh.icle wbiJc they are driving. ns long as the 
messages are kept simple. More complicated messages 
become possible when vehicles are autonomously driven. 

45 ing a gas, attachmen1 or coupling means for anaching the 
Aiibag(s) to and in fluid communication wi1h the gas gcn­
erntor me.1ns so lhat gas ·is directed from the gas genor.:1tor 
means into the airbag(s) lo inflate the same. initiation means 

55 

5.0 Defini tions 
As used herein. a diagnosis of the "'state oftbe vehicle" 

means a diagnosis of 111e condition of rhe vehicle with 
respect to its stability ,incl proper numiug and operating 60 
condition. Tbus. the state of 1be vehicle could be normal 
wben the vehicle is operatiug properly on a highway or 
abnormal when. for example. the yellicle is experiencing 
excessive angular inclination (e.g .. two wheels are ofl'the 
grotU1d and the vehicle is about to rollover). the vehicle is 65 

experiencing. n cr.1sh. the vehicle is skidding. and other 
similar situations. A diagnosis of tJ1c state of 1he vehicle 

for in.itiating the gas generator means in response 10 a crash 
of the vellicle for which deployme11t of the airbag i.s desired 
aud means for attacbiug or connecting the u1tit to the vehicle 
in a position in which the deploying airbag(s) will be 
effective in the passcngt:r compartment of the vehicle. 1n the 
instant invention, the airbag module may also iJ1clude occu-
pant sensing components. diagnostic and power supply 
electmnic:s and components wJ1icb arc either within or 
proximate to the module housing. 

·111e tem1 "occupant pro1e.;1ion device·' or "occupant 
restrnint de,1ice~ as used herein generally includes a1iy type 
of device which is deployable io tJ1e event of a crash 
i)wolving tl1c •1ebicle for the purpose of protecting ao 
occupalll from tbe eJfeets of the crash and/or miuiutizing the 
potential i11jmy fo the occupant. Occupao1 restraint o.r pro­
tection devices thus include frontal airbags. side airbags. 
seatbelt tc1:u;ioners. koee- bolsters. side curtain airbags. exter-
nally deployable airbags and the like. 
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"Pattern recognition" as used herein will generally merui 
any system which processes a signal thnl is generated by an 
object (e.g .. representalive of a pattem of returned or 
recejved impulses, waves or other physical property specific 
to ,md/or clmracteriscic of and/or represcntati ve of that 5 

object) or is modified by interacting with an obj~>cl, in order 
to detcrn1i11e to wlucb one of a set of clas~es tlmt the object 
belongs. Such a system might detennine only that the object 
is or is not a member of oue specified class, or it might 
attempt to assign the object to on.e of a larger set of specified 10 

classes. or find rhat it is not' a member of ,U1y of I.he classes 
in the set. The signals processed are generally a series of 
electrical signals coming from transducers that are sensitive 
10 acoustic (ultrasonic) or electn101abruetic ractiation (e.g .. 

15 
visible lig111. infrtircd rt,dfotiou. c,1paci1a11cc or electric and/ 
or magnetic fields). allhougb other ~ources of infonmtiou 

40 
A pattern recognition algorithm will thus generally mean 

au algorithm applying. or obtained using 11uy type of pattern 
1·ecognit-ioo system, e.g .. a neural network, sensor fusion.. 
fuzzy logic. etc. 

To ·•identify" as used herein will generally mean to 
determine tha t the objL'Cl belnugs to a particular set or class. 
Tue class m,,y be one containing. for example, all rear facing 
cbild se.its, one containing all human occup;rnts, or all 
human occupants not sitriog io a rear fodug cruld seat, or all 
humans iu a ce11aiu height or weight range depending on the 
pu,pose of t11e system, I 11 the case where a particular person 
is to be recog1Ji1.ed. the set or class will contain only a single 
element, i.e., the person to be recognized. 

A "combiua1ion neu.raJ network" as used herein wiJl 
generally apply co any combinntion of two or more neunil 
networks that arc either connected together or thm analyze 
all or a portion of the i.npu1 data. A combiuatioo neural 
oetwork can be used lo divide up tasks in solving a particular 
occtipant problem. Por exarnple. one neural network can be 
11sed to identify an object occupying a passenger corupart­
ment ot' an automobile and a second neural network can be 
used 10 determine the position of the object or its location 
with respect to the airbag. for example. within the passenger 
compartment. lo another case, one oooral network can be 

a.re frequently iucluded. Pattem recognition systems gener­
ally involve the crealion of a set of n,les that pem1it 1he 
pattern to be recog11ized These ruJes can be ;:,'Teated by fuzzy 2<, 
logic systems. statisticaJ correlalions. or through sensor 
fusion methodologies as well as by trained pattern recogn,­
tioo systems such .:,s neural networks. combination neural 
networks. cellular neurnl oetworks or support vector 
n1acltines. 

A 1raim1ble or a trriined pattern recognition system as used 
herein genera.lly means a pattern recognition system that is 
taught to recognize various patterns constituh!d within the 
sigoals by subjecting U1e system to a variety of exmnples. 3,, 
The most successful such system is t·he neurnl network used 
either singly or as a combination of neural networks. Thus, 

25 used merely to determine w]1etber the data is similar to data 
upon which a main ncurol network has been. trJined or 
whether there is something.raclically diflerent about tills data 
and therefore that the data should not be analyzed. Combi-

to generate the p,1ltem recognition algorithm. tesl data is first 
obwined which constinnes a plurality of sets of retumed 
waves. or wave patterns. or other information radiated or 35 
obtained from an object (or from the space in w]tich the 
object will be situated in the passenger compartment. i.e., 
the ~-pace above the scat) and an indication of the identify of 
tltat object. A numbeJ· of dilferent objects are tested 10 obtain 
the unique patterns from each object. As such. tbe algorithm 40 

is generated, and stored in a computer processor. and which 
can later be appl ied to provide the identity of an objec! based 
011 the wave pattern beiug received during use by a receiver 
connected to the process~,r and other information, For the 
purposes here. the identity of ru1 object sometimes applies to 45 

nor onJy the object itself but also to its location and/or 
orie.nration in the passengei· compartment. For e.xaruple. a 
rear facing cluld seat js a clilfere.nt object than a forward 
facing child sent and an out-of-position adult can be a 

so 
diffi:renl object tban a normally seatL'<l adult. Not all pattern 
recognition systems are trained systems and 1101 all trained 
systems are neural networks. Other pattern recognition sys­
tems are based ou fuzzy logic, sensor [usjon, Kalruau filters. 
correlation as well as linear and non-linear regression. Still 55 
other pattern recognition systems are hybrids of more Lhan 
one system such as ueuml-ti.1zzy systems. 

nation neural networks can sometimes be implcmcnted as 
cellular nel.llcil networks. 

Polyvinylide11e fluoride (P\.1)F) is refem:'.:d 10 seven,] 
places below. There are developments now underway 'In 
achieve piewt:lectric effects i11 a plastjc material in i1dditioo 
to PVDF. One such developruent is repo1ied in S. Bauer, R. 
Oerhard-Multrumpl, G. M. Sessler, "Ferroelectrets: Soft 
electroactive foams for transducers." Physics Today 58. 37 
(2004). Rather !hnn rcpc:'.lt t11e various allernativeS that exist 
now or tliat are in developmem, when PVDP is used below. 
it will i11clude all such materials that are plastic and have a 
piezoelectric eJfoct including the plastic loams referred ro in 
this article. 

Preferred embodi.men!s of the invention are described 
below aad unless specifica!Jy noted. it is the applicaats· 
intemion tlmt U1e words and phrases in t11c specification and 
claims be givc,i the ordinary and accustomed meaning to 
those of ordinary skill in tbe applicable art(s). If the appli­
cants intend uny other meun.ing. they will specifically state 
they are applying a special meaning to ,1 word or phrnse. 

Likewise, applicants' use of the word "ti.U1ction" here is 
not fotended 10 indic.ate that lhe appljcants seek 10 invoke the 
special provisiuns of 35 U.S.C. s I 12. sixtl1 paragraph, to 
define thcir invcnrion. To the contrary, if applic,1nts wisb to 
invoke the provisions of35 U.S.C. * 112, sixt11 parograph, to 
define their inv~ntion, tbey will specifically set forth in the 
claims the phra,es '"means for" or "step for" a11d a function, 
without also .reciliug i.u that phrase any strucrure. material or 

Tue use of pattern recognition, or more particularly how 
it is used, is impo1tru1t to the instant invention. ln the 
above-cited prior art. except in that assig11ed to the CLtrrent 
assignee, pattern rccogoit-ioo which is based ou traio.iog, as 
excruplified througb the use of neural networks, is 001 

memiooed for use in monitoring the interior passenger 
compartment or exterior environments of the vehicle in all 
of tbe aspects of t]1e invention disclosed herein. Thus. the 
methods used lo ,1dap1 such systems to a vehicle are a lso 1101 

memioncd. 

act in support of the function. Moreover. even if applicants 
iuvoke the pro-visions of35 U.S.C. § 112. sixth paragraph, to 
define their invention. it is the applicams' intention that their 
inventions not be liu1ited to the specific stnicttu·e. Ulllleri,11 or 

6'l acts that are described in lhe preferred embodiments herein. 
Rather. if applicants claim I.heir inventions by specifically 
invoking the provisions of35 U.S.C. § 112. sixth paragr,1ph. 
it is nonetheless lhoir intenrion to cover and include any and 
all stmcntre, materials or acts thar perform t11e claimed 

65 fonction. along with any and all lmown or later developed 
cquiv,1lc111 stmcturcs. materials or tttls for pctformin_g the 
claimed func1io11. 
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OBJECTS AND SUMMA.RY OF THE 
l~fVENTION 

It js an object of the present invention to provide a new 
and improved system for obtaining vehicular information. in 5 
particu'lar from ~e11stHS momlted OD or in the vehicle, such 
as tire monitoring sensors. 

lt is anotl1e.r objecJ of the present invenlfon to provide new 
and improved method m1tl apparatus for monitoring 1ircs. 

It is still another object oftbe prese.nt inveution 10 pnwide 10 
a new and improved wireless system for controlling _power 
transfer antlcon1111un.ication between a tire monitoring sen-
sor and other system$ or devices in the vehicle. 

In order to achieve these objects and others, a system for 
obtniuiug information about a vehicle or a component 15 

therein ju nccordauce with the inveution includes 3 plurality 
of seosors each armngcd lO gcnentle nnd transmit a signal 
upon receipt and detectlon of a radio freqttency signnl and a 
multi-element. switchable directional antenna array. Each 
autenna element is directed toward a respective sensor and 21, 

arranged ro trausmit radio frequency (RF) signals roward the 
respective se11Sor and receive retmo signals from the sen­
sors. A control 111ccl1anism may be pmvided 10 coi1trol the 
transmission of the RF signal~ from 1l1e nntenna elements. 
e.g., cause the aotenm1s to be alternately switched on in 15 
order to $equeotially lr',msmit the RF signals therefrom and 
receive the return signals from the sensors or cause the 
antenna elements to transmit the RF signals simultaneously 
a11d space tbe returu signals from the sensors via a delay line 
in circuitry l'rom c:lch antenna element such that each return 3C1 

signal is spaced in time in a known manner wiU1out requiriog 
switching ,,rthc runcuno clc01cnts. Ao antcuna nrray housing 
may he provided on tlie vehicle lo house the array rn1d the 
control mechanism, 

·n1e array can be centrally located relative to the sensors 35 

or alternatively. offset relative to the sensors. In the laner 
case, the ret11ru signals natm:ally are spaced in time due to 
varying dis1a11ces from tbe aHay 10 each sensor. the ren1nl 
signals bnving a different phase nutl being separable by the 
phase dilfereuce. The am1y 1nigb.t include four antenna 40 
elements and he used to mouilor the four tires on a vehicle, 
i.e.. wbeo the sensors are constmcl.ed to be arranged in 
counection wit11 tires of the vehicle to measure the tempera­
ture and/or pressme thereof. Tue sensors could also be seat 
position sen.~ors, window-open sensors, door status sensors, 45 

weight sensors and/or fluid level sensors. 
To provide tbe re.Imo si,gnals. the.- sensorS arc preferably 

stlrface acoustic wave (SAW) or radio frequency identilica­
tion (RFID) sensors. Each sensor can operate on a different 
frequency than U1e other sensors such tbat the amennas so 
being arranged to send a chirp signal with the return signals 
being scparatt'CI in frequency. Also. each ,mtenna may be 
designed or controlled to transmit an identification signal to 
permit separation of the return signals. lf the sensors are 
SJ\W sensors, the identification signal may be an alpha- 55 
munerical character string or obtained by providing each 
sensor with ii different length SAW substrate to thereby 
cause a differeot delay which perm.its sigoal separnt'ion. Ir 
the sensors are Rl'ilD sensors, the identification signal may 
be nn ::ilpha-111uuc11cal character siring or obtaioed by pro- 61J 
vidiog, cacb RFJD sensor wilb a different electronic delay to 
the,eby cause a diAerent delay wbich permits signal sepa­
ration. 

In o ther possible coostructions, the ar:ray is a smart 
ameima array aud/or each antenna is a distributed loaded 65 
monopole nntcnna. a plnsmn antcIJJm. a dielectric aotetu,a or 
a nanotube nn1enn11. 

42 
Another system for obtaining inform<1tion about a vehicle 

or ::i co01ponc1lt therein includes a plnr::ilicy of sensors each 
arranged to generAte anti transmil a signal upon receipt and 
detection or a radio frequeucy signal m1d first and second 
wide augle antennas. Each antenna transmits radio rrc­
quency (RF) ,;ignals toward the respective scns~1r ai1d 
receives return signals from all of the sensors at a ditlerent 
time and clifterent .implitu.de. The return sigm1ls are sepa­
mblc by looking at tlie retum signals [rom both the first and 
second Mlennas since each re.mm signal i~ received di.Jfor­
eutly based on i1s angle of arrival. A control mechanism may 
be coupled to the antennas for separating. the return ~ign.als 
frllm the .intennus based on the angle of arrival \)f the return 
sig.nals. 

OBJECTS OF fNVflN' l10NS OISCLOSBD BUT 
NOTCLAJMED 

l. Diagnostics 
1.1 General Diagnostics 
Further objects of inventions disclosed herein are: 
I . To prevent vehicle breakdowns. 
2. To alert the tlriver or the vehicle that n component of tlle 

veluclds f'oucti(1n.iug differently tl1an normal and might be 
in danger of failing. 

3. To provide an early waming 01 a potential component 
failure a,nd lO thereby minimize the cnst of repairing or 
replacing tlle component. 

4. To provide a device which will capture available 
i:t1fonm1tiou from signals emanating from vobicle compo­
neots lor a variety oruscs sut:h as current and Ji.1tL1Ic vehicle 
dfagnostic purposes, 

5. To provide a device that uses information from existing 
sensors for new purpose.~ thereby increasing. the value of 
existing sensors and, in some cases, eliminating the need for 
sensors that provide redtU1dant information, 

6. To provide a device which analyzes vibrations from 
various vehicle components that are lnmsm.itted through the 
vehicle structure and sensed by existing vibmtion sensors 
such as vehicular crash sensors used with airbag systems or 
by special vibrJtil,n sensors, acceleromelcrs, or gyroscopes. 

1.2 Pattern Recog11i1iou 
Purther objects of inventions disclosed herein are: 
I. To provide n device which is trained to recognize 

deterioration in the performance or a vehicle component. or 
or the entire vehicle., based on iufomwtion in s ignals ema­
nating from the componeot or from vehicle angular and 
linear accelerations. 

2. To apply pattern recognition techniques based on 
training to diagnosing. potential vehicle component failllfes . 

3. To apply tmine<l paltem recogni1io11 techniques using 
iuttltiple sensors 10 provide au early predictit1ll ort11e exist­
ence and severi ty of an accident. 

1.3 SAW 31ld OU1cr Wireless Sensors in General 
Furtlu.•r o~iects of inventions disclosed herein are: 
I. To provide new and improved apparatus and methods 

lbr boosting sigrwls ro sjgual-receiving and signal-activated 
sensors, antl boosting siguals from signal-generating sen­
sors.exemplifying sensors being a SAW device and an RF ID 
tag. or Co aud/or from a radar, a GPS or other antenna. 

2. To provide a new and improved arrangement including 
a SAW device which provides a boost for a signal to aml/or 
from a signal-genemting. signnl-rL>eCiving. or signal-::icti­
vatc.xl ~cusor such as a SAW device or RFID tag. 
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3. To provide a new and improved two-port circulator for 
boosting electrOl\ic signals. Sllch as sig11als to and from a 
SAW tlevice or RFID tag. 

44 
foce acoustic wave technology with the data obtained by the 
sensors being tra11sminablc via a tele1uatics link to a remote 
location. 

4. To provide an euerg.y-supply module for supplyiug 
energy to an electricity-requiring component derived from 5 

movement, such as a sensor on a vehicle whereby energy is 
provided by motion of ilie vehicle or a part or component 
thereof. 

3. To provide a meclmnism to measure the tempcrat1111:! of 
the tire from a device th,1t is external from the tire. 

4. lo provide a device to boost the sign.al received from 
an antenna before inserting into a SAW device and again to 
boost !'he signal after it comes out of t·he SAW device prior 
to inserting the sigm1l into ,u, antt:mrn. 

5. To provide an apparams and method for combining an 
RFJD and a SAW device in a wireless monitoring system. 

6. To provide an apparatus aud method for sens ing tire 
failures before they occtir. 

Tue invention is also concerned with wireless devices that 
co11taiL1 transducers. A11 example is a tcmperamre traL1sducer iu 

coupled with appropriate circuitry wl1i.ch is capable of 
receiving energy either inductively. Unough mdio frequency. 
capacitively or through energy harve-sling. Such t.c111pera1ure 
sensors may be used to measure the temperature inside tbe 
passenger compartment or outside of tbe vehicle, It also can 

7. To provide new and improved method and apparat11s 
15 for monitoring tires. 

8. ·rb provide a new <1nd impnw ed metbocl <Jnd appar<11us 
for moniloriug tires us ing a sensor mouutt.-d entirely ar a 
locarioo external of an apart from the tires. 

bc used to measure the temperature of some component in 
the vehicle. for ex.ample, a lire. The distinctive feature oftl:us 
invention is that such temperature transducers are not hard­
wired into the vehicle and do not rely solely on ba11cr1es. 
Such temperature sensors have been used in other eJwi.ron­
mei1ts such as the monitoring of tile temperani.re of domestic 
and fann ,1llimals for health ruouit.oriug purposes. 

Upon receiving energy inductively or tbrongb 1J1e radio 
frequency energy tnmsfer, for example, the tempemrure 
transducer conducts its temperature measurement and trans­
mits the detected tempenitmc to n processor or central 
..:ontrol module in the vehicle. 

The wireles~ comnnmication wiLliin a vehicle can be 
accomplished in several ways. The co1ruuwiication can be 
through the same path that supplies energy to the device. or 
it can involve Lbe transmission of waves tlml are received by 
anmher device in tbe vehicle. 111ese waves can be either 
electromagnetic (microwave, infrdred, e tc) or ultrasonic. 

Many other types of transducers or sensors can be used in 
tl1is manner. The distance to a11 object a vehicle can be 
measured using a radar retlector such as a backscatter RFID 
tag wbicb pem1its the distance to the tag to be detem1ined by 
tl1e time of flight of radio waves. Another method of 
determining dist;mce to an object can be through the use of 
ultrasound wherein the device is couunanded to emit an 
ultrasonic buTSl and the time required for lbc waves to travel 
to a receiver is au indication of the displacement of the 
device from the receiver. 

.'\Jtbougl.1 in most cases the communication will take place 
within the vehicle. and some cases such as external tem­
perature transducers or tire pressure traL1sducers. the source 
of transmission will be located outside of tile compartment° 
of the vehicle. 

A discussion of RHD technology including its use for 
disuincc 1111.,-asurcmenl is included in the RF!D T-landbook. 
by Klmts Pin.kenzeller. John Wiley & Sons. New York 1999. 

lu some cases. tbe sensing. device may bt< purely passive 
and requirc no power. One such example is when an ioirared 
or optical beam of energy is reOectecl off of a passive 
reflector lo determine the distance to that reflector. A.nother 
example is a passive reflective RFII) tag or a SAW sen$or. 

1.4 Tire Monitoring and Monitming of Other Vehicle 
Components and Vehicular Envirownents 

further llbjects of inventions disclosed herein are: 
J. To provide new ;md improved sensors for measuriog 

the pressure, temperature and/or acceleration of tires with 
tl1e data obtained by the sensors being 1nu1suunable via a 
telematics link to a remote location. 

2. To provide new and improved sensors for detecting the 
condition or frictioJ1 of :.i road surface wltich utilize wirclei;s 
data trnnsmission, wireless power t.r<1.nsmission, and/or sur-

9. To provide a new and improved wireless system for 
20 controlling power lrnnsfor and commm1ic-<1tion between a 

tire monit'oriug sensor mid other systems or devices in the 
vehicle. 

10. ' lo provide a new 1rnd improved method and appan11us 
for monitoring tires usii\g a seosLir mounred entirely at a 

15 location exlernal of an apart .froru the tires. 
1n order to achieve tbe~e objects a1Jd others. a vehicle 

iucluding an arrangement for monitoring a tire mounted to 
the vebicle comprises a thennal radiation detecting system 
for detecting the temper.itu.re of the tire at different circ:t.un· 

3C1 fcrentiri l locations along the circumference of the tires. a 
processor coupled to the thermal radiation detecting system 
for rocciving the detected temperature~ of the tire and 
analyz:iog the ::lctecled temperatures of the tire, and ;:i 

resrouse system or w1it coupled to the processor for 
35 responding to tile analysis of rhe detected temperatures of 

the tire. 
111e analysis performed by the processor may be a deter­

minmion of whcU1er a difference in thermal rndiation is 
present between the circumferential locations of' the tire in 

40 wbich case, the resronse system would respood 10 the 
determined difference in them1al radiation berween the 
circumferential locations of the tire. The processor could be 
designed to deten:n.ine wbetber the difl:erence between the 
temperatures oJthe tire at diftereut circumforential locations 

45 exceeds a UtrCsbold. The analysis may also be conducted 
relative to a fixed or variable threshold in which case. the 
response system responds to the analysis of tbe detected 
temperatures oftl1e tire relative to the threshold. 'l11e analy­
sis could also be of the detected temperatw-e of the tire at 

so each circumferential locatim1 relative to the temperature of 
the 1ire at the other circumferential locations. TI1e processor 
could alst, he programmed to average the detected tempern-
111.res of tbe tire duri.ug one revolution, c.'0111pare the tem­
perat11J·e of the tire at each circt11nforential ILication to the 

55 average tcmperuturc and detennine whether the temperature 
of the tire at any circumfereL1tfal location is above llle 
average by :i threshold dUference. 

Various modific.'.ations of this basic. embodiment include 
arr.:mgjng tJ1e thenm1I radiation detecting system external ol' 

60 and ::ipai1 from the tire~. power supply constructions wherein 
the t·hermal radiation detecting. system is supplied power hy 
a power receivi11g system coupled thereto wbich in tum may 
receive power wirelessly. For example. the vehicle may 
include a sot1rce of inductive coupled power proximate tJ1e 

65 power receiving system and through wluch curreut flows so 
thnt the power teceivini; system receives tio,ver inductively 
therefrom. 
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Tue thermal radiatiou detecting system is coupled to the 
processor. e.g., by a 1mnsmi11er u1C>n11ted in connection 
therewith and a receiver mou11ted in coilllection with or 
intcgrmed into the processor such that the detected te1upem­
t11re of the different circumferential locations o l' the tire is s 

might be the result or t1nder-inJiation of the tire or a le.:ik.. 
One skilled in the art of tire iullatiou and maiu1enance would 
readily recognize which lircs must be inflated to the same 
pressnre and carry subi,trullialJy the same load so that such 
tires would fonn mated paira. 

transmitted wireiessly from tl1e themial radiation detecting 
system to the processor. 

The response system may be one or mo.re of a display for 
displaying an indication or representation oftl1c 1malysis of 
the detected temperat11res l)f the tire. a W3rning light for 
emitting light into the passenger compartmc11t from a spe­
cific location ;,md/or a telecommtmicntio;1s UJ1it for sending 
a signal to a remote vehicle service facility. 'l11e response 
system could also be an alarm for emi11ing noise into the 
possenger cm11partmeu1. 

One- embodiment of the Lbennal radiation tlctecting sys­
tem includes 011e or more detectors for gcnernting an oulput 
sign.al responsive to thermal emitted rad.i3tio11. a structure 
which defines first and sccoud field~ or view refative to the 
detl..'Ctor(s) whereby the firs! field of view encompassing a 
first circumJereotial location of the tire and the seco11d field 
of view encornpass.ing a second circumferential loc:itio11 of 
the tire. and a switch for switcbi11g the field of view detected 
to gene.rate a combined output sign3J. The processor derives 
au indication ofa diflerc11ce in thermal mcliation between the 
first and second ci.rcumforential locations of the tire. Tbe 
switch may comprise a shutlcr operable between firat and 
second positions corresponding lo allowing respect ive first 
a.11d second fields of view to be detected. The shutter may 
inc1udc an opaque panel pivotally nimmtcd between the 
detcctor(s) and the suucttu·e defining first and second fields 
of view. a sp-riog biasiog 1bc panel to tile first positil,n and 
an electromagnet for attracting the panel to the second 
position , 

A vehicle including an arrangement for monitoring tires i11 
accordance with the invention comprises a thermal radiiition 
detecting mechauism arranged extemal of aud apart from the 
faes for detecting the tempcran1rc of the tires, a prncessor 
coupled to the tberru.il rodimion detecting mechanism for 
receiving the detected temperature of the tires nud deter­
mining whether a difference in 1hem1al radiation is present 
between associated mated pairs of the tires, and a responsive 
system coupled to the processor for respondit1g to the 
determined dillereoce iu thermal radiation between mated 
pairs ot'the tires. Lnstead of determin.ing whether a dilference 
i11 the1mal tadfation is present between associated mated 
pairs of tires. a comparison or aaalysis may be made 
between the tempemture of tl1e tires individually and a 
predetermined value or threshold to determine the status of 
the tires. e.g., properly infiared, under inflated or delami­
nated, and appropriate actiou by the respouse system is 
underrnken in l ight of the comparison or analysis. The 
ru1alysis may be in the form or a differenl-e between the 
absoh1le temperatwe and 1he threshold temperature. Even 
more simpler, an analysis of the detected temperature of 
each tire may be used a;1d considered in a derermiuation of 
wheU1er the tire is experiencing or is about to experie11ce a 
problem. Such an analysis would not necessarily entail 
comparison to a threshold. 

For example, for a co1wentio11al automobile with four 
tires, the mated pairs of tires would be the fro11t tires :md the 
re.1r tires. 1be front tires should be inflated to the same tire 
pressure and t~,UT)' the s1tmc load sn tl1at U1ey would have the 

10 same tewperamrc. or have dilforent temperatures witbill 811 

allowed tolerance. Similarly, the rear tires should be inflated 
to the s(lme tire pressure and carry the ~ame load so that they 
would have the same temper,1ture. or have different tem-

15 

peratures withio ru.1 alJowed tolerance. 
It is also cot1ceivable that three or more tires 011 the 

vehicle should bear the s:.Hne temperature und thu, fom1 a 
plurulity uf mated p;iirs. i.u., the designation of ooe tire as 
being part of one mated pair does ,wt exclude the tire from 
being part of another mated pair. Tirns, if three tires should 

2(1 be at the same temperature and U1cy each have a differelll 
temperature, this would usually be iudicative of di.flerent 
pressures and thus would give rise to a need to check each 
tire. 

The thennal radiation detecting u1echm1ism is coupled to 
15 the processor, preterably in a wireless man11er, however 

wires can also be used alone or in COlllbination with a 
wireless technique. For example. a suit,1ble coupling may 
include a tn111sminer mounted in connection with the ther­
mal radiation detecting device and a receiver mo@ted iu 

3Ct coru1ection witl1 o r integrated into the processor. Any of the 
conventions for wirelessly transmitting data from a plurali ty 
ortirc pressure-measuring sensors to a conmion receiver or 
multiple receivers associated witl1 a single processor, as 
discussed ill the U.S. patents above, may be used in accor-

35 dance with the it1ventiou. 
The tbenillll radiation de1ect111g mechanism may comprise 

infrared mdia11011 receivers eacll arranged to have a clear 
field of view of at 1east one ti1·e. Tile receivers 111ay be 
RtTMged iu any location on the vehicle from whlch a view 

40 of at least a pan of UJe tire surfoce cao be obtained For 
example. the receivers may be arranged in the tire wells 
amuntl the tires, 011 lhe side of lhe vehicle and 0 11 side 
mo11med rear view mirrors. 

lu order to supply powerto the thermal radiation detecting 
45 mechanism or devices, several iru1ovative approaches are 

possib1c in additio11 to directly counec1ed wires. Preferably, 
power is supplied wirelessly. e.g .. inductively, tl1rough radio 
frequency energy transfer or capacitively. In the inductive 
power supply arrangement. the vehicle is provided with a 

so pair of looped wires arranged lo pass within a shon distance 
from a power receivit1g system electrically coupled to the 
them1a1 radi3tion detecting devices, 1.e .. the necessary cir­
cuitry and electro11ic components to enable a11 inductive 
current to develop between 1J1e pair of looped wires and a 

55 wire of the power receiving sys tom such as described in U.S. 
Pat. Nos. 05.293,308. 05.450,305, 05,528,113, 05.619,078. 
05, 767.592, 05,821.638, 05,839.554, 05,898.579 and 
06,031.737. 

The determination ofwbich tires co11stit11te mated pairs is 60 

made on ,i vcbicle-by-vehiclc basis and depends on the 
location of tbc tires on the vehicle. ll is important 10 

determine which tires lon11 mated pairs because such tires 
should idC'd.lly have the same pressure and thus the same 
tempera tu.re. As a resull a difference in temperature between 65 

tires o t' a mated pair will usually be indicative ofa difference 

Current flows th.rough the pair of looped wires and is 
u·ansferred througil inductance to the wire of the power 
receiving system wbich then energizes tile thermal radiation 
detecting component of tbe thennal radiation detecting. 
devices. Instead of a circuit ror receiving power through 
i11ducra11ce from the pair of looped wires, the power receiv-
iug system cau be a circuit designed to receive power 
through raruo frequency energy transfer. As such. when the 

in pressme between the tires. Such a pressure d ifference ser radio frequency is t.ransmilled and then received by the 
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power receiving. system. it is actuated to energize the ther­
mal radiation detecting colllpo11eo1. 

48 
devices are coupled to circuitry c.ipable of receiving power 
inductively from the pair of looped wires. Pt)wering the 
thennal radiatioo detecting devices tl1mugh mdio freq uency 
energy trausfor entails arranging a radio frequency energy 

The responsive system may include an alnrm tor emitting 
noise into U1e passenger coo1partmen1, a wanting ligl1t for 
emitting light into the passenger compartment rrom a spe­
cific location and/or a telecommunication~ uvit ror sending 
a signal to a remote vehicle service facility. 

5 transfer device in connection with U1c themwl radiation 

In one exempli1ying embodiment disclosed herein, the 
thermal mdiation detecting mechanism comprises detectors 
forgeneratfog an output sig.n;:il responsive ll) 1l1er01al emitted 10 
radiation, a structure wl1ich defines first and second fields of 
view relative to the detectors, the first field of view c11co111-
passing a first one or the mated pair of tires .ind the second 
field of view encompassi11g a secood ooe oI lhe mated pair 
of1ires. a switch for switclling the field of view detected Lo 15 

generate a combined ourptll :;igual ,t0d ,m arrangement for 
deriving ;in iudic,:niou of a proximate object from the 
combined output signal. Switching be1weeu the first and 
second fields of view generates a difference in thennal 
emitted radiation at the detectors wJ1en the temperature of 20 

the first and second ti.res dilfer from rn1e another. The 
detectors may comprise ooe or more difterential thermal 
emitted radiatioJ1 detectors. 

detecting device. This energy transfer device would be 
similar to circuitry in RFlD tags. 

As noled above. several U.S. patents describe arrnnge­
ments lor moni1ori.ng tl1e pressure inside a rot.ning tire and 
tl) transmit this information to a display or mo11itor inside the 
-vehicle. A preferred approacb lbr ruo11.itoriog the pri!ssure 
within a tire is to instead monitor the tcmpcratttre of the tire 
11sing a temperature sensor and associated pmver supplying 
circuitry and to compare tlwt tempera\llre to Ute tempernture 
of other tires ou the veb.icle. as discussed above. Wben the 
pressure with.in a lire decrease$. this generally rcst1lls in the 
tire tcrnpcrnnu-e rising i[the vehide load is being carried by 
that 1ire. When two tires are ope.rating together at the same 
location such as on a truck trailer. just the oppllsiie occurs. 
That is, the temperature of the folly innated tire increases 
since it is now carrying more load than the partially deflated 
tire. 

In order to achieve other objects of we disclosed invc11-
rions, an arrangement for providing a boosted signal frolll a 
signal-genemtiog device such as a SAW device comprises an 
a1Jtenna mid u circulalor having a first port connected to the 
antenna lo receive a signal from the antenna and a second 
port adapted to be connected to ·the SAW device to provide 
a signal to 1·he SAW device alld receive a signal from tbe 

The switcll may comprise a shutler operable between first 
a11d second positions corresponding to aJlowi.ng respective :25 
first :md second fields of view to be Jetected. The shutter 
includes an opaqire panel pivotnlly disposed between the 
detector and Ule optics. a spring biasing the pane.I to the first 
position and an electromagnet for attracting the panel to 
second position. 3c, SAW devic.c. ·n1c circulator amplifies the signal from the 

l:llllCllllll such that tl1e amplified signal is directed to the SAW 
device aud amplifies lbc signal received from the SAW 
device such that a twice-amplified signal is dire,'Ctcd to the 
antenna. A receiving and pJ"ocessi1,g module is provided to 

The stn1cmre which defines the fir~t ,uid second ficltls of 
view may con1pi;sc optics having fir~t and second optical 
clements. e.g., Fresnel lenses. or optics having a siugle 
l)ptical e\e1nent capable of move11Jent between a first posi­
tion and a seco11d position corresponding to respective first 
and second fields of view. In tbe latter c-ase. the switch may 
comprise a vibrator for ellectiug movement of the optics 
between first and sectmd positions correspondirrg, to allow-
ing respective first and second fields of view to be detected. 

A lllethod for monitoring tires 111ou.oted to a vclucle iJ1 
accordauce with the invention comprises the steps of detect­
ing the temperature of the tires from locations external of 
ru1d apart from the tires, determining whetller a diilerence in 
temperature is preseotbetween associated mated pairs of the 
tires, 11nd responding m tile determined diJJerence in tbermal 
radfatio11 between mated pairs of the tii-es. The temperatt1re 
of the tires may be detected by al least one tbem1al radiation 
detecting. device and/or lnmsmitted from the locations exter-
ual of and apart from the tires to a processor remote from the 
transmitters. The clitrerence in temperature between associ­
ated mated pairs of tires is thus determined in the processor. 
To di.'tect the temperature of ,he tires. infrared radiation 
rt:eeivers may be Arranged on the vehicle so that each has a 
cle::ir field of view of at least one of the tires. The receivers 
could thus he mounted in lire wells arotuid each tire. 171e 
response to the determined difference i11 temperature mit)' be 
provided only if tile difference is above the predetermined 
threshold. 

Power is preferably supplied to the thermal radi11t-ion 
detecting devices wirelessly. altl1Mgb '-' battery or capacitor 
may also be wired in circuit with the thermal radiatioo 
detecting devices for back\t(I or a direct wire conncc1ion to 
the vehicle power system can be used. Inductively powering 

35 transmit a signal to the anteiim1 causi11g 1be antewia to 
generate its signal and receive a signal from the anteona 
derived from the twice-amplified signal. 

1111:: circul~tor maybe arranged to provide a signal gain of 
6 dB at 400 MHz. for example. so that ~1 rouod-trip g-ain of 

40 12 db or more cau be provided. 
·n,c circulator may comprise a first sign;il splitter 

arranged in connection with the first port and a second signal 
splitter arranged in connection with the second pon. A first 
gain component amplifies tbe signal being directed from the 

45 aurcom1 to lhe SAW device mid a second gain component 
amplifies tile signal being directed fh.1111 the SAW device to 
the :mtenna. 

An energy-supply module may option:i lly be pl\widc.-d. 10 

supply eoergy to operate the circulator. or another vehicular 
so component. The energy-s11pply module may c.omprise a 

cb.arging capacitor. at least one movable mass. a mechanic::il­
elec1 rica I converter coupled to each mass to convert the 
movement of the mass into electric sigua.ls and a bridge 
rectifier coupled to each converter, Die capacitor is coupled 

55 to each bridge rectifier to enable charging of the capacitor 
during movement of the mass(es). Other altemate energy­
supply modules may be optionally provided-

The energy-supply module may also comprise an over­
charge protector lo prevent overcharging of the capacitor, 

60 such as a Zener diode arranged in a parallel with the 
capacitor. 

Ir two masses are provide<l, they may be arrangc.-d i.o 
perpendicular directions. 

the thermal radiation detecli.og devices entails using an 
inductive power arrangement such as ::i pair of looped wires 65 
arrangc..'CI in tlie vebick and passing proxi1Hate the thermal 
radiation detcctiog devices. The themial radiation detecting 

Although tire monitoring is discussed above, a more 
general sensor .issembly capable of obtaining and providing 
a mc?asurement of a physical quantity in accordanc.:- wi th the 
inventioo includes an mlteuna capable of rcccivi11g a r<1dio 
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frequency signal. a radio frequency identification (RPID) 
device coupled to the antenna. a sensor coupled 10 the RPfD 
device arranged to generate a measurement oftbe physical 
quantity. and a switcll coupled to tile RF1D device and 
arranged to connect or disconnect the sensor from a circuit s 
witli the antenna dependent on whether the rullerma receives 
a particular signal associated with the RPID device. Whe11 
the antenna receives the particular signal associated with the 
RF ID device, 1l1e RFID device causes tllC switch to close and 
connect the sensor in the circuit with tile an1enua to enable 10 

50 
associated with the RFJ D device. transmitti11g via the inter­
rogator the particular signab associated with the RFID 
devices -at different times to cuuse each R.FlD device lo close 
the respective switch and connect the respective sensor in 
the respective circuit with the respective ~ntenna. transmit­
ting sensor interrogation s ig.uals 10 cause the sensors to 
generate the measurements of the physical qua11tity, and 
dfrecling 1·he mt><.isurements geDen1ted by the sensors to the 
respective anteruias to be transmitted thereby back lo the 
interrogator. The same enhancemeots or tbe sensor assembly 
and method described above can be applied in tl1is method 

l.5 r uel Gage 
Fluid level gages onhe present invention uses a combi­

nation of (i) one or more load cells or fuel level measuring 

tlre measurement genernted by the sensor to be directed to 
and transrnincd by the antenna. The RFID device may 
include the switch or the switch may be external of the RPlD 
device and iuterposed between the RFTD device and the 
sensor. The R.PlD device optionally has a programmable 
::rddress. Tbe sensor gcneratt·s a measurnment of tile physical 
quantity when an imerrogation sigual is received whi le the 
seusor is in the circuit witli the anleiu1a. The sensor may 
comprise a SAW dcvke. 

15 devices. plus in some cases other sensors which measure the 
pi1ch or roll angle of the vehicle or tbe foe! density. to 
approximately me<1sure !he quantity ufthe liquid in a tank, 
and (ii) a processor t1nd algoritluu to correc1 for the illac­
curacies arising from the pitcli mid roll an_gles of the vehicle. 

20 other external forces or from variations in fuel density. A method for obtaining. a measurement of at least one 
physical quantity from a remote sensor assembly on a 
vehicle includes the steps of arranging an interrogator on the 
vehicle, arranging at least one scnso1· assembly on the 
vehicle. each induding. an anterrna capable t)f receiving a 
rndio frcqucucy signal, a radio frequency idcntitkation 25 
(RFlD) device coupled to the antenn!l, a sensor coupled lo 
tlie RFII) device and arranged to generate a measurement of 
at least one physical quantity ,incl a switch coupled to the 
RFID device and arranged to connect or discounect tile 
sensor from a circuit with tbc autcnn."I dependent on whether 3C1 

tlie aurcnnn receives H particular signal associated with the 
RFLD device. trnnsu,itcing via the interrogator the particular 
signal associated with the RFlD device to cause the RFlD 
device to close the switcI1 and c(1nnect the sensor in the 
cfrcuir with the anteJU1a, subsequently tmnsmitting a sensor 35 

interrogaUon signal lo cause the sensor to genernte the 
measurement of tile physical quantity, and directing the 
measurement geoerated by the sensor 10 the antenna lo be 
transmitted !,hereby back to the interrogator. When plurality 
of sensor assco1.blics are arrooged 011 tile vellicle, tlie RFID 40 
devices oftlie sensor assemblies e;1ch having a unique signal 
to which the RFID device re.acts. 1n this case. the measure­
ment from eacll sensor assembly is obtaiued by separately 
tn111smit1ing the particular signal associated with each sensor 
assembly, transmitting n signal to enuse tl1e sensor of al l of 45 

the seusor assemblies to be disconnected from the circuit 
after each transmission, and spacing the tnmsruission t·o 
allow e-ach tr,rnsmission to dissip111e prior to t.rnnsrnission of 
a subsequeul signal. TI1e sensor is optionally discounecred 
from the antenna when the power reaching the sensor is so 
below a threshold. An RFID tag may be coupled to each 
sensor and an ilitcrrogarion sig,Jial !rJ1iS111i1tcd to a~certain 

Although several weighiug systems are disclosed for illus-
1rative purposes, the invention applies to any method of 
making an approxinrnte measurement of the fuel quantity 
aud thCl1 using analytical techniques to ill.lprove on the 
measurement. 

Principle objects 1Jf tJiis iJwentiou are: 
I. To provi~le a measuring system lbr determining the 

quantity of liquid in a reservoir of an automotjve vehic.le 
operating on land that is subject to accelerations and pitch 
and roll rotations. 

2. 1o provide analytical methods using a proc..-essor and 
algori tbtu nod tbc otttptrl from one <'>r 01.orc traosd,1ccrs for 
accurately detennining the quantity of liquid in .:Jn au tomo-
bile reservoir whe,1 U1e re~ervoir has a complicated geom­
etry. 

3. To provide a simple, low cost system using a capaci­
ta11ce with a liquid as a dielectric 1o derenuine the level of 
liquid io a reservoir. 

4. 'lb provide for a simple eor-rection for the effects of 
pitch aud roll iua re$ervoir liquid level measurement system 
through use of an empirically or analytically-derived rela­
tionship between individual transducer readings and the 
quantity of liquid in tile reservoir. 

5. To correct for tl1e effects of pitch and roll through the 
use of pit eh and roll angle sensors, and particulru-ly an IMU, 
aud ao empirically or analytically-derived rcla1iooshlp 
between transducer readings and the quanlity of liquld in the 
reservoir. 

6. To eliminate the errors on automobile tank weighing 
systems caused by the accumulation of mud or ice oo an 
exposed tank, 

7. To eliminate the em1rs on alltl)JUObile tank weighing 
systems e1msed by the variations in fuel density. the presenee of any sensor., on the vehicle. The same 

enhancements of the sensor as-sembly described above c;in 
be applied in tlie method. 

8. To provide a variety of low cost load cell designs for 
55 use- in tank weighing or pressure me.isuring systems. 

A method for obtaining a me.asurement of multiple physi­
cal quantities of components 011 a vehicle from remote 
sensor assemblies on the vehicle in accordanc.e with the 
invention include~ the steps of arranging an interrogator on 
the vehicle. arranging a plumlity of sensor assemblies on the 
vehicle, each ioclucli1Jg an anteurui capable or receiving a 
radio frequency signal, a .radio frequency identif1catioo 
(RFID) device coupled lo the antewia. a sensor coupled ro 
the RFID device and arranged lo generate a measurement of 
a physical quantity and a switch arranged to connect or 
dii;coJ1Jiect tbe sensor from a circuit with the antenna depen­
dent on >11bethcr the ru1rc11m1 receives a particular signal 

9. To provide a method of increasing the accurncy of the 
ew-reutly used floar ii.rel gages. 

10. To provide for more accurate liquid level gages. 
11. To provide for wireless Lransmission of liquid level 

60 measurement transducers infonn<1tion to an iuterrogator. 
12. To provide for transducers used in detenruoing tbc 

level of a liquid io a reservoir 1bat do not require power to 
be supplied by tlie vehicle power system or a battery. 

Among the potentially novel aspects embodied in the 
65 present invention is that a system. eonstrncred iu accordance 

witl1 the present i1wcntion. cau use a variety of diJfonmt 
liquid level mca;uring U'HJlsducers wbid1 by tliem;elves give 
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ru1 inaccurate measurement of 1he quantity of a liquid in a 
J"eserYoir but who:n combined wi1]1 an empirically-derived 
algorit11m results in a highly accurate liquid quantity mea­
sure1ueut system. These tr::iusducers can be weight measur­
i11g load cells. vehicle angle measuring transducers. or liquid s 
level meii~ttring devices based on either noat, ultrasonic or 
capacitive measurement technologies. 

When load cells are used, they are aligned to be sensitive 
generally parallel along au axis substantially normal 10 a 
horizontal plru1e and generally para tie! to UlE.' yaw or vertical lu 

axis oflhe vehicle. A microprocessor with analog-to-digitaJ 
converters converts the analog signals int~1 output i11lonrn1-
tion reprusctltativeoffhe volume tir level of the liquid in the 
reservoir by a variety oftecl1niques but all employing the use 
of an 11lgoriUun whicll is based on empirical or 11nalytical 15 

approximation tccliniques to relate the quantity of liquid in 
lhe reservoir to the measured quantities. 

AIU1oug,h a number of the systems disclosed and illus­
trated below make use of a number of weight mcasrtriug 
devices for illustration. the iuw.ntion is not the use of 20 

weighing per se but the use of one or more of a variety of 
transducers including 1011d cells, angle gages, !MU. and 
level gages in C{1mbination with an algorithm and processor 
to determine the quantity o il' liquid in the reservoir witll 
greater accuracy than can be obtained from a single trans- 25 

ducer alone. 
In addition. in order to achieve one or more of the above 

objects, an apparatus for measuring the volume of a liquid 
in a thel tank in a vehicle subject to vary·ing extcni.11 force.~ , c, 
caused by movement or cilanges in tlle ro ll and pitch angles 
of the vehicle includes a fuel 1auk motmled lo the velucle 
aDd subject to forces along the yaw axis of the vehicle and 
SAW pressure sensors mounted on the tank whereby each 
SAW pressure sensor provides an output signal representa-

3
. 

live of preoisure applied thereto by material in an interior of ~ 
the tank (the fuel or air). A processor or other computaliunal 
device is coupled to the SAW pressure seusors, receives 
output signals therefrom aud processes tbe output signals to 
obtain a volume of fuel in tile tank More specifically, tl1e 

40 
processor is associated with a memory m1it that stores an 
algorithm representative of a derived relatfon.ship benveen 
the parameters correspontling to the output signals from the 
SAW pressure sen~ors and the volume of fuel in the tank and 
applies the algorithm ·using tile instantaneous outpnt signals 

45 
from the SAW pressure sensors as input to obtain the volt1me 
of fuel in tbe lank. Tbe a lgorithm may be obtained by 
conducting a plurality of measurements, each including the 
k.uowu vohuue of the tank aod output signals from the SAW 
pressure sensors for thal known volume of fuel in the tank. 

50 

52 
temperature readings from the tank may thus be obtained in 
a wireless a11d powerless manner. 

Another disclosed method for measuring the volume of a 
liquid in a fuel iauk in a vehlcle subject 10 varying external 
forces caused by movement or changes in lhe roll aod pitcb 
angles of the vehicle entails conducting a plurality of 
measurements, each measurement including tl:le known vol­
ume of the tank ruid tl1e value of at lens! tllree parameters 
concerning the tank, at least l1ne l)fthe parameters being the 
pitch or roll angle of the vehicle as determined by im iuenial 
measnrement m1it (I MU). generati11g. an algorithm from tile 
plurality of measurements for determining 1l1e volume of 
li.lel in the tank upon tJ1e receipt uf ClITTenr values o r the 
parameters. in-putting. tile algoriUuu into a processor 
arnmged in oonnection with tile vehicle, measl1ring ilie 
-parameters during operotiOJl of the vehicle, and inpulling the 
measured parameters imo the algorithm in the processor 
means whereby the algorithm provides tlievolllllle of fuel in 
the tank. Aside from the pitch and/or rnll angle. 1l1e remain­
ing pammeters may be the load o r the tank on a lm1d cell 
arranged at a first location, the load of the taJik on a load cell 
arranged at a second location, the load of tile tank at a load 
cell arranged at a third location., tile heigllt of the fuel at a 
first loc11tion in tbe tank. the height of the fuel HI a sec.:ond 
location in the tank and tile height of the lllel at a third 
location in the lank. 

'Jl1e novel features of constrnction and operation of the 
invention will be more clearly apparent during fue course of 
tile followi11g description referencing tbe accompanying 
drawings where a lew prderred forms of the device of tile 
invention are illustrated and wllereiu like characters of 
11::ferenco: desig.oate like pans throughout the dcawings. 

J .6 Occupant Sensillg 
Further objects of inventions disclosed berein are: 
I. To simultaneously monitur several sensors, primarily 

accelerometers. gyroscopes and str<1in gages. to detcnnim: 
tile state of the vehicle and optionally its occupants and 10 

determine that a vehicle is otll of cou.trol and possibly 
headed fo r an accident, for example. If su, then a signal can 
be sent to a pan of the vel1icle control systetu to altempt to 
rc-es1ablisll stability. If tllis is tmsucccssful. then the same 
system of sensors can moni tor the early stages or a crash to 
make an assussment of the severity of tile crash and what 
occupant protection ~-ystems sllouJd be deployed and how 
sucll occupant protection systems should be deplDyecl 

2. To prnvide new and iiuproved methods and apparams 
for controlling au occupant rcstrJiut device based on infor­
mation provided by various sensors, 

1.7 Vehfcle or Component Coutrol 
Further objL'C\5 of inventions disclosed herein are: ln other embodiments, a muubcr of SAW pressure sensors 

arc arranged each i'lt a different location on a boll om of the 
tank and a SAW prt'ssure setJsor is arranged at a top of the 
tonk, 171e algorithm considers output signals from the SAW 
pressure sensor arranged at a top of the tarrk to eliminate 
eflects of vapor _pressure within ilie tank. The algorithm may 
be a neural network. 

I. To utili7~ pattern recognition techniques and the outptlt 
from multiple sensors to determine at an early singe that a 
vehicle rollover might occur and to take corrective action 

5s through control of the vehicle acceleration, brakes and 

In another embodimen1, a tluid storage tank for a veliide 
subject to varying cxtcmal forces caused by movement or 
changes iu the roll and pitch angles of the vehicle in 
accord,1nce with the invention iocludcs a container having a 
sidewall defining in part an interior a.ud a SAW sensor 
arranged on the sidewall and inclucling a pressure sensor 
arranged on an iru;ide of tile container and a temperature 
seasor arranged on an outside of the container. The pressure 
sensor measures del'lection oft he ~idcwall and tl1c tempeta­
lttre sensor 01ci1su.rcs tcmpemtu.re of lhe lhtid, Pressure and 

steering to preveLlt tb.e roUover or if it is not prevenrable, to 
deploy side head protection airbngs to reduce tile injuries. 

2. To apply component diagnostic teclu1iqul-'S iu combi-
nation wi th intelligent or smart highways wherein vehicle$ 

6(J may be amomatically guided without manual control in 
order to permjt the orderly exiting of the vehicle from a 
restricted roudway prior lo a breakdown of tlle vehicle, 

3. To use the output from multiple sensors 10 detem1ine 
that tile veliicle is skiddfag or sliding and to send messages 

65 to tl1e various vehicle control systems ro activate the throttle. 
bra!«.-~ and/or sleeting tu correct for the- vehicle ~lidi.ng or 
,kidding motioJ1. 
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Accordingly 10 achieve one or more or the above objects. 
a contro l system and mdhod for co1itn.,l ling M occupant 
resmtint system in acconlance witli the iL1ve11tion comprise 
a plurality or elec1ronic sensors mounted al different loca­
tions on the vehicle, c,icb sensor providing a measurement 5 
related to a state thereof or a measurement re luted to a state 
of tl:1e mouJ1ling location, !llld a processor coupled to 1he 
sensors and arranged to diagnose the state of the vehicle 
based on the 1m:asur<::111ents of the sensors. The processor 
comrols the occupant restraim system based at lt-ast in part 10 
011 the diagnosed state of the vehicle ill an attempt to 
minimize injury to an occ11pant, Various sen~ors may be 
used includi1~g one or more single axis accelerotion sensors. 
double ax.is acceleration sensors, triaxial ,1cceleratio11 sen­
sors, lrig,h dynamic rouge accelerometers and gyroscopes 15 

such as gyro~copes including a surface acoui;tic wave reso­
nator which applies standing wavei; on a piewelt:CITic sub­
strale. One or more sensors may inclDde an Rr tespouse unit 
in which case, an RF interrogator device causes the RF 
response tU1it or to transmit a signal represeut:.tive of the 20 

measurement of1he sensor to tile processor. A weight sensor 
may be coupled to a seat iu the vehicle for sensing the wejg,ht 
ofan occupying item of the scar .md to the processor so that 
the processor con1rols the occupant restrniut system based 
on the slate of the vehicle and the weigbt of tile occupying 25 
ilem of U1e scat sensed by tbe weight sensor. 

111e stale of the vehicle diagnosed by the processor 
includes angular motion of the vehicle, the acceleration of 
the vehicle, a determiua1ioJl of a location of au impact 
between the vehicle and unother objec1 ancVor anguh1r 3C1 

acceleration, l.n the latter case. several sensors may be 
accclcronic1cr8 aod/or gyroscope~ such th111 lhc pr0cossor 
determines the angular acceleration of the vehicle based on 

54 
2.0 Telematics 

Further oajects of the inventions disclosed herein a.re; 
I. To provide new and improved weig)ll OJ load measur­

ing sensors, switches. ternpemn1re sensors, acceleratio11 sen­
sors. angular position sensors. angnlar rate sensors. angular 
acceleration sensors, proximity sensor.;, rollover sensor.;, 
occupaJJI prc~encc and posit ion sensors, strnin sensors and 
humidity sensors which utilize wireless data tril.llsmission, 
wireless power transmission. a11d/or surface acousti~ wave 
and/or RPJD technology wiih the data ob1aiued by the 
sensors being transmittable via a 1elematics li.u.k to a remote 
location. 

2. To provide new and improved sensors for detecting !he 
presence of fluids or gases which utifo1e wireless data 
transmission, wireless power transmission, and/or surface 
acous11c wave and/or RPJD technology witb the data 
obtained by the sensors bciog transmlltable via a telematfos 
link to a remote locatio11. 

3 . To provide 11ew 1md improved sensors for detecting 
cbemicals which utilize wireless data transmission. wireless 
power trausmissi011. ,m<l/m surface acoustic wave technol­
ogy with the dma ob1ained by the sensors being transmit­
table via a telematics link to a remote location. 

4, To t1til ize any of the foregoiog sensors for a vel1icular 
compnuent control system in which a co11111oue111. system or 
subsystem in U1e vehicle is controlled based 011 the infor~ 
mation provided by the sensor. Addition.ally, the i.nJorruntiou 
provided by the sensor can be transmitted via a telematics 
link ro one ,,r more remote facilities for further analysis. 

5. To provide a oew and improved method and system for 
diagnosing cornpoucul$ in a vehicle and the opcr.1iing s1ams 
of the vehicle aud alerting the vehicle's manufacturer. agent 
or dealer, or ru1otber repair facility, via a telematics link that the aceeleration measured by tbe accelerometers or deter­

mined from the gyroscopes. 
The processor may be designed to forecast the severity or 

the impact using the foree/crnsb properties of the vehicle at 

35 a component of 1he vehicle is func1ioning abnonnaUy ~111d 
may be in danger of failing. 

the impact location and con1rol the occupam restr.:iint system 
based at least in prut on the severity of the impact. The 
processor may also include a pattem recognitfon systei.11 for 40 
diagnosing the stateofthe vehicle. A display may be Coupled 
to the processor for displaying an indication of the state of 
the vehicle. A waruing device. alann or other audible or 
visible signal indicator may be coupled to the processor for 
relayi11g or conveying a warning to an occupant of ilie 45 

vehicle relating to the state of the vehicle. A transmission 
device may also he coupled to the processor for tr.insmittiog 
a signal to a remote si te relating 1t1 1J1e state of the vehicle. 

Another embodiment of a control system for cou!nilling 
an occupant restraint system mm prises a plurality of sensors so 
mou111ed at differenl locations on the vehicle, each sensor 
providing a measurem1int related to a state thereof or a 
meHsllrcrnem rela1ed to a state of the mmmting locHtion-and 
a processor coupled lo the sensors and m-ranged to diagnose 
the state of 1he vehicle based on the measurc.meuts of the 55 

sensors. The processor is arranged lo control the occnpant 
restraint system based at least iu part on t11e diagnosed state 

6. To provide a new aud improved method aud apparatus 
for obtaining iuformatiou abollt a vehicle system and com­
ponents in the vehic le in conjunction with failure of the 
component or t11e vehicle and sending Ibis in formation to Ille 
vehicle ma1111lact11rei· or agent. 

7. To provide a new and improved method and sys1e111 for 
diagnosing component$ io a vehicle by monitoring the 
pallerus of signals emitted from the vehicle compoueuts ru:id, 
tl:trnugb the use of pattern recognition technology, forecast­
ing component foilnres before they occur. Vehicle compo­
nent behavior is Urns monitored over time in contrast to 
systems tltal wait until a serion~ ct111ditil1n occurs. 111e 
forecast of component failure can be transmitted to a remote 
location via .i tclematics link. 

8. To provide a new and improved on-board vehicle 
dfagnosrlc module 11tiliziog pallem recogo.i-tion technologies 
which are trained to di:lleren1iatc normal from abnoJ1Dal 
compoueut behavior. Tbe diagnosis of component behavior 
can be transmitted to a remote location vi11 a telematics link. 

9. To provide a diagnostic module that determines 
whl'ther a component is operating nonrnllly m abnonnally 
based on a time series ol' data from a single sensor or from 

of the veb.icle. At least two of the sensors are a single axis 
accelemtion sensor. a double axis acceleration sensor, a 
triaxial acceleration sen8or or a gyr1.~scope. 60 multiple sensors 1hat contain a pattern indicative of the 

operating status of the component. The diagnosi~ or com­
ponent oper.:i1io11 coo be Lra11smined to u remote k1catioo via 
a teleruatics link. 

111e sensors cao be used io a control sys1·em for control­
li1Jg a uavigatioo system wherein the state oJ tl1e vehicle 
diagnosed by the processor includes a11g11lar motion of the 
vehicle whereby angular position or orientations are deriv­
able from !he !lllgular motiou. The processor then controls 65 

the naviga1ioJ1 system based on the ungLtlar acceleration of 
the vehicle. 

l 0. To provide a diagnostic module that determines 
whether a component is operating nonually or abnormally 
based on data frum one or more sensors lhau1re not directly 
as~ociated wiili the component, i.e., do not depend on the 
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operntion of the componem. The diagnosis of component 
opermio11 can be tr:insmitted to a remote location via a 
telematics link. 

56 
arranged to receive Lbe coded signals and control inflation of 
the airbag by tl,e inllator assembly based thereon. 

l l. To incorporate su.rface aconstic wave and/or RFID 
technology into se11sors on ;:i vehicle with th<.' data obtni11ed s 
by the sensors being u·ansmittable viu a telematics liuk to a 
reniote location. 

111e controller may iJ1ducle a power supply :for enabling 
ioitiatio11 of the inflator assembly and/or be arranged to 
acknowledge receipt of a communication via the first bus 
and indicative operability oftbe airbag modtde. 

An occupant position sensor may be provided to detect 
12. To provide new and improved sensors which obtain 

and provide information about the vehicle. abot1t individual 
components. systems. vehicle occupauts, subsystems. or 10 

about the roadway, ambict1t aunospbere, travel cot1ditio11s 
and external objects with the data obt3i11ed by the sensors 
being transmittable via a tckmatics link to a remote location. 

the position ofilie occupant to be protected by the airbag of 
the airbag module(s) and coupled to tl1e first bus. The 
controller is thus arrauged to control iuOation of the airbag 
by the intlator assembly in consideration of the cletec1ed 
position of the occupant. The occupant pO$iliun sensor may 
be arranged in the housing. 

When several airbag moduJes are present, each control ler 
io the airbag modules can be assigned a u.1J.iq11e address 
whereby infonnation cmweyed over the first bus il1cludes un 
address ufa respectiveouc of the mnrrollcrs such thac uuly 

13. To alert the dealer, or other repair facility. that a 
component of the vehicle is functioning. differently tha11 15 

uonual and is in danger of failing. 
14. To provide a device that provides i11forma1io11 to the 

vehicle mannfocn1rer of the events leading to a component 
fai lure. 

? (1 
15. To provide ne,v a11d improved sensors for a vehicle 

the respective 011e of the controllers assigned 10 the address 
is responsive to the infonnation inclnding the 11ddress. ·n,e 
controllers thus preferably include a system for detem1iuing 
whether the infomiatiou conveyed over 1he first bus includes 

that wirelt-ssly transmit infonnation about a state measured 
or detected by the sensor. 

3.0 WiriJ1g aod Bu~ses 
Further objects of the inventions disclosed herein are: 
I. To p1uvide n 11ew ai1d improved electrical wiring 

system for coupling sensors and actuators in a motor vehidc 
in order to reduce the amount of wire in the motor vehicle 
mid improve system reliabilhy. 

2. To provide a vehicle safely wiring system iocludiog a 
network Cl1JUprising various safety devices such as cr.isl1 
seosors aud airbag inflalOr igoilcrs. 

3. To associate nrnch of the airbag electrou.ics with the 
airbag module so as to improve the reliability of Lbe system. 

In the teachings of this invention. two or more seusors. 
frequently nccclcrometcrs and/or gyroscopes, can be 010ni­
tored simultaneously and the C()IUbination of the ourputs of 
these mulliple sensors arc combined coutim1ously in making 
the crasb severity analysis. Also. uccordiDg to the teacl1i1Jgs 
of tl1is inve11tion, all such devices can conmrnnicate on a 
single safety bus tha1 coOllects the various safety related 
clectro11ics, sem;ors and actuaton; such as airbag modules, 
seatbelt retri1Clors, and vehicle control $ysttms. 

More pa11icttlarly, :'In electrical system in a vehicle com­
prises a plurality of devices used in the operation of the 
vehicle including at least one crash sCll.SOr a11d at least one 
airbag module and at Jeasr one electrical b11s each coupling 
at least a portion ot'tl.ie devices and conveyi11g power and/or 
in:formation to or from the devices coupled to 1he bus. A first 
bus couples the crash sensor and the airbag module. Each 
cmsh sensor generntes s ignals relating to ,ul impacl of the 
vehicle aod each airbag module preferobly comprises a 
module housing, :m :1irbag associ:ned with tbe bousiog, an 
i110ator assembly ,;irr-.inged in the bousiug for iJJOating the 
airbag and an eleclrottic comroller arranged in or odjacent 
the housing and coupled to the first bus. The controller 
controls inOa1ion of the airbag by the inOator usscmbly in 
consideration of the sig;nnls g~·n<?rated by the crash scnsor(s). 
Each crash sensor is arrnugcd separai-e and at a lociition apart' 
from the hc;.Htsing of each nirbag module. Tbe bus can consist 
ofa single pair of wires. 

A sensor and diagnostic module may be coupled to the 
first bus for monitori.11g the controller of each airbag module. 
One or more of the crash seusors can be designed to generate 
coded signals when deployment of the airbag: of :it least one 
airbag module is desired aJJd the controller is structured and 

the address assigned to the com roller, e.g., a microprocessor. 
Another embodiment of an electrical $ystem in a vehicle 

comprises a plurality of sensors each detecting a physical 
15 characte1istic ofU1e vehicle, at leasl une oflhe sensors being 

a crash sensor which detects a physical choracteiistic, such 
as the acceleration. of the vehicle affected by a crash 
involving the vehicle. at least one airbag module e-<1cb 
comprisi!lg an airbag. an inflator assembly for inflating the 

Jc, airbag and .in electronic controller li.1r comrolling inflation 
of the airbag by !be in1la1or nssembly, Md ao eleclricaJ bus 
coupling tfa~ crash sensor a 11d !he airbag roodulc(s) and 
conveying power and/or information to or frnm the crash 
sensor(s) a11d the .iirbag module(s). A mQdule is also coupled 

35 to the bus and arranged to receive signals from the crash 
sensor b,ised on the detected physical characteristic of the 
vehicle and process the signals io provide a control signal to 
the controlll'r such thai i.ntfolil1ll of the airbag is controlled 
by the comrolJer iu considerntion of tbc physical chanicter-

40 istic detected by tbe crasl1 sensor. ·n1e crasb se11sc)r may be 
a crush-detecting sensor. 

An airbag module may comprise a housing with which the 
airbag is associated, with the intlator assembly being 
arranged in the housing and the electronic controller being 

45 arr.mged in or adjacent lhe housing. The bus may consist of 
a si11g)e pair of wires. 

If the module is a sensor and diagnostic module, it would 
monitor the controller and performs a diagnostic [tmction of 
the con!n.11ler. Tile controller can also include a power 

so supply for enabling initiation of tbe iuflator assembly. 
In its simplest form the invention can involve a single 

transducer and systc1i1 for providiug power and receiving 
information. An example or sucli a device would be 011 
exterior temperah,ire monitor which is placed miiside of lhe 

55 vehicle and rcct!ives its power and transmits its infomrntioii 
through the windshield glass. At the other e>-1:reme, a pair of 
parnllel wires carrying high frequency alternaling current 
can travel to various parts of the vehicle where electric 
power is needed. In this case every device could be located 

61J wi1hi11 .:i few inches of 1h.is wire p.:iir ~tnd through an 
apprnprialelydesigned inductive pickup system. each device 
receives the rower for operation iuductively from tbc wi.re 
pair. A system of th.is type which is desig.oed for use in 
powering vehicles is described in several U.S. paten1s listed 

65 above. 
ln tlus case. all seni;ors and ..ictuntors on 1111: vehicle could 

be powered by the inductive power transfer system. The 
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co1mmwication with 1bese devices could either be over the 
same sys1em or. alt,miately. could be take place via RF or 
utl1er similar commwlit~tliou system. l f the con1lllunicnt ion 
takes place ei1her by RF or over a modulated wire system. 
n protocol such as the Bluetoolh c>r IEEE 802.l I (Wi-Fi) s 
protocol can be used. Otl1er options i11clude the Ethernet and 
token ring protocols. 

Tue above system technology is frequently referred to as 
loosely coupled inductive systems. Such systems have here­
tofore been used for powering ,1 vehicle down a truck or HJ 

roadway bm have not been used within the vehicle. The 
loosely coupled inductive system makes use- of high fre­
quency (typically 10,000 I Jz) and resonant circuits to 
uchieve a power transfer approaching 99 percent eillcieucy. 
The resonant system is driven using a switching amplifier. 15 

As discussed herein, this would be the first exrunple of a high 
frequency power system for use within vehicles. Addition­
aJly. the inductive transier system can be used to recharge an 
electric or hybrid vehicle as it sits in a garage or other 
location lhus removing tho need to physically plug lhe ?<, 
vehicle i11to a power source for recharging. 

Every device that· utilizes the loosely coupled iuductive 
system could coutaiu a microprocessor ai1d thus could be 
considered a sman device. Thi~ can includes every ligl11. 
switch. motor, lransducer. sensor etc. Each device could lbus ]5 

have an address and c~1uld respond only 10 information 
containing its address. 

11 is now contemplated lbat U1e power systems for next 
generation automobiles and \nicks will change from the 
current standard of 12 volts to a new standard of 42 volts. 3c, 
The power generator or alternator i.Ll such vehicles wil l 
produce alteruatillg currem and thus will be compatible wi1l1 
the system described herein wherein all power within the 
vehicle will be tn1115mined usiug AC. 

58 
at that poi11t. Then.. through a combination of varying 
displays which are activated by chl)ice$ mride by the driver 
and implemented through finger pressure on various por-
tions ofU1e. steering wheel 111ounted touch device. the driver 
is able to control various functic>us of other systems, or 
select various service$, in the vehicle. This invention also 
contemplates the use of other inputs devices ru1d systems in 
addition to or in place of a touch device to cootml tJ1e 
interactive heads-up display. These input devices include 
voice or gest11re input, mouse inputs. sw"itch inputs, joy stick 
iDpllls and others. 

rurther objectS of the inventions disclosed herein are: 
I. To provide a system for a vehicle that pennits the 

vehlcle operator to operate various veh.icle systems without 
taking his eyes from the road. 

2. Tn penuit the vebicle operator to control the vehicle 
eutcrtaio.ment system through louch.iog various portions of 
the steering wheel moLtnted touch device(s) and to thereby 
chaug,e stations or volume, as wel l as other fimclions of the 
cntt!rtainment svstem. 

3. To provid~ a system to multiplex infotmation created 
on the sreering wheel and transmit that information to a 
control module ciU1er through wire or by wireless mmsmis­
s1011. 

4. To provide a heads-up display system for a vehicle that 
provides more infonuation to the vehicle driver them here­
tofore possible and where the nati.u-c of the iulbrmation 
displHyed changes. 

5. To provide a heads-up display that is only illum.ilwted 
when it is in use. 

6. To provide a bends-up display which provides a variety 
or uses aod services aud which cau be ca~ily changed from 
one disphJy lo another thrcrngh the use of touch sensitive or 
o ther user acLivated devices, 

7. To provide a heads-up display for a vehicle that is 
automaticaJly activated to warn the driver oJ the vehlc!e of 
a potential problem. 

8. To prnvide a heads-up di~play and touch pad or voice 
or gesture inpul system for a vehicle to pernlit the vehicle 

40 operator lo dial a phone number ou a cellular phoue without 
laking his or he-r eyes from the road. 

II is contemplated that some devices wDI require more 35 

power tlum can be obtained instantaneously from the induc­
tive, capacitive or rodio frequency source. Ju such cases. 
baneries, capacitors or ultra-capacitors may be used directly 
associated with a particular device lo band.le peak power 
requiremeots. Such a system can also be used when the 
device is safety critical and there is a danger of dismptfon of 
the power supply dnring a vehicle cmsb, for c:xample. IJ1 
general the battery or capacitor would be charged when the 
device is not being powered. 

4.0 Displays and Inputs lO Displays 
At le.1st one invention herein is a system that pennits the 

vehicle operator to control various vehicle systems that may 

45 

9. To provide a messaging system for a vehicle which 
permits the vehicle operator to receive and send messages 
without taking his eyes from the road. 

1 O. To provide a 1.011ch sensitive device mounted on the 
steering wheel ofa vehicle for controlli11g the contents of the 
beads-up display and for iJHeraction witb a personal com­
puter. 

be unrelated ro the steering and speed control of the vehicle 
in such a manner tl:wt the operator does not need to take his 
or her eyes off of the road. This is accomplished, in a 
preferred cJilbodimenl. by placing a tollcb sensitive device 

I J. To provide a lleads-up display system for a motor 
so vehicle having grealer resolution and contrast than hereto­

fore avaifable. 
12. To pn.wide a projection system Ji.1r 11 hcc1ds of display 

that utilizes a minimum spnce. 
13. To provide a touch sensitive system for a motor 

55 vehicle that senses the finger ot' an occupant to activate ;:i 

system; senses and clisplays the location of the finger to 
determine the selection from a group of alteruatives~ then 
senses a force from the finger to register the selectiou of the 

il.1 the steering wheel tba1 is used in oonibi.nation wilb a 
beads-up display system to control various vehicle systems. 
Generally, the heads-up display system will he turned oft~ 
that is not visible to U1e driver, u11til the driver places his 
baud on or near the steering wheel moullled touch device. 
The action of the driver to place llis hand onto the device wlll 
activate the heads-up display device. This device then pro­
vides a ump of tl1e switch functions or services <1vailable on 6U 
the steering wheel. for example. for the driver and elsewhere 
for otJ1er vehicle occupants. When U1e driver touches the 
touch pad with one finger, the locai-ion or his touch point 
may also be il1nstrated on the beads-up display as a cun;or. 
Tbe driver can therefote observe where his or her fi.11ger is 65 

touching the touch pad and simullaneously what fi.1nction 
will be performed if the driver presses the steering wheel pad 

occupant. 
14. To provide a system for a vehicle Uiat senses the 

proximity of ao occupant's finger to a surface of the veh.icle. 
15, To provide an ultrasonic system for a vehicle lhat 

senses tbe proximity or a force exerted by tbe finger of an 
occupant of the vellicle. 

16. To provide a force se11si11g system for a vehicle that 
senses the force exerted by the linger of ;u1 occupant of the 
vehicle ooto the sensing pad of the system. 
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I 7. To provide a capac1t1ve system for a vehicle tluit 
senses the proximity or a force e.xerted by the fii1ger of mi 
occupant of t]1e vehicle. 

18. To provide a resistive system for a vehicle tbai senses 
the proximity or a force exerted by the finger of an occupant 
of the vehicle. 

19. To provide an in.temctive heads-up display system for 
a vehicle. 

20. To provide a heads-up display system for in-vehicle 
sig_nage. 

21. ' lb provide 11 beads-up display system for a vehicle to 
be used in coo_iunction with assisted route guidance Ih,m a.11 

external operator. 
22. To provide an inK·ractive head~-up display system 

with a mnlti-user capablJity. 
23. To provide a heads-up display system capable of 

displaying television. 
24. To provide an interactive beads-up display system 

with in.teruet capability. 
25. To provide a direction:il voice canceling microphone 

system to allow accurate voice inpurs lo the systcm. 
26. To provide an apparatus and method for locating the 

eyes of tl1e occupant of a vehicle Md adjusting the occu­
paut·s seat to place the occupaot's eyes at the proper locatioo 
for viewing a heads-up display. 

27. To pn)vide ao apparat11s and method for locati11g the 
mouth oftbe occupant and adj usting the occupant's seat to 
place tl1e occupant's mouth al the proper locarion for opcr­
aring ,1 direct ional microphone. 

28. To provide au apparntus and method for locating the 
t,yes of the oc-.c:up:101 and adjusting u hends-up dispJ:,y 10 
place the occupant"s eyes ;;it the proper local'ion for viewing 
ili.e heads-up display. 

29. To provide an apparah1s and metbod for loc.:iting tl.1e 
mouth of the occupallt and adjusting a directional micro­
phone to place the Qccup,mt's moutl1 at the proper location 
for operating the directional microphone. 

60 
or a part of aJ1 occupm.11, e.g., arm, mouth (whicl1 provides 
speech), eye. i1uo art electrical sig;i1al. 

Possible vehicular systems. amoug others. which can be 
operated by the combination of the projector and ioternctiog 

5 system therewith include a communication system, naviga­
tion system. eatcttainrncnt system. a microprocessor capable 
of providing e-mail functions and Internet access, and a 
heating and air-<:onditioning system. 

ll1e vehicle can also include a detenuining system for 
10 deten11ining a desiJed location of tl1e eyes of the occupant 

relai-ive lo t!Je projected text and/or graphics (possibly via a 
determination of the position of the occupant's bead and 
then usiug tables to approximate the location of the eyes) 
and an adjt1Stme111 system coupled to a seat of the vehicle on 

15 which the occttpant is situated for odjustiug the sea1 based 011 

tbe determined desired Jocadon of the eyes of the occupaal 
to t·hcreby move the occupant and thus the occupant's eyes 
and enable the occupant's view of lbe projected text and/or 
graphics to be improved. 'Tue determining system may 

20 comprise at lea~t one receiver for receiving waves l'n,1.111 a 
space above a seal in the vehicle 111 which the occupant is 
likely to be situated and for example. a pattern recognition 
system for delerm.i11ing the position ofthe occupant based on 
tbc waves received by the rcceiver(s) in order to enable tbc 

15 desired posi tion of the eyes oflhe occupant robe determined 
from t11e posirfon of the occupant. Tile determining system 
can also include one or more trnnsmillers for transmitting 
waves into the space above a seat in lhe vehicle which are 
then received by the receiver(s) after passing at least par-

3c, 1ially through tile space above the seat. 
Jusread ofadjustfog Ibo seat. the projector can be adjusted 

based on the desired local ion of lbc occupant's eyes relative 
10 the text ancVor graphics. That is. an adjustment system is 
coupled to the projector for adjusting the projection direc-

35 tion based on the detcm1ined desired local ion of the eyes or 
the occupant relat ive lo the projectcid text .md/or graphics to 
thereby enable the occupant's view of the projected text 
and/or graphics to be improved, 

Accordingly. lo i1chleve some of these objects. an in.ter­
uctive djsplay systeo1 for a vehicle in accordauce with a 
basic embodimelll of the invention comprises a projector for 
projecting tex1· and/or &fi~pbics in.to a field of view of a 
forward-facing occupant of lhe vehicle, i.e., a heads-up 
display system, and ;m in.terac-ting system coupled to the 
projector for enabling the occupant to interact wi1h the 
projector to change the texr and/or graphics ptojecred by the 
projector or direct another vehicular system lo perfom1 au 
operation, The interacting system may comprise a touch 
seusjtive device arranged on a steering wheel of the vehicle 
(possibly a pad over a cover of an airbag module i11 the so 
steering wheel) or at another location accessible to the 
occupant of tbe vehicle, e.g .. on the armrest or extendible 
from below or within the i11s1rumenl panel. A correlation 
system is provided. e.g .. a processor und associated electri-

40 "Ibe iovcution a lso encompasses a vehicle i11clutliJ1g the 
above-described determining system, adjustmem system 
and projector with the interacting system beiog iu1 optional 
111oclifica1io11. In this case. tl1e projector and/or scat wouJd be 
adju~ted to en~ure tbat the eyes of tbe occupant are in the 

45 
eye-ellipse and thereby provide optimum viewing of the text 
and/or graphics projected by the prajector. 

lnstc-:1d of or io addition to a t·oucb sensitive device. lbc 
interacting system may comprise a microphone. To optimize 
the reception of the voice of the occupant by the micro­
phone, the vehicle can include a detennining system for 
delcnnining a probable location of the mout11 of the occu­
pant. and an adjustmcnt systcm for adju~ting the se11si1ive 
dfrectioa of the microphone to aim lhe microphone toward 
the probable location of the mouth of the occupant. Instead 
of ,1djusting the microphone. the vehicle can include an 
adjusunem syst·em for adjusting a seal 011 which the occu­
pant is siuiated to decrease the dilference between the 
sensitive direction of the microphone and the prob:'lble 
location or U1c mouth of the occupant. 

cal architectwe, for correlating a location on the touch 55 

device which bas been touched by the occupant to the 
projected text and/or graphics and causing the projector to 
change the projec.led text and/or graphics based oa the 
locHtion on the toucl1 device which has been touched by the 
occupant. Also. tJ,e vehicular system c.u1 be caused to 60 
perform the operation based oo the locntioo on the touch 
se11sitive device t,bat bas been touched by the occupant. 
Altemately. the occupant can move the curser to a location 
on the display and then pusb a switch or tap on the touch 
device surface to i11dicate his or her choice, TI1e interacting 65 
system may also comprise ;.1 microphone. joystick or any 
other knowo device which converts motion by au occupant 

111e invention also encompasses a vehicle including the 
above-described determining system, adjustment system 
zu1d prQiector wi th tbe inter&ctiug system being no optiooal 
modific..11ion. ln this case, the projector and/or seat would be 
adjusted to ensure that U1e mouth of the occupant is posi­
tioned optimally relative lo the sensitive direction of the 
microphone lo thereby provide opti1mun rcccption of the 
occupaJ1t's voice by U1e microphone. 
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Other objects and ndvantages of the present invention will 
become appueut from the followi11g description or the 
p.reterred embodiments taken in conjunction with the 
accompanying drnwiugs. 

BRll3P DllSCRlPTION OF T l IE DRAWINGS 

Tue following d.rnwing,s are illustrative of embodiments 
of the systems developed or adapted using the teachings of 
these inventions and are uot meaot to limjt the scope of tbe HJ 

i11vention as ern:ompassed by rhe claims. 

62 
PIG. 12A is a top detailed view of a SAW pressure and 

temperature moni1or for use 10 tl1e system of PIG. 12. 
FIG. B A is a schematic of a prior art deployment scheme 

for au airbag module. 
FIG. 13B is a schematic of a deployment scheme for an 

aiTbag module in accordance 1Nitl1 tbe invention. 
FIG, 14 is a schematic of a vehicle witl1 several acceler­

ometers and/or gyroscopes at preferred locations iu the 
vehicle. 

PlG. 15A illustrates a driver with a timed RFID standing 
with groceries liy a closed trunk. 

PIG. l SB ilh•stmtes the driver with IJ1e timed Rf;'ID 5 
seconds after !lie trunk l1as been opened. 

PlG. 1 1s a schematic illustration of a generaliz.ed com­
ponent with several sig1ials being emilled and transmiued 
along a variety of pa lbs, sensed by a variety of sensors and 
analyzed by the diagnostic module in accordance with the 
invention and for use in a method in accordance with the 
invention. 

FIG. JSC illustrates a trunk opening arrangement for o 
15 vehicle in ac.cordance wilb the invention. 

FJG. 16A is a view of a view of a SAW switch seosor for 
mounting ou or withiJ1 a surface such as a vehicle armrest. 

FIG. 2 is a scheowtic o!"oue pat1ern recogi1i1io11 method­
ology known as a neural network which may be used in a 
metl1od in accQrdance with the i1weution .. 

FIG. 16B is a detailed perspective view or U1e device of 
FIG. 16A witl1 the force-transmitting member rendered 

?<, lransparcnl. 
FlG. 3 is a schematic of a vehicle with several compo­

nents and s1:.'VeraJ sensors aud a total vehicle diagnostic 
system in accordance with !be invention utilizing a diag­
nost ic module in accordance with tl1e invention and whit·h 
111ay be used in a method in accordance with lbe invention. 25 

f!G. 4 is a now diagram nf information flowing from 
various sensors onto the vehicle data bus and thereby into 
the diagnostic module in accorduncc with the invention with 
outputs to a display for notifyi11g U1e driver, and to the 
vehicle cellular phone for notifying another person, of a 3c, 
potential compoDenl failure. 

FIG. 5 is an overhead view ora roadway with vehicles .u1d 
a SAW road temperattue and humidity monitoring sensor. 

f!G. SA is a detail drawing of the monitoring sen$or of 
35 FIG. 5. 

FIG. 6 is a perspective view of a SAW system for loc::iting 
a vehicle 011 a roadway. and on the earth surface if accurate 
maps are available, and also illustrates tl1e use of a SAW 
transponder in the bceuse plate for the location of preceding 
vehicles and preventiug rear end impacts. 40 

FIG. 7 is a partial cutaway view of a section of a fluid 
reservoir with a SAW 0uid prcssttre ru1d temperature sensor 
ror monittlring oil. water. or other fluid pressure. 

PIG. 8 is a pen.-pective view of n vehicle suspension 
45 system with SAW load seusors. 

PIG. 8A is a cros~ section detail view or a vehicle spring 
ru1d shock absorber system with .i SAW torque sensor 
system mounted for 01easuri11g the stress in the vehicle 
spring of the suspension system of FIG. 8. 

50 
FIG. 813 is a detail view of a SAW torque sensor and shalt 

compression se11sor ,irrangement for use with the arrange­
ment of FIG. 8. 

FIG. 9 is a cutaway view or a vehicle showing possible 
mounting locations for vehicle u1terior 1emperarure, humid-

55 
ity. carbon djoxide, carbon monoxide, alcohol or other 
chemic.ii or physicol prnperry measuring sensors. 

FlG. l 6C is a derailed perspective view of an alternate 
SAW device for usei11FIGS. l6Aand 16B showing the use 
of one of two possible switches, one tbaiactivates the SAW 
r,nd the other that suppresses the SAW. 

FlG. 17A is a detailed perspective view of a polymer and 
mass on SAW accelemmeter for use iu crash sensors, vehicle 
navigation, etc, 

PIG. 17B is a detailed perspective view ofa nornrnl mass 
on SAW accelerometer for use in crash sensors. vehicle 
navigation, et·c .. 

FJG. l8 is a view of a piior art SAW gyroscope tbal can 
be used witll this invention, 

FIGS. 19A, 19B and 19C are a block diag,mms of three 
interrogators that can be used with this invention to inter­
rogate ~veral di!Jercnr devices. 

FIG. 20A is a !Op view of ::i sys1cm for obtaining iufor­
m1.11io11 about a vehicle or a component therein. specifically 
information about the tires, such as pressure and/or tem-
perature thereof. 

PIG. 20B is a side viewor tbe velticle shmvn iu FIG. 20A. 
FIG. 20C is a schematic of the system shown in FlGS, 

20A and 201:3. 
FlG. 21 is a Lllp view of an alternare sysrcm for obtaining 

information about the tires of a vehicle. 
FJG. 22 is a plot which is useful to illustrate the interro­

g,at~)r burst pulse delem1inatioo for iuterrogating SAW 
devices. 

FIG. 23 illustrates the shape of an echo p1tlse on input to 
the quadratme demodulator from a SAW device. 

FIG. 24 illu~tr.Jtes till' relationship between the burst aud 
echo pulses for a 4 echo pulse SAW sensor. 

FJG. 25 illustrates the paths taken by varinus surface 
waves on a lire temperarure.aud pressure mouitQru1g device 
of one or more of the inventions dfsclosed herein. 

FIG. 26 is an illustralion of a SAW tire temperature and 
pressure mollitoriug device. 

FIG. 27 is a side view of the SAW device of FIG. 26. 
FlGS. 28A and 2813 att: schematic dr<1wings showing tw◊ 

FlG. IOA is a perspective view ofa SAW till sensor using 
four SAW ?tssemblics for till mcastirement and one for 
temperatLtre. 

FIG. 10B is a top view of a SAW tilr sensor using three 
SJ\ W assemblies for tilt mcasur:ement each one of wb.icb can 
also measure temperature. 

FIG. 11 is a perspective exploded view of a SAW crash 
sensor for sensing frontal. side or rear crashes. 

6(J possible anteru\a lAyouts for I 8 wheeleI truck vehicles tliat 
permits the positive identificatiou of a tire that iJ; transmit­
ting a signal containing pressure, tcmperalUre or o ther tire 
information through the use of multiple anteJ1Jlas arrauged in 
a geometric partern to permit rri:ing1tlatio11 calculations 

FIG. 12 is a perspective view with portioiis cutaway of a 
SAW based vehicle gas g;1ge. 

65 based ou the time of aiTival or phase of the received pulses. 
FIG. 29A is a partial cutaway vi~w o f a tire pressure 

moJ1itor using an absolute pressure mcasu.ri11g SAW device. 
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FIG. 298 is a partial cutaway view of a tire pressure 
moniror using a differeu1ial pressure measuring S/\. W 
device. 

64 
PJG. 43 is a schematic of a circuit used in the boosting 

arr:iuge1ueu1 MPIG. 42. 

PIG. 30 is a panial cmmvay view of an iuterior SAW tire 
temperature and pressure monitor 1ncrnnted onto and below 5 
the valve stem. 

FIG. 44 is a block diagram of the compo1.1ents of tl.ie 
circuit shown iu PIG. 43. 

FIG. 45 is a schematic of a circuit used for charging a 
capacitor during movement of a vehicle which may be LLSed 
10 power the boosting ruwngement of FIG. 42. FIG. 30A is a sectio11ed view of the SAW tire pressure and 

temperature monitor of FJG. 30 incorporatii1g an absolute 
pressure SAW device. 

FJG. 46 is a block diagram of the components of t11e 
circuit shown iu FIG. 45. 

FIG. 30B is a sec11oned view of1]1e SAW tire pressuxe and 10 

temperamre monitor of FIG. 30 incorpor,:iting a differential 
pressure SAW device. 

PIG. 47 is a view of ,1 wheel iucluditlg a tire pmnpiug 
syst'em in accordance with the i.nventiou. 

FIG. 47A is nn enlarged view of the Lire pumping syste1n 
shown in FIG. 47. FIG. 3 1 is a view of an accelerometer-based tire monitor 

also incorporating a SAW pressure and tempera111re monitor 
and cemented to the iuterior of the tire opposite tl1e tread. 15 

FIG. 31A is a view of an accelerometer-based tire mo1J.itor 

FIG. 47B is an enlarged view oflhetire pumping system 
shown in PIG. 47 during a pumping stroke. 

FIG. 47C is ,l!l enlarged view of.JU electricity generating 
system used fo1 powering a pump. also incorpora1ing a SAW pressure and temperature monitor 

and inse11ed into 1be tire opposite the tread during manu­
facture. 

FIG. 32 is a detai led view ofa polymer011 SAW pressure 
se.nsor. 

FIG. 32A is a view of a SAW temperanu·e- and pressure 
monitor on a single SAW device. 

PIGS. 48A and 488 show an RFID energy genera1or. 
FIG. 49.'\ shows a front view, partially broken oway or~, 

?(1 PVDF energy generator in accordance with 1he invention. 
PIG. 498 is ~ cross-sectional view of the PVDF euergy 

generator shown in FIG. 49A. 

FIG. '.'128 is a view of au alternate design of a SAW 
temperarute and pressure monitor on a single SAW device. ::!5 

fJG. 33 i$ a perspective view of a SAW temperature 

PIG. 50A is a front view of an energy geJ1crator based on 
changes in the d.isrance be1wee11 tbe tire tread and rim. 

FlG. 508 shows a view of a first embodiment of a piston 
assembly of the energy generator sbowu in PIG. 50A. 

FIG. SOC shows a view of a second embodiment of .i 
piston assembly of the energy generator shown w FIG. 50A. 

sensor. 
FIG. 33A is a perspec1ive view of a device lhal can 

provide two measurements of temperanue or one of tem­
peratme and another of some 0U1er physical or chemic.ii 
properly such as pressure or cl.1eoucal co11centration. 

rIG. :nn is a top view of an alternare SAW device 
capable of determ.ining two physical or chemical properties 
such as pressure and temperature. 

FIGS. 34 and 34A are views of a prior art SAW acceler­
ometer that can be used for the tire m01litor assembly ofFlG. 
31. 

FIG. 35 fa a perspective view of a SAW aotenoa system 
adnpted for mouuting uodemeat:h a vehicle and for commu­
oicai-iog with the four mou11ted 1ires. 

FIG . 35A is a detail view of ai1 anteum1 system for use i11 
tl1e system of FJG. 35. 

FIG. 36 is a par1ial cutllway view of a pic;,,oelectric 
genemtor aud tire monitor using. PVDF film. 

FIG. 36A is a cutaway view of lhc PVDF sensor of FIG. 
36. 

. FlG. 37 is an alternate arrJ.D.g.ement of a SAW tire pressure 
and temperatiue mouitor installed in die wheel 1im faciug, 
inside. 

FIG. 38 illus1ratcs an altem,1tc method of.1pplyiug a force 
to a SAW pressure seJ1sor from U1e prcssu.re capsule. 

FIG. 38A is a detailed view of FIG. 38 of area ]SA. 
FIG. 39 is au altcruat'e method of FIG. 38A using a tlun 

film of Lithium Niobate 
FlG. 40 illustrates a preferred four pulse design of a tire 

temperamre and pressure monitor based on SAW. 
1•1G. 40A illustrates tl1e echo pulse mag.1utudes from the 

desigo of FIG. 40. 
FIG. 41 illustrate$ an ahcn1a1e shorter preferred four pulse 

design of a tire temperature and press,1re rnonjtor based oo 
SAW. 

FlG. 41A illustTittes the echo pulse magnitudes from the 
design of FIG. 41 

FIG. SOD shows a position of the euergy generator showu 
, c, in FIG. 50A when the tire is flat. 

FIG. 51 is an osdUoscope trace by Tmnscnse Technolo­
gies. which ouc coufiru1s eorrc3poudcuec between iotcrro­
gator pulse and voltage at the saw anlenna. 

PIG. 52A illustrates a11 electronic circuit ~uch as used by 
35 Tmnsense Technologies for their SAW based tire tempera­

ture and pressure mouitor. 
PIG. 528 illustrates an improved electronic circuit for use 

with an Fl D switch. 
FIG. 52C is the timing diugmm corresponding to flG. 

40 520. 
FIG. 53 is anoscillogram ofRr pulses, which are radiated 

the wterrogator. 
PIG. 54 show diodes wiuch transpose any sig.i.ml from the 

anrenna to a supply voltage (approximately 12V) for a 
45 digital code analyzer and sensor·s SPIJT switch SI 

PIG. 55 shows diode detectors D3 a11d D4 wl1ich trans­
pose signals from tbe antenna to digital code . 

PIG. 56 shows an arrangement for measuring lire tem­
peran1re in accordance with a preferred embodimenr of the 

so present inve1Jl"io11. 
PJG. 56A schematically illustn.ites the elements of a tire 

temperalure sensor in accordance with the invc111ion. 
FIG. 57A shows a thermal emilled radiation detecting 

device in accordance witb a preferred cmbodime11t of the 
55 invention. 

FIG. 578 is a c.ross-sectional, partial view of a tire well of 
a truck trailer showing the placement of the tl1ermal emitted 
radiation detectlng device shown in FJG. 57A. 

PIG. 58 schema1ic111.ly shows a compotrnd Fresnel lens 
60 used in the !henna\ emilled radial.ion detectiug device of 

FlG. 57A. 
PIG. 59 scbematical!y illustrates a circuit for deriving an 

indication of a tempet.lltu-e imbalance belweeu two tires 
using tire temperatnre sensor of FlGS. 57A and 57B. 

PIG. 42 is a schematic illustratiou of an arrangement for 65 

boosting signals to and from a SAW devici:- io accordance 
with the invention. 

PIG. 60 ilJu6trates another embodimeut of the thenual 
emit1e<l mdiatioo detector for use in tile mi:-thod :md appa• 
t'lltus iJ1 accordance with the wvention. 
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FIG. 61 illustrates nuotller embodjment of 1lle 11lermal 
emitted radiation derecror fi."lr use in the met111)d and appa­
ratus ia accordance with tbe invention. 

FIG. 62 illustrates auother erub11dirue11t of the thermal 
emitted radiation defector for use in the met.hod and appa­
ratus iu accordance with the invention. 

FIG. 63 is a scllematic illustration sllowing a basic appa­
ran.1s for monitoring tires in accordance with the invention. 

66 
PJG, 79 is a perspective view of a simply suppoJ1ed beam 

type loitd cell ror use with the fuel gage system of this 
iuvention. 

PIG. 79A is a planru· cross section view with paits 
5 cut:iway and removed of rhe load cell of FlG. 79 shown 

momited umo the vehicle lloor-pan a11d attnched to the fuel 
trulk. • 

FIG. 64 is a schematic illustration showing one basic 
method for mmutoring tires iii accordiwce witl1 the inwn- 1u 

FJG. 80 is a perspective view of a t1.1bular load cell for use 
with 1l1e fuel gage system of this invention. 

FlG. 80A is a planar cross section view with pa11s 
cutaway and removed of the load cell of FIG. 80 shown 
1110\mted 01110 the vehicle flo~1r-pan and attached to the fuel 
tank. 

lion. 
FTG. 65 is a schematic illt1Stratio11 showing an(llher basic 

method for monitoring rires in accordance with the. inven­
tion. 

FIG. 66 is a scheiUatjc of another embodimen1 of the 
i1wention for de.tcxting problems with a titt:. 

FTG. 81. is a perspective view of .i torsional beam load cell 
15 for use with the foel gage system of1his invention. 

FIG. 67 is a table showing 1c01perat1ires for the di1Jcre1Jt 
circumferential locations of t11e tire shown in PIG. 6~. 

FIG. 68 is an idealized schematic showing a system in 
accordance with the present invention using load ceJI trans- ?<, 
ducers. 

FIG. 69 is a perspective view of an aui-omobile fuel tank 
supported by three loHd cells shown prior t() at1acluneJ11 lo 

FIG. 8JA is a planar cross section view with pa11s 
cutaway and removed of tht: load cell of FlG. 81 shown 
mou.uted onto the vehicle lloor-pan and attached to the fuel 
lank. 

FJG. 82 is a perspt'Ctive view with portions cut away of' 
au automobile fuel trulk supported by one load cell. located 
at the approximate ceuter of gravity of the :foe] tank when 
fall. shown before Hltacbmcnt to the t,mk aud using one 
analog to digital converter shown schematically with addi-the rauk and using three analog 10 digital conve1ters shown 

scbematicallv. 
FTG. 70 is a detailed view or a four element strain gage 

prior to mounting lo a metal beam to form a load cell. 

25 t"ioaal Jateml supports for the fuel tank. 
PIG. 83 is a perspective view wirb portions cut away of 

an automobile fuel tank with a conventional float and 
variable resistor mechanism used in corubi11atfo11 with pilcl1 
and roll angle measw'ing transducers and associated a.ualog 

FIG. 71 is a perspective view of an aui-omobile fuel tank 
supported by three load cells shov.1n prior to attachmeut ro 
tl1e wnk as iu FIG. 69 but using only one analog to digital 
converter shown scht:matic:ally. 

3C1 to digital converters and associated ek'Ctronic circuitry. 

PIG. 72 is a perspective view of an m11c>1J1obi lc fuel tank 
supported by three load cells shown prior to auacluncnt to 

FIG. 84 is a perspective view with po11ions cut away of 
1t1l ou1~10Nbilc fuel tauk with a rod-in-tube c,1p11citivc foci 
level mc;,suring device used in combiuation wi th p1tcb and 
roll angle measuring transducers aud associated analog to the 1ank as in FIG. 71 using one analog to digital converter 

for the three load cells and also using pitch and roll angle 
sensors with associated am1log to digitrtl co.u.vei1ers shown 
scbemritically. 

35 digital converters ru1d electronic circuitry shown schemati­
caUy. 

FIG. 73 is a perspective view of an automobile fuel tank 
supported by two load cells shown prior to anachrueut to the 
tank and usiJ1g two analog Ill digital converters sbown 40 
scl1ematicaily. 

PIG. 84A is a cross-section view with portions cutm1,,ay 
and removed of the rod-in-tt1be capacitor fuel level me.asur­
iug device of FIG. 84. 

PIG. 85 is a perspective view witJ1 portk1us cut away of 
an automobile fuel tank with a parallel plate capacitive Ii.id 
level measuring device, where the plates are integral with 
the top and bottom ofthe fuel ra11k, used in combination with 
pitch and roll angle measuring transducers and associated 

FIG. 74 is a perspective view of an automobile fuel tank 
supported by two load cells shown prior to anacbment to the 
tank and usi.u.g two analog to djgital converters show.u. 
schematically as u1 FIG. 73 but with additional pircb and ro ll 
angle sensorS with their associated analog 10 digital con­
verters shown schematic.ally. 

45 analog to digit-al conveners and electro11:ic circuitry shown 
schematically. 

PIG. 75 is a perspective vit'w of an automobile fuel tank 
supported by one load ceJl shown prior ro attachment to the 
tank and using o.ue analog to digital converter shown scbe­
matically with additioual bu1ge supports for tile fuel tank 
and pitch ru1d roll scnSOrS shown schematically mounted 
separate from tlie tank and each havillg two analog to digital 
converters, 

FIG. 85A is a circuit diagram showiog the c;1pacitance 
circuit between the plates of the capacitor of FJG. 85 
illustrating a source of errors caused by a slrnut capacitance 

50 to Lh.e earth. 
FJG, 86 is a perspective view with portions cut away of 

an automobile rue] tank with an uitr;,sonic fuel kvel mea­
suring device located at lhe bottom of tbe lank. used iJ.1 
combination with pitch and roll ongJe measuring tram;ducers 

FIG. 76 is a perspective view of the apparatus as in FIG. 
69 with the addition of a protective skirt under the tank t·o 
prevent the buildup of mud and ice 011 the tank. 

55 nnd associated analog to digital converten; and electronic 
circuitry sbown schem11tica1Jy. 

FlG. 77 is a perspective view oftbe apparntus as in FIG. 
69 with tl1e addition of a specific gravity me.:1suring system 
compri~ing a mass and load cell with its associated analog 60 

to digital converter. 
PlG. 78 is a perspective view of a cantilevered beam type 

load cell for use with the foe! gage system of ibis invention. 
FIG. 78A is a planar cross section view with pa.1ts 

cutaway and removed of the load cell of FIG. 78 shown 65 

mounted onto the vehicle- floor-pan and attached to tbe fuel 
tank. 

FIG. 86A is similar to FIG. 86 bur includes a plurality of 
ultrasonic transducers 

PIG. 87 is a partial cutaway view or a section of a fluid 
reservoir with a SAW .fluid pressure and temperanl.fc sensor 
for moDitoriJ.1g foe!, oil, wmer or other fluid pressi1rc. 

FIG. 88 is a perspective view with portions cutaway of a 
SAW-based vehicle ti.tel gage. 

FIG. 88A is a top detailed view of a SAW pressure and 
temperah1re moDitor for use in the system of FIG. 88. 

PlG. 89 is a side view with pm1s cutaway and removc<l of 
A vehicle showing the passenger compartment containing a 
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rear facing chi Id seat lln the front passenger seat and a 
preferred mouuti11g location for an occupant and rear facing 
child seat presence detector. 

68 
PIG. 109A is a cross sectional view of the steering wheel 

shown iii FIG. 109 take11 along the line 109A 109A of PlG. 
109. 

PIG. 90 is a partial cutaway view of a vehicle driver 
wearing a seatbelt with SAW lbrce sensors. 

FIG. no is 11 front view of a force sensitive (ouch pad 
5 am1nged in connection with a steering wheel. 

FIG. 91 illustr:ates a strain gage on a bolt weight ~ensor. 
FIGS. 92A, 92B. 92C, 92D and 92E are views of occupant 

se.·n weight sensors nsing a slot spanning SAW str:a1n gage 
and other st min co11ct:ntr.:iting designs. 

FIG. 93 is a flow chart of the methods for autoruaticaJlv 10 

monitoring a vellicular component in accordance with th~ 
invention. 

JIIG. tlOA is a cross ~eclional view of the steering wheel 
shown in FIG. 110 takenaloug the line UOA- 110AofFlG. 
110, 

PIG. J 11 is a front view of a capacitru1ce touch pad 
arranged in conDection with a steering wbeel. 

FIG. 111 A is part of a cross sectional view of the steering 
wheel shown in FIG. J 01 taken along the line I UA- 111/\ 
of FIG. IOI. FIG. 94 is a schcnrntic lllustr.1tim1 of the components used 

in the methods for automatically mon.itoring a veb.icular 
component. 

FIG. 112 is a front view of a resistance touch pad arranged 
15 in connection with a steering wheel. 

PIG. 95 is a side view with parts cutaway and removed 
showing schematically the interface between the veb.ide 
wterior rnou.itoring system of this iuveDtiou and the vehicle 
cellular comm\111icatio11 syslC1n, 

FIG. 96 is a d.iagr,1111 of one exemplifying e!)lbndiment of ?(, 

tl1c invention. 
FIG. 97 is a perspective view of a carbon d.ioxide SAW 

sensor for mounting in the trunk lid for mouitoring tbe inside 
of lhe trunk for detectillg trapped ch.ildre.n or animals. 

FIG. 97A is a detailed view or the SAW carbon dioxide 25 

sensor of FIG. 97. 
FIG. 98 is a schemalic view or ovcr<11l telematics system 

in accordance with the invention. 
FIG. 99 is a perspective view of the combination of an 

occupant position sensor. diagnostic t:Jectron.ics and power 3'' 
supply and airbag module desig_ned to prevent the deploy­
Uleot of the airbag iJ the scat is 1u10ccupied. 

FIG. I 00 shows the application of a preferred implemen­
tat.ion of the: invention for mounting on the rear of front seats 
to provide protection for rear sent occupants. 35 

FIG. 101 is another imp.lemen.tation of the invention 
incorporating the electronic components into and ndjacent 
the airbag module. 

FIGS. 102A. 102B. 102C and 102D arc diOewnr views of 
an automotive couoector for use with a conxial electrical bus 40 

for a motor vehicle illustrnting the teachings of th.is inven­
tion. 

FIG. 103 is a cross sectiou view or a vehidt? wit.h 
he,ids-up display aod steeri11g wheel having a touch pad. 

FIG. 104 is a view of the fro11t of" p<1ssenger comp;irt-
ment of an nutom,)bile with ponions cut nway <111d removed 
showi11g driver aud passenger heads-up displ::iys aud a 
steering wheel mouuted touch pad. 

45 

FlG. 105A is a view of a heads-up d.isplay shown ou a 50 
windshield but seen by a driver projected in front or the 
windshield. 

rIGS. 1058- 1050 sl1ow various representative interac­
tive displays 'that· c,10 be projected on to l'be he.ids-up 
display. 55 

FIG. 11 2A is a cross ~ectioual view oftl,c steering wheel 
sbowll in FIG. JJ 2 taken along the line 112A- 112A ofFlG. 
112. 

FIG. 113A and FIG. J BB show other interior surfaces 
wh..:re touch pads can be placed such as on 1he anmest (PlG. 
IBA) or projecting our oftbe instrument panel (FJG. 1138). 

FIG. 114 is a perspective view of an antomal-ic seat 
Hdjusuncnt system, wilb the seal shown in pb!ll1tom, with a 
movable headrest aud sensors for mettrnring the height of 
the occupant :from the veh.icle seal showing motors for 
moving the seat and a control circuit connected to the 
sensors and motors. 

FIG. 115 ilkrstrates how the adjusunent of heads-up 
display can be done automatically_ 

fllG. 116 i6 a view of a directional microphone. 
FIG. 1J7A isn front view ofa steering wheel haviug two 

generalized swi(ehes locllted at 3 aod 9 o'clock of' the 
steering wheel rim. 

FIG. 1.l 7R i;; a view s imilar to FJG. JI 7 A with the 
add.itjon of a thtuub switch option. 

FIG. 117C is a rear vie\.V of the steering wheel of FIG. 
1178 with a finger trigger nptioo, 

PIG. 118 illustmtes the additioa of a mouse type scroll 
WIK~I for the lei! hand. 

PIG. J19 and PIG. 119A illustrate a dihedral reflector. 
PIG. 120 illustrates l11e reilection pattern from a dihedral 

rctlt>etor in the azimuth plane. 
PIG. 121 illustrates tbe retlection pattern from a dihedral 

retlecror in the vertical plane. 
FlG. 122 illustrates the at1glc doubli11g effect of a dihednil 

reflec-ror whell a polarized wave impinges ar an angle. 
FIG. 123 ,js an example or the use of a dihedral reflector 

for determining the position of a vehicle on a roadway. 
JIJG. 124 shows a dihedral reflector set at 45 degrees to an 

incident polruiwd radar beam to achieve a 90 d;grec mta­
tion during reflection. 

FlG. 125A is a block diagram ofan alternate very low cost 
low power metllod of making a tire pressure and tempc.racurc 
mo11.itor where the elec1ron.ics resides in tbe tire mottllted 
transceiver. 

FIG. 125B is a circuit diagram of an RF operated powe.r 
supply for the device of FIG. 125A. 

FJG. 106 is a diagram of advantages of small heads-up 
display projection screeu such as described in U.S. Pat. No. 
05.473,466. 

FIG. I 07 i~ a cross section view of itll airbng-equipped 
steering wheel showing a touch pad. 

FIG. 126 is a sketch showing a sensor assembly system in 

6
/J accordance witb the invention. 

FIG. 108 is a front view ofa steering wbeel having a touch 
pad arranged in connectiou therewilh, 

FIG. 108A is a cross secti.onal view oftlle steering wheel 
shown iu FIG. 108 taken along the line 108A- 108A of FIG. 
108. 

FIG. 109 is .a front view of an ultras0tmd-in-a-tube tom:h 
pad arranged in co11llcctio11 with a stcerillg wheel. 

DETAILED DESCRIPTlON OF Tf-lE 
TNVENTJON 

65 1.1 General Diagnostics and Prognostics 
·11w output of a diagnostic system .is generally the present 

condition of the vehicle or component. However the vehicle 
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operntor wants to repair the vehicle or replace the compo• 
nen1 before it fails. but a diag1iosis system in geuernl does 
nor specify when thnt will occur. Prognostics is the pmcess 

70 
sensor; tire pressure sensor: tire temperature sensor, tire 
accelerntioo sensor; GPS receiver: DGPS r~eiver: ::inti 
coolant' pressure sensor. 

of determining wbe11 tbe vehicle or a co01po11ent will fail. At 
le,,sl one of the inventions clisclosed herein iu concerned s 
with progJ1ostics. Progriostic$ can be based 011 models of 
vehicle or component degradation and the effects of envi­
ronment and usage. In this regard it is usefuJ to have a 
quantitative formu.latioll of how the component deg.mdalion 
depeuds on enviromuenr. usage and cttrreut component 10 

condition. Th.is formu lation may be obtai11ed by mo11itori11g 
co11dit io1.1, environment and usage level, and by modeling 

111e 1en11 "siiµi.al" as used herein generally refers to any 
lime-varying outpnl from a componeut including electrical, 
acoustic, thernrnl, electromagnetic rucliation or mechanical 
vibration. 

Sensors oo a vehicle are generally designed to measme 
pw-ticular parameters of panicul:lr vehicle components. 
However. frequently these sensors also measure outputs 
from oilier vehicle components. For example. electronic 
airbag crasl1 sensors currently in use contain one or more 
accelerometers for determining the accelerations or the the relationships with statistical techniques or pilllcm rec• 

og1iition tecll.Jliqnes ~11ch as neural networks. combination 
uetttal networks and ti.izzy logic. Jn some coses it coo also 15 

be obtaiued by theoretical melbods or from laboratory 

vehicle structure so that 1.he associated elect.ronic circui1ry of 
the airbag crasl1 sensor can determine whether a vehicle is 
experiencing a crash of sufticiem maguitudc so as to require 
deployment of tl1e airbag. Tius or these accelerometers 
continuously monitors 1be vibrations in the velucle slrncture 
regardless of the source of tbese v ibrai-ions. lf a wheel is out 

experiments. 
A preferred embodimem or the vehicle diag.nos1ic and 

progt1ostic tmit described below perfonns the diagnosis and 
prognostics. i.e .. processes the iuput f'rom the various sen• 
sors. on lhe vehicle using. fo r example. a processor embody­
ing. a pal1em recoguitioo technique such as a neu.ml network. 
The processor 1h11s receives data or siguals from the sensors 
ru1d generates an output indicative or representative of the 
operating coodJtions of the vehicle or its componeo1. A 
sig.nal could thus be generated indicative or an under­
inflated tire. or an overheating engine. 

For the discussion below, U1e following tenns are defined 
as follows: 

'The tenu "compoueot" as used bereiu generally relers w 
any parl or assembly of parts wb.lch is mounted lo or a part 
ofa motor vehicle and which is capable of emi11ing a signaJ 
representative of its operating slate. The following is a 
partial Hsr of general automobile and tmck compQnents, the 
list 1101 beiog exhaustive: 

Eng.inc: tnmsmis~ion: brakes and associated brake assem­
bly; tires; wheel: steeriug wheel and steering column assem­
bly: water pump: alternator: shock absorber: wheel mount­
ii1g assembly; rndiator; battery; oil pump; fuel pump; air 
e011ditioner compressor: difierential gear assembly: exhaust 
system: fan belts; engi.ne vaJves; steering assembly: vehicle 
suspension including shock absnrbers; vehicle wi,ing sys­
tem: and engine cot1liug fan assembly. 

The term "sensOJ'" as used herein gcnemlly refers to any 
measuring, detect-ing. or sensing device mounted on a vehicle 
or aoy of its c-0mponcuts ioclud1og new sensors mounted io 
conjunction with the diagnnstic module in accordance wilh 
the invention. A partial, non-exhaustive list of sensors that 
are or can be mounted on an amornobile or truck is: 

A.irbag crash sensor; 1rucropbone; camera: cheuiical seu­
sor; vapor sensor; anten1ia. capacitance sensor or other 
electromagn.etic wave sensor; stress or straiil sensor: pres­
sure scusor; weight sensor: magi1etic field sensor: coolant 
them1ometer: oil pressure sensor: oil level sensor: air flow 
meter: voltmeter; ammeter: humidity sensor; engine kuock 
sensor; oil turbidity seusor: throttle position sensor; steering 
wheel torque seusor; wheel speed sensor: tachometer: speed­
ometer: other velocity sensors: other position or displace­
ment sensors: oxygen sensor; yaw. pitch and roll angular 
sensors; clock: odometer. power steering pressure sensor; 
pollutioo sensor; foel gauge; cabin thermometer; t.rallSIJlis­
sion fluid level sei1s0~ gyroscopes or other angular rate 
sensors includll.lg yaw. pitch and roll rate sensors; 11cceler­
ometers including single axis, dual axis and triaxial accel­
eromct~·rs: an ine11ial measurement un.it: coolant level sen­
sor; transmission fluid tmbidity sensOJ'; brake pressure 

w of balance, or if there is extensive wear or 1l1e parts of the 
front wheel mounting assembly. or wear in the shock absorb­
er$. the resul 1ing abnormal vibrations or accelerations can. in 
mimy cases. be sensed by a crash sensor acceleromeLer. 
There are o ther c.ises, however. wbere tbe sensitivity or 

25 locmion of ao airbag crash sensor accelerometer is not 
appropriate and one or more additional accelerometers or 
gyroscopes may be mounted onto a vehicle for t.he purposes 
or this invention. Some airbag crash sensors are nm su1.li­
ciently sensitive accclcmmcrers or have sufficient dynamic 

3'' rclllge for the purposes herein. 
For example, a 1.ccl111ique for some implementations of aJ1 

invention di~closcd herein is lhe use ofurnltiplc .iccelcrom• 
eters and/or uiicrophones that will allow the system to locate 

35 
the source of any meas1u·ed vibratio11s based oo the time of 
flight. time of arrival, direction of arrival and/or triangula­
tion techniques. Once a distributed accclcromek!r inst.illa­
tion. or one or more lMUs. bas been implemeuted to peruut 
this source localiou. the same sensors can be used lbr 

40 smarter crash sensing as it can pcnuit tbe deternunation of 
tbe location of1he impact on the vehicle. Once the impact 
local ion is known. a highly tailored algorithm c.an be used lo 
accurately forl.'CaSl t11e crasl1 severity making 11se or knowl­
edgi? of lhc for~e vs. cru8h propertic~ of the vehicle at the 

45 impact loc.a1io11 
Every component of a vehicle can emit various signals 

during its life. TI1~e signals caa take the form of electro­
magnetic mdiatioo. acoustic rndiation, I.henna] radiation. 
vib.rations trousmitted through Ule vebicle strncture and 

50 voltage or current fluc.tuations, depending on the particuJar 
component. Wbcn a couiponem is fitnctioning nomially, it 
may not em.it a perceptible sig1111l. ln tl1at case, the uonnal 
slgual is no sigual. i.e., the abseace of a sig11al. In most cases, 
a componeo! will emit. signols tl1a1 clwoge over its lifo and 

55 it is these changes wh1ch typically contain i11formarion as to 
the s1ate of the component, e.g., whether failure of the 
component is impending. Usually components do not fail 
without warning. ffowever, most such warnings arc either 
not perceived or ir perceived. are not understood by the 

6,; vehicle operator until the compoueut actually fails .imL io 
some cases. a breakdowo of lbe vehicle occurs. 

In a few years, it is e;xpected that various roadways will 
have systems for automatically gnidii1g vehicles operating 
1hereo11. Such systems have been called "smart highways" 

65 aud are pari of the field of intelligent t:ransportation systems 
(ITS). lfa ve1ucle opemting on 8UCh a snwrt high.way were 
to breakdown due to the fai lure of a c:omponenl. serious 
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dismption of the system could res111L and the safoty of other 
usetf; of the smart highway could be end::mgered. 

When a vehicle componenl begins to change its opcraling 
behavior. il is not always apparent from 1he particular 
sensors which are monitoring that component. if any. 771e 
ot1tput from any one of these senSllrS can be normal even 
though the component is failing, By analyzing the output of 
a variety of sensors, however, the pending failure can 
frequen()y be diagnosed. For exaniple, the rate or tempera­
ture rise in the vehicle coolant, if it were monitored, might 
appear uormaJ mtless 'ir were known that the vehicle was 
idling an.d not traveling down a highway at a high speed. 
Hven the level CJ f c-0olant tempeniture which is in the nonnal 
range could be u1 fact abnonnaJ in some situations signify­
ing. a failing coolant pump. for example. but no t detectable 
frou1 1he cool::1111 1bennometer alone. 

The p.:nding fa.ilnre of some compun.:llts is di:Jlkult LO 

diagnose and sometimes the d(..-sign of tbe component 
requires modification so that the diag11o~is C,ill be more 
rc-<1d.ily made. A fan bcl~ for example, frequently begins 
failing as !l resul1 of a crack oftheinuer surface. The belt can 
be designed lo provide a sonic or electrical signal when this 
cracking begi11s in a variety of ways. Similarly. coolant 
hoses can bt: designed with an inte111ion::il weak spot where 
failure will occnr first in a controlJed rna.uner that can also 
cause a whis tle ~ound as a small amount of steam exits from 
tlie hose. This whistle sound can then be sensed by a ge11eral 
purpose microphone. for example. 

In FIG. 1, a generalized component 35 emitting several 
siguals which are 1ransmitled along a variety of pa1h.s, 
sensed by a variety of sensors and analyzed by the diagnostic 
device in occ,,rdnncc with the iiivcntioo is illu~tmtcd sche­
matically. Component 35 is mounted lo a vehicle 52 and 
dt11iug operation it emits a variety ~lf sig11als such as acoustic 
36. electromaguet-ic radimfon 37, thermal radiation 38, cur­
rent and voltage fluct11ations in conductor 39 imd mecbanicaJ 
vibrations 40. Various sensors are mounted in the vehicle Lo 
detect the signals emiued by the component 35. 11rnse 
u1cJude one or more vibrarion sensors (accelerometers) 44, 
46 and/or g.yro~copcs o r oue or more IMUs. oue or more 
acoustic sensors 41, 47. electromagnetic radiation sensors 
42, heat radiation sensors 43 and voltage or current sensors 
45. 

71 
vehicle. Also additiona lly as more and more vehicles are 
reporting cases tba1 perhaps are also examined by engineers 
or mechnnics, the resu11s can be ~ent to the subject veh.icle 
or mall similar vehicles aod the diagnostic software updated 

5 automatically. ·nius. all vehicles can have the benefit from 
information relative to perfom1i11g the diag_nostic function. 
Simihlrly, the "ehicle de,ilers and manufacturers can also 
have up-to-date infonnation as lo how a particular class or 
model of vehicle is pt::rforming. This tclematics function is 

10 discussed iii JUore detail elsewhere herein. By means of this 
~yslcm. a vehicle d iagnostic system can pre<lict' componelll 
failures long before they occur and thus prevent on-road 
problems. 

A.n important Junction that can be performed by the 
15 diagnostjc system l1erein is to subsfautially diagnose the 

vebicte·s own problem~ rntl1er lh(m. as is the case wi1J1 the 
prior art, forwarding raw datu tu a central site for diasuosis. 
Eventually, a f'tediction as to the fullure point of all sigp.ifi­
canl componenls can be made and the owner can have a 

2(1 prediction that tile fan bell ,-..,ill Inst another 20.000 miles, or 
that the tires sb01ild be rotared in 2.000 miles or replaced in 
20,000 miles. 171.is iuforruatio11 can be displayed or reported 
orally or sc111 lo U1e dealer who can then schedule a time for 
1he customer to visit the dealership er for the dealer 10 visit 

25 tbe vehicle wherever it is located. J fit is displayed, il can be 
automatically displayed periodically or when there is 
urgency or whenever the operator desires. 'l11e display can 
be loc.ated at any convenient place such as the dashboard or 
it can be a be..ids-up display. The display cau be any 

3C1 convenient 1cclmology such ::is ::in LCD display or an OL81) 
bused display. This cw1 permit the vehicle manufacturer to 
guarantee that tllc owner will never experience a Vt:'bicle 
breakdown provided he or she permits lhc dealc.r to service 
tl1e ve)1ic)e at appropriate times based 1.111 t11e output of 1he 

35 prognostics sys1em. 
It is worth emphasizing that ill many cases, it is the rate 

th.it a parameter is chaugiug that ca11 be as or more important 
1.hao the ac1Ual v::ilt1e in predicting when a co111poneu1 is 
likely ro fail. Ju a simple case when a tire is losing pressure, 

40 for example, i t is a quite diiforent sit11atiou if it is los iug o.oe 
psi per day or one psi per minute. Similarly for 1he tire case. 
if the tire is heating up at one degree per hour or l 00 degrees 
per bour may be more important in predicting failure due to 

1n add.it.ion, varions other sensors 48. 49 measure olber 
parameters of other components 1hat in some mannc.r pro- 45 

vide inii)1m.1tion directly or indiroctly on 1he oper::itiou of 
component 35. &1ch of the sensors illustrated oo FIG . .I cau 

delaminat.ion or overlmiding lh,m the particular tempennure 
of the tire. 

"fl1e diagnostic 1.nodule, or other component can also 
crnJsider situation awareness factors such as the age or 
driving habit$ or the operator, the location of the vehicle 
( e.g., is it u1 U1c dese1i, in U1e arctic in wiurer). the season, 
the We.Jther forecast, the length of a proposed trip, the 
munber and Jocalion of occupants of the vehicle etc. The 

be connected to a data bus 50. !\ diag11ostic module 51 , in 
accordnnce with the inveutio.n. can also be attached to tbe 
vehicle data bus 50 and it can receive the signals generated so 
by the various sensors. The se11Sors may however be wire­
!essly connectro to the diagnostic module SI and be inte­
gmted u1to a wireless power and communicatioru; system or 

system may even put limits on the operation of the vehicle 
such as lllnlllig off u1meoessary power consuming compo­
nents if the alternator is failing or Umitiog the speed of the a combin.atio11 of wired and wireless connections. 111e 

wireless com1ection of one or more sonsors to a recei vor, 
controller ur diagnostic module is an .in1portru11 teaching of 
one or more of the inventions disclosed herein. 

Tue diagnostic module 51 will analyze the received data 
in light of 1hc data values or patterns itself eilhcr statically 
or over time. lo some cases. a pattern recognition algorithm 
as discussed below will be used and in otbcrs. a determin­
istic algt1rithm may also be used eitlter a!oue or in combi­
nation with rlie pattern recog.nition algorithm. Additionally. 
when a new cfata value or sequence is discovered the 
information can be sent to an off-vehicle location. perhaps a 
dealer or mauufaclJ.irer site. and a search can bt< made for 
other similar cases and the resu lts reported back to the 

55 vehicle if the driver is ,1n elderly woman sillingclose to the 
steering wheel, for example. F\uthermore., the system may 
change the operational parameters of the vehicle such as the 
engine RPM or tbe fuel mixture if doing so will prolong 
vehicle operation. In some cases where then: is doubt 

60 whether a componeot is failing. tJ1e vehicle operating param­
eters may be 'tempor..irily varied by the system in order lo 
accenn,ate !lie :;ignal from U1e compN.ent to permit more 
accurate diagnosis. 

ln add.it.io11 t"o the above discussion tbere are some diag-
65 nostic features already ::ivailable on some vehicles some of 

which are related to the federally mand,11cd OBlJ-JI and can 
be included u1 the general diagnostics mid bea l111 moni toring 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
73 74 

powerless operation as discussed below. The Honeywell 
sensors can be 11etworked wirelessly but srill require power. 

Since th.is system is independent of the dedicated sensor 
monitoring system and instead is observing more than one 
sensor. inconsistencies in sensor output can be detected and 
reported indicating the possible e.rralic or inaccurate opera-
tion of a sensor even if !bis is intennitteur (such as may be 
caused by a Jose wire) thus essentially eliminating many of 
the problems reported in the above-referenced article 

foat11res of this invention. In typical applications. the set of 
diagnostic data i1iclndes at le::is t one of the fr)Jfowiug: 
diagnostic trouble codes, veh.icle speed, fuel level, fuel 
pressure, miles per gallon. engine RPM. mileage, oil pres­
sure, ail tempcral1in?, tire pressure. lire Lemperat11re. engine 5 
coolai\t t<:!mperatme, intake-manifold pressure, engine-per­
formance ttuli11g parameters. alarm sta111s, accelerometer 
status, cmise-control status. foel -injector performance, 
spark-plug timing. and a status or ru1 ,mti-lock braking 
system. 10 "What's Bugging tbe lligh-Tecb Car", Furtbem1L)re, the 

so ttware can be u1depe11dent of the vebi c.le s peci fie so ttware 
for a particular sensor and system and can farther be bast.-d 
on pattern recognition. to be discussed ne>..1, renderiug it 
even less Likely to provide tbe wrong diagnostic. Siuce the 

Tbe data parameters with.in the set describe a variety of 
electrical, mech1lJJical. and emissions-related functions in 
the vehicle. Several of the mare significant parameters lrom 
the set are: 

Peuding DTCs (Diagnostic Trouble Codes) 
Ignition Ti1ning Advance 

15 output from tJ1e diagnostic and prognostic system herein 
descrlbed can be sent via 1elematics to the dealer and vehicle 

Calculated Load Value 
Air Flow Rate MAF Sensor 
Engiue RPM 

manufacturer, the occmre11ce of a sensor OJ system failure 
can be iuu11ediately logged to fi.1rm a frequency.or failure log 
for a particular new vehicle model a llowing the manufac-

Engine Coolru1t Temperature 
l.ntake A.ir Temperature 

20 lurer to more quickly schedule a recall if a previously 
tu1k:nown problem surfrtces in the field. 

Absolute Throttle Position Sen.sor 
Vehicle Spl--ud 12 Pattern Recognition 

Ju accordance with at leaSt one invention. e.ich of the Short-Tem1 Fuel Tiim 
U)Ug-Tenu Fuel Trim 
Mll Light Status 
Oxygen SeJ1sor Voltage 
Oxygen Sen~or Ll1cation 
Delta Pressure Feedback EGR Pressure Sensor 
Evaporative Purge Solenoid Duty cycle 

25 signals emitted by the vehicle components cau be converted 
io10 electrical ,ignaJs and tlieo digitiz._-d (i.e., the analog 
sigm1J is converted into a digital signal) to create numerical 
time series daw wb.icb is emered into a processor. Pattern 
recognition algorithms can be applied by the prncessor to 

Fuel Level Joput Sensor 
Fuel Tank Pressure Voltage 
Engine Load at the Time of MisJire 
Engine RPM at the Time of Misfire 
Throttle PosiLion at the Time of Misfire 
Vehicle Speed -at tJ1e Time or Misfire 
Number of M.isfll"es 

3,, auempt to identify and classify patterns -in this time sc1·ies 
data. For a particular component, such as a tire for example, 
th<' nlgoritlun nttemp1s to delli'nniue from the relevnnt digitiil 
dat::i whether the tire is :functioning properly or whether it 
requlres balancing, additional air, or perhaps replacement. 

35 

Transmission Fluid Te111pcrnn1re 

Frcque11tly. the data entered into the pattern recog11ition 
algorithm needs to be preprocessed before beiug analyzed. 
The data from a wheel speed sensor, for example, might be 
used ··as is' · for determining whetlier a particular tire is 
operating abnonmilly in the cveot lt is unbalanced. whereas 

PRNDL position ( 1.2,3,4,S=mmtral, 6=revcrse) 
Number of Completed OBDII Trips. and 
Battery Voltage. 
When the diagnostic system determines tliat the operator 

is operating the wl1ide in such a maimer that the fa ilure uf 

40 Lbe integntl or the wheel speed data over a long time period 
(a preprocessing srep). when compared to such sensors 011 

different wheels, mig)ll be more useful in detenniuing 
whether a particular tire is going flat and therefore needs air, 

a component is accelerated. then a warning can be issut::d to 45 

the opemtor. For example. tbe driver m~iy bave inadvertently 
placed the autornatfo gear shift lever lo a lower gear ;md he 
driving at a higher speed t.hai1 he or she should for tl1at gear. 
ln such a case, the driver can be notified to change gears. 

Managing tbe diagnostics and prognostics of a complex so 
system l1as b~'lln l!!1111cd "System llealth Man::ig,nnent'" and 
has uot been applied to over t11e road vehicles such as trucks 
and automobiles. Such sy~tcms are used for fanlt detection 
aud identification, failure prediction (estimaring the time to 
fuih1re). trackiug degradation, maintenance scheduling. 55 
en·or correction in tile various measurements which lmve 
been cotnJpred and these same tasks are applicable bere. 

Vaiious sensors, botl1 wired and wireless. will be dis­
cussed below. Representative of such sensors arc those 
available from lloneywell which are MEMS-based seusors 6<J 

for me::isuriog temperature. pressure. acoustic emission, 
straiu. ttnd acceleration. The devices are based ou resomlJ11 
microbeam force sensing teclrnology. Conpled with a pre­
cision silicon micro~'trUcture. tbe resonant microbeams pro­
vide a Jligh sensitivity for measuring inertial acceleratiou. 65 
inclination. nod vibrations.Alternate designs base<l on SAW 
technology lend themselves more readily to wireless and 

This is the basis or some tire monitors now on the market. 
Such i.ndiroct ~-ystems are uo1 pem1ined as a me:ms for 
satisfying federal salety requireiuents. 1bese systems gen-
emlly depend 011 the comparison oftbe integral of the wheel 
speed to determine tl1e distance traveled by the wheel 
surface and that system is tl1en compared with otber wheels 
Oll the vehicle to determine th.at one tire has relatively less 
air tJian anotJ1cr. Of course tJ1is system !ails if all oftl1e tires 
have low pres~ure. One solution is to compar~ the distance 
traveled by a wheel with the distaucc tbat it sh()uld have 
traveled. If the 0J1gular motion (displacement aJld/or veloc­
ity) af1l1e wheel axle is k"Tlown, than (his comparison can be 
made di.reclly. Alternately, if the position of Lhe veb.icle 1s 
accurately morutored so that the actual travel along its path 
can be J.etermi1wd th:rougb a combination or GPS and an 
IMU, for example, the11 again the pressure within a vehicle 
tfrc can be detcm1ined. 

.Jn some cases, !he l'rcqueucies present in a set of data arc 
a better predictor or CCHtJponent fai lures than the data itself, 
For exau1ple. when a motor begins l'o tail due lo worn 
bearings. certain characteristic frequencies began to appear. 
[n tnost cases. 1be vib111tious arising from rotating compo­
nen1s. such as the cnginc. will be normalized bosed on the 
rotationnl frequency. Moreover. the idcJtti6c;:itiou of which 
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component is causing vibratio11s present in the vehicle 
structure can frequently be accomplished through a fre­
quem:y analysis of the data. For these cases, a Fourier 
transformation ofthe data can be made prior 10 enuy oftbe 
d.ita into a pattern recognition algoritl1111. Wavele t trans­
form$ and other mathematical t.ra11$for111atin11$ are a l$O made 
for particular pottem recognition purposes iu practicing the 
te.1chings of this invention. Some of these inchide shifting 
and combining datfl to determine phase changes for 
ex,uuple, diJJerentiatiug Lhe data, filteriug ilie data and 
sampling the data. Also, there exist certain more sophisti­
cated mathemat.ica I operations that attempt to extract (1r 
highlight specifk features tifthe data, 111e inventions herein 
contemplate the use of a variety of these preprocessing 
techniques and the choice of which one or ones to use is left 
to the skill of the practitioner design.ing a particnlar diag­
nostic and prognostic module. Note, whenever dial!,nostics is 
used below it will be assumed to also include prognostics, 

As shown in FlG. l. the diagnostic module SI has access 
to thi.: outplll data of each of the sensors U,al are known lo 
have or potentiully may have information relalive to or 
concerning the component 35. 'This data appears as a series 
of ntunerical values each corresponding to u measured value 
m a specific point in time. The cu1)1t1 lative data from a 
particular sensor is called a time series of i11dividual data 
points, TI1e diagnostic module 51 C0lllpares the pattems t1f 
data received from each sensor individually. or in combina­
tion with data .from other sensors, with patterns for which the 
diagnostic moduJe !ms been prograouued or trained to 
determine wbetht:r the component is fi111c1ioning mmnally o r 
abnormnlly. 

Lmportant to some c,ubodimcnts of the invt:utfon~ herein 
is the manner in which the d.iagnostfo module 51 determines 
a 11or111al pattern from an abuonual pattern and the manner 
i11 which it decides what data to use from the vast amount of 
data 3vaiJable. This can be accomplished 1Jsiog pitttern 
recoguitiou technologies such as artificial neural networks 
and crniniog and in particular. co111bina1ion neural nerwork~ 
as de~cribed ill U.S. pa1en1 a.pplication Se1·, No, 10/413,426 
(Publica tiou 20030209893). ll)e tJ1et, ry or ne\m.tl networks 
including m::my examples can be found in several books on 
the subject including: ( 1) Tecl111i11r1es Aud Application Of 
Neural Ne/works. edited by Taylor, M. and Lisboa, P .. Elfo; 
Hmwood, West Sussex. England, 1993; (2) Nalurofly lmel ­
ligent ::.:vstems. by Caudill, M. and Butler, C., MIT Press, 
Cambridge Mass .. 1990: (3) J . M. Zarnda. /111rod11ctio11 tu 

Art/lirin/ Neumf Systems. West publislting Co., N.Y., 1992, 
(4) Digi1al Neural Networks. by Kung, S. Y., PTR Prentice 
Hall Englewood Cliils, N.J., 1993. Eberhart, R .. Simpsou. 
P .. (5) DobbiJIS, R., Co111p,11a1io11al l111elligence PC Tools, 
Academic Press, Jue., 1996, Orlando. Pia., (6) Cristianin.i. N. 
and Shawe-Ti,ylor. J. An "1lrod11clion to Suppm1 Vector 
Machines and o/her ke rnal-based learning methods, Cam­
bridge University Press. Cambridge England. 2000; (7) 
ProceedingJ 11[ !he 2000 6'h IEEE /111ernnlio11nl Workshop 
on Ce/111/ar Neural NeMorks and !heir A.pplica1io11s (CNNA 
2000), IEEE. Piscataway NJ.: and (8) Sinha, N. K. and 
Gupta, M. M. Sojl Computi11g & Intelligent Systems, Aca­
demic Pr..:ss 2000 San Diego. C'ali f. ]lie neural network 
pattern recogui1im1 technology is one of the 01ost devefoped 
of pattern recogni tion tccbnologies. The iuventioo de.scribed 
herein frcqtLently \1scs combinati~1os of ue~in1l networks LO 

improve the pattern recognition process, as discussed i11 
detail i.1.1 U.S. p!lteot application Ser. No. 10/413.426. 

76 
example of a puttem recognition technology but it is empha­
sized that this invention is 1101 limited to neural nctWl) rk~. 
Rather, tbe i11ve11tion may apply illlY known pattern recog-
1titio11 technology including various segmentation tech-

s niques. sensor fosion and various correlation technologies, 
In some ca.,es, the pattern recognition algorithm is generated 
by an algorithm-geueratiug progr.un and in other cases, it is 
created by. e.g., an engineer, scientist or programmer. A brief 
description of a particular simple cx.uuple of a neural 

10 network _pattern recoguiciou teclu10logy is set fortl1 below. 
Neural networks are coL1structed of processing elements 

known as neurons that are interconnected usillg inlbrnrntion 
channels called ince.rcoL1ncctS and arc arranged in a plurality 
of layers. Each neuron can bave multiple inputs but gener-

15 ally on..ly one outpuL Each output however is usually con­
nected to many. frequently all. other neurons in the next 
layer. The neurons iu the li.rst layer operate col lectively ull 
the i11put data as described in more detail below. Neural 
networks leam by extracting relationa l information from the 

21, data and lhe desired output. Neural networks have been 
applied to a wide variety of pattern recoguilion problems 
including automobile occupant sensing, speech recognition, 
optical character rccoWJilion aud handwriting analysis. 

To train a neural network, data is provided in the foru1 of 
25 one or more time series 1lmt represents the condition to be 

diagnosed us well as normal operation. As an exampk, the 
simple cuse of an out-of-balance tire will be used. Various 
sensors on the vehicle can be used tu extract inlornrntion 
from signals emitted by the tire s11cb as au accelerometer. a 

3c, torque sensor on the steering wheel, the prcs~i.1rc output of 
the power steering system, u tire pressure monitor or lire 
tcmpcrarurc u1oui1or. Other sensors that might not have au 
obvious relationship to tire unbalance (or imbahince) are 
also included ~uch as, for example, tl1e vehicle speed o r 

35 wheel speed that can be determined from the anti-lock brake 
(ABS) system. Data is taken from a variety of vehicles 
where the tires were accurately balanced uuder a variety of 
opernting conditions also for cases wbere varying amoums 
oflise unbalance was intentionally introduced. Once the data 

40 had been collected.. some degree of preprocessillg or fcati.1re 
cxtrncti.on is usually perfonned 10 rt-duce the total amount or 
data fed to the neural network. In the case of the unbalanced 
tire, the time period betweeu data poinrs might be selected 
such that there are at least ten data points per revolution. of 

45 the wheel. For some other application. the time period might 
be one minute ur Me millisecond. 

Once lh!i' data has been collected. ic is proce:;scd by a 
neural netwmk-generatil)g program. for example, ifa neuml 
network pattern recognjtion system is to be used. Sncb 

so programs are available commercially. e.g., :from NeuraJWare 
of Pittsburgh, Pa. or from International Scientific Research, 
hie., of Panama fot modular nenral 11ctwoiks. ·n11: progmm 
_proceeds in a trial mid error manner until it successfully 
associates the various patterns representative of aboonnal 

55 behavior, an unhalanced tire in this case, with that condi1ion, 
The resulting 11eural network can be tested to determine iJ 
some of the input data from some of the sensors. for 
example. can be eliminated. In this maJ111er, the engineer can 
determine what sensor data i~ rclevru,t to H particular diag-

61J Jtostic problem. Tbe progmm the11 ge11e.rates all algoritluu 
that is progranuned onto a microprocessor. microcontrollcr, 
neurol processor, FPGA. or DSP (hereio collectively 
referred to us a 111icroprocessor or processor). Such :i micro-
p rocessor appears inside the diagnostic module 51 iu. FTG. 1. 

Tue neural uetwork pattern recognition technology is one 65 

oJ the most developed of pancrn rccog:nltio11 tecboologil!S. 
The ueu.r-<1I network will be used here to illustmte one 

Once trained. tl1e 11eu111l network, as represented by the 
algori tlun. wiU now recognize .in unbalm1ced tire on a 
vehicle when this event occurs. At that lime, when the tire 
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is m1bala11ced, the diagnostic module 51 will output a 
me~sage to the driver iudicating 1ha1 the- tire should now be 
balimced as described iu more de1ail below. The message to 

78 
Each of the input nodes is usually coru1ected to each of the 

secoud layer 110dcs, h-J . h-2, . . . b-n, called the bidden 
layer, either electrically as in the case of a neural computer, 
or through malbematical functions containiug multiplying the driver is provided by an output device coupled to or 

incorpon:ned within 1l1e module 5 1. e.g .. an icon or toxl 
display, aud may be a light on tbe dashb~1ard, a vocal tone 
or any other recognizable indication apparntus. A similar 
mess;ige may also be senl to the dealer or other rep;iir facility 
or remot.:: facility via a c:ommuniC'<1Lio11s cbrurnel be1wcen tl1c 
vehicle and the dealer or repair facility. 

s c:t1ellicients called weights. in the manner described. in more 
derail in the above reforences. Ai each l·liddcn layer node, a 
summation occurs of the values from each of the input layer 
nodes. which have been operated on by functions contai.lling 
the weighls, to create a node value. Similarly. U1e hidden 

11 is important to note that there may be many neural 
networks involved in a tow! vehicle diagiwstic system. 
·n1c.~e can be organized ei ther in parallel, series. as an 
ensemble, cell11lar neural network or as a modular neural 
ue1work system. ln one i.mplemeutation of a modular neural 
network, a primary neural network ideutifies that there is an 
abuormaLity and tries to ideutify the likely somce. Once a 
choice has been made as to the likely source of the abnor­
mality. another, specific neural network of a g.roup of neural 
networks can be called upon to determine the exact cause of 
the abnormality. In this manner. the neural uetworks are 
arranged iu a tree pattern with each neural network trained 

,u layer nodes are. in a like manner. connected to the output 
layer node(s), ,~hich iJ1 this example is 011ly a single □ode 0 
represeming Lhe decision 10 noLi fy tbe cl.river, and/or a 
remote facility, of the unbalanced tire. During the training 
phase, an output node value of I . for example, is assigned to 

15 iudicate that the driver should be 110tified and a value or O is 
assigned 10 11ot notifying tbe driver. Once again, the de1ails 
of this process are described in above-referenced 1exts and 
will not be presentt.xl in detai l here. 

In the example above. twenty input nodes were used, five 

to pcrfom1 a pruticulru- pattern recognition task. 

w hidden layer nodes and one output layer node. Jn this 
example. ouly one sensor was considered and accelerations 
from only one direction were used. If other cl.1ta from other 
sensors such a$ accelcrmions from 1l1e verlical or lateral 
dir~-ctious were also used. then the number of input layer Discussil)ns l)Jl the operatiou of a neurnl network c:,ul be 

found in the above reterences on the snbject and are under­
stood by those skilled in the art. NeuraJ networks are the 
most we!l-1..,mwn of the pattern recognition technologies 
based on training. although neural networks have only 
recently received widespread a1tentiou and have been 
applied to only very limitL-d aud spcciali7.L>cl problems in 
motor vehicles ~uch as occup,tnl sensing (by the curreul 
a~sigucc) a11d engine conLJOl (by Ford M<)IOr Cowpally). 
Other non-training based pattern recognition technologies 
exist. such as fi.izzy logic. !Jowever, the programming 
required to use fuzzy logic. where the panerns must be 35 

determine by the progral.lllller, usually reader lhese systems 
imprac1ical for general vehicle diagnostic problems such as 
described herein (although their use is uot impossible in 
accordance with the teachings of ihe inveutiou). Therefore, 
preferably tbc paltern recogoitioo systems that leani by 
tr.lining are used herein. It should be noted that neural 
networks are freq11ently combined with fuzzy logic and such 

25 nodes would increase. Again, the theory for determining the 
complt::xity or a n.eural oetwork for u partic\tlar applica1io1J 
has been the subject of many tecluiical papers and wi ll not 
be presented in detail here. Determining the requisite com­
plexity for tbe.exaJ.Ilple presented here can be accomplished 

3c, by those skilled in the art ofueural network design. Also one 
p1U1.icular preferred type of neural network has been dis• 
cu~scd. Many 01J1ci; typc.s exist as discussed in the above 
references and the inventions herein is not limited to the 
particular type discussed here. 

Briefly. the neural network described above defines a 
method. using a panern recognition system, oJ sensing an 
unbalanced tire a11d delenuining whether to uoti fy tht: driver, 
and/or a remote facility. aud compYises the steps of: 

(a) obtaining flll acceleration signal from an accelerometer 
40 iuo1u11ed oo a veh.icle; 

n combination is contemplated bereill. The oeur::il network i$ 

the Jirsr highly successful of what will be a v;iriety of patt·em 
recoguition techniques based on tr-ain.ing. ·n1ere is nothing 45 

that suggests that it is the only or even 1he best technology. 
The characteristics of all of these tecbnologic-s wl1ich reader 
them applicable to Lhis general diagnostic prtiblem include 
the nse of time- of frequency-based input data aod that 1l1ey 
are trainable. In most cases, the pattern recognition recb.nol- so 
ogy learns from examples of data charncteristic of normal 
and ::ib1llir111al component operation. 

A diaH,ram of oue example of a neurnl network usc<l for 
diagnosing an unbalonced tire, for example, based on the 
teachings of this invention is shown in FIG. 2. The process 55 

can be programmed to periodically test for an unbalanced 
tire. Since this need be done only infrequently, the same 
processor can be used for many such diagnos1ic problems. 
When the particular diagnostic 1est is nul, data from the 
previously detennined relevaut sem;of(s) is prepmcessed 60 

and analyzed with the neural oetwork a lgori1hm. For the 
imbalanced tire, using the da1a from a.n uccelerometer for 
example. the digital acceleration values from tl1e analog-tu­
digital converter iu the accelerometer are entered into nodes 
1 through o and 1be neuml network algo.rithtn compares the 65 

pat11?m uf values 011 nodes I through 11 will1 pa11em~ for 
which ii has been trained us follows. 

(b) converting the acceleration signal into a digital time 
series: 

(c) entering the digital time series data inro the input 
nodes or1he neural network: 

(d) performing a mathematical operation m1 the data from 
each of the inpm nodes aitd inputting the operated on data 
into a second ~eries of nodes wberein the operation per­
formed on each of the iJ1put node data prior 10 inputting the 
operated-on value to a second series 1mde is diJferenr from 
that operation performed on some other iJ1p1n- node data 
(e.g., a diflerenl weight value can be used): 

(e) combining the ope-ratcxl-on d::ita from most o r ..ill of the 
i.oput nodes into each second series node to form a value aJ 
eacb second series node: 

(0 perl'orming a mathematical operation on each of the 
values on the seco11d series of nodes and inputting 1l1is 
operated-on data into an output series of nodes wherein the 
operation performed on e.1cb oftbe second series node data 
prior lo inpulling lhc opcr.i1ed-on value to ,u1 ou1pu1 series 
node is cliOere.11t frorn that operation petfonned ou some 
other second series node dnt,1: 

(g) cwnbilling IJ1c \1perated-01J data from m~1st or all oftb.e 
second series nodes into each outplll series node to form a 
value at each output series node: aod. 

(b) notifying a driver iJ 01e value on one ourpur series 
node is within a selected range signifying that a Lire requires 
balancing. 
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This me1bod can be generalized to a me1hodof predicting 
that a compooenr of a vehicle will fuil comprising 1be steps 
of: 

(a) scusing a signal em.i1ted from the compooent; 

80 
ro the other tires, for example. This techuiq11e can also be 
used to associa1e a ti.re pressure moJlitor R.F siinal with a 
pa.i1·icular rire. An alternate method for tire identification 
makes use of aJJ RFID tag or ari RFID swircb as discussed 

(b) converting the sensed signal into a digiral time series; 
(c) entering the cligiLHI Lime series data into a pattern 

5 below. 

recoguition algorithm: 
(d) executing tl1e patteru recogoitfou algorithm lo deter­

mine if iherc exists wilhin the digit-al time series dat<1 a 
pattern characteristic of abuoimal ;pcratiou of tile compt,- 10 
neut: and 

(e) uotifying a driver and/or a remote facility if the 
abnonnal pattern is rccog11ized. 

The particular neural network descdbed and illust.rated 
a hove contai11s a single series of hidden layer nodes. l.I1 some 15 

network de-signs, more tlmn one b1ddeu layer is used. 
aJthuugb uuly rarely will more than two such layers appear. 
There are of cottrse many other variations l,f the neural 
network arcl1itectwe illustrated above wh1cl1 appear in the 
reforenced liter'<1tt1re. For the purposes herein. therefore, 2(, 

"neural network'' can be defined as a system wherein the 
data to be processed is separated .into discrete values which 
arc then operated on nnd combined in at least a two stage 
process and where the operation performed on the data at 
each stage is in general di lferenl for eatsh disl:reLe value and 25 

where the operation perfonned is al least determined 
tlirough a training process. A different operation here is 
meant any dillerenoe in. the way that Lbe out-put of a neuron 

Jn FIG. 3, a schematic of a vehicle ,vith several Cllmpo­
nents and several sensors is shown in their approximate 
lccations on a vehicle along wi1b a total vehick diagnostic 
system io accordance with tl1e inveut-ion utilizing a diag­
nostic module in accordance with the inventi~1n. A flow 
diagram of information passing from the various sensors 
shown in FIG. 3 onto the vehicle data bus. wireless com­
mm11cation sys1em, wire harness or a combination thereof, 
a11d thereby into the diagnostic device in. accordance with 
the invention is shown in FlG. 4 along with ou1pms k1 a 
di~l)lay f1.1r t101ifying tlle cl.river mld to the vel1icle cellular 
phone, or other com.muuication device. for nodfying the 
deuler. vehicle 111.unufacturer or other entity concerned with 
the fai lure or a component in the vehicle. If the vehicle is 
opernting on a smart highway, for example, the pending 
component failure information may also be corumun.icatod 
to a highway control system ill!dlor to otber vehicles in the 
vicini ty so tbat an orderly exiting of the vehicle from the 
smar1 highway can be facilitated. FIG. 4 also contains the 
Jlames of !lie sensors shown numbered iu FIG. 3. 

Note. where applicable in one or more of the inventions 
disclosed herein, any form of wireless commm1iea1ion is is u-eated before it is inputted into another neuron such as 

multiplying it by a different weight or constant. 3,, contemplated for intr:'J vehicle communications between 
various sensors and corupoueots including amplltnde moclu­
latioo. frequency modufatiou. TDM~. CDMA. spread spcc­
lntm, ultra wideband and all variations. Similarly. all such 
methods are also cootempla1ed for vehicle-lo-ve.llicle or 

The implementation of neural network-s can take 011 at 
Jens, two !onus. an algorit]uu pn,grnnuncd on a digital 
microprocessor. FPGA, DSP or in a ac.ural computer (in­
cluding a cellular neural network or supp(,rt vector 
machine). Ju t11is regard, it is noted t11at neural computer 35 

chips are now becoming available. 
ln the example above. ouly a single component failure 

was discussed using only a single ~ensor since ti.le data from 
tl.Je single seusor contains ,t pattern which the 11eu.ral uetwork 
was traiJled to recogni7.c as either nortnii1 operation of the 40 

component or abnormal operation of the component. 1l1e 
diagnostic module 51 contains preprocessiJ1g and neural 
network algorithms for a number of co11.1poneut failures. TI1e 
ueur;il network algorithms are general!)' relatively simple, 
requiring only a relatively small number of lines of com- 45 

pntl:'r code. A single general neural network program can be 
used for multiple pattern recog11ilion cases by specifying 
different coefiicients t'or the various node inputs, one set for 
each applicarion..- Tirns. addi11g differeut diagnostic checks 
has only a small afiect on the cost of the system. Also, the so 
system can have avaih1ble to it all of the i1ubrmation 
avaZlable on the <law bns. 

vehicle-to-infrastrnclllre commm1icatio11. 
Sensor 1 is a crash sensor having an accelerometer 

(alternately one or more dedicated accelerometers or JMUs 
31 can be used). sensQf 2 is represents oue Qr more micro-
phones. sensor 3 is a coolant thennometcr. sensor 4 is ao oil 
pressure sensor. sensor S is an oiJ Jevel sensor, sensor 6 is an 
air flow meter. sensor 7 is a voltmeter, sensor 8 is an 
ammeter, sensor 9 is a humidity sensor, sensor 10 is au 
engine knock sensor. sensor 11 is 1.111 oil nirbidity sensor. 
sensor 12 is u throttle position sensor, sensor Dis a stccriug 
torque sensor, ~ensor 14 is a wheel speed sensor, scnsm 15 
is a radiometer, sensor 16 is a speedometer, sensor 17 i-s an 
oxygen scasor. 5l'nsor 18 is a pitch/roll sensor. sensor 19 is 
a clock. sensor 20 is an ~1do111eter. sensor 2·1 is a power 
steeriug pressure sensor, sensor 22 is n pollutiou sensor. 
sensor 23 is a foe] gauge. sensor 24 is a cabin thermometer, 
sensor 25 i.s a transmission fluid level sensor, sensor 26 is a 
yaw sc11sor. sensor 27 is 3 coofant lcvd sensor. sensor 28 is 
a transmission Jl\lid turbid1ty sensor. sensor 29 is brake 
pressure sensor aud sensor 30 is a ct,ola111 pressure sensor. 

During the lr'.:tining prol:ess, the panern reL-og.ilition pro­
gram sorts out from the avail.ible vehicle data 011 lhe data 
bus or from other source~. those patterns that predict failure 
ofa particular componellt. lf more thai1 one sensor is used 
to sense the output from a component, such as rwo spaced­
ap11rt microphones or acceleration sensors, then ti.le location 
oftl1e component call sometimes be c..letermi.ned by triangu­
lation based 01i the ph11se difference, time of arrival and/or 
angle ofurrival of the sig.nals to the dilforont sensors. Tn th.is 
nJa1111cr, a partiC\Jlar vibrating tire can be identified, for 
example. Siuce each tire on a vehicle does not always make 

55 Other possible sensors include a temperature tr,msducer, a 
pressllfe transducer, a liq11id level se1isor, a flow meter, a 
position sensor, a velocity sensor. a RPM sensor, a che111ical 
sensor and an angle sensor. angular .rate sensor or gyroscope. 

the same number of revolucio.ns in a given time period, a tire 
call be idemified by comparing the wheel sensor outpur wi1l1 
the vibration or o ther sigml from the tire co identify the 
fai ling tirt!. The phase of the failing tire will i:hange rtlative 

Ir a distributed group or nccelemtiou sensors or acceler-
6<J orueters are us~ to permit a dete11nina1ion oftl1e k1catioo of 

a vibration source. the same group cau, in some cases, also 
be used w measure the pitch. yaw audfor roll of tl1c vcbicle 
eliminating the need for dedicated angular rate sensors. In 
addition. as mentioned above, such a suite of sensors can 

65 also be used to deter1Uine the locatiot1 and severity of a 
vehicle crash and additionally to dclenninc that the vehicle 
is OD the verge of rolling over. Tlms. the sumc suite of 
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accelerometers optimally perfom1s a variety of ti.mctions 
11lc1uding inertial navigation. crash sensing. vehicle diag­
nost ics. roll-over sensing ett·. 

Con.sider now some examples. The roUowing is a partial 
list of potential component failures and the sensors from the 
list on FIG. 4 that might pnwidc in!bnnarion to predict the 
fai lure of the component: 

0Qt of balMc< tir<--s 
Front c,trl onl 1>f •Jig111111:-nl 
Tw1e up required 
Oil cb!lllge needed 
Motor failure 
Low tire pressure, 
Fmnl end looseness 
CooliJlg system failure 
Alternntor problems 
TrMs111issioo problem, 
Di.fferential problems 
Hmh,s 
Cotaly(ic converter 311d mulll<r 
Ignition 
'fjre wear 
Fud le.'lkage-
fon bcJt slippage 
Alternator dcte,ior:ition 
Cool•nt p11mp f.iilure 
Coolant hose failu~ 
Startor failunc 
Di.Tty •ir filler 

l, I 3. I 4, I 5. 20, 11 
1, 13, 21, 26 
I, 3. 10, 12. 15, 17. 20.12 
3, 4, 5. 11 
I, 2.J, ~. 5. 6. 1\1, 11. 15, 17. 22 
I. 13. 14. 15. 20. 21 
I, 13. 16, 21. 26 
;l, 15, 24, 27, 3U 
I, 2, 7, ~. 15, 19, 20 
I, 3, 12. 15, 16, 2CJ. 25. 2~ 
I, 12, 14 
I,'.;!. l4, 1&, 20. 2(;i, 29 
I. 2. 12. 15. 22 
I. 2. 7. 8. 9. \II, 12. 17. lJ 
I, U , 14., 15. 18, 2u. 21, 26 
1c,. 23 
I, l, 3, 7. 8, 11. 15, 19. "" 
1. 2. 7, 8, 15. 19 
I, 2, 3. 24. 27, 30 
1. 2. 3. n JO 
I. 2. 7. 8. 9. 11. 15 
~. 3, 6, 11, lc.17, 12 

82 
signals from a plurality of components which are then 
aoalyzro by 1lw processor 10 deteru,ine if any one o r the 
components lor wh.ich the received signals were ob1ai11ed by 
that seusor is operating iu an abnonnal state. Likewise. it is 

5 also possible to provide for a plurality of sensors each 
receiving a d.itlcreut signal related to a ~pt'Cific component 
which are then analyzed by the processor to determine if1hat 
component is operating i11 an abnormal st11te. Neural nel­
works can simultaneously analyze data from mulliple sen-

10 sors of tbe s,1me type or different types (a fonu of sensor 
fusion). 

As cau be uppreciated from Lhe above discussion, an 
invention described herein brings sever.ii new improve­
ments to vehicles includi11g, but not limited to. the use of 

15 pattern recognition technologies to diagnose potential 
vehicle c~1111pommt failures. the use of trainable systems 
thereby elim.in;iting the need of complex and extensive 
progranuning. the sitnu!Laneous use or multiple sensors to 
monitor a particular component, the use of a ~ingle sensor to 

io l)lonitor the o~rntion or many vehicle components. the 
moniroring of vehicle components which llave no dedicated 
sensors. and the notification or both. the driver and possibly 
!ill outside entity of a potential component failure prior to 
failure so that the expected failure can be avefled and vehicle 

25 breakdowns substantially eliminated. Addi tiooaUy, 
improvements to the vehicle stability. crush avoidance, crash 
anticipation and occupant protection arc available. 

Several interesting fact$ cao be deduced from a review of 3c, 
the above list. First. all of tJ1e fa ilure modes listed can be at 

To implement a component diagnostic system for diag­
nosing the component utilizing a plurality oJ sensors .not 
dir<.>e1ly associa ted witl1 the component, i.e., independent or 
the component, a series of tests arc conducted. Por each lest, 

least pa.rti:ally sensed by 1uultiple sensors. In ll.l3JlY cases, 
some of the sensors merely add h1fonm1tion to aid in the 
interpretation of signals received from other sensors, In 
today's automobile, tllere are few iJ any cases where 1m1l­

tiple sensors are used to diagnose or predict a problem. 1n 
fact, there is virtually no failure prediction (prognostics) 
undertaken at all. Second, many or the failure ruodes listed 
require information from more than one sensor, ThJrd, 
i11forma1ion for many of the failure modes listed ca1mo1 be 
obtained by observing, one d,1ta point in time flS ·is now done 
by most vehicle sensors. Usually an analysis ofthevaii~1tion 
in a parameter as a function of time is necessary. Ju fact, the 
associaLiL)n uf <lat.a with time 'LO create a temporal pOttem for 
use in diagnosing component failw·es in automobile is 
believ«I to be uniqne to the i1iven1ioas beroin as is the 
combination of several such temporal patterns. Fourth. the 
vibr.Hion measuring capability of the airbag Cf1!Sh sensor, or 
other accelerometer or !MU, is usefol for most of the cases 
discussed above yet there is no such current use of accel­
erometers. The airbag crash sensor is used only to detect 
crashes oftJw vehicle. Fifth, the second most used sensor in 

the signals received from tl1c sensors arc input into a pat1cm 
recognition training nlg,orithm with an indication of whether 
tl1e component i!I operating nom,ally or abnormally (the 

35 component being intemionally altered to provide for abnor­
mal operation). The data from the test are used to genernte 
tile pattern recoguitiou algoritlun. e.g .. netu-al network. so 
that io use, the data from the se.nson, is input iJ1to the 
algorithm and tbe algorithm provides au indication of abnor-

40 ma! l,r nonniil operation of the couipooeut. Also, to provide 
a more ven;alile diag11ostic module for use in co~junction 
with diagnosing abnormal operation of multiple compo­
J1ents, tests OUl)' be conducted in which each component is 
operated abnormally while the other components are oper-

45 HLing normally. as well as tests u1 which two or more 
compooents are operating abnonually. 111 this marn,er, the 
diagnostic module may be able lo dctenuine based on one 
,el of signal~ from tl1e sensors during use that either a single 
compoueu1 or multiple components are operati.ug abnor-

so ma!Jy. Additionally, if a failure occurs which was not fore­
casted. provision can be made to record the output of some 
or all of the vehicle d::ita and later make it avaifoblc lo the 
vehicle manu facturer for inclusion into the paneru recogni-the above list. a microphone, does uot ctu-reutly appear on 

any automobiles, yet sou1.1d is the signal most often used by 
vehicle operators and mechanics to diagnose vehicle prob- 55 
!ems. Another sensor Lhal is )jsted above which also does not 
currently appear on automobiles is a pollution sensor. This 

tion training database. Also, il is not necessary 1foit a neural 
network. system that is on a vehicle be ,1 static system and 
some aruotrnt of learning can, in some cases, be permitted. 
Additionally, as the vehicle manufacturer updates the neural 
networks, the newer version can be downloaded to particular 
vehicles either when the vehicle is at a dealership or wirc­
lessly via a cellular network or by satellite. 

1s typically ,1 chemical senst)r 1uo1.11.1ted in the exhaust system 
for detecting emission$ from the vehicle. [t is expected that 
this and otller cllemical and biological sensor~ will be used 60 
more io lhe fut11re. Such a sensor caa be used to monitor tbc 
intake of air from outside the vehicle to pennit such a now 
to be cut off wbeu it is polluted. Similarly. if tbe interior air 
is pollured, the exchange with the outside air can be initiated. 

In addition. from the foregoing depiction of ditrerent 65 

sensors which receive signals from a plurality of compo­
nents, it is possible for H single sensor to receive mid output 

Furthermore. the pancrn recognition algorithm may be 
trained based on pollcms withio the signals from the sensors, 
Thus, by means of a si11gle sensor, it would be possible to 
determine whether one or more components are operating 
abnormally. To obtain such a pattern recognition algorithm. 
tests arc conducted usjng a singk- sensor. such as a micro-
phone, and causing abuormal upcmt:ion of one or more 
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components. each component operating abnonnally while 
84 

energy storage device. Nat u.rolJy, one sensor caJ1 respond in 
both the eloctrMic (citbef RF!D or backscatter) and SAW 
delayed modes. 

When ornltiple sensors are iutem,gated using the same 

the other components operate normally and multiple com­
ponents opemting abnormally. ln this m~umer. in use. the 
pattern recognition aJgorithm may analyze a signul from a 
single sensor and dotem1ine t1bnonnal operation ol' one or 
more components. Note 1h,11 111 some cases. si11mlations can 
be- used lo analytically generate the Telcvitnt dat1:1. 

Tbe discussion above bas centered fi1ainly on the blind 
trai11ing of a pattem recognition system. such as a neural 
network, s~, (bat faults can be discovered and failures 
fbrect1si before they happen. Naturally. the diagnostic algo­
rithms do not have to start oul being totally dumb and in fact, 

s technology. the ret11rned signals from the various sensors can 
be time. code, space ~1r frcqueucy multiplexed. For example, 
for the case of the SAW technology, each sensor can be 
provided with .i djjferent delay or a clitlerent code. Alter­
nately, each seu~or can be tlcsigned to respond only to a 

the physics or structure oftbe systems being monitored can 

1 o si!lgle frequency or several frequencies. The radio liequeucy 
can be amplin1de, code or frtquency modulated. Space 
nrnltiplex.iug can be pchieved through the use of two or more 
antennas and correl,1ting tJ1e received signals 111 isolate 
sig.nals based 0J1 direction. 

Ju many cases. the sensors will respo11d with an identifi-
cation signal followed by or preceded by inforoiatiOJl relat­
ing to the seused value. state andfor property. In the case uf 
a SAW-based or RFID-based switch, for example. the 
returned signal may indicate that the switch is ei ther on or 

be appropriately used to help structure or derive the diag- 15 

nQstic algo1i thm~. Stich a system is de~cribed in a recent 
article "lmmobot,; Take Control". MJT Technology Review 
December. 2002. AISl1, of course. it is contemplated that 
once a pot.eutial foi lure has been diagnosed. the diagnostic 
syste111 cru1 in some cases act to change ll1e t1perati1,1n of 
various systems in 1he vehicle to prolong the time of a failing 
c.omponenl before the failure or in some rare cases, the 
situation causing the failure might be corrected . . l\n example 
oftbe first case is wberc tbc alternator is failing aod various 
sys tems OT components can be turned off to co11serve battery 
power aod ao example of the second case is rollover of a 
vehicle may be preventable through tbe proper application 

20 o IT o r. in some cases. an intermediate stale can be providt-d 
signifying that a light should be dimmed. rather than or on 
or off, for example. AJtemately or addjtfonally, au RFID 
based switch cnu be assticintcd with a ~cnsor and turned on 
o r Qff based on an ideuti!1cation code or a frequency sent 

25 from the interrogator permitting a particnlar sensor or class 
or seni;ors to be seJectw. 

of steering torque and whcd braking force. Such algorithms 
cru1 be bused on pattern recognilion or on models. as 

3
, , 

described in the IITiillobot 11rticle referenced above. or a 
combiaation thereof ;iod all sucb systems arc contemplated 
by the invention described horein. 

SAW devices have been used for sensing many param-
eters including devices for chemical and biological sensing 
and materials characterization in both tbe gas :.in.d liquid 
phase. They ::ibo a rc used for measuring preSSLln:. stn1i1i, 
temperature, ac:eleratiou. angulnr rate and other physical 
siotcs oftbc coviro,uucm. 

Economies arc achieved by using a single interrogator QT 
even a small ntunber of interrogators LO interrogate 111811)' l.3 SAW aud Other Wireless Sensors 

35 types of devices, For example, a single iuten·ogator may 
monitor tire pressure and temperature, tbe weight of an 
occupying item of the seat, t11e position of tbe seat and 
sealback, a~ well as a variety of switches controlling win-

Many sensors are uow in vehicles and many more will be 
installed in vehicles. ·me following disclos11rc is primarily 
concerned witb wireless sensms which can be based on 
MEMS. SAW aud/or RFTD technologies. Vehicle seusors 
include tire pressure, temperature and acceleration moni tor- 40 
ing sensors: weight or load measuring sensors; switches: 
vehicle temperan1re. accelera tion. angular position, angular 
rate, angular acceleratiou sensors: proximity; rollover: occu­
pant presence; hw11idity: presence of Ouids OT gases; Slmln: 

road condition and u·iction, chentical sensors and other 45 
similar sensors providing in.lonnation to a vehicle system, 
vehicle operator or external site. The seusors c:.iu provide 
i11for11Jation about tl1e vehicle and/or its interior or exterior 
envi.roumeot, about individual components. systems. vehicle 
occupants. subsystems, and/or about 1.he roadway, ambient 50 
atmosphere, travel cond.itions and cx1ernnl objects. 

For ·wireless sensors. ooe or more interrogators can be 
used each having one or more m1ten11as that transmit energy 
at radio frequency, or other elcct.rom.ig.netic frequencies, to 
the senson; aud receive modulated frequency signals from 55 

the sensors containing seosor ru1d/o.r ide.ol'i:fication informa­
tion. One interrogator can be used for sensing multiple 
switches or other devices. For example, an interrogator may 
transmit a chirp fom1 of energy at 90S Ml lz to 925 MHz to 
a variety of senson; located withio and/or iu 1be vicinity of 6/J 

tbc vehicle. These sensors may be of the RFID clcctrooic 
type anti/or of the surfoce ocoustic wave (SAW) type o.r a 
combin:.ition thereo[ In tJ1e electronic type, inform:ition can 
be returned immediately to lhe i11terrogator in the form of a 
ml1dulated backscatter RF signal. In tbe case of SAW 65 

devices. the information can be returned at1er n delay. RFlD 
tags may also exhibit a deluy due 10 the charging of 1he 

dows. door locks. seat position. etc. in a vehicle. Such au 
interrogator may use one or multiple auteJlJJas uod wbcn 
multiple antennas arc used. may switch between the anten-
nas depending ou what is being mou.itored. 

Similarly, the sllll1e or a different interrogator can be u.sed 
to monitor various components of the vehicle's safety sys­
tem including occupa.i.1t position sensors, vehicle accelera­
rion sensors, vehicle angular position, velocity and accel-
emtion sensors, related to both frootal. side or rear impacts 
as well a~ rollover cond.itions. The interrogator could alst1 be 
used in conjunction with other detection devices such as 
weight seasors, temperature sensors, accelerometers which 
are associated with various systems in the vehicle to enable 
such systems to be contfl.)lled or a!l,:cted basetl on the 
measured state. 

Some specific- examples of tile use of interrogators and 
responsive devices will now be described. 

The antew.ias used for ioterrogati11g the vehicle tire pres­
sure transduceIS can be located outside of tlie vehicle 
passe11ger co.mpartrueot. For many other trnnsducers to be 
st:nsed the ant,:trnns can be located at various positions 
within passenger co01partment. At least oue invention herein 
contemplates, tberofore, a series of di-ftercnt aotenna sys-
tems, wbicb cao be electronically switched by ll.1c interro­
gator circuitry. Alternate ly, in some cases, all of'the amennas 
can be left collllected a11d total tmnsmitted power incre-<1sed. 

1l1ere are several applications for weigbi or load measur­
ing devices in a vehicle including the vehicle suspcuSciOJJ 
~ystem and scat weight sensors for use with 1mto111obile 
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safety systems. As described in U.S. Pat. Nos. 04,096, 740. 
04.623,8 I 3, 05.585.571 05.663.531. 05,821.425 aucl 05,910. 
647 and International Publication No. WO 00/65320(AI ), 
SAW devices are appropriate caudidatcs for such weight 
measurerne111 systems. although in some cases RFlD sys- 5 

tem~ can also be UJied with an a~sociated sensor such as a 
su·ain gage. In th.is case. the surface acm1s1ic wave on l11e 
lithium niobate. or oilier piezoelectric material. is modified 
in delay time. resonant frequency, amplitude and/or phase 
based on s1raio t,f the ruember upon which tbe SAW device 10 
is mounted. For example. the convenl ional bolt !'bat is 
typically used to connect the pa~seuger seat to the seat 
adjustment slide mechanism c.in be replaced wi th a stud 
which is U1readed on both ends. A SAW or other strain 
device can be mounted to 1be center uutbreaded section of 15 

the srnd and tbe srud can be all ached to both the seat rind U1t' 
slide mc:chanism using 1tppropriate1hreaded nuts. Based on 

86 
l11ere are many other methods by which SAW devices can 

be used 10 deteriuine tbc weight and/or weight distribution 
of an occupyiag item other than the method described above 
and all such uses of SAW strain seosors forde1ennining the 
weight and weight di~tribution o I' an occupant a.re contem­
plated. For example, SAW devices with appropriate straps 
cau be used to measure 1he deflection ofthe seal cushion top 
or bottom caused by an occupyiag item, or if placed on tl1e 
seat behs, lhe load 011 the belts cru1 determined wirelessly 
aud powerlestily. Geomeu·ie~ similar to tbose disclosed in 
U.S. Pai. No. 06,242, 701 (which discloses mull'iple straiu 
gage geometries) usi11g SAW ~train-me.isu:ring devices can 
also be constructed, e.g., any uf the multiple Strain gage 
geometries shown th.erein. 

Geuenilly there is au RFID implementation thar corre­
sponds 10 each SAW implernentarion. ·merefor~·. where 
SAW is used herein tile cquivalem RFID design will also bt: 
meaut where approp1iate. 

Al thougl1 a preferred method for using the invention is lo 
the pai1iculargeometry oft11e SAW device nsed. the smd can 
result in as little as a 3 mm upward displacement of the seal 
compared to a normal bolt ml}l111ting system. No wires are 
required ro !ttlach the SAW device to the stud other tbau for 
an autcnna. 

In use. the interrogator transmils a radio frequency pulse 

20 interrogate each of the SAW devices using. wireless mecha­
nismSs in some cases, it may be desirable to supply power to 
and/or obtain i.ufonnatiou from one or more of the SAW 
devices using wircs"As such. the wires would bean optionol 

:JI, for example. 925 MI lz 1lm1 excites antenna 011 the SAW 
strniu measuring system. After a delay c11usctl by the time 15 

required for the wave to tr<1vel the hmgth of the SAW device. 
a modified wave is re-transmitted lo rhe interrogator pro­
viding an indication of the strain of tbe stlid with the weight' 
of an object occupying the seat correspoudi.ug to the st.rain. 
For a seal that is normally bolted to the sl ide mecllanism 3c, 
with four bolts, at least four SAW sLrain sensors could be 
used. Siucc the iudividual SAW device~ arc very suu1ll. 
multiple devices can be placed on a sll1d to provide rnull1ple 
redundant me;;isureJnents, o r permit heucting and twisling 
strains to be derennined, ruid/or to peIU1it the s111d to be 35 

arbitrarily located with at least one SAW device always 
within direct view of tile interrogator antenmi. In some 
calie,-., the bolt ot i;tud will be made on non-conductive 
material to limit the blockage of the RF signal. 1.n otber 
cases. it wi ll be insulated from the slide (mechanism) aJld 40 
used as an antenna. 

JJ two longitudinaJJy spaced apart antennas are used l'o 
receive the SAW or RFlD transmissions from the seat 
weight sensors, one antenna in front of the se;n and the o1b.er 
behind the seal, 1hen the position of I.he seat can be deter- 45 

miued eliminating 1be need for current seat posi tion sensors. 
A similar system can be itsed for other seat and se.itbac.k 
position mea~urements. 

For strain gage weighr sensing. the frequeucy of interro­
gation can be considerably higher than that of the tire so 
monitor, for example. However, if the seat is ttnoccupied. 
then the fr.:quc-ncy of interrogation can be subst:rntially 
reduced. For an occupied seal. information as to the identity 
aJ1d/or category and position ~,ran occi.1pying. item of the seat 
can be obtained 1hrougl1 the multiple weight sensors 55 

described. For this reason, and due lo the fact that during the 
pre-crash event. tile position of an occupying item of the seat 
may be changing rapidly, interrogalions as frequently as 
once every 10 milliseconds or Faster can be desirable. This 
wo11ld also enable a distribution of the weig1J1 being <1pplied 6<J 

to the scat to be obtained wbich provides ao c.~timatioo of the 
center of pressure and thus 1he position of t,he obja'1 
occupying the seat. Using pat1em recoguirion rechnology. 
e.g .. a trained ne11ral network. sensor fosion, fuzzy logic, 
etc., an identification of the object can be nscertaiued based 65 

on 1he cletcrJnined wcight and/or de1ermined weight disui­
btttion. 

featttJe. 
On!! advantage of the weight' sensors of this invention 

aloug. wiU1 the geometries disclosed in the '701 patent and 
herein below. is rhat in addition lo the axial stress in lhc seat 
support. the bending moments in tbe struc111re can be r~1dily 
determined. For example, if a seal is supported by foux 
"legs .. , it is possible 10 dcrenniue rho state of stress. ossum.­
ing that axial twisting can be ignored, using four strain gages 
on cacb leg support for a toia] or 16 such gages. If the scat 
is supported by three legs. then this can be reduced lo 12 
gages. Naturally, a three-.legged sup_rort is preferable to tbLtr 
since witll four legs. the sear support is over-determined 
which severely compliC<1tes the detennioation of the stress 
caused by an object on the seat. Even with tl1ree supports, 
stresses cau be introduced dependiJ1g ou the uanJl'e of the 
support al the seAL rn ils or other Boor-mounted supporting 
strucwre. If simple suppons are used tbot do not introdi1ce 
bending moments into the stn1c1ure, 1hen tl1e number of 
gages per seat can be reduced to three, provided a good 
model of the seat strnettu-e is available. Unfortun,.1tely. this 
is usually not the case and most seats have four supports and 
the anachments 10 the vehicle not only introduce bending 
IU0111ents into the stmcrure but these moments vary from line 
posilion lo aootber ,md with tempe.rat11re. The SAW stmin 
gages of this invention lend 1J1emselves to 1J1e placement of 
1mtltiple gages outo each support as needed to approxi­
mately determine the slate of stress and thus the weight of 
the occupant depending 011 the particular vehicle applica-
tfon. Furthennorc, the v•;ireless nature of these gages greatly 
simplifies tl1e placeml!nt of such gages ,11. those locations that 
are most appropriate. 

An additional point should be mentioned. In many cases, 
the determination of the weight of an occupa111 from tl1e 
static srrain gage readjug.s yields in::tectu-ine results due to the 
indeterminate stress state in the support structure. However. 
the dynamic.- stresses to a first order arc indept::ndent of the 
residual stress stare. Thus. the change in stres~ 01at occurs as 
a vehkle travels down a roadway caused by dips io the 
roadway can provide an accurate measurement of I.he weight 
of an object in a seat. ·nlis is especially true if a.a ::tcceler~ 
0111e1er is used to measure the vertical excitatio11 provided to 
11le seat. 

Some vehicle models provide load leveling and ride 
control functions tbat depend o□ the magnitude and tlistri-
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bution ofload carried by tl,e vehicle suspension. Frequently. 
wire stHtiu gage technology is used for these fi.lncrions. '171111 
is. tbe wire strain gages are used to sense the load and/or 
load distribmion of the vehicle 011 the vehicle suspension 
system. Such strain gages can be advnnt.igeously replaced 
witl1 strain gages based on S/1.W technology with tbe sig­
nificant advantages in terills of cost. wireless monitoring. 
dynm:nic range, and signal level. In addition. SAW strain 
gage systems can be more accurate than wire strain gage 
syi;tems. 

A strain detector in accordance with tl1is invention can 
convert 111cchaniC',:1l strain to variations in electrical sig.n:il 
frequency with a large dynamic range aJ1d high accuracy 
even for very small displacements. The frequency variation 

88 
any of tllese technologies, switches ca11 be arbitrari ly placed 
within the interior of M autl1111obile. for ex11mple. without 
the Lteed for wires. Since wires and connectors are the cause 
of ,uost warramy repairs in au amomobile, not only is the 

s cost of switches substantially reduced hut also the rclh1bility 
of the vehicle electricul system is substantially improved. 

ll1e interrogation of switches can take place with mod­
erate frequeocy such as once every J 00 milliseconds. Either 
through 111e use or dif:ferenl frequencies or dilTeri.:nt Llelays, 

10 a large muuber of ~witches cau be eiU1et time. code: space 
or frequency multiple.xed to permit separation of the signals 
obtaioed by tht interrogator. Alternately, lltl RF activated 
switch on some ot all of the sensors can be used as diScussed 
in more detail below, 

is produced through use of a surface acoustic wave (SAW) 15 

delay line as the frequency cou1rol elcnwn1 of an oscillator. 
Another approach is 10 attach a variable impedance device 

acros~ oue oftJ1t· reflec1ors on. the SAW device. The imped­
ance can therefore be used to dc.:tennine the relative reflt:c­
tion from the rcflec1or compared to other reflectors on the 
SAW device. In this manner, the magnitude as well as the 

A SAW delay line comprises a transducer deposited on a 
piezoelectric material such as quartz or lithium niobate 
which is arranged so as to he deformed hy fitrain in the 
member which is to be monitored. Defonnation or the 
piezoelectric substrate changes the frequency control char­
acteristics of the surface acoustic wave delay line. thereby 
d1aoging the frequcm.:y of the oscillator. Consequently, the 
oscillat~1r frequency change is a me.asure of the stroin iJl the 
member being mouito.rc<l and thus the weight npplied to the 
seat. A SAW stroin tr;;msducer can be more accurate lhan a 
conventional resistive stmin gage. 

Other applications of weight measuring systems for an 
automobile include measuring the weight of the foel rank or 
01l11:r containers of fluid to dctenninc the quantity of fluid 
coutained therein as described iu more detail below. 

One prohkJu with SAW devices is that if they a.re 
designed lo operate m the GHz frequency. the feature sizes 
become exceeding small and Lhe devices are tlifJicult LO 
manufocn1re, although techniques are now available for 
making SAW devices in the tens of GHz range. On the other 
haud. iftbe frequencies are oonsiderably lower. for example. 
in 1J1e ten~ of meg:1he11:, r,:rng.c, then the antenna sizes 
become ellcessive. lt is also more c.frllicult tu obtain antenna 
gain al the lower frequencies. This is ulso related 10 anteno.a 
size. One method of solving this problem is to transmit an 
interrogatjon signal in the high GHz range which is modu­
lated at the blUldred MHz rauge. At the SAW transducer, the 
wrnsducer is tuned to the modulated frequency. Using a 
11011.linear device such as a Shocky diode, the modified signal 
can be mixed with !he incoming high frequency signal and 
re-transmitted through the same anlenna, For this c.ase. the 
intermgator can continuously broadcast the carrier rre­
quency. 

Devices based ou RFID or SAW technology can be used 
as switches iu a vehicle as described in U.S. Pat. Nos. 
06.07R,252, 06, 144,288 ,ind 06. 748.797. Thure are many 
ways that this ca.n be ac:complishcd. A switch can be used to 
connect 011 anteo11a Lo either an RFID electronic device or Lo 

20 presence of o lorce exerted by an occupant's finger, for 
example. can be used to provide :i rare sens;tivity to the 
desired function. luau alternate design., as shown U.S. Pat. 
No. 06.144,288, the switch is used to com1ecr the antenna to 
the SAW device. Of course, in this case. 1he iotem)gator will 

25 uot get a retmn from the SAW switch unless it is tlepressed. 
Tetnperah.1re tneasurement is another lield in which SAW 

technology can be applied and 'the invention encompasses 
several embodiments of SAW remperat11re sensors. 

U.S.Pat No-04,249.418 is one of many examples of prior 
3C1 <1rt SAW tcmpcrattlre sensors. Temperatnn: sensors arc com­

moJlly used wi1b.in vehicles and many more applications 
,uigbt exist if a low cost wirdcss t..:rupe_ratutc scusor is 
nvailable such a, disclosed herein. TI1e SAW technology can 
be used for such temperatiu-e sensing tasks. These msks 

35 include measuring tl1e vehicle coolant temperature, air tem­
peral1!fe within passenger compartment at nrnltiple Joe.a­
t.ions. seat temperature for use ill conjtuiction with seat 
wimuing and cooling systems. omsick temperature~ and 
perhaps tire surface tewperurures to providee~u·ly wal'niug tu 

40 operotors of road freezing conditions. One eJCample, is to 
provide air temperature senson; in the passenger compart­
ment in the vicinity ofultrnso.nic transducers used in occu­
pant sensing systems as described in tile cu.rrent assignee's 
U.S. Pat. No. 05,943.295 (Varga et al.), since the speed of 

45 sound in the air varies by approximately 20% from -40° C. 
tc 85° C. Current ultrasonic occupant sensor systems do not 
me:isure or compensate for t·Jus change in the speed of soumJ 
with the effect of reducing 'the accuracy of the systems at the 
temperature extremes. Tb.rough the judicious placement of 

so SAW temperature se!lsors in the vellicle. the passenger 
compartment air temperature can be accurately estimated 
and tl1e infomrntion provided wirekssly to the ttltrasonic 
occupant sensor system thereby permit1:i.1.1g corrections to be 
made for tl1e change in the spet,>d of sound 

a SAW device. This of course requires coutacts to he closed 55 

by the switch activatioll. An alternate approach is to use 
pressure froJn an occupant's finger_ for example, to alter the 
properties of the acouslic wave on the SAW material muc-h 

Since the road can be either a source or a sink of thermal 
e.uergy, strategically placed sensors that measure the surface 
temperature of a tire can also be used to provide an estinrnte 
of road temperature. 

as in a SAW touch screen. The properties that can be 
modified include tile amplitude oftJ,e acousuc wave, ,.md ils 
phase. and/or the lime delay or ao external impedance 
connected to oue of the SAW re1lect{1i:s as disclosed iu U.S. 
Pat. No. 06.084.503, In this implementation. the SAW 
transducer can contain two sections, one which is modilied 
by the occupant and the other which serves as a reference. 
A combined signal is 1;c;_--nt ro the interrogaror that decodes the 
signal to determine that the switch bas been activated. By 

Acceleration sensing is another lield in which SAW 
6<J technology can be applied and the iuventi011 encompasses 

several embodiments of SAW accelerometers. 
U.S. Pat. Nos. 04, 199,990. 04,306,456 and 04,549,436 are 

examples of pJi0r an SAW accelerometers. Most airbag 
crash sensors for deter.mining whetl1er the vehicle is expe-

65 riencing a fromal or side impact currently use microm:i· 
chined accelerometers. 'l110se acccle.rometets arc Hsually 
based on the deflection of a mass \vbich is sensed using 
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e ither capacitive or piezoresis tive technologies. SAW tech• 
uol0j!)' has previously not been used as a vehicle acceler­
ometer or tor vehicle t:rnsh sensing. Due to the importance 
of this flmctiou. at least oue iute1rngator could be dedicated 
to this critical fonction. Acceleration signals from the crash 5 
sensors should be reported at least preferably every I 00 
microseconds. In this case, the dedicated iute1rngator would 
send rm interrogation pulse to alJ crash sensor accelerom­
eters every 100 microsct:onds and ret:e.ive staggered accel­
eration responses from e.1ch of the SAW accelerometers 10 

wirelessly. This technology permits the placement o f mul­
tiple low-cost accelerometers at ideal locaLions for crash 
sensing including in.~ide the vehicle side doors. 111 the 
passeuger compartment and in the frontal crush zone. Add.i­
tioually, crash sensors c.in now be located in the rear of the 15 

vehicle in the cn1sh ~one to sense re.1r impacts. Since the 
m.:celennioa darn is t.raasm.ined wirelessly, t;0accm abL1Ul the 
detachment or cutting of wires from the sensors disappears. 
One o f the main concerns. for example, of placing crash 
sensors in the vehicle doors where they rnnst appropriately 2<, 
can sense vehicle side impacts. is the fear that an impact i.nto 
the A-pillar of the automobile would sever the wires from 
the door-mow1ted crash sensor before the crash wns sensed. 
This problem disappe;1rs with the cun-ent wireless tedmol­
og:y of tws u1Vention. lf two accelerometers are placed at 25 

some distance from each mJ1er, the roll acceleration of the 
vehicle crui be determined and thus the tendency of the 
vehicle to rollover can be predicted in time to automatically 
take corrective action and/or deploy a curtain airbag o r ot.her 
airbag_(s ). Other types of sensors such as crash sensors based 30 

on pressure measurements. such as supplied by Siemens, can 
also now be wirelcs~. 

Although the sensitivity ofmeasurcmenl 1s consider.tbly 
greater thau that obtained witl1 co11ve11tk1111:1l pie7oelec1ric o r 
m.icromachined accelerometers, the frequency deviation of 35 

SAW devices remains low (in absolute value). Accordingly, 
the frequency drift of tbenrutl origin should be made as low 
as possible by i;e)ecti1Jg a suitable cut of the piez.oelectric 
material. The resulti.ug accurat.-y is impressive as presented 
ii1 U.S. Pat. No. 04,549.436, which discloses a11 angufor 40 
accelerometer with a dynamic a r.mge o r l million, tem­
perature coe:flicieut of 0.005%/deg F., an accuracy of l 
microradian/sec2. a power cousmuptio11 of J milliwatt. a 
dril'I of 0.01% per year, a volwne o:f l cc/axis and a 
frequency rusponse of Oto IOO0 1-lz. The subject matler of 45 

the '436 patent is hereby included i11 the invention 10 

constitute a part of the invcotion. A similar design can be 
used for acceleration sens ing. 

ln a si..tnilru- mam1er as tbe polymer-coated SAW device i.s 
used to measure pressure, a device wherei11 a seismic mass so 
is artached to a SAW device through a polymer iuterface can 
be made to sense accl·ler..lliou. This geometry has a particu-
lar adv,u1tage for sensing accelerations below l G, which has 
proved lo be very difliculr for con"entiooal micro-machined 
accelerometers due to their inability to both measure low 55 

accelerations and withstand high acceleration shocks. 
Gyroscopes are another field in which SAW teclmolog.y 

can be applied and the invent-ions herein encompass several 
embodiments of SAW gyroscopes. 

SAW technofogy is panicularly <1pplicable for gyrosc(1pes 60 

as described in lntcmationul Publication No. WO 
00/79217A2 to Vaf<)dao et al , The ou(pul of :;uch gyroscopes 
can be determiued with an interrogar-or that is also used for 
the crash sensor accelerometers, or a dedicated iuterrogator 
can be used. Gyroscopes having au accuracy of approxi- 65 

mately 1 degr:L-e per second have many applications in a 
vehicle including skid control and othcJ' dyn~m1ic stability 

90 
fm1ctious. Additionally, gyroscopes of similar accuracy can 
be used co sense impeudiog vehicle rollc,vcr situations in 
time to take t:orrective action. 

'l11e inventor.; have represented that SAW gyroscopes of 
the type described in WO 00/79217.!\2 have the cap,1bili1y of 
achieving accuracies approaching abolll 3 degrees per hour, 
This wgh accmacy permits use of such gyroscopes in an 
inertial measuring uuit OMU) that can be used with accurate 
vehicle navigation systems ,m<l autonomous vehicle control 
based ou differential GPS corrections. Suell a system is 
described in U.S. Pat. No. 06,370,475. An alternate pre­
timed teclmology for au JMU is described in U.S. Pat. No. 
04,711,125 lo Morrison discussed in more detail below. 
Such navigation systems depend on the availability of four 
or more GPS satellires and an accurate difforential correction 
signt1l such as provided by the Onu1iSwr Corporation. 
NASA or thruugb the National Differential GPS system now 
being deployed.111e availability of these s ignals degrades in 
urban canyon environments, in t111111els and on higl1ways 
wh,m the vehicle is i11 the vicinity of large Lrucks. For this 
application, an !MU system should be able ro accurately 
control the vehicle for perhaps 15 seconds and preferably for 
up to five minutes. IMUs based on SAW technology, the 
<echnology of U.S. Pat. No. 04.54Y.436 discussed above or 
of the U.S . Pat. No. 04,711.125 are the best-known devices 
capable of providing sufficient accuracies for this applica­
tion al a reasonable cost. Other accurnte gyroscope tech­
nologies such as .fiber optic systems are more accurate but 
can be cost-prohibitive, although recent analysis by the 
current assigilCt' indicates th:ll such gyroscopes cnu cv~ntn­
ally be made cost-competitive. Jn high volwue production. 
au Jt-,,llJ l)!"tbc r.:quircd accumcy based on SAW 1cchn,,logy 
is estimated to cost Jess than abou t' $100. A cost competing 
technoll1gy is Lhat disclosed i11 U.S. Pat. No. 04,7 11 ,125 
which does not use SAW tecllilology. 

What folJowsis a discussion of the Morrison Cube of U.S. 
Pat. No. 04.711.125 known as the QUBlKrM_ Let us review 
Ille typical problems Uwr are e111.:ountered with sensors tbat 
try to measure multiple physical qunntities at lhe same lime 
aod how tbe QUBlK solves the;;.- problems. These problems 
were provided by an IMU expert unfamiliar with lhe 
QUBIK and the responses are provided by Morrison. 

l. Problem: Errors of measurement of the linear accel­
erations and angular speed are mutually correlated. Even if 
every one of the errors, takeu separately, docs noi accumu­
late with inte.grntiou (the inertial system's a lgorithm does 
that), the cross-coupled multiplication (such as one during 
re-projecting the linear act:elerations from one coordinate 
system tt1 auother) will have these errors detected and will 
make them a systematic error similar to a sensor's bias. 

Solution: The QUBIK !MU is calibrated and compensated 
for any cn)ss axi~ scnsiti\lity. F,,r exmnple: if OJie CJf the 
angular act:clerometer channels bas a sensitivity to any of 
the tli.ree of I inear accelerations, then the linear accelerations 
nre bu llhed and sc,,led down and summed with the buO-ered 
a11gular accelerometer output to cancel out alJ li11ear accel­
eration sensitivity on all three angular accelerometer chan­
nels. Trus is important to detect pure angular rnte signals. 
This is a very common prnt:tice throughout the U.S. aero­
space i11dustry to make navigation grade IMtl 's. Even when 
individuul gyroscopes and accelerometers arc used iJ1 navi­
gation. they have their outputs scaled and s1,1101ned together 
to cancel out these cross axis errors. Note that competitive 
MEMS products have orders of magnitude higher cross ax.is 
sensitivities when compared to 11.avigation grade sensors rind 
tl1ey wi ll undoub11:.-dly have to use this practice to improve 
perfonuancc. MEMS m1gular rnte sensors ru-e advertised in 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
91 92 

measure tile Coriolis fi.'rce, they measure displacement 
whic11 tcsnlls in huge cross axi~ sensitivity issnes. 

degrees per second and navigation angular rate sensors are 
advertised in degrees per hour. MEMS :.1ngulat rote ~ensors 
have b.igh linear accelerntio11 errors that must be compe11-
sated Ji.1r a! the IMU level. 

2. Problem: 'l11e gyroscope and accelerometer channels 
rnquire settings to be made that contrndict one lli10lher 
physically. For example. a gap between the cube and the 
housing for the capac.itive sensors (that measnre the dis­
placements of the cube) is uot to exceed 50 to l 00 microns. 
Ou tbe 01l1er band. the gyroscope channels require. iu order 
to enbance a Coriolis effoc1 used to measure the angular 
speed, tJrnt the amplitude and the l inear speed or vibr:atioJ1s 
arc as big as possible. To do this. the gap and the frequency 
or oscillations should be irn.:reascd. A greater .frt.-qucncy of 
oscillations in the nearly resonant mod<' requires tile stillness 
of tbe clectromaguetic suspension to be increased, too, 
wb.ich leads i-o a worse measurement of tile linear accelera­
tions because- the lat ter require that tbe rigidity of the 
suspension be minimal when there is a closed feedback. 

3. Problem: As the electromagnetic suspension is used. 
the sensor is going to be sensitive to external constant and 

5 variable (alternating) fields. lls errors wil l vary with its 
position, for example. ,vith respect 10 the Earth's magnetic 
field or other mag.netic sources. 

Solntion: The earths magnetic field v.iries from - 0.0 to 
+0.3 gauss a11d the mag11e1s have gauss levels owr l 0.000. 

10 The earth field ca1l be sh.ielded if necessa1y. 
4. Problem: ll1e QUBIT sensing element is relatively 

heavy so the sensor is likely lo be sensitive tn ung11lar 
accelerations and impacts. Al~o. the temperature of the 
cnviromnenr can affect the micro11-si7,ed gaps. magnetic 

15 fields of the permao.enl magnets. the resistance of the 
inductance coils etc., which wiU eventually increase the 
sensor eJTors. 

Solution: ·n1e i1u1er cube has a gap of 0.010 inches ond 
does not change signilkantly over temperature. 

"l.11e resistance of IJ1e coils is uot a factnr in the active Solution: l11e capacitive gap all around the levitated inner ?(i 

cube oftbe- QUBIK is nominally 0.010 inches. The variable 
capaciumcc plates are excited by a 1.5 MI Jz 25 volt peak 10 

peak signal. 111e signal coming om is so strong (five volts) 
that there is uo preamp required. Diode detectors are 
mounted directly above- the capacitive plntes. ·n1ere is no 
performance change in 1l1e linear accelerometer channels 
when the angular accelerome1er cham1els are being dithered 

closed loop servo. Anybody who make this statement docs 
not know what they are lalkiug about. There is a stable one 
PPM/C current readout resistor io series wit11 tile coil 1ha1 
measures the current pm;sing through the coil wb.ich clim.i-

15 nates the temperanire sensitivity of the coil resistance. 

or rotated back ;rnd fortl1 about an axfa. -111is was discovered 

Pe1ruaL1ent magpets have already proven tl1emselves to be 
very stable ovenemperature when used in active servo loops 
used in navigat ion gyroscopes and accelerometers. 

by having a ground p13nc nround the electromagnets that 
eliminated transformer coupling. Dithering or driviug tile 
ongtdar accelerometer which rotates U1e inner cube prol1f 
01ass is a gyroscopic displacement and not a line.Jr displace­
ment and has no effect 011 the linear cru.u_rnels. Another very 
important point lo make is the servo k1ops measure the force 
required to hep the inner cube al its rnill and the scIVO loops 
are integrated lo prevent any displacements. The linear 
accelerometer servo loops are not being exercised to dither 

Note 1l1at t11c sensitivity that the QUBIK IMU bas 
3(1 

achieved 0.01 degrees per bonr. 
5. Problem; High Cost. lb produce the QUBIK, ooe may 

oeed to maintain micron-sized gaps and highly clean sm­
faces for capacitive sensors; the devices mu$l be assembled 

the inner cube. The angular accelerometer servo loop is 
bei11g exercised. The linear and a11g111ar channels have IJ1eir 
own sepan11e set of capacitance detectors and electromag­
nets. Driving the angu1ar chanucls has no efto.'Ct on the liueiir 

35 in a dust-free room, and the device itself must be hennetic 
(otherwise dust or moisture- will put the capacitive sensor 
and tl1e electronmgnetic suspension out of operation). the 
penuaueot magpets must have a vi::ry stable performance 
because thcy'rcgoiug to work in a foedback circuit . and so 

ones. 

40 
011. In our opiuion, all these issues make tbe technology 
overly complex and expensive, so an addition11l metrological 
control will be required a11d no full automation c~n be ever 
done. 

-l11e- rigidity c,f au intl'gratcd closed loop servo is in.finite 
at DC and rolls off at higher frequencies. Toe QUBIK ]MU 

45 
measures I.Ile force being applied 10 the inner cube and not 
tbe displacemeot to measure angular rate. There is a force 
generated on the illller cube when ii is being rotated and the 
servo will uot allow any displace11Jenr by applying equal and 
opposite forces on 111c 1m1er cube to keep it m null ·111e servo 

50 
readout is a direct measmemcm of the gyroscopic forces on 
the irn1er cube m1d 1101 the d.isplacement. 

The servo gain is so high at tbe null position tha t 011e w-ill 
not see the mill displacemeot bul will see a current level 
equivalent to the force on the cube. TI1is is why inlegratcd 55 
c losed loop servos are so good. They measure the force 
required to keep the inner cube at null and 1101 1be displace­
ment. 1lu.' angular ,1ccekromcter cl1anncl that is be-ing 
d ithered will have a not iceable displacement at its null. The 
sensor does oot l1ave to be driven at its resonance. Driving 60 
tbc ~ogular accelerometer al resonance will nm tbc risk of 
<)Ver-driving tJ1e inuer cube 10 tbe poiut where it will botlom 
out and bang :uound inside its cavity. TI1ere is an actjve gai11 
control circuit lo keep the alterm,ting momentum constant. 

Note that competitive MEMS based sensors are open loop 65 

and al low displacements which increase cross ax.is cnurs. 
M£MS sensors must have displacements 10 work and do not 

Sollltion: ·nie sensor docs 001 have micron size gaps and 
does not nt.>ed to be hermetic wlless the sensor is submerged 
in water! Most of111e QUOIK !MU sensor is a cut mJI PCB's 
that cun certainly be automutcd. TI1e PCB design can keep 
dust om and dot!s not need to be hermetic. Humidity is not 
a problem unless tl1e sensor is submerged in water. Tile 
permanent magnets acb.ieve parts per m.illiou stability at a 
cost o/'$0.05 ench fora per system cost ()funder one dollar_ 
There are may ttavigation grade gymscopes and accclcrom­
otcrs that use pcrmancol magnets. 

Competitive MEMS senSllfS can of c1.rnrse have process 
contumination problems. To my knowledge. there are no 
MEMS anglilar rate sensors that do not require human labor 
and/or calibration. The QUBJK !MU can. instead use pro­
grmumable potentfometers I'll calibration instead of human 
labor. 

Olice M !MU of the ,lccuracy de$Cribed above is available 
in !be vehicle. t.bis same device can be used to provide 
sig.ni(icant improvements to vehfolc stability conlrol aud 
rollover prediction systems. 

Keyless entry systems are another field i.t.1 which SAW 
teclmology can be applied and the inventio11 encompasses 
sewral cmbodiml'n1s of access conrrol ~yst11ms using SAW 
devices. 
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A common use of SAW or RPJD technolog.y is for access 
coulrol to buildings however, the r.t.nge of electronic unpow­
ered Rf'! D technology is usually limited to ODe meter or less. 
Jn contrast, the SAW technology, when powered or boosted, 
can pcnnit sensing up to about 30 meters. As a keyless entry 5 
system. an automobile cau be co11figurcd such that thedlJors 
unlock as the holdcrofo card conta1ning the SAW ID system 
approaches the vehicle and silllilarly, the vehlcle doors can 
be automatically locked when tl1e occupant wi\11 the card 
travels beyond a certain distance from the vehicle. When the 10 

occupant enters the vehicle, the doors can again automati­
cally li,ck either Llm.1ugb logic or rJ1rough a qtrrent system 
wherein doors automatical ly lock when the vehicle is placed 
in gear. An occupimt with such a card wot1ld also not need 
to have an ignition key. 111e vehicle would recognize that the 15 

SAW-based card was inside vehicle and thcu pennh the 
vehicle to be started by issuing an oml commaud if a voice 
recognitiQn system is present or by depressing a button. for 
example. without the need for an ignilion key. 

All11ough they will not be discu,;sed in detai l. SAW ?(i 

sensors opetating in the wireless mode ca11 also be usL'Ci to 
sense for ice on rJie windshield or otber exterior sttrfoccs of 
the vehicle, condensation on the inside of the windshield or 
other interior surfaces. raia sensing. heat-load sensing aod 
many other automotive sensing functions. They can also be 15 

used to seose omside envirnll.mental properties and states 
includiug tempcrnlure, humidity. etc. 

SAW sensors can be economically used to measure the 
temper.:irure and humidity a1 numerous plticL'S both insidlc' 3, , 
and mlfside of a vehicle. When used to measure humidity 
in.side the vehiclt~. a source of water vapor c,c..111 be activated 
to increase the htuuidity when desirable and lhe air condi­
tioning system can be activated to reduce the humidity when 
necessary or desirable. Temperature and humidity measure- 35 
me11ts outside of the vehicle can be ru1 indication of potential 
road icing problems. Such information can be used to 
provide early warning to a driver of potentially dangerous 
conditions. Although the iuven:tiou described hcreiil is 
related to land vehicles, many of tl1ese advaJJces are equally 

40 
applicable to other vehicles such as airplanes and even, i11 
some cases, homes and buildings. The invention disclosed 
herein. therefore, is not limited to automobiles or other land 
vehicles. 

Ro.id condition seosioa is another field in which SAW 45 
technology CaJ1 be applied and tbe invention e11cl1mpasses 
seveml ewbocllo1ents of SAW road condition seosors. 

94 
An infrared sensor that looks down the highway in front 

of the vehicle can actlwlly Jlleasure the rond tempcmture 
prior to the vehicle traveling 011 that part or the roadway. 
This system also would 1101 give sufficient warning_ if the 
operator wuited for the occurrence ofa frozen roadway. The 
probability or the roadway becoming frozen, on the orJ1er 
hand, can be predicted Jong before it occurs, in most cases, 
by w:itching the 1Tend iu lhe temperat11re. Once vehicle-to­
vehicle communications are common, roadway icing con­
ditil)Us can be conunuuicaled between vehicles. 

Some lateral eo11lrol of the vehicle can a lso be obtained 
from SAW transducers or electronic RFJD tugs placed down 
the center of the lane. eicher above the vehicles anci/l'lr in the 
roadway. for ex.ample. A vehicle h.avi11g tv11O receiving 
antew1<1s, for example, approacb.ing. such devices. through 
trioog\1lation or direct proponion, is able lo detennine the 
h1tcral location of the vehicle relative to t11ese SAW devices. 
If the vehicle also has an accurate map of the roadway. the 
identification number associated with each such device can 
be used to obmin highly accurate longitudinal position 
determinations. Ultimately, the SAW devices can be placed 
on strncturcs beside the road and perhaps on every mile or 
tenth of a mile marker. lf three ru1tew1as are used, as 
discussed l1etei1i. the distances from the vel1iclc to the SAW 
device can be determined. These SAW devices can be 
powered in order to stay below current FCC power trans-
111issio11 limits. Such power can he supplied by a photocell, 
energy barvesti.ng where applicable. by a battery or power 
connection. 

Electronic RF1 D tags ,1re also suitable for lateral and 
longitudinal positioning pttrposcs. however. the 1,u1ge avail­
abk for cutret1t electronic RFID systc1ns can be less than 
thm of SAW-based systems unless either are powered. On 
tl1e other hand, as disclosed in U.S. Pat. No. 06,748,797, the 
time-01:flight of the RFID system Cful be used to detennine 
the distance from the vehicle to the RFID tag. Because of the 
inherent delay m the SAW devices and its variation with 
1eruperat1Jre. accurate distance measurement is probably not 
praclical based oo time-of-flight but somewhat less accurate 
distance mensuremeot.s based on relative tiroe-o1~arrival con 
be made. Fvm if the exact delay imposed by !he SAW 
device was accurately known at one temperature, sucb 
devices are usmlly reasonably sensitive to changes in tem­
peranrre, hence they muke good temperature sensors. and 
thus tbe accuracy or the delay i11 the SAW device is more 
diflicuh 10 maintain.Ao interesting variation ofan elect.rouic 
RFJD that is particularly applicable to tbis aJJd o ther appli­
cations of this invention is described in A. Pohl. L. Reindl. 
''New passive sensors", Proc. 16th IEEB IJtstrumentalion 

The temperature and moisture content of the Sltrface of a 
roadway are critical paramders iu detcnuining the icing 
slate of the roadway. Attempts have been made to measure 50 and Measuremenc Technology Conf., ]MTC/99. 1999, pp. 

1251- 1255. the coeflicient of friction between a tire and the roadway by 
placing strain gages in the tire tre::id. Naturally, such strain 
gages are ideal for the application of SAW tedmology 
especially since they can be interrogated wirelcssly from a 
distance and they require no power for oper.:ition. As dis- 55 
cussed herein, SAW accelerometers ca11 also perfonn this 
iimction. The measurement of the friction coetlicient. how­
ever, 1s not predictive and the vehicle operator is only able 
to ascertain the condition after the fact. 13oosted SAW or 
RHO bnsed transducers lrnve the capability of being inter­
rogated as much as 100 foet rmm the interrogator. Therefore, 
the judicio~1s place1J1ent Llf low-cost powerless SAW or 
RFID temperature and hmuidity sensors in ru1d/or ou the 
roadway at critical positions can provide au advance warn-

Many SAW devices are based 011 litl1iu111 niobate or 
similar strong piezuelec!Jic materials. Such rnnterials have 
high 1bennal e.,pansion coeilicients, An altemate material is 
quartz that has a very low themial expansion coef11eient. 
However. its piezoelectric properties are i11Jerior 10 lithium 
niobate. One solution ro tltis problem is to use li thium 
niobate as the coupling system between the antenna and the 
material or substrate upon which the st1rfacc acoustic wave 

6<J travels. lo this manner. the advant,1ges of a low thermal 
cKpansioo codlicient material can he obtained whjfe using 
tl1e lithium uiobate for its strong piezoelectric properties, 
Other useful materials such as Langasite-rM have properties 
that are intermediate between lilltitun oiobate aud quartz. 

ing to vehicle operators that the road allead is slippery. Such 65 

devices tire very inexpcmsive and tl1ereforc could be placed 
TI1e use of SAW tags as an accurate precise positiorung 

system as described above would be applicable for accurate 
vehicle location, as discussed in U.S. Pal. No. 06.370,475, at frequent intervals a long a highway. 
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for lanes in tUl1llels, for example~ or other cases where loss 
of satelli1e lock. and 1bus 1he pri1nary vehicle locatio1i 
system, is commou. 

Tue various 1ec'111ologies discussed above cau be used in 
combination. ·n,e electronic RF!I) tng can be incorporaled 
into a SAW tag pn;widing a $ingle device that provides bol11 
a quick reflection of the radio frequency waves as well as a 
re-trnosmissiou at a later time. This marriage of the two 
technologies perm.its L11e strengtl1s o r each teclmology 10 be 
exploited in the s,1me device. !,or mos, t1f tbe applications 
described herein, the cost of mounting such a tag in a vehicle 
or ~rn tl1c rtJadway far exceed, the cost of the tag itself. 
·n,e.re-fore. combining the two technologies dol.'!s not signifi­
cantly affect the cost oJ implementing tags onto vehicles or 
roadways or side highway s1nictures. 

A va1iatiou of this design is to use an RF circuit such a~ 
in an R.FJD to serve as an energy source. Oue design 1:ould 
be for the RFID to operate with directional antennas at a 
relatively high frequency such M 2.4 GHz. TI1is can be 
primarily used to cha.ge a capacitor to provide the energy 
for boosting the signal from U1e SAW sensor using circuitry 
such as a cjrculator discussed below. Toe SAW sensor can 
operate at a lower frequency. such as 400 MH7,, permit1ing 
it co not interfere with tbe enel"l!,y trnnsfer ro the RP cfrcni1 
and Rlso permit the sigual to travel bene.r to the receiver 
since it will be diflicult lo align the antenna at (Ill times with 
tl1e interrogator. Also, by monitoring the reception of the RF 
signal. the angular position oftbe tire can be determined .ind 
the S...A.W circuit designed so 1hat it only transmits when the 
antcnnus arc aligned or when the vcl1icle is stationary. Many 
other opportw:ti ties now present themselves with the RP 
circuit operating at a diffcront fr~-:qncncy from tbe SAW 
circuit which will now be obvious to one skilled in the art. 

An alten1ate method tl1 1l1e electronic RFJ O tag is 10 
simply use a radar or lidar reflector and meast1re the time­
of-llight to the reflector and back. The reflector can even be 
made of a series of reJ1ecting surfaces djsplaced frmn ench 
other to achieve some simple coding. 11 slmuld be under~ 
stood that RFJD antennas can be simihu·Jy coufigu.red. An 
improvemeJ1t would be to polarfae the radiatiou and use a 
reflector that rota!($ lhe polarization angle allowing the 
reflector to be more e~sily found among other ref:lectfag 
objects. 

A.nother tield in which SAW technology can be applied is 
for ''ttltmsound-011-a-surface" type or devices. U.S. Pat. No. 
05.629,68 I, assigned to the CLtrrent assigrtee herein and 
iocorpornted by refere.oce herein. describes many uses or 
ultms0Lu1d in a tube. Many of the application~ are also 
candidates for ult.raso1wd-on-a-surface devices. 1u this case. 
a rnicro-rnachioed SAW device wil l in genernl be replaced 
by a much larger stnrcture. 

Based on the frequency and power available. und on FCC 
limitations. SAW or RPID or similar devices can be 
designed to penuit transmission distances of many feet 
especially if minimal power is available. Since SAW and 
RFID devices can measure both temperature and humidity, 
they are also capable of mo1utoring road conditions in front 
of and around a vehicle. Thus. a properly equipped vehicle 
1..-an detennine the road conditions prior lo entering a par­
ticulnr road seclioo if s11ch SAW devices are embedded in 
the road surface or OD mounting stnictures c lose to the road 
surface as shown at 60 in FJG-, 5. Such devices C~)uld provide 
advance warning of freezing conditions, for example. 
Although at 60 miles per hour such devices may only 
provide a one secoud wariung u· powered or if the FCC 
revises pennitted power k·vcls. this cao be stillicient co 
provide information l0 n driver 10 prevent dangerous skid-

96 
ding. Additionnlly, since the act11al temperature and humid­
ity can he reported, the driver will be warned prior lo 
freezing of the mad surfa1:c. SAW device 60 is shown in 
detail iu FJG. SA. With velucle-10-vehicle con101unication, 

5 the road conditions can be communicated as needed. 
If a SAW device 63 is placed in a roadway. as illustrated 

in FIG. 6, and if a vehicle 68 hos two receivillg antennas 61 
and 62. i:lll interrogator can lri:lllsmit a signal from either of 
the two antt:1111as and at a later time. tl1e two antennas will 

10 receive tile transmitted s igrwl from the SAW device 6J. By 
comparing the arrival time of 1.he two rec.eived pulses. the 
pos ition of vehicle 68 0J1 a lane of the roadway cnn precisely 
calculated. If the SAW device 63 has an ide.ntinc.ition code 
encoded into the returned signal generated thereb)', then a 

15 processor in the vehicle 68 cnn determine its position on the 
surface of the eart.h, pnwided a precise map is <.1vailable such 
as by being s1ored in the prot:cssor's memory Jf another 
antenna 66 is provided. for example. at the rear of the 
vehicle 68. tl1e11 the .longitt1dim1l position of tl1e vehicle 68 

?<, can also be accurately determined as the vehicle 68 passes 
the SAW device 63. 

The SAW device 63 does not have to be in Ille center of 
the road. Alternate locarions for positioning of tl1e SAW 
device 63 are on ove11ntSses above the road and on poles 

::!5 such as 64 and 65 on the roadside. For such cases, a source 
of power may be required. Such a sy~tem bas an advantage 
over a competing system using radar and reflector~ in tl1at it 
is easier to measure tile relative lime between the two 
received pulses tl1an i1 is to measure t:i.rne-of-tlight of a radar 

3c, signnl IQ a reflector and back. Such a ~--ystem operntes in l!ll 

weflther condi tions and is known ·as a precise location 
sys1cm. Bvcunially. such a SAW device 63 can be placed 
every tenth of a mile along the roadway or at some 0U1cr 
appropriote spacing. For the radar or laser radar reflection 

35 system. the reflectors can be active devices that provide 
environmeut,11 i11Jonnation in addition to location informa­
tion to the interrogating vehicle.. 

J fa vehicle is being guided by a DGPS and a11 accurate 
map system such ~,s disclosed iu U.S. Pat. No. 06,405, I 32 is 

40 used. a problem .irises wben tl1e GPS receiver system looses 
satellite lock a5 would l1appen when the vehicle enters a 
tunnel, for example. If a precise locarion system as described 
above is placed al the exit of the hu1J1eL tbe111be vehicle will 
know exactly where i t is and can re-establish smellii-e Jock 

45 in as little as 0 L1e second rather than typically l S seconds as 
,uight otherwist' be r~,quired. Oth<.'r tnetbods making use or 
the cell phoae ~yslcm can be used t·o establish an approxi­
mate location of the vehicle suitable for rapid acq11isition of 
satellite lock as described in G. M. Djtikn.ic, R. E. Richton 

so ''Geolocation and Assisted GPS'". Computer Magazine, Feb­
niaty 2001. JEBB Computer Society. which is incorpor.:ited 
by reference herein in its c:nti.rcty .. -'\n alrematt locMion 
system is described i.11 U.S. Pal. No. 06.480. 788. 

More partie11Jarly. geolocation technologies tl1at rely 
55 exclusively on wireless networks such iis time ol' arrival. 

time di:fforence or arrival, angle of arrival, timing advance. 
and mu ltipath fiugerprintfog, as is knov,,-n to those skilled in 
the art, offer a shorter time-to-lirst-lix (TTFF) than OPS. 
They also offer quick dcploymem and continuous tracking 

60 cnpability for navigatiM applicatioos. without the added 
complc-xity and cost of upgrading or replacing auy existing 
GPS receiver ill vehicles. Compared to eiUier mobile-sta­
tion-based. stand-alone GPS or uetwork-based geolocarion. 
assisred-GPS (AGPS) technology offers superior accuracy, 

65 availability and coverage at a reasonable cost. AGPS for use 
with vehicles can comprise a co.Ulllrn11ic.Hions unit with a 
minimal capability GPS receiver arranged in the vehicle, an 
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AGPS server with a reference GPS receiver 1hat can siJUuJ­
tancously "·see" tl1e same satellites as the communications 
unit and a wireless network in:fmstrncture consisting at 1eas1 
of base stations and a mobile switch.iog ceuter. The network 
can ,iccurately predict the GPS signal tJ1e communication 5 

unit will receive and convey 1ha1 inlbnnation LO the mobile 
unit such as a veh.icle, greatly reducing search space size and 
shorteLi.ing ll.1e TIFF from m.inutes to a second or less. In 
additjon, an AGPS receiver in the commw1ication unit can 
detect aud demodulate weaker signals than rbose that cou- 10 

ve.ntional GPS receivers require. Be1.,~iuse the network per­
f~1rnls ll1e location calculations, 1.hc commuoication un.it OLJly 
needs to contain a scaled-down GPS receiver. II is accurate 
within about 15 meters when they are outdoors. an order of 
magnitude more sensitive than conveutional GPS. Of course 15 

with the additi~1ual of differeurial correcrious aod carrier 
phase corrections, 1be location accuracy can be improvccl to 
ce.tllimeters. 

98 
grating the GPS receiver chain into a mobile system. this can 
prove crucial ll) making a practic:al receiver. 

Achieving optimal perfomiance or sensitivity assistance 
in TJNEIA-95 CDMA systems is relatively straightforward 
because base statkrns and mobiles ~ynchronize with GPS 
time. Given 'Iha\ global system for mobile conununication 
(GSM). time division multiple access (TDMA). or advanced 
mobile phone service (AMPS) systems do not maintain such 
slringeut synchron.ization, implementation of sensitivity 
assistance 1llld AGPS tt!Cbnology in geneml will require 
novel approaches !l1 satisfy the timing requiremeot. 'l11e 
standard.iwd solurion for GSM and TDMA adds time cali­
bmbon receiver, in 1he field (locatiou me-<1suremem units) 
that can monitor bt,th the wireless-system liming and GPS 
sig.nals used as a timing reference. 

Many fae1ors nffect tbe accumcy of geolocatfon technolo­
gies. especially terrain variations such as h1Uy versus flat and 
environmental differences s,1ch ;:is nrba11 versus suburban 
versus mral. Other factors, Like cc.JJ size and interference, Since an AGPS server can obtain the vehicle's position 

from the mobile switching center. at least LO the level of cell 
1rnd sector. aud at the saJUe bme monjtor sig.oals from GPS 
s,nellites seen by mobile stations. it can predict the signals 
received by the vehicle fm any given Lime. Specifically, the 
server can predicr the Doppler shifl due to satellite motion 

20 have smaller but noticeable eJ]ec1s. I lybrid approaches tlwt 
use multiple goolocation rcchnologies appear 10 be tbe most 
robust solut-ion to problems of accuracy and coverage. 

or OPS signals receivccl by I.he vehicle, as well as other 
sigual parameters that are a function of the vehicle's loca­
tion. In a typical s~tor. uncertainty in a satellite sigual"s 
predicted time of arrival at the vehicle is about j:5 µs. which 
corresponds to j:5 cbips of the GPS coarse acquisition (CIA) 
code. ·n1erefore. an A OPS server cau predicr (he phase or the 
pseudorandoll.l noise (PRN) sequence t.hat lllc receiver 
should use lo despread the CIA signal from a particular 
satellite (each GPS satellite l'ransmils a unique PRN 
sequence used for range measurements) and communicate 
tl1a1 prediction to tile veli.icle. The search space for the actual 35 

Doppler shift and PRN pllase is thus greatly reduced. and the 
AGPS receivercao accomplish the task in a fraction of tl1e 
time required by conventional GPS receivers. Fu.nher, the 
AGPS server maintains !l coooec:tion with the vehicle 
receiver over the wireless link, so tJ1e requirement of a~ki.ng 40 

the communication unit to make specific measurements, 
collect the results and communicate them back is e.asily met. 
Ailer despreading and some adrutional signal processing. an 
AGPS receiver returns back "pseudoranges" (I.hat is, ranges 
measured without tak.ing imo acconnt the discrcpm1cy 45 

between satellite and receiver clocks) to the AGPS server. 
which then calculates tbe vehicle's location. l11e vehicle can 
even complete the localion fix itsel r without returning any 
data 10 the server. Furll1er discussiou of cellular locatiou­
based systems can be frmnd in Caflery, J. J. Wireless 
Loca1io11 in CDMA Ce/111/ar Radio Sys/ems, Kluwer Aca­
demic Publishers, 1999. fSON: 0792377036. 

AGPS provides a oatural fit fo.r bybrid solutions since it 
uses the wireless network to supply assistance data to GPS 

15 receivers in ve11icles. 11us (eamte makes it easy 10 augment 
llle assistance-data message with low-accuracy dismnces 
from receiver to base statious measured by the network 
equipment. Such hybrid solutions beuef1t fn.1m the high 
density of base stations in dense urbm, environments. which 

3Ct 

Sensitivity assist:u1ce. also known as modulation wipe~ 
otf. provides another enb:aucement to detection of OPS 
signals in the vehicle's receiver. The sensitivity-assistance 
message contains predicted data bits of the GPS 11avig.1tio11 
message, which are expected to modulate the GPS signal of 
specific satellites at specified times. TI1e mobile station 
r.:ceivcr can therefore remove bit modulation iu the received 
GPS signal prior ro coherent integration. By extending 
coherent ioteg,ration beyond the 20-ms GPS data-bit period 

are llostile 1o GPS signals. Conversely. mr11l environments, 
where base stat'1ons arc too scarce foJ uetwork-based solu­
tions to ·acb.ieve big.b accuracy. pmvide ideal operating 
conditions for AGPS because GPS works well there. 

From the above iliscussion, AGPS can be a significant part 
of the location dctem1ining systern on tl vehicle and can be 
used to augment otl1er more accurate systems such as DGPS 
and a precise pllSiboni11g system based on road markers or 
signature matctti.og as discussed above and io patents 
assigi.1ed to Ji,te!Jigent Technologies International. 

SAW transponders can also be placed in tile license plates 
67 (FIG. 6) ofaU vehicles at nominal cost. An appropriately 
equipped automobile can tlleo detenuine the angular loca-
tion of vehicle.~ in its vicini ty. Jr a third ,Ulll)nna 66 is placed 
Hl the center of the vehicle front, tbcn a more accurate 
i1.1dication of the distance to a license plote of a preceding 
veblcle can also be obtained as descnbed above. Thus. once 
again. a single interrogator coupled with multiple antenna 
systems can be used fur 1uany fi1uctions. Altemately, if more 

50 than one SAW transponder is placed spaced apart on a 
vehicle and ii' I wo ru11enmtS arc on tJ1e olher vehicle, !.hen the 
dir('Ction and posirion of Ilic SAW-l,quipped vehicle can be 
determined by the receiving vel:ucle. The vehicle-mounted 
SAW or RPlD device can also transmit fofonuation about 

55 the vehicle on which it is mounted such as the type L1fvchicle 
(car, van, SUV. truck, emergency vehicle etc.) as well as its 
weight and/or mass. One problem witll many of the systems 
disclosed above results ti-om the low power lcvds pern1i1ted 
by the FCC. ' Illus changes in FCC regLilat.ions may be 

60 required before some of them can be implemented iu a 
powerless mode. 

(to a secoud or· tllOre wheu the receiver is stationary and to 
400 ms when it is fast-moving) rbis approach improves 
receiver sensitivity. Sensitivity assistance provides an addi­
tional 3-to-4-dB improvement in receiver sensitivity. 65 

Becaulitc' some of tJte gaiJJ pi"ovided by the basic assisrnuce 
(code phases and Doppler shill values) is lost when inte-

A general SAW ternperarure and pressure gage which can 
be wireless and powerless is shown generally at 70 located 
in the sidewall 73 of a fluid container 74 in FlG. 7. A 
presstu-e sensor 71 is locmed on the iuside of the container 
74. where i t measures dell('Ction of rhe cOJllainet wall. and 
the fluid tcmperantre sensor 72 on the outside. The 1cmperd-
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ture measuring SAW 70 can be covered with an insulating 
material to avoid the i11!1uence or the ambient 1emper,1111re 
uulside of the container 74. 

A SAW load sensor can a lso be used to me:lSlu·e load in 

100 
cated into a very low cost temperature sensor for this 
purpose. Otl1er pie:i-.oelcctric materials cau of course also be 
used. 

Note. the use of PVDF as a piezoelectric material for 
the vehicle suspensiou system powerle-ss ttnd wirelessly as 
~hown in FIG. 8. PIG. 8A illustrates a strut 75 such as either 

5 wired and wireless SAW transducer.; or sensors is an impor• 
tant clisdo~ure of al !east lrne of the inventions disclosed 
herein. Such PVDF SAW devices can be used as chemical, 
biological, temperature, pressure and other SAW sensors as 

of the rear stnits of the vehicle of FIG. 8 .. A coil spring 80 
stresses in torsion as the vehicle enconnters disturban.ces 
from lhe road and this torsion can be measured using SAW 
strain gages as described ii1 U.S. Pat. No. 05,585.57 I for 10 
measuriJJg the torque in shaJls. Tl1is concept is also 
described in U.S. PaL No. 05,714,695. The use of S.1-.W 
strain gages to measure the toni1onal stresses in a Spriug. as 
shown in FJG. 8B, and in particular in an automobile 
suspe11sion spring has. 10 the knowledge of the inventors. not 15 

b~u heietofore di~dosed. bi FIG. 813. the strain measiu·ed 
by SAW strain gage 78 is subtracted from the strain mea­
sured by SAW strain gage 77 to get the temperatiu·e com­
pensated strain in spring 76. 

Since a portion or the dynamic load is also catried by the ?<, 
shock absorber. the SAW strain gages 77 and 78 will only 
measure tbe steady or average load on the vehlcle. However, 
additional SAW strain gages 79 can be placed on a pistou rod 
81 oft he shl1Ck absorber to obta i11 the dynamic load. TI1ese 
load measurements CflJJ then be used for active or passive 25 

vehicle damping or other stability control fltlfJlOSes, K.now-
l<lg the dynnmic load 011 the vd1icle coupled witl1 measuring 
the respon.se of the vehicle or of tl1e load of an oc.cupaJJt on 
a seat also pennirs a dctei:mi.natiou oflbe vehicle's inertial 
properties and, in the case of the Seti! wcigh1 sensor, of the 3c, 

mass of an occupimt and the state of the seat belt (is it 
bucldcd and wbat land is it adding ro 1bc scat load sensors). 

FIG. 9 1llus1ra\cs a vehicle passenger compartment. and 
the engine compartmeJ1L, witl1 multiple SAW or RFIP tem­
perntL1Ie sensors 85, SAW temperatwe sensors can be dis- 35 

tributed throughout the passenger compartment, such as on 
the A-pillar. on the B-pillar. on the steering wheel, on tl1e 
seat. oo the ceiling., on ll1e head.liner. and no tl1c wiodsbicld. 
rear aJJd side wiudows and generally iu the engine corupart• 
01ent. These scusors, which can be iudepeudeutly coded 40 
with d[lferent IDs and/or different delays: can provide an 
accurate measurement of the tempernlmedi~tribulion within 

well as for switL·hes. Such devices are very inexpensive to 
mauufocntre and are suitable for many vehicle-mounted 
devices as well as for o theI non-vehicle-mounted sensors. 
Disodv,mtages (if PVDF stem from the lower piezoelectric 
constant (compared will1 li thium nil1bate) and the low acous­
tic wave velocity tbus .limiting the operatiJJg frequency. The 
.key advantage is very low cost When coupled with plastic 
elect.r0o.ics (plas6c chips). it now becomes very economical 
to place sensors throughout the vehicle for rnoa.itoru1g a 
wide range of parametetS sucl1 as teinpernture. pressnre. 
chemical concentration etc. ln particular implementations. 
an electronic nose based on SAW or RFID technology and 
11et1ml networks can be implemented in either a wired or 
wireless manner for the monitoring of cargo coJJtainers or 
other vehicle interiors (or builcliug interiors) for auli•tcrrorist 
o r secu1ity puiposes. Sec. for e1rnmple. Reznik. A. M. 
"Associative Memories for ChemiL-ul Sensing''. IE.EE 2002 
!CONJP. p, 2630 2634 vol. 5, In this manner, other sensors 
can be combined with the tempemtwc or used separately. lo 
measure carbon dioxide. carbon monoxide, alcohol. biologi­
cal agents. radjation, humidity or other desired chemicals or 
agents as discussed above. Note. although tlte examples 
generally used hereu1 are from the automotive iudustry, 
1trnoy of the devices <lisclnscd herein can be advaoiag"◊Uijly 
used with oilier vehicles including trucks. boats. airplanes 
and shipping containers. 

TI1e SAW temperature seusotS 85 provide the temperature 
at their mounting location l"o a processor uuit 83 via an 
interrogator with the pIOcessor unit 83 including appropriate 
control algorithms for controlling tile beating and aiI con­
d.itioJJing system based on the detected temperatures. The 
processoru1:ut 83 eao coutrol, e.g., wltlcb veJltS in the vehicle 
are open and closed, the flow rate through vents and the 
temperature of air passing through the vents. fo genera I, the 
prncessor tutit 83 can control whatever adjustable compo­
nents are presen.t or form part of the heating and air 

the vehicle interior. RPJD switc11es as discussed below can 
also be used to isolate one device from aaother. Such a 
system c1m be u~ed to tailor the heating an<l 11ir comlition.ing 
system l>ased on the temperature al a pat1icul:1r location i11 
lbc passenge.r compartment. If Ibis system is augmented 
wi1]1 oc.cupunt ~ensors, tl1e11 the temperature can be con­
trolled based ou seal occupancy and the temperature at that 
.location. If the occupant sensor system is based on ultra­
sonics. then the temperature meast1rement system can be 
used 10 corrt.'Cl the ultrasonic occupant Sl'nsor system for the 
speed o r sm111d with.in the passenger corupartmeuL Without 
such a correction. the error i11 the sensing system can be as 
farge as about 20 percent. 

45 conditioning system. 

fo one implementation, SAW temperan1re and other sen­
sors can be made from PVDF film and incorporated wilhin 

In FIG. 9 a child sem 84 is illustrated on tbe rear vehicle 
seal. The child ,eat 84 can be fabricated with one or more 
RPlD tags or SAW tags (not shown). TI1e RPID and SAW 
wg(s) can be constn1cted to provide iufo11uation on the 

so occupancy of the child seat, i.e., whether a child is preseJJI, 
based on the weight, temperarnre, and/or any other measur­
able par::imetcr. Also, the mere transmission of w1.111es from 
the RFID or SAW tag(s) oo the child seat 84 would be 
iodicative of the presence of a child seat. ·n1e RFID and 

55 SAW tag(s) can also be constructed to provide infonnation 
about the orieutatfon of tl1e child seat 84, i.e., whether ii" is 
facing rearward or for.,.,ard. Such information about the 
presence and occupancy of tt1e cbild seat and its orientation 
can be used in the control of vehicular systems, such as the 

the 1111-rasouic transducer 11ssembly. For tl1e 40 kHz tillr.1• 
sonic tr.msducer case, for L-xamplc, the SAW tempcr11ture 
sensor would return the seven.ii pulses sent to drive ll1e 
ultrasonic lrnosdllcer to the crn1trol circuitry u,ing the same 
wires used to transl)li t tbe pulses to the t.raJ1sducer aJler a 
delay that is proportional to the temperamre within the 
transducer housing. Thus, a very economical device c,Ul add 
th.is temperatwe sensing fi.inctiou using, much of the same 65 

h::irdware that is alt"eady prcsc1i.t for tbe occupant sensing 
system. Since tJ1c frequency is low, PVDF c:ould be fobri-

51; vehicle :.iirbag system od1eating nr air conditioni1tg system. 
especially useful wbc.o a child is Jell io a vehicle. lo tbis 
case, a processor wo11ld control the <li rbag or I (VAC system 
nnd would receive information from the RFID Md SAW 
tag(s) via an interrogator. 

TI1ere are mauy applications for which knowledge of the 
pitch and/or roll orientation of a vehicle. or other object ts 
desired. A.11 accurate tilt sensor can be c.-onstructed using 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
101 102 

SAW devices. Such a sensor is illustrated in flG. I0A aJ1Cl 
designated 86. 171is scusor 86 can utilize a substm1tially 
plamu· and roctangulnr mass 87 and four supporting SAW 
devices 88 which are sensitive to gravity. For example. rbe 
mass 87 acts lo dellect a membrane 011 whicl1 the SAW s 

tiple apparatus for detennining, the amount of liquid in a 
tank. Using the SAW pressure devices of this invention. 
multiple pressure seHsors can be placed at appropriate 
locations within a Jiiel tank to measure the fluid pressure and 
thereby determine the quantity or fuel remaining in the tank. 
This can be done both statically and dynamkally. This is device 88 resides thereby straining the SAW device 88 . 

Other properties can also be used for a tilt sensor such as the 
directfou of t·he earth's mag,uetfo field. SAW devices 88 are 
shown arranged at the corners of the planar mass 87, but it 
nrnst be understood 111.at this :mangemeut is an exe1uplary 
embodiment only and not intended to limit tl.te invention. A 
fi tlh SAW device R9 can be provided to measure temrem­
hirc. By comparing the outputs of the four SAW devices 88. 
the pitcl1 and roll of the automobile can be measured. This 
sen.sor 86 can be used to correct errors in the S.A.. W rate gyros 
described above. lf the vehicle ha~ bt.-cu sturiooary for a 
perk)d 01'1ime. tl1e yaw SAW rate gym can init ialized to 0 
and the pitch and mil SAW gyros in.ilialized 10 a value 
determined by the tilt sensor of FIG. IOA. Many other 
geometries of till sensc,rs utilizing one or more SAW devices 
can now be envisioned for automotive and other applica­
tions. 

In particular, an aJtcmate prderre<l configur<1tion is illus­
trated in PlG. I 013 where a 1riangular ge,.1rnetry is used. In 
th.is embodiment, the planar mass is triangularnnd 1l1e SAW 
devices 88 are arr.ingcd at the corners, although as with P!G. 
IOA, this is a non-limiting. prelerred embodiment. 

Either of the SAW accelerometers described above can be 
utilized for crash sensors a.s slrown io FJG. 11. These 
accelerometers have a substantial ly higher dynamic range 
th,u1 competing accelerometers uow u~cd for crash sensors 
such as tho~.:: based oo MEMS silicon sprin.ga aod masses 
and others b;1sed on MBMS capacitive sensing. As discussed 
above, this is partially a result of the use of frequency or 
phase shifts which can be measured over a very wide rat1ge. 
Additionally, many conventional accelerometers that are 
designed for low acceleratiou ranges are unable to withstand 
high accelemtiou shocks without breaking. 171is places prac­
tical limitations on many accelerometer designs so that tbe 
stresses in the silicon are not excessive. Also for capacitive 
accelerometers, there is a narrow limit over which distance, 
and thus acceleration. can be measured. 

Tue SAW accelerometer for this panicular crash sensor 
design is housed in a container 96 which is assembled into 
a housing 97 and covered with a cover 98. This pariicular 
implementation shows a co1rnector 99 iudicarii\g that this 
sensor would require power and the response would he 
provided through wires. Alternately, as discussed for other 
devices above, the couuector 99 can be eliminated and tbe 
information and power to operale the device transmitted 
\'-'irelessly. Also. power can be supplied thorough a collllec­
tor and stored in a eapacitl)r while the information is 
transmitted wirelessly tlrns protecting the system from a 
wire failure during a crash when the sensor is mounted in tl1e 
crns11 zone. Snch sensors can he used as rrontal. side or rc:tr 
imp.Jct sensors. They ean be used in the cn1sb zone, in the 
passenger compartme.nt or any other appropriate verucle 
location. If two such senso.rs are separated and have appro­
pric1te sensitive axes, tJ1cn U1e angular acceleration or the 
vehicle can also be dcrem1i11ed. Thus. for example. forward­
facing accelerometers mounted in the vehicle side doors can 
be used \(l measure the yaw acceleration of the vehicle . 
Altemately. two vertical sensitive ax.is accelerometers in the 
side doors can be used to measure the roll acceleration of 
vehicle, which would be useful for rollover sensing. 

U.S. Pal. No. 06.615.656. assigned to the cw-rent assignee 
of Uus invention, and tJ1e description below, provides mul-

illustrated in FIG. 12. In this example, four SAW pressure 
transducers 100 are placed on the bottom of the fuel tank and 
one SAW pressure transducer 101 is placed at tJ1e top of the 

1u fi.iel tank to eliminate lbe effects of vapor pressure within 
tank. Using neural networks, or other pattern recog11iliou 
techniques, the q~1untity or fuel in the tank c.JD be acc~ir,Hely 
detenniued from these pressure readings ill a marmer similar 
to that described tl1e "656 patent and below. The SAW 

15 measuring device illustrated in PIG. 12A coiUbines tempero­
ttire and pressure meusurements in a i,ingle ,mir using 
parallel paths 102 and 103 in the same manner as described 
above. 

FIG. 1 .1A shows a schematic of a prim art airb,rg module 
20 deployment scheme in which sensors. which detect data for 

use iu deienuini.ng whether lo deploy an airbag in the airbag 
module. are wired to an elecLronic control un.it (ECU) and a 
conuuru1d to ini tiate deployment of the airbag ii1 tJ1e airbag 
module is sent wirdessly. By coutmst. as shown h1 r·10 . 

25 138. in accordance with an invention herein. the sensors arc 
wirelessly counected to the electronic Clllltrol unit and thus 
tran~mit data wirclessly. ' Ilic ECU is however wired to the 
airbag module. The ECU could a !so be connected, wi.relessly 
1:0 the a irbag module. Alternately. a safety bus can be used 

3c, in place of the wireless connectiou. 
SAW sensors also have applicability to vruious 0U1er 

sect MS or the -vobick, includin& the powcrrra.iu. chassis. aud 
occupant comfon and conven1ence. For example, SAW and 
RFU) sensors have applicabi lity to sens<.1rs for the power-

35 train area including oxygeJ1 sensors, gear-tooth Hall effect 
sensors. variable reluctance sensors, d igital speed and posi­
tion sensors. oil condition sensors, rotl.U)' position sensors. 
kwv pressure sensors, mnui1l)1d absl1lute pressure/manifold 
air temperature (MAP/MAT) sensors, medium pressure sen-

40 sors, turbo _pressure sen.sors, knock sensor:s, coolallt/fluid 
temperature ~ensors. and tmnsmission tempernn1re sensors. 

SAW sensors for chassis applications include gear-tooth 
Hall effecr sensors, variable relucrance sensors, digital speed 
and position sensors, rotary position sensors. non-contact 

45 steering positio11 sensors, and digital ABS (anti-lock braking 
system) sensors. 111 one impleme.iitatiM, a llall Effect tire 
pressure rno1tilor comprises a rnagnet tbal rotates whh a 
vehicle wheel and is sensed by a I lall Effect device which is 
attached to a SAW or RFlD device Ihm is wirelessly 

so interrogated. Ibis arrangemelll eliminates the need to mn a 
wire into each wheel well. 

SAW seM0rs for the occupant comfort and conveoic1ice 
□eld include low tiJ-e pressure sensors, HVAC temperature 
and humidity sen.sors. air temperntllre sensors. and oil con-

55 dition sensors. 
SAW sensors also have applicability such areas as co11-

trolling ev11porntive emissions. transmission shilling, mass 
air tlow meter.,, oxygen. NOx and hydroc11rbon sensors, 
SAW based sensms are particularly useful in high tempern-

6(J ture e.nvininmeors wbere many otl1er teclrnologies fa il. 
SAW sensors can facilitntc compliance with U.S. regula­

tions Clluceruing evapc,rative system monitoring in vehicles, 
through a SAW fuel vapor pressure ru1d temperature sensors 
that measure foe! v;ipor pressure within tbe fuel tank as well 

65 as temperamre. If vapors leak into the anuospbere. the 
pressure withiu tltc tank drops. -n1c sen.Sor notifies the 
system of a fuel vapor leak. resulting in a warning signal lo 
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the driver and/or uoti ficat1011 to a repair focilily, vehicle 
m,mulacrurer and/or compliance mo1titoring facility. This 
application is particularly importanl since the condition 
within the foel tank can be asce1t:ifoed wirelessly reducing 
the chance of a fiiel fire in an accident. 11w same interrogator 5 

that monitors the tire presstU·e SAW sen$ors can also monitor 
the fuol vapor pressure and temperature sensors re~'l.ilting in 
significant economies. 

Each oJ the sensors 105- 111 may be single axis. double 
axis or Lriaxial accelerometers Md/or gyroscopes typically 
of1.he MEM~ type. One or more can be IMUs. Tl1ese sensors 
105- 111 can either be wired 10 the cemrnl control module or 
pmcessor direc1ly wherein they wo11ld .receive power and 
transmit information, or they could be connected onto tbe 
velticle bus or. in some cases. using RFlD, SAW or similar 
technology. the sensors cau be wireless and wonld receive 
their power through R.F from one or more interrogators A SAW liumidity sensor can be used for measuring the 

rcfativc humidity and the resulti11g iu.fonmnion cao be ioput 10 

to t:he engine mauagcme.nt system or the heating. ventilation 
and air co11ditioning (HVAC) system for more efilcient 
operation. The relative humidity of the air entering an 
automotive engine impacts the engine's combustion cfli­
ciency: i.e .. the abiHty oftbe spark plugs to ignite the foel/air 15 

mixn.1re in the combustion d1amber al the proper tjme. A 
SAW humidity scosor in this case can measure (be humidity 
level of the incoming engiuc air. helping to calculate a more 
precise fueVair ratio for improved fuel economy and reduced 

20 

located in the vehicle. Io this case. lhe interrogators can be 
connected either to Lhe vehicle bus or directly to conrrol 
niodule. Alternately, an inductive or capacitive pQwer and/or 
information transfer system can be used. 

One particular implementation will now be described. In 
this case, each oftbe sensors 105- Ul is a single or dual axis 
acceleromeier. TI1ey arc made using silicon micromachioed 
tecilnology such as described in U.S. Pat. No. 05, 121, l 80 
and U.S. Pat. No. 05.894,090. ·mese are only representative 
patents of these devices and there exist more than I 00 other 
1-elevant 1J .S. polents describing !l1is leehnology. Commer­
cially available lvlEMS gymscopes such as from Sys1ron 

emissions. 

Dew point conditions are reached when th;: air is folly 
saturated with water. When the cabin dew pQint lempemture 
nurtcbes lbe windshield glass temper.iture, water from \lie air 
coudeoses quickly, creating fros t or fog. A SAW humidity 
sensor witl1 a te1upcrature-sensing ele1Ue11t and a window 
glass-temperature-sensiug element cau preveut the fonua­
tio11of visible fog formation by aulomaticalJy comrol fu1g the 
llVAC system. 

FIG. l4 illustrates the placement Qf a variety of sensors. 
primarily accelerometers and/or gyroscopes, which can be 
used to dingnose the st.ite of the vehiel;: i1sdf. Sensor 105 
can he located iu the bead liner or attached to the vehicle roof 
above the side door. Typically, there cau be two such sensors 
one on either side of tl1e vehicle. Sensor 106 is shown iJ.1 a 
typical mounting location midway between the sides of the 
vehicle attached Lo or near tJ1e vehicle roof above tJ1e rear 
window. Sensor 109 is showo in a typic::tl mounting location 
in tbe vehicle trnok adjawnnhe rear oftbe vobkk. One, two 
or three such seusors can be ~,sed depending on lbe appli­
cacion. If th.tee such sensors are used. preferably one would 
be adjacent each side of vehicle and one in the center. Sensor 
107 is shown iu a typical motulling location iu the vehicle 
door and sunsl1r 108 is shmvn in a typical mounting location 
on the silJ or ffoor below the door. Sensor 11 0, wltich can be 
also mulliple sensors, is shown in a typic;:tl 1nou11tiug loca­
tion forward io the crnsb zone of the vehicle. Fio~1lly. sensor 
I JJ can measure the acceleration of Lhe ftrewall or instru­
mem panel and is located thereon generally midway 
between the two sides of the vehicle. lf three such seu.sors 
are used, one would be adjacent each vehide side and one 
in the center. An !MU Wl)uld serve basically the same 
functions. 

In general. sensors 105 Jll provide a measurement of the 
state orthe vehicle, such as it~ velocity. acceleration, angular 
orientatioll ortemperanire. or a state of the location at· which 

Doner have accuracies of app.roximately one degree per 
second. ln contrast. optical gyroscopes typically have accu­
racies of approximately ooe degree per hour. Unfor1un,1tely. 

25 the optical gyroscopes ru-e believed to be expensive for 
automotive applications. However new develL1pments by the 
current assignee are reducing this cost and such gyroscopes 
,ue likely lo become cost effec6ve in a few years. On the 
other hand. typical MEMS gyroscopes are not sii.fficieutly 

,c, accurntc for many control applic;it ions unless corrected 
usi.ng location teclmology such as precise positioning or 
Gl'S-bascd systcU1s as described elsewhere herein.. 

771c angular rnte fonction can be obtained hy placing 
accelerometers at twl) separated, non.-co-Ioca1ed points in a 

35 vehicle and using the differential acceleration to obtain an 
iudic.ation of angular motion and angular acceleration. From 
the variety of accelerometers sl1own on FIG. 14. it can be 
appreciated that not ooJy will all acceler;1tioo~ of key pans 
of the vehicle be determined, but the pitch. yaw and roll 

40 angular rates can also be detenn.iucd b<1sed ,m the accuracy 
of the accelerometers. By this method, low cost systems can 
be developed which, although not as accurate as the optical 
gyroscopes. are considerably more occurate than uncor­
rected conventfonal MEMS gyroscopes. Ahemately. it bas 

45 been f01u1d that from a single pack,igc contauting ur to three 
low cost MEMS gyroscopes and tbrce low cost MUMS 
accelerometers. when carerully cal1brated, an accurate incr­
Lial measurement unit (JMU) can be co11-~tructed that per­
forms as well as units costing a grea1 deal more. Such a 

so package is sold by Crossbow Technology. lnc. 41 Daggett 
Dr., San Jose, Calif. 95134. If this lMU is combined with a 
GPS sy$tC.m and sometimes ocher vehicle se11sor inputs 
nsiJ1g a Kalman filter. accuracy approaching that of expen­
sive IJlilitary units can be achieVlc,~. A preforred 1MU that 

55 uses a single device to sense both accelerations in three 
directiolls and angular rares ab011t three axis is described iu 
lJ.S. Pal. No. 04.71!,125, Although this device has been 
available for many years, it bas not been applied to vehicle 

the sensor is mounted. Tims, measurements related to the 
state of the sensor \vouJd include measurements of tbe 
accelemtion of the sensor, measurements oftl1e temperature 
oftl1e 111011111iog location as well a~ di.auges in tl1e state of 60 

tbc sensor and rates of changes of the state or the sensor. As 
such, any described use or function of the sensors l 05 IJ 1 
above is merely exemplary aud is not intended to limit 1be 
form ot'1he sellsor or its function. Thus, these sensors may 

st:nsing and in particular automobile vehicle sensing for 
locmioo aod navigational purposes. 

Instead of using two accelerometers at separatt> locations 
oo Ilic vehicle, a single couformal MEMS-IDT gyroscope 
may be used. Sucl1 a confonual MEMS-IDT gyroscope is 
described in a paper by V. K. Varadan, "Conformal MEMS­
fDT Gyroscopes and TI1eir Comparison With Fiber Optic 
Gym'·, Proceedings of SPIE Vi.)!. 3990 (2000). 111e MEMS-

or may uot be SAW or RFID sensors and may be powered 65 
or unpowcncd and may transmit their i nform.ation through a 
wfre harness, a safety or other bus or wirelcssly. IDT gyroscope is based on the principle of surface acoust ic 
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wave (SAW) standing waves on a piezoelectric substrate. A 
surface acous1 ic wave resonator is used to create standi11g 
waves inside a cavity and the parlicles at the anti-nodes of 
the st~1udiug waves experieuoe Large amplitude or vibrations. 
which serves ,1s the reference vibrating motion for the 
gyrosCl)pe. Arrays of metallic dots arc positioned at the 
anti-node locations so tha1 the effect of Coriolis force due ro 
rotation wiJI acoustic111ly amplify the mag.nit11de of the 
waves. Unlike other MEMS gyroscopes. 1he MEMS-IDT 
gyroscope bas a plaoar coufigu.ratiou with no suspeoded 
resona1·i11g mechanical strucnu·es. Other SAW-based gyro­
scopes are al.so now 11nder developJllent. 

1110 system of FIG. 14 using dua 1 axis accelerometers. or 
the IMU Kalman .tilter system, therefore provides a com­
plete diagnostic system of the vehicle itself audits dynamic 
motion. Suell a system is for more accurate than any system 
currently available in 1he autumotive markel. 11us system 
provides very accurate crash discrimination since the exact 
location of the crash can be dctonnined and, cot1plcd Mlh 
knowledge of' the force deflection characteristics of the 
vehicle at the accident impacr site. an accurate determination 
of the crash severity and thus the need for occupant restraint 
deployment can be made. Similarly, the tendency of a 
vehicle to rollover cau be predicted in lldvaoce and signals 
sent to the vehicle steeri11g, braking and throttle systems to 
attenipl to aL11el iorate the rollover situatioo or prevent iL In 
1l1e event that it cannot be prevented. Ilic deployment side 
curtain airbags c~n be initiated in a timely maJ1Uer. Addi­
tiouaJJy, the tendency of the vehicle to 1l1e slide or skid can 
be considerably more ,1ccurately determined and again the 
steering, braking and throttle systems commwu.led to mini­
m.izc the 'l.tr)stabk veh.iek behavior. Thus. thniugb the 
deployment of inexpensive accelcrometc,rs at a variety of 
locations in tl1e vehicle, or the IMU Kalman filter system, 
significant improvements are made in vehicle stability con­
trol crash sensing, rollover sensing and resulting occupant 
protection technologies, 

As oientiooed above, the combination of1he outputs from 
tbe~e accelerometer sensors and the output of strain gage 
weight sensors iu a vehicle seat, or in or 011 a support 
structure of the seal. can be used to make an accurate 
assessment of 1he occupancy of the seat and dillerentiate 
between animate and iJuminiate occupants as well as deter­
mining where in the seat the occupants are sining. This can 
be done by observing Lhe acceleration signals from the 
sensors of l-'IG. 14 and siornllaneously the dynamic stra i11 
gage measurements from se;;it-mnuotod strain gages. The 
accelerometers provide the input function to the seal and the 
strain gages measure the reaction of the occupying item to 

106 
the strain gages with optional consideration of the measure­
meu1s of accelc1w11eters ou the vehicle, which are repre­
sented by any of sensors 105- 111. 

A SAW Pressure Sensor can also be used with bladder 
5 weigh! sensor.; pem1itting that device to be intcrrog,1ted 

wirelessly and wit11out the need l'Q ~upply power+ Similarly, 
a SAW device can be used as a general switch in a vehicle 
and in particular as a seatbelt buckle switch indie11tive of 
seatbelt use. SAW devices can also be used to rncasw·c 

HJ seatbelt tension or the accelcral iL)U of the sN1tbelt adjacem to 
the chest or other part oft11e occupant ,md used to control the 
occupaJl('s acceleration during a crash+ S11ch systems can be 
boosted as disclosed 1ierein or not as required by the 
application. These inventions are disclosed in patents and 

15 patent applications or the current assigoee. 
111e operating frequency of SAW devices has hereto fbr 

been limiLed to less that about 500 Ml-lz due to prob'lems iu 
lithography re,olution, which or course is constantly 
improving and currently SAW devices based on lithium 

21, niobate are available that oper(Jtc at 2.4 Gr!?;. This lithog­
.raphy probleru is related to the speed of souud iu !he SAW 
material. Diamond bas the highest speed of sound nnd thus 
would be an ideal SAW material. llowever, diamond is not 
piewelec1ric. Th.is problem can be solved pi'lnially by using 

15 a combination or lam.iaate or dimnond and a piezoelectric 
111aterial, Recent advances in the nianufocture of diamond 
ltlms that can be combined with a piezoelectric material 
such as lithium niobate promise 10 permit higher :frequencies 
to be used since I.he spacing between the inter-dig.ital traus-

3c, d11ccr (IDT) fingt·rs can be incrcaSL'C! for a given frequency. 
A particularly Ht1ractive frequency is 2.4 GHz or Wi-Fi as 
the potential exists for the ~,sc of more soph.is1ieatcd anten­
nas such as the Yagi antenna or the Motia smart antenna that 
have 01ore gain and directionality. 111 a different develop-

35 meut. SAW devices have been demonstrated that operate it1 
the tens of GHz range using a novel stacking method to 
achieve the close spacing or the IDTs. 

lo a related iuvemion. tl1c driver cau be provided wit11 a 
keyless entry device. other RFJD tag, smart card 01• cell 

40 phone with aJ1 RJI transpouder !hat cau be powerless in lb.e 
form o f an RFII) or similar device. which can also be 
boosted as described herein. Tue interrogator determines the 
proxin1ity of the driver to the vehicle door or other similar 
object such as a building. or house door or vehicle trunk. As 

45 shown in FIG. 15A, ifa driver 118 remains within L meter, 
for example. from the door or tnul.k lid 116, for example, for 
a time pe1iod s-ucb as 5 ~econd~. then l'he door or tru1lk lid 
116 can automuticalJy unlock and ever open .in some imple­
mentations. Thus. as the driver 118 approaches the trunk 

so with his or her arms filled with packages 117 and pauses. the 
trunk can automatically open (see FIG. 15B). Such a system 
would be especially valuable for older people. Nani rally, this 
system can also be used for other systems in addition to 

the vehicle acceleration and thereby provide a method of 
determi1uog dynamically the mass of the occupying item 
and its location. ·111is is particularly imponant during occu­
pant position sensing during a crash eve111. By combining the 
ou1pui-s of the accelerometers and the strai.11 gages and 
appropriately processing the same. the mass and weight of 55 
an o~jectoccupying the seat can be determined as well as the 
gross motion of such an object so that an assessment can be 
made as to whether the object is a lifofonn such as a Jmman 
being. 

vehicle doors a11d t.nmk lids. 
As shown in FIG. l 5C. an interrogator 115 is placed on 

the vehicle. e.g .. iu the Imm:: 112 as showll, and 1ra11smits 
waves. When the keyless e.Jllry device 113, which contains 
an antenna 114 and a circuit including a circufotor 135 aad 
fl memory containing a uDique JI) cod~ 136. is a set distance 

Por thi~ embLidiment, a sensor. not sbowu, that can be oue 
or more strain gage W1;."1gbt sensors, is mounted on Lbc seat 
or in connection wilb the seat or its suppo11 structure. 
Suitable moimting locations and forms orweigbr seosors are 
discussed in the current assignee's U.S. Pat. No. 06,242,701 

60 from the interrogator 115 for a cerwin dltra1io11 of time, the 
interrogator 115 directs a trunk opening device Ll7 to open 
tl1e trunk lid 11 6 

and contemplated for use in the inventions disclosed herei11 65 

as 1vell. ' l11e mass or weight oft11e occupying iwm of the seal 

A SAW device can a lso be used as a wireless switch ::is 
shown in FIGS. 16A and Hill. FIG. 16Aillustrates a surface 
120 containing a projection 122 on rop ofa SAW device 121. 
Surface matcrinl l 20 could be. for exalllple. the armrest of 
au automobile , the steering wheel airbag cover, or My olhcr ,;.-ai1 thus be measured based ou the dynamic measurement of 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
107 

surface within the passenger compartmelll of ru1 alltomobile 
or elsewhere. Pn"ljectio11 122 will typically be a material 
t.~ttpable of transmitti11g force to the surface of SAW device 
121. As shown in FIG. 208. a projection 123 may be placed 

108 
SAW traJlSdllcer. It is expected thtit the mixing operations 
will result in about 12 db loss in sigunl strength. 

on top of rhe SAW device 124. This projection 123 pennils 5 

force exerted Qll the projection I 22 to cre!lle a pressure on 

As cliscussed, theOJ'etically a SAW can be used for any 
sensing function provided the snrface .across which the 
acoustic wave travels can be modified in terms of its length, 
ma$S, elastic prnpcrties or any property l11at atrects the travel 
distance, speed. ampllt-ude or damping of the surface wave. 
Thus, gases and v,1pors can be seused through the placemeut 

the SAW device 124. This increased pressure changes the 
time delay or aatmal freq11ency of the SAW wave trnveling 
Ull the surfoce oJ material. Altcmately, ii cru1 alfect the 
magttitude of the returtied signal. 1be projection 123 is 10 
typically held slightly out of contact with the surface until 
forced into contact with it. 

of a layer l)O 1he SAW that absorbs tlie gas or vapor. for 
e>.'ample (a cbcntica\ scnsor or elcctroo[c uosc). Siroj!arly. a 
radiation sensor can result tllrougb the placeruem of a 
radintion sensitive coating on the surface of the SAW. 

An alterm\le approach is to place a switch ,1cross the IDT 
127 as shown in FIG. 16C. If switch 125 is open. then the 
device ,,•ill not return a signal ro 1he interrogator. U' it is 15 

closed. than the IDT 127 will act as a reflector set1diog a 
sig,nal back to IDT 12-8 and thus LO the interrogator . .'\Iler• 
uately. a switch 126 cai1 be placed across the SAW device. 

Normally, a SAW device is interrogated with a constant 
amplitude and frequency RF pulse. ·111is need not be lhe case 
and a modulated ptLlsc can also be uscx.l. 1 f fi.1r cX,.unple a 
pseudorandom or code modulation is used, then a SAW 
interrogator can disti11guisb its co11JJuu1ticatiw1 from that of 
anotlicr vehicle that may he in the vicinity. llus doesn't 

ln this case. a switch closure shorts the SAW device and no 
sigJ.ial is n:Lunrnd Lo the in!errog,,Hor. For Ilic embodiment of 
flG. 16C. using swilcb 126 instead of switch 125, a standard 
reflector IDT would be used u1 place of the IDT 127. 

21
, totalJy solve the problem of interrogating a tire thal is on an 

adjacent vehicle but it does solve the problem of the inter· 
rogator being confused by the transmission from another 
ime.rrogator. This con.fusion can aJso be partiaJly solved. if 
llie interrogator only listens for ti return signal based on Most SAW-based accelen,meters work 011 the principle of 

straiuit1g the SAW surface and thereby cbmiging either the 
lime delay or natmal frequency of the system. An a lternate 15 

novel accelerometeJ is illrn,trated FIG. 17 A wherein a mass 

when 11· expects rh11t signal lo be present based on wheo it 
sent the signal. 171ut expectation can be bused on the 
physical locatiou of the tire relative to the interrogator which 

130 is attached 10 a si licone rnbber coating 131 which has 
been applied the SAW device. Acceleratfon of the mass in 
FIG. 17 A in the d irect ion of arrow X changes the amonnt of 
rnbber in coutact with the surface of the SAW device and 3' ' 
thereby chilllges the damping. natural frequency ,,r the time 
delay of the device. By tlus method. acctu-ate n1easLtremeuts 
ofacceJerarim1 below I Gare readily obtained. Furthermore, 
this device cru1 withstand high deceler'<1Lion shocks without 
damage, FIG. 17B illustrates a more ct)lwentional approach 35 

where the s1rain in a beam 132 l~,1t1sed by the accelern1ion 
acting on a mass 133 is measured with a SAW strain sensor 
134. 

js u1l11kely to come from a tire 011 art adjacent vehicle whicl1 
only momentarily could be at an appropriate di~t.i.ncc from 
the interrogator. The interrogator would of cotm;e uecd to 
have correlatfon software iu order to be able to difterentiate 
1be relevant sigirnls. ·n1e correlation kchuique also pt.'rlllits 
the interrogator to separate the desired signals from noise 
thereby improving the sensitivity of the correlator. Au alter-
tiate approach as discussed elsewhere herein is to combine 
a SAW sensor with an RFII) s·witch where the switcli is 
programmed Lo open 01· close based on the rt.-ceipt of the 
proper identification code. 

As dfacussed e lsewhere herein, the p,1rticular tire that is 
It is uuportm1t to note that all of these devices have a ltigb 

dynamic range compared with most cotnpe1i1ive technoJt,. 
gies. 1u some cases, this dynamic range can exceed 100,000 
mid up Lo 1,000.000 has been rcpnrtcd. This is Lhe direct 
te~ulr of the ease with which fre4uency and phase can be 
accurately measured. 

A gyroscope, which is suitable for automotive applica­
tions. is ·illustrated in FIG. 18 and described in detail ill 
Var-<1tlan U.S. PaL No. 06,516,665. This SAW.based gym• 
scope has applicability for the vehicle uavigatiou. dynamic 
c.ontroJ, and rollover sensing among others. 

Note that any of the disclosed applications can be inter­
rogated by the cet'ltral intcrrog:itor ofthis invention and can 
either be powered or operated _powerlessly HS described. in 
geueral above. Block diagrams of1liree interrogators sui t• 
able for use in this invention ;ire illustrated in FIGS. 
19A- 19C. FIG. 19A illustrates a super heterodyne circuit 
and FIG. 19B ilJustrates a dual super heterodyne circllit. 
FIG. 19C operates as follows. During the burst time two 
frequencies, F l and Fl +F2. arc sent by l11e lransmiller after 
being generated by mixing using oscillator Osc. Tue two 
frequencies are oeoded by the SAW transducer where they 
are 1uixcd yielding 172 wb.icb is modulated by the SAW and 
contaiDS the iufonuation. Frequency (Fl+F2) is sent only 
dtuiog the bun;t time whi le frequency Fl remaillS 011 until 
the signal F2 returns from the SAW. Tius signal is used for 
mixing. Jlic signal returned from the SAW trarn;duccrto the 
interrogator is Fl +F2 where F2 has been modulawd by the 

40 sending a signal CM be determined if multiple antennas, 
such as three. each receive the signal. For r, 500 MHz signal. 
for example. the wnve length ·is abom 60 cru. lfthe distance 
from a tire transmirter to each of three antennas is on the 
order of one meter. then the relative distat1ce from each 

45 RJ.1tcru111 Lo the LrJllsminer can be detcnuincd to within a few 
centimeters and thus the Joca1i011 of the traJ1smitter can be 
found by 1riani:,'l.1latioo. If that locatioo is not a possible 
location for a tire 1ransmitier. then the dala (.~cl.Ii be ignored 
thus solving fhe problem of a trnilsmitter from an adjaceut 

50 vehlcle being read by the wrong vehicle interrogator. 'Ihls 
will be discussed in more deta il below witJi regard to solving 
the problem of a truck having 18 tires !hat a IT need to be 
monitored. Note also. each allteuna can have associated with 
it some simple circuitry that permits it to receive a signal. 

55 amplify it. change its trequency ;md retransmit it either 
through a wire of through the air to the interrogator thus 
eliminating the need for Jong and expensive coax cables. 

U.S. Pat. No. 06.622,567 describes a peak strain RFID 
technology based device with the novelty being the use or a 

6<J mecha,tical device that records tl1e penk stt::i1u experienced 
by tbc device. Like the system of the invention herein, the 
system does not require a ballery and receives its power 
from the RFID circuit. Tbe invention described herein 
includes the use of RFlD based sensors either in the peak 

65 stroin mode or in the preferred continuous strniu mode. 11:iis 
invention is not limited to measuring st rain as SAW and 
RF1D based sensors can be used for measttring many olher 
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parameters including chemical vapor cooceu1ratio11. tem­
perature, acceleration, angular velocity etc. 

A key aspect or at least one of the inveu1ions disclosed 
herein is ibe use or au inlerrogator to wirelessly interrogate 
multiple sen~ing devices thereby reduci11g the cost of the 5 
system since such ~ensors arc in general lncxpeusive com­
pared to the interrogator. The sensing. devices are preferably 
based of SAW ancVor RPID technolog.ies although other 
technologies are :1pplie,ible. 

1.3.1 A.ntcnna Considerations 1u 
.l\nteJmas are a very imponant aspect m SAW and RFlD 

wireless devices such as can be used in tire monitors. seal 
1110L1itors, weight sensors. child ~eat mo11iton;. fluid level 
sensors and similardevicl:S or sensors which monitor. dt'lect, 
measure, delermine or derive physical propertfos or cbarnc- 15 

teristics of a component in or on the vehicle or of an area 
ue.ir the vehicle, as disclosed in the current assignee's 
patents and pending pateut applications. ln many cases. the 
location of a SAW or R.FJD device needs to be deteJ'mined 
such as when a device is used to locate the position of a ?l, 

movable item in or on a vehicle such as a scat. In oilier ca,;es, 
the particular device from a plurality ofsim.ilardevices. such 
as a tire pressure aud/or lempcran.1re monfror that is report­
ing, needs to be ideoti lied. 'llms. a cornbi.t.1ation of amennas 
can be used and the time or arrival. angle or arrival. :15 

nrnllipalh sigm1t1ire m similar method used to identify the 
reporting device. One preferred method is derived from the 
tl1eory of smart antennas whereby tl1c signals from mulliple 
antenu.:1s are combined to improve the signal-to-noise rntio 
of the i.11conung or ou1g.oing signal in t11e presence of ,c, 
multipa1h e ttects. for example. 

Additionally, since tbe signal level from a SAW or RFlD 
device is frequently low. various techniques can be used to 
improve the sign,;1!-to-noise .ra1fo as described below. 
Finally. al 1he frequencies frequently used such as 433 Ml lz, 35 

the antennas can become large and methods are needed to 
reduce their size. TI1ese and other antemui considerations 
tha1 can be used to improve 1bc opera, ion of SAW, RJ'ID and 
similar wireless devices are described below. 

110 
Pulse repetition period is about 40 ~IS. 

Poise ampliwde is about 8 V (peak to pe::ik) 
Cnnier f-requeocy i~ .ibout 426.00 Mflz .. 
(Of course. be1ween adjacer1t pulses receiver opens its 

inpul and receivcs four-pulses echoes from transponder 
locatt.>d in 1he first wheel). 

Theo, during a time of about 8 ms internal micro con­
troller processes and slores received data. 

Tola! duraLion 1.1fthis stage is 32 1is+8 ms;ll.032 ms, 

Stage 2,3.4, Interrogator repeats operations as on stage I for 
2"d• 3'd and 4'h wheel sequen1ially via appropriate RF ports. 

Stage 5. lnterrog1.1tor stllps radialing RP pulses and transrers 
data Slored during $!ages 1-4 to lbe extemaJ PC for final 
processing and displaying. Thell ir ren1rns to stage l . The 
lime interval for data 1n111sfer equals about 35 ms, 

Some noles relative to FCC Regulations: 
The total duration of illl'errog11tiot1 cycle oJ fom wheels is 

8.C\J2 rns•4~35 m>r67.1 :> ms. 

Dttring this lime, interrogator radia1es 8*4=32 pulses, 
each of 0.8 µs duration. 

llrns. average period of pulse repetition is 

Assuming 1hat duration oft11e interrogation pulse is O.li ps 
as mentioned. an average repetition mte is ob1ained 

0.8 )IS/2090 JI!> (1.38• }(I 3 

Finally, the mdiated pulse power is 

P,,>{4 vii (,•5•) Oltm)-ll.16 W 

and lhe aver.1ge radia1cd power is 

Pave r1.16•0.38*10 3 11.42•tfJ ·'"·or (1.42 111/J' 

1n ano1ber applica tion, lhe antennas of the array 622 
transmit 1hc RF signals si.lnultaneously 1md spttce the rewms 
thn1ugb the use of a delay line ii1 1he circui1ry from each 
auteuna so tbat each rel'Llrn is spaced in time in a knowu 

1.3. l.l Tire Infonnaliou Delennination 
One mothod of maintaining a single cenlr.il m1 te1ma 

a~sembly while interrogating all fmLr tires on n convent ional 
au1omobile, is illustrated in FIGS. 20A and 20B. An addi­
tional antenna can be located near the spare tire, which is oot 
shown. It should be noted that the system described below 
is equally applicable for vehicles witlt more 1bau four tirt•s 
such as trucks. 

40 1t1aw1er without requiring that the an1enua.s be swilcheci 
Anolher method is to offscl the antenna array. as illustrntod 
in FlG. 21, so lhat lhe returns naturally are spaced in time 
due lo the different distances from the tires 621 to the 

A vcbiclc body is illustr.1ted as 620 having four tires 62 1 
and a centrally mounted fotu- element, switchable directional 
:mlenna army 622. ·nle four beams are shown schcma1ically 
as 623 witb an inactiv;ited beam as 624 and tbe activated 
beam as 625, The road surfoce 626 supports the vehicle, Ai1 
electronic control circuil, 1101 shown. which may reside 
inside the antenna array housing 622 or e lsewhere, aller­
nalely switches eoch of t11e four antenn.as Qf the array 622 
which then sequentially. or i11 some other pallem, send RF 
sig,oals 10 each ort11e four tire$ 621 and wait for the response 
from lbe RFID, SAW or similar tire pressure, temperature. 
JD. acceleration and/or other property monitor 11rranged in 
connection with or associnted with tbe tire 621. ·111is repre­
seu1s a ti.Ille domain multiple access system. 

Tue inlenogmor makes sequential interrogmion of wheels 
as follows: 

Stage J. lnlerrogator radiates 8 RF pulses via 1be first RF 
po11 directed lQ the l st wheel. 

Pulse duriltion is about O.S ~Ls. 

antennas of the array 622. In this case, c;sch signal will relum 
45 with a differt:nl phase and can be separated by I.his cliffert:nt.-e 

in phase usillg methods known 10 those in tbe art. 
In aoolher application, not shown, two wide ant;le anten­

nas can be used such 1lia1 each receives any four s ignnls bnl 
each antenna receives eacb signal al a slightly different time 

so aud diJferent ampun1de permitting each signal to be sepa­
ra1ed by looking at the return from both antennas siuc.:, each 
signal wiU be received <liffercntly based on i1s angle of 
arrival. 

Adcti6onally, each SAW or RPID device can be designed 
55 to openite on a slightly different freq11ency and the .:intcnm1s 

of the array 622 can be designed to send a tshirp signa I and 
tbe returned signals will then be separated in frequency. 
permitting lhe four s1gn;ils to be separated. Alternately, the 
four antesmas of tl1e arr,iy 622 cru, each transmit an idcnti-

61J ficatiou signal 10 perm.ii separatiot1. This ide.ntification can 
be a numerical htm1bcr or the leuglh oftbe SAW s11bs1ra1e, 
for example, con be random sl, tb.1-1 eacb property monitor 
has a slightly different delay built in which permits signal 
separatfotL The identiJk.atfou number can be easily ~1chicved 

65 in RFID systems and. with some difficulty and added 
expense. in SAW i;ystems. Other m.e1bods or separnling the 
signals from each ofd1e tires 62 1 will now be apparent to 
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those skilled in the art. One preferred method in particufar 
will be disCu$Secl below and makes use c,fan RFID switcb. 

There are two parameters of SAW system_ which has led 
to the choice of a four echo pulse system: 

ITU frequency rules require that the ritdiatcd spectrnm s 
width be reduced to: 

64'~ 1.75 ;',ffiz (in ISM bond, F--4'3.92 Mllz): 

112 
Titis Cl,ndjtion is outrogeous. Lf to execute ITU frequency 

n1le-s, t11e ba1ld c,f corn::cr remperatnrc measuring will be 
reduced five times: 

111is is the main reason that il is necessary t~1 add the 
fourth echo pul,e in a sensor (see FIG. 24). The priuciple 
purpose of the lnurth echo pulse is lo make the temper.iture 
measurcmem unambiguous in a wide interval of 1emperd-The range of temperattu·e measurcmeL1t should be from 

-40 F up to +260 F. 
l11ercfore, burst (request) p1.ilse duration should he nnl 

Jess than 0,6 microseconds (see PIG. 22). 

i:0,,. I lt.q,:?;u.6 µs 

10 tures when a fonger i11tenogmion pulse is used (the respt-c­
t-ivc time intervals between the sensor's echo pulses are also 
longer). A mathematical model of tl1e processing, of H 
four-pulse echo that explains these statements is presented in 

This burst pulse tmvcls to a SAW sensor and then it is 15 
returned by the SAW !CJ the i111errog~1tor. ·n1e sensor's 
antenna, interdigital u·ansducer (lDT). reflector and the 
interrogator are subsysleins with a restricted frequency piiss 
b;ind. Therefore. an cfticienl pass band of all the subsystems 
H(t1:; will be defined as product of the partial frequency ?Ii 

characteristic of all components: 

11(/),:=11(/), •11vh • , .. u (/li 

Ou the otl1er hand, lbe frequency H(~)r and a time 1(-rh: 
response of aoy system arc interlinked to each other by 

15 
Fourier's transform. ·01erefore. tlie shape and duration <•~ch o 

pu,~) an echo signal ou i.npur to the quadrature delllodularor 
will difler from an interrogation pulse (see FIG. 23). 

In other w~1rds, duratiL)n au cclw sigm)l on input to the 
quadrature demodulator is defined us mathematical convo­
lucion of a burst ,~gnaJ c 6.,,._ and the total impulse response 
of the system l(ic).,. 

3(1 

Tue task is to detemtine maximum pulse duration on inpul 
35 

to the quadrature dcmoduJaror • tt•I"' m1der a burst pulse 
duration "bur of0.6 micmsccoods. It is necessary to consider 
in time alJ echo signals. In addition, it is necessary to take 
into account the following: 

each subsequent echo sig.n:il should 1101 begin earlier than 
40 

tl1e completion of the previous ecbo pulse. Otherwise. 
the signals will interfere with each other.. and tne'dSUre­

ment will not be corred; 

Appendix 3. 
The duralion of the interrogation pulse and the time 

positions of the lour pulses arc <..·akulated as; 

7lt 1'3+~,..,..+0.08 ,~7.08 J.16 

Ibe sensor's design w.ilh four pulses is exhibited in FIG. 
25 and FtG. 26. 

T- U.60 ps 
r1 4.00 ,.. 
r~ 5.1 ~ J~S 
f3 6.W µs 
14 I .U~ µs 

The reason that such a design was selected is that this 
design provides three impmtanl condilions: 

I. Ir bas the minimum RP signal propagation loss. Both 
SAW waves use for measuring (which are propagated Ill the 
letl and to the right from IDT). 

2. All parasitic echo signals (signals of multiple transi ts) 
are eliminated after the fourth pulse. For example, the pulse 
is excited by the lDT. then it is retlected from a retlector No. 
l and returus to the IDT. The pulse for the second time is 
re-emitted and it passes the second time 011 the same for normal operation of avajlable microcircuits. i1 is 

necessary 1h.11 1l1e sigm1l bas a llat apex witJ1 a duration 
uot less tban 0.25 i.uicrosecoods C-tm~8 =t.3-t2, see FIG. 
23) . The signal's phase will be constant ouly on this 
segment: 

45 u-ajeerory. 'Jlle total rime delay will be 8.0 microseconds in 
this case. 

the total sensor's pass baud (cousideri11g double transit 
IDT andit"s antenna as a reflector) constitutes 10 MHz; 

the total pass band of the interrogaror constitutes 110 more 
lit.an 4 Ml lz. 

Conducting the corresponding calculalions yields the 
determination !hat du.ration of impulse frout (t2- tl =t4-t3, 
see FlG. 23) conslit111es about 0.35 microseconds. lne.re• 
fore. lotal duration of one echo pulse is not less than: 

3. H bas the minimum length. 
FIGS. 25- 27 illustri'lte the paths taken by various surface 

waves on a tire temperamre ru.1d pressure monitoring device 
50 of one or more of the inventions disclosed hereia. The pulse 

fon11 the inteITogator is n.">Ceived by the aolcnoa 634 which 
excited 11 wave in the SAW substrate 637 by way of the 
iuterdigital transducer (IDT) 633. The pulse travels in iwo 
directions :md reflects off of reflectors 631. 632, 635 and 

5s 636. The reflected pt1lses retum to Lhe JDT 633 and :;ire 
re-r:idiatcd from che a11te1111a 634 back to tile interrogator, 
The pressure in the pressure capsule causes the micro­
membrane 638 to deOecr causing the membrane tn strain in 

1 lencc, the arrival time of eHch following echo pulse 
should be not earlier than 1.0 microsecond (sec FIG. 24). 6u 
This conclusion is very lmportaot. 

the SAW 1h.n.)t1gh the point of application 4)f the force 639. 
·n1c lDT 633, rcllectors 632 and 631 are rigjdly fastened 

to a base package. Reflectors 635 and 6J6 are disposed on 
a portion of tlte substrate tbat moves uuder tl1e action of 
changes in presslU·e. Therefore. it is important that mag.ni­
tudes of phase shiJt of pu lscs No. 2 ru1d No. 4 were equal for 

l.n Appendix I ofU,S. pr1tei1! application Ser. No. 11/120. 
065, it is shown th.at for correct temperature measuring in the 
required band ii is necessary to meet the following condi-
tions: 

112-n} 11p2•10-6 111.~,1:15' <><-4W C.>>* 
434.9J•J06)~194 110 

65 a particular pressure. 
For this purpose. the poiJJL of application of the force 

(caused by prc:,sure) has been arr,1J1ged bc1weco reflector 
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output signal. 1he 111tl.ltibeaJJ1 antewm is simpler lo imple­
ment as the beam former is fixed. with the beam selection 
only needed every few seconds for user movernenl. while 
the adaptive arr:iy muse calculare the complex beamfonning 

635 and the IDT 633, as it is exliibited 111 FIG. 27. Phase 
sl,iiis of echo pulses No. 2 and No. 4 vary equally witli 
changes in pressure. The area of stl'ain is equal fo.r echo 
pulses No. 2 aod No. 4. Phase shills of echo pulses No. i and 
No. 4 do not vary with pressure. 

The phase shills of all lb nr echo pulses vary tmder 
temperillltre changes (proportionally to each time delay). All 
necessary computing of the temperature and pressure can be 
executed wi thout difficulties in tl1is L,tse only. 

5 weights at least an order or magnitude faster 1lu111 the lading 
rate, whicb can be ~cveml I lenz for pedestrian users." 

This js taken into account in a math model. which is lO 

presented below. 
Although the discussion herei11 concern~ the detem1ina­

tion of tire- infonnation, the same system can be used to 
determine the location of seats. the location of child seats 
when equipped with sensors. infonnation abom the presence 15 

of object or chemicals in vehicular compartments and the 
like. 

1.3.1.2 Smart Autemias 

"Finally, there is panern diversity, the use of antewm 
element;; with clifterent patterns. The combination of these 
types o r diversity permits the use of a large number of 
auteouas even in a so1all fonJJ factor. such as a PCMClA 
card or handset, with ne~ir ideal performance." 

Through its adaptive beamforming teclu1ology, Motia has 
developed cost-elfcctive smart antenna appliques that vastly 
improve wirele,s performance in a wide variety of wireless 
applications including Wi-Pi that can be incorporated into 
wirdes~ systems without major modifications to tixisting 
produ<.:ls. AJlbough the Motin chip-set bas been applied to 
several conumrnication appllcations, it has yet to be applied 
to the monitoring applications as disclosed in the cum;.-nt Some or the shortcomings in today's wire-less products 

can be overcome by using sman antetrna k.-clmology. A 
smar1 antenna is a multi-elemenr anteru1a tliat s;guificantly 
improves reception by intelligently combining the signals 
receivc<l at each antenna e lement and adjusting the antctma 
chamc1e1istics to optimize performance as the transmitter or 
receiver moves a11d the environment changes. 

20 assignee's patents and pending patent applications, and in 
particular vehicular monitoring applications such as tire 
monitoring. 

The smart anlemm works by determining a set of factors 
or weights that are used to ope1~'lte on the magn.in1de and/or 

Smart ante1111as can suppress interferi.ng signals. combat 
signal fading and incrcnsc signal range thereby increasing 
the performance and capacity of wireless systems. 

25 phase of the signals from each antenna before the signals arc 
combined. I lowever, since the geometry of a vehicle tire 
relative to the coutralizcd antenna arrily does not ch(111ge 
much as the tire rotates, but is different for each wheel. the 

A method of separating signals from multiple tires, for 
example, is to use a smart !lUlCnna such as that munufactarcd 3c, 
by Mot ia. This pai·ticular Motia device is desig.ued to oper-,de 
ar 433 Ml-I:,- aud to o,itigmc multipath siguals at that fre­
quency. 1l1e signals retuming to the antern1as from tires, for 
exa1nple. contain sorne multipath effects that, especially jf 
the antennas are offset somewhat from tl1e vehicle center. are 35 

different for each wheel. Since the adaptive formula will 
differ for each wheel. the sig.t.ials c,u1 be separated (see 
"enhancing 802.11 WLANs through Stuart Antennas'\ Janu-

weights themselves contain the information as 10 which tire 
signet! is being received. In fact, the weights can be chosen 
to optimize signal 1rru1s111ission from n particul~ tire thus 
providing a method of sclcclivcly iotc1·.roga1iug each tire at 
the maximum antenna gain. 

l.3.1.3 Distributed Ltiad Mouop()le 
ReceJ1t antenna developments in the physics department 

at the Uni.versily of Rhode Island have resulted m a new 
antew1a technology. Tbe antennas developed called DLM's 
(Distributed lo3cled u1onopole) are small eOicienr, wide 
bandwidth antennas. The simple design exhibits SO-ohm ary 2004 avai lable at morin.com). Tbe following is taken 

froo1 tbat paper. 40 iropedaoce and is easy to i.iuplemenL They require onJy u 
direct feed fron1 a coax cable and require no elaborate 
matching networks. 

"Antenna arrays can provide gain. combat multipath 
fading. and suppress interfering signals, thereby increasing 
both ihe performance and capacity of wireless systems. 
Smart antennas have been implemented in a wide variety of 
wi1·eless systems. where they have been demonstrated lo 45 

provide a large performance improvement. Ilowcver, the 
various types of spatial processing lech.niques have di ffereol 
advantages and disadvantages iii each type of system," 

"This strategy pemuts the seamless integration of smart 
antenna technology with today' s legacy WLAN cb.ipset so 
mchi.lecture. Since the 802.ll system uses bme division 
duplexing (the same frequency is us1.:d for transmit 31id 
rt!Ceive), sman antewrns can be used for both tmusm.it ,llld 
receive, providing a gain on both upl in.k. and downlink, 11sing 
smart antennas on either the client c,r access point alone. 55 
Results sbow a 13 dB gai.11 with a four ele.me11t smatt antenna 
over a single antenna system \Yith the smart ru1tenila on oile 
side only. and an 18 dB gain with the smart aJJtenna on both 
the client <111d access point. Thus, this "'plug-and-play" 
adaptive an-uy technology can provide greater range. aver- 61J 
age da ta rate increases per user, aod better overall covemge. 

·'tu the multibeo,u or phased array aJltenn.o. ,1 beamfonucr 
forms several narrow beams. and a beam selector chooses 
the beam for recept1011 that has the largest signal power. In 
the adaptive array, the s-1g1.1a l is received by several ante1111a 65 
elements. each with similar antenna patterns. and the­
receivc<l sil!,Uals arc weighted and combined 10 form the 

TI1e prune advantage 10 U1is technology is a substantial 
reduction of the size of an antenna. TyplcaUy. the DLM 
auret11111 i~ about 1h the size of a normal dipole with only 
,uinor loss in efficiency. "nus is especially important for 
vel:iicle applica1ions where space is always at a premium. 
Sucl1 antennas can be used for a variety of vehicle radar and 
con11mutication applicatious as well for the monitoring of 
RFID, SAW and similar devices on a vehicle and especially 
for 1ire presstire, temperantre, and/or acceleration monitor-
ing as well as other monitoring purposes. Such applications 
h.ive Lmt previously been disclosed. 

A.l tboogh the OLM is being applied to several couuuu­
nication applications. it has yet to be applied lo the moni­
torfag applica tions ns disclosed in the Cllirent assignee's 
patents and pending patent appUcations. The antenna gain 
th11t resu1 ts and the ability to pack several antennas into a 
small package ure attrnctive features of this tcchnolog:y. 

1.3.l.4 Plasma AJllenna 
The following disclosure was taken from .. Markland 

Technologies- Gas Plasma"; (www.u:i.arkla;1dtech.co01) 
"Plasma antenna technology employs io1tized gas 

enclosed in a tube (or other enclosure) as fue conducting 
element of an antemm. Tlus is a li.111damentru change from 
traditional antenna design t11m generally employs solid metal 
wirt-s 3$ the conducting e lement. Ionized gas is an cl:lic.ien1 
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conducting element with a number of imponaut advantages. 
Siuce the gas is ionized only for the time ot'transmission or 
reception, .. riugiug" and associated effects o I' sol id wire 
antenna design a.e eliminated. Tbe desigu allows for 
extremely short pulses. impo11unt lo 111any fom1s of digital 5 

communication and radars. ·n,c design further provides the 
opportunity to consLnict ,Ul autennn lhat can be compact and 
dynamically reconfigured for frequency. direction. band­
width. gain and bearuwidth. Plasma antemrn tecl.u1ology will 
enable ante1UJas LO be desigi.1cd that are eilicieut, low in l u 

weight and smaller iu size Lban traditimml solid wire anten-
nas.'1 

116 
A single dynamic antenna struct11re can use time multi• 

p\exiag ~o that many RF subsystems can share one 
antenna resource reducing the 11umber ru1d size of 
ante1111a structures.'' 

Several of the characteristics discussed above are of 
particular usefulJ1css for several of the inve1Jtions herein 
including the absence of ringing, the ability tu tum the 
antellna off after transmission ::rnd then inuuediatdy back on 
for reception. the abili ty to send very shun pulses, the ability 
to alter the di.rectinnality or tbe ::mteuna and to sweep therchy 
allowiug one witelllla to service mnlti_ple devices such as 

"Wben gas is electrically charged, or ionized to a plasma 
state it becomes conductive. allowing rndfo frequency (RP) 
signals to be transmitted or received. We employ ion.it:ed gas 
enclosed in a tube as tbe conducting ele111e1Jt o f ,m antenna. 
When the gas is not ionized. the anteru1a element ceases LO 

exist. ·nus is a fundament:il change from traditional ,mtenna 
design that generaJly employs solid metnJ wires as the 20 
couducting elemeur. We believe our plasma autewia o'ilers 
numerous advantages including stealth for military applica­
tiolls and higher digita l performance in commercial appli­
cations. We also believe our technology can compete in 
many metal antenna itpplicatioos.'· 

t:ires and to know wl1ich tire is responding. Additional 
advantages inclt1de, Smaller size. the abTiity to work with 
chirp, spread spt..-ctrtm1 and other dig ital technologii..-s, 

15 improved signal to noise ratio. wide dynamic range. circular 
scanning without moviog pans, and autenna sharing over 
differing frequencies, among others. 

"Initial studies have concluded that a plasma antenna's 
perfonnancc is equal to a copper wire antenna in every 
respect. Plasma antennas cnn be used for any transmission 
aitdlor modulation technique: co11tinuot1s wave (CW), phase 
modulation. i1upulsc, AM. PM, cltirp, spread spcctmm or 
other digital techniques. Aud the plasma ·antenna can be used 
over a large frequency range up to 20 GHz .. ud employ a 
wide varie ty of gases (for example neon. mgon. helium, 
krypton. mercury vapor and xeDon). 11ie same is true as LO 

irs value as a receive antenna." 
"Plasma antellilll technology has 1he following additional 

nttributes: 
No aatenna ringing provides an i_mprovcd signal to 110ise 

ratio and reduces multipath s ignal distonion. 
Reduced radar cross section provides stealih due to the 

non-metallic elements. 
Oranges ·in the ion density can resttlt in instantaneous 

changes in ba11dw1dtb over wide dynamic ranges. 
Arter the gas is ioDized, the plasma antclllla has vinually 

110 noise floor. 
WbiJe in opewtion, a plasma anteru1a with a low ioniza­

tion level can be decoupled from an adjacent high­
frequency trn.nsmitter. 

A circular scan can be perfonued electronically with no 
moving parts at a higher speed than traditional 
mechanical antenna strncn1res. 

25 

Some of the applications disclosed herein c,m use ultra 
wideband transceivers. UWB transceivers radiate most of 
tbe energ.y with its frequency centered 011 tl1e physical Ieng.th 
of the a.ntcnnu With the UWl3 connected to a plasma 
antenna, the celltcr frequency oflhe UWB transceiver could 
be hopped or swept simultaneously. 

A plasma autenoa cao solve the problem of 1m1ltiple 
antenuas by changing its electrical characteristic to match 
the JtU1ction required- Time domain multiplexed. It can be 
used for high-gain antennas such as phase ,may. parabolic 
foc11s steering. log periodic. yogi, parch quadrafiler, ere. One 

3,, anrcnna can be t1scd for GPS. ad-hoc (s11ch as car-K,-car) 
commw1ication1 collisioll avoidance, bat·k up sensing. cntsc 
control. r.:,dar, toll identification m1d data conunun:ic::itious 

Al though the plasma antennas are being applied to several 
conmn1J1ication applications, they have yet to be applied to 

35 tbe monit'oring, applicatio11s as disclosed hereill. The many 
advantages lhat result and the abili1y to pack severnl ,1uten.na 
fm1ct ions into a small package are attractive features of th.is 
technology. ()atcnts and ::ipplic::itions thm discuss plasma 
a11te1JUas include: U.S. Pat. No. 06.710,746. U.S. 

40 20030160742 and U.S. 20040130497. 
1.3.1 .5 Dielectric Antenna 
A great deal of work is ttndenvay to make antem1as from 

dielectric materials. lo one case, the electr ic field that 
impinges 011 the dielectric is used to modulate a transverse 

45 electric light beam. Ju auolher case. the reductio11 of the 
speed of electro magnetic waves due to tbe dielectric Cl)n­
stant is used to reduce the size of the antenna. lt can be 
expected that devdopments in this area will affect the 
nnrennas used in cell pboncs as well as in RFll) and 

so SAW-based co01mw1icatio11 devices ill tl1e lltture. Thus, 
dielectric antemws cnn be advantogoously used with some of 
the inventions disclosed llerein. 

It bas bee11 molhematicolly illusu--ated that by selecting the 
gases and changing ion density that 01e electrical 

55 
ape1ture ( or apparellt foorprint) of a plasma antell.lla can 

1.3 .1.6 Nunotube Antenna 
Antetmas made from c,irbon nanotubcs are beginning, ·to 

show promise of increasing rhc sens itivity of anteillllls and 
thus increasing the range for co1111muucation devices based 
on RFID, SAW m simil:ir dcviCL'S where the signal strength 
frequently limits the range of such devices. The nse 01'1hcse 

be made to perfonn 011 par with a metal counterpart 
having a 1:irgcr physical size. 

Our plasma antenna can transmit and receive from the 
same apenu.re provided the frequencies are widely 
separated. 

6u auteuoas is therefore contemplated herein for use in tire 
motiitors and the other applications disclosed herci11. 

Plasma resona_uce, i11Jpedance aJ1d electr(HJ ch.i,gc density 
are all dynamically recoo!igurable. louized gas anten11a 
elements can be const.ntctecl and configured i11to au 
array that is dyna1uica1ly reconfig11111ble for frequency. 65 
bcamwidth. power. gain. polarization and di rectional­
ity- on the Hy. 

Combinations of the above antenna designs iu many cases 
can benefit from the advaorages of each type lo add further 
improvemellts to the field. Thus the inventions herein are not 
limited ro any one of the above concepts nor is it limited to 
their use c1loJ1c. Where tcnsible.. all combinarious are con­
templated herein. 
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coupled to the SA.W device. Iluougb various devices, the 
properties of the acoustic waves ou the surface or the SAW 
device are modified as a tull(:tion of tbe variable to be 
measu.red. ' Ille SAW device belongs to the field of micro-

A general system for obtai1iing inform::11ion about a 
vel1icle or a component thereof or therein is illustrated in 
FIG. 20C aod includes multiple sensors 627 which may be 
arranged at specific locations on the vehicle. on specific 
componenLS or the vehicle. ou objects te.mpQr.uily placed in 
the vehicle such as child seats, or on or in any other object 

s cleclromcchanical systems (MEMS) and can be produced i11 
high-volume ut low cost. 

Por the Generation I system. a valve cap contains a SAW 
material at the end of the valve cap, which may be polymer 
covered. This device senses the absolute pressure in the 

in oron the vehicle oriu its vicinity about which information 
is desired. The sensors 627 may be SAW or R.FlD sensors or 
other SCJ\Sl1rs wluclt gener.:ite a ren1t11 signal upon tbe 
detection of a transmitted radio frequeJ.l'-i' sigual. A rnulti­
eJement antenna array 6.22 is mounted ou the vehicle, in 
either a central location as shown in FIG. 20Am in an offset 
location as shown in FIG. 21. to provide tlle rndio frequency 
sig11als which cause the sensors 627 to geuerate the return 
signals. 

10 valve cap. Upou attacrung the valve cap to the valve stem, 
a depressing member gradually depresses the valve permit­
Ling the air pre~sure inside the tire to commuuic:itc with a 
small volume inside the valve cap. As the valve cap is 
screwed onto the valve stem, a seal prevents the escape of 

A mntrol system 628 is cmiplc:.'<l tu tl1c antcnm1 array 622 

15 air to the a1mosphere. 111e SAW device is electrically 
coo.oected 10 the valve cap. which is <.1lso e lectric<1Uy con­
uectcd tu the valve stem 1bat can act as au arlleJllla for 
transmitting nnd receiving radio frequency waves.An inter-and controls the aoten.nas in the array 622 to be operntive as 

necessary to enable reception or rct11m signals from the 
sensors 627. There are scveml ways for the control system 2(, 

628 to control the array 622. including to cause the anteUL1as 
to be alternately switched on iu order to sequentially trans-
nut tbe RF signals therefrom and receive Lhe rcmm signals 
from the seusors 627 and co cau~e the 1mteuuas 10 transmit 

rogiitor located in the vicinity or the tire periodically tnms-­
mils radio waves thot powe.r the SAW device, the actual 
distaJ1ce between the interrogator and the device depending 
on the relative orientation of the ante1111as and other factors. 
The SAW device measures the absol ule pressttte in the val vc 
cap 1l1at is eqm1J to the pressure in tl1e tire. 

111e Generation 2 system permits the mcastu·cment of 
both the t ire pressme and tire tt:mperature. [n this case, the 
tire valve stem can be removed and replaced with a new tire 
valve stem that contains a SAW device attac-hed at the 
bottom of the valve stem. Tb.is device pre1erably contai..L'IS 

the RF siguals simultRneously and space the return signals 25 
from the sensors 627 via a delay line in circuitry from each 
antcllnas such that each rct11m signal is spaced in rime in a 
kuowu manner wilhout requiring switching o:fthe a11te1111as. 
The control system can aJso be used to control a smart 
antenna array. 3c, two SAW devices. one for measuring temperoture and the 

second for measuring pressure through a novel techuology 
discussed below. -nus sccoud g_cocrali,)u device therefore 
permits the measurement of bo1h the pressure and the 
ten1perature i11$ide the lire. Alternately, this device can be 

The control system 628 also processes tbe retw·n signals 
to provide iJ1for:tuation about the vehicle or the compom:nt. 
ll1e processing of the return signals can be auy knowu 
processing including the m,e or patlern recognition tech­
niques. neural networks, fozzy systems and the like. 35 mounted inside the tire. attaclted to the rim or attached to 

The ante1111a array 622 and control system 628 can be 
housed i..1.1 a common ru.1tenna array housing 630. 

Once the iuforo1ation about the vehicle or the compl)0ent 
is kuowu. it is directed 10 a display/telematics/adjustment 
t1J1jt 629 where tbe info011atiM ca.u be displuyed on ti display 40 
629 to the d ri¥er. sent lo a remote location fur analy~is via 
c1 telematics unit 629 and/or 1Jsed lo control or adjust a 
component on. in or near the vehicle. Although several of the 
figures illustrate applications of these technologies lo tire 
monitoring. i1 is intended that the pri..Ltciples and devices 45 

disclosed Cati be applied 10 the monitoring of a wide variety 
of components on and off a vehic.le. 

1.4 Tire Monitoring 
Tue tire monitori11g systems of some of the iuventious 

herein comprises at least Uiree separnle syslems con-espond- so 
ing to three singes of product evolution. Generation 1 is a tire 
valve cap thM provides infunnation as to the pressure within 
ihe ti.re as described below. GeucratioJ1 2 requires the 
replacement of U1e tire valve s-tem. or tl1e addition of ii new 
stem-like device, with a new valve stem that also meaSttres 55 

temperamre and p.ressurewilhiD the tire or it may be a device 
tha1 attache:, to the vehicle wheel rim. Generation 3 is a 
product that is attached lo the inside of the tire adjacent the 
tread and provides a meastu·e o I' Lhe diameter of Ll1e footprint 
betwee1\ tbe tire :rnd the road. the tire pressure and teJupera- 6tJ 

tmc. indic,ilions of tire wear and. in some c,,ses. the coef­
ficieut of friction be1weel) tbe tire aud tbe road. 

As discussed above, SAW technology permits the mea­
surement of many physical and chemical parameters without 
the requirement of local power or energy. Rather. the energy 65 
10 nm devices can be obtaiJlecl from radio frequency elec­
tromagnetic waves. These waves excite ,u1 antem1a tbat is 

another suitable location. An external pressme sensor is 
mounted in tl1e int·errogator to measure the pressure of the 
atmosphere to compensate for altimde and/or barometric 
changes. 

Tbe Genen11ioo :,:I device can contain a pJessurc 1;111d 
temperature sensor, as in the case of the Generation 2 device. 
but addilionally contains one or more accelerometers which 
measure al leasr one component of the acceleration of the 
vehicle tfre tread adjacent tlle device. This accelerntion 
varies in a known manner as tJ1e device travels in an 
npproximate circle mrached to the wl1eel. T1lis device is 
capable of detem1ioing when the 'tread adjacent the device is 
in oontac! with road surrace. In some cases, it is also able to 
measure the coefficient of frict.ioo between the tire aod the 
road surface. In this manner, it is capable of measuring the 
length of time that this tread portion is in contact with the 
road and thereby can provide a measure of the diameter or 
cin:llln rerential length of U1e tire footprint on Lhc road. A 
technical disc\lssion of the operntiog principle of .i tire 
inflation and load detector based 011 J1at area detection 
follows: 

When tires are inflated and not in contact with the grotu1cl 
the internal pressure is balanced by the cm:umferential 
tension in the 'fibers offhe shell. Statit· cqt1ilibri\lm demands 
that tension is eqLml to the rctdius ofcurvamre multiplied by 
the ditJerencc between tbc internal and the external gas 
pressure. Tires support the weight of lbe automobile by 
changing the curvature of the part of tl1e shell that touches 
the ground. The relation mentioned above is still v~~id. In the 
part of the sl1el l that gels tlaltened. the radius of curvature 
increases while Lilt' tension in U1e tire s1mct11re Stays the 
same. Therefore, the difference between the ex1ernal and 
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internal pressures becomes small Lo compensate for the 
g_rowtl1 of the rodius. lf the shell were perfectly flexible, the 
tire contact with the gmund would develop into a Jfat spot 
with au area equal to the load divided by the pressure. 

A tire operating at correct values of lo:ad and pressure- has 
a precise signature in tenns of variation of U1e radius of 
curvanire in the loaded zone. More flat1euing indicates 
under-i11flatio11 or over-loading, wl:tiJe Jess lfatte.ning indi­
cates over-inllaLion or m1der-loading. Note th.at tire loading 
bas essentially 110 effect ou internal pressure. 

From the above, one can conclude that monito1ing the 
ctrrvatvre of the tire as it ro tates can provide a guod 
indication or its operational stale./\ sensor mounted inside 
tl1e tire at its largest diameter can 'f!ocomplish tJ1is measure­
ment. Preferably. the sensor would measure mech:mical 
strain. However, a sensor measuring acceleration in any oue 
axis, preferably the radial axis, coufd also seNelhe purpose. 

Ln tbe case oftbe strain measurement. the sensor would 

120 
measures the diameter of the tire footprint on the road is a 
superior method or measuring excessive loading of 1he tire. 

Ge11eratio11 l devices monitor pressure only while Gen­
emtiou 2 devices also monitor the temperature and tl1erefore 

5 will provide a wamiug or imminent tire failure more often 
tlian if pressure alone is monitoted. Gener:ition 3 device;, 
will provide 1111 indication that the vehicle is overloaded 
before eilher a pressure or temperature monitoring system 
can respond. 171e Genemtion 3 system can a lso be aug,-

1 o meoted to measttre the vibratiQil signature of the tire and 
thereby detect when a tire bas worn to tbe poim that tJie steel 
belt is contacting the road. fo this manner, the Generation 3 
syslem also pmvides an indication ofa worn out tire and, as 
will be discussed below. an indication of the road coefficient 

15 of fiictiou. 

indkatc a constant strain as it spans tbe arc over which the 
tire is not in contact witl1 tl1e grou11d mid a pallern of ?(, 

increased stretch during the time when the sensor spans an 

1 iacb of th.ei;c devices comurnuicates 10 au iuterrogator 
with pressure, tcmperarure. and aucele1,:rtion as appropriate. 
lt1 none of ll1ese generational devices is a baitery mounted 
within the vehicle tire required. although in some cases an 
energy gtmerntor can be used. In some cases. tl1e SAW or 
RPlD devices wiU optionally provide llJ1 identification lllllll-
ber correspMding to the device to perru:it the interrogator to 
separate one Lire from ;u10tl1er. 

arc in dose proximity with the ground. A simple ratio of the 
times of duration of 1hese two stares would provide a good 
indication of inJfatiou, but more complex algorithms could 
be employed where the values and the shape of the period of 15 

i11creased strain are utilized. 

Key adva1\ tages of the tire monitoring system disclosed 
herein over most of the currently kuow11 prior art are: 

very small si,;e aud weight eliminating the need for wheel 
counterbalance, /\s au indicator of tire health. the measurement of strain 

on the largest i11side diameter ~11' the tire is believed to be 
superior ro rbe measurement of stress, such as inflation 
pressure. because, the tire could be deforming, as it ages or 3' ' 

oti1erwise progresses toward failure. without a.ny changes in 
in.tlation pressme. Radial stJai.n contd alst1 be measured 011 

cost competitive for tire monitoring aJone and cost advan­
tage for combined syst.ems, 

high. update rate. 
self-diagnostic, 
nu1001atic wl1ccl identification. 
no ballcries required- powerless, and 
uo wires requ_ired wireless. 

tl1e inside of the tire sidewall thus indicating the degree of 
flexure that the Lire undergoes. 

The accelerometer approach has the advantage or giving 
a signature from which a hannonic analysis l)f once-per­
revolution dist11rba11ces could indicate developing problems 
such as hernias. flat spots, loss of part of U1e tread. sticking 
of foreign bodies to the rread. etc. 

As a bonus. bot11 of the :.ibove-mentioned sensors (strain 
and acceleration) give clear once-per-revolution signals for 
each tire th.at could be used as input for spccdomelers, 
1Jdometcrs, clillerentlal slip indica tors. tire wear indica10rs. 
e!C. 

Tires can fail for a variety of reasons lucluding low 
pressure, high tc01per'Jture. delaminutiou of tJ1e tread. exces­
sive flexing or the sidewall. and wear (see, e.g .. Summary 
Root Cause Analysis Bridges1011e/Firesto11e, Iuc." http:// 
www.bridgestone-firestone.com/homeimgs/rootcause. htm. 
Printed March. 2001), Most tire failures can be prf'dicted 
based 011 tire pressure a lone and lhc TREAD Act thus 
uddresses the monitoring of tire presstire. However, some 
failures. such as the Firestone tire failures. c:10 resulL from 
substat1dard matetials especially tJiose t\Jnl are iu contact 
with a steel-reinforcing belt. If the rubber adjacent the steel 
bell begins to move relative lo the belt. then heat will be 
generated and the temperature or t11c tire will rise until the 
tire fai ls catastrophically. This coo hiippen even in properly 
inflated tires. 

Finally. tires can :fail due to excessive vehicle loading aod 
excessive siuewall nexing even if the tire is pr()perly 
i11flated. ll1is can happen if the vehicle is overloaded or if lbe 
wrong size tire has been mounled on the vehicle. ln most 
cases, the tire temperature will rise as a result of this 
addi.tionnl nexing. bowevt::.r. tJ1is is not always tl1e case. and 
it may even occur too late. ' l11erefore, tl1c device which 

35 TI1e monitoring of temperature and or pressure of a tire 
can rake place iafrequeotJy. lt can be adequate to check the 
pressure and temperature of vehicle tires once every ten 
secoud~ 10 ooce per minute. To utili:re rhe centralized 
intenogator of this invention. lbe tire monitoring system 

40 would preferably use SAW techtll)logy and (he device coiild 
be located in the valve stern, wheel, tire side wall. tire trc<1d, 
or other appropriate locatiou with access to lhe internal tire 
pressure of the Ii res. A preferred system is based on a SAW 

45 

technology discussed above. 
At periodic 1111ervals. such as Ollce every minwe, the 

imerrogator sends a tadio ln."(Juency signal at a frequency 
such as 905 MHz to which the 'lire monitor sensors bave 
been sensiti:red. When receiving this sigm1I. the tire mo11itor 
sensors (of which there are five in a typical conJiguration) 

50 respond with a signal providing an optional identification 
number, temperature. pressure and acceleration data where 
apprnpriace. bl one i111ple111enllnion. tl1e interrogator WL)tild 
use mul1iple, typically two or four, antem1as which a.re 
spaet.--cl apart. Dy comparing the time of the reh1med signals 

55 from the tires to the antennas, or by using smart ante1ma 
techniques. the location of each oftl1e se11ders (the tires) cau 
be approximately detenuined as discussed in more detail 
above. That is, 1he antennas can be so located that each tire 
is a ditferem di~tance from each antenna an<l by comparing 

51; 1.be return time of the signal~ sensed by the anteru1as. the 
location of each tire can be dctcrcruoc.d and associated with 
tl1e returned information .. If at least three antennas are used, 
then retums from adjacent vehicles c:an be elim.inared, 
AJternately, a smart anteJlllil array such as manufactured by 

65 Motia can be used. 
An .illustration or this principle applied to tUl 18 wheeler 

truck vehicle is shown generally at 610 in FlGS. 28A and 
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288. Each of the vehicle wheels is represented by a rect­
ru1gle 617. Jn PIG. 28A. the antennas 611 Md 612 are placed 
near to the tires due to the short Lransmissiou r.mge of typical 
unboosted SAW tire moni tor systems. In FIG. 28B, trans­
miners such as conventional bmtery operated systems or 5 

boosted SAW systems, for exam plc, allow a reduction in the 
number Qf ut1tennas and their p lacem<.:nt in a more central 
location such as ame1mas 614, 615 and 616. In FJG. 28A. 
ante1was 611. 612 transmit au interrogation signal generated 

10 in the io'fcrrogator 61.l ro1ircs io their vicioity. 1-\ntcnnas 611 
ru1d 612 then receive the reLrausmittcd signals and based 011 

the time of :mival or the phase differences between the 
arriving signals, the distance 11r direc1ion from the antennas 
to tlw transmitters t,-;u1 be determined by triangulatioi1 or 
based on the intersection of the calculated vectors, U1e 15 

location of 'the transminer can be determined by those 
skilled io the art. for example, if there is a smaller phase 
difference between the received signals at m1tcnnas 611 and 
612, then the transmitter wi ll be inboard aud iJ the phase 
difference is larger, then the transmit1er will be an outboard 20 

tire. ' Ilic exact placement of each auternia 611. 612 can be 
determined by analysis or by experimentation to optimize 
the system. 111e signals received by the anteruias 611, 612 
can be tr.:tnsoutted as received to the interrogator 613 by 

25 wires (not shown) or, at the o ther e:-1-reme, each aotenna 611. 
612 can have associated circuitry to process the signal to 
change ils frequency aud/or amplify the received signal and 
rctr.c1nsmir it by wire$ or wi.rclessly 10 ilie transmitter. Vari-
ous combinations of feamres can also be used. If processing 

3(1 circuitry is presenl, then each antenna with such circuitry 
would need a power source which can be supplied by the 
interrogator or by another power-supply tuetbod. If suppl ied 
by the interrogator, power can be supplied using the same 
cabling as is ttsed lo send tI1e interrogating pttlse which may 

35 be.- a coax cable. Since the power can be supplied as DC, it 
can be easily separated from 1hc RF s ignal. N;i turally, this 
system can be used with aU types of tire monitors and is not 
limited to SAW type devices. Other mctbods exist to traas-
n:t.it data from the aote1mas includiJJg a vehicle bus or a fiber 

40 optic line or bus. 
li1 FIG. 28B, the transmitting anteun.a 615 is used for 16 

of tJ1e wheels and receiving antennas 614. and optionally 
anterma 615, arc used to detennine receipt of the TPM 
signals and determine the traosmitting lire as described 

45 
above. However, since the range of the tire monitors is 
gr..-atcr io tbis case. the aoteunas 614, 615 cao be placed io 
a more cenlrn.lized location thereby reduciug the cosl of the 
installation aud improving its re!jability. 
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tires are rotated, 1he system will validate a particular ret11m 
signaJ as orig iuating from 1be ti.re-monitoring sensor localed 
on tJ1e subject vehicle. 

This same concept is also applicable. for other vehicle­
mollllted sensors. Tb.is permits a plug and play scenario 
whereby senson can be added to, clianged. or removed from 
a vehicle and the interrogation system will null'lmutically 
adjus t. ' Ilic system will know the type of sm sor based on the 
ideolifieation number. frequency, delay and/or its location 
ou the vehicle. For example, a tire monitor could bave ao ID 
in a clifferenl range of ideot.i6eaiion numbers from a switch 
or weight-monitoring device. This also permits new kinds of 
sensors to be retroactively iustaUed on a vehicle. If a totally 
new type of the sensor is ·11101111led to the vehicle, the sys1em 
software would have 10 be updated to recog11iz.e and know 
wbat to do wil'b tile information from 1he n.cw sensor type. 
By th.is me01od, \he eoafiguration aud quantity of sensing 
systems on a vehicle can be easily changed and the system 
interrogating these sensors need only be updated with solt ­
ware upgrades which could occur automatically. such ns 
over the lnteniet and by any telematics conummicati111J 
cha1rncl including cellular and ~tell ite. 

Preferred tire•monitoring se11sors for use with this inven­
tioo use tbe surface acoustic wave (SAW) technology. A 
radio frequency interrtigating signal caJ1 be se11t to all of the 
1:ire gages sinrnltaueously and the received signal at each tire 
gage is sensed using an amenna. The anteJlilll is connected 
10 tbe JOT transducer that converts the electrical wave to an 
acoustic wave that travels on the surface of a material stich 
as li tJ1ium 11.iobate, or other piezoelectric material such as 
zinc oxide, La11J!asite'l'M or the polymer polyvi.nylidene fluo­
ride (PVDF). During Its lmvcl on the sudace of the picz.o­
electric ruoteriaJ, either the time delay. resonant frequency, 
amplitude or phase of tile signal (or even possibly combi­
nations thereol) is modified based on the temperature and/or 
pressure in the lire. This modified wave is sensed by one or 
more IDT trantiducers and converted back 10 a radio fre­
quoucy wave that is used to excite an antenna for re-
broadcasting the wave back to interrogator. The interrogator 
receives the wave at a time delay after the original trans­
mission that ls determined by the geometry of the SAW 
transducer and decodes this sigm:11 to determine the tem­
perat·urc and/or pressure in the subject ti re. By using slightly 
different geometrics for each of the ti.re mo1lilors. sl ightly 
different delays c® be achieved and rru1domized so that the 
probability of two soosors baviog the same delay is small. 
The interrogator transfers the decoded infonnation to ii 

central processor that determines whether the temperature 
and/or pressure of each of the tires exceed specifications. If 
so. a warning light can be displayed infoi1ning the vehicle 
driver of the condition. Other notification devices such as a 
sound gcoerator, alarm and the llke could also be used. 111 
some cases. th is random delay is a ll that is required to 

Other methods can also be used tu permit tire dilleren- so 
tiation including CDMA and FDMA, for example, as di$­
cusscd elsewhere herein. If, for cxaiTiplc, each device is 
tuned 10 a slightly di:fferent freque11cy or code and t-his 
information is taught to U1e interrogator. then the receiving 
antenna system can be simplified. 

An identification number can accompany eacll transmis­
sion from each tire sensor and can also be used to validate 
I.bat the transmitting sensor is in fact located on the subject 
vehicle. In traffic situations. it is possible Lo obtHin a signal 
fton1 the tire of an adjacent vehicle. ·n1i~ would i111mediately 6(J 

show up as a ret-um fmm more than five vehicle tires and the 
system would recognize tbal a fault bad occttrred, The sixth 
return can be easily eliminated, however. since il could 
contain an ide11l'i:fication number that is ditlerent from those 
that have heretofore beeo J'eturned frequently to tJ1e vehicle 65 
system or based on a comparison of tile signals sensed by the 
dilJerem antennas.111us. wheu the vehicle tire is changed or 

55 separate the five lire signals and to identify which tires a re 
on the vel:t.icle a11d thus ignore responses from adjacent 
vehicles. 

Willi an accelernmeler mounted in the tire. as is the case 
for tJ1e Generntion 3 system, information is present to 
diagil1)se other ti.re pr1)b]ems. For example. when the steel 
belt wears tbrougb the rnbber tre;1d. it will make a distinctive 
noise and create a distinctive vibration wben it contacts tlle 
pavement. Tl1is can be sensed by a SAW or other technology 
accelerometer. The U1terpre1atioi1 of various such signals can 
be done using. neural network technology. Similar systems 
arc describl>d more demi I in U.S. Pat. No. 05.829.782. As the 
tread begins lo ;epamtc from the lire as in tJ1e Bridg,cslone 
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cases. a distinctive vibration is created which can also be 
sensed by a 1ire-monu1ed acceleromeler. 

124 
and its outer snrfoce. The tire valve asseinbly 144 is arranged 
in the sleeve 142 artd inclndcs th.reads on an ou1er surface 
which are mated with the threads on the iw1er surface of the 
sleeve 142. The valve assembly 144 comp1ises a valve seat 

As U1e tire ro1ares, stresses are created i11 lhe rubber tread 
stU·face between the ce.mcr of 1he footpriu1 and the edges. If 
the cocflicient C1f friction on the pavement is !C1w. these 
stresses can cause the shape of the footprint to change. The 
Generation 3 system, which measures the circumferential 
length oflhe footprint, c."lo therefore also be med lo measure 

s 143 .ind a valve pin 145 aminged in an apert11rc in the valve 
seal 143. The va lve assembly 144 is shown in the open 
condition in FIG. 29A whereby air flows through a passage 
between the valve sea1 143 and the valve pin 145. 

the friction toelliciCJll between the tire and lhe pavement. ·n1e valve c.-ap 149 includes a substantially cylindrical 
Piezoelectric generators are ano1her field in which SAW 

tecbnology can be applied and some of the inventions herein 
can comprise several embodiments of SAW or other piew­
elcctric or other gene.r.1torS. as discussc-d extensively else­
where l1erein. 

1u body 148 and is auaebed to the va1ve stem 141 by means or 
threads arra11ged 011 an im1cr cylindrical surface of body 148 
which arc mated with tl1e 1hreads on the l)uter 1iurlace (11'tbe 
sleeve 142. The valve- cap 149 comprises a valve pin 
depressor 153 arranged in connection wiili the body 148 and 

A.ii alternate approach for some applications, such as tire 
moni1oring, where it is dillicuh to h1tern,ga1e the SAW 
device .is the wheel, ru1d thus the a!llcnna is ro1<1ting: the 
transmitting. power can be significantly increased if there is 
a somcc of energy inside the tire. Many systems now us1;.> (i 

battery but ll1is leads Lo problems related LO clisposal. having 
to periodically replace tl1e battery and temperanu·e effects. li1 
some c.ases, ·Uie manufacturers recommend that the battery 

15 a SAW pressure sensor 150. The valve pin depressor 153 
eng,::iges tbc valve pin 145 iipon alladunent of the valve cap 
149 to the valve srem 141 and dcp.rCS$es ii against i1s biasing 
spri11g, not shown. thereby openiug the passage between the 
valve scot 143 and the valve pin 145 allowing air to pass 

2(1 from the interior of tire 140 into a reservoir or chamber 151 
in the body 148. Chamber 151 contains the SAW pressure 
sensor 150 as described i.u more detail below. 

be replaced as often as every 6 to 12 monilis. Batteries also 
sometimes fail to l1.111ctio11 properly at cold temperatures and 
have their life reduced when opemted .:it b.ig,h temperntmes. '.!5 

For these reasons, there is a belief that a tire monitoring 
system should obtain ils power from some source external of 
U1e tire. Similar problems can be expected for 0U1er appli• 
cations. 

One novel solution 10 1his problem is to use the Jlexing of 3c, 
U1e tire itself to generale electricity. !fa th.in film of PVDF 
is mtachcd lo the fo-c inside aud adjacent 10 the 1.rcad. thcu 
as the tire rotates the film will flex and generate electricity. 
This energy can tl1en he stored on (1ne or more capacitt1rs and 
used ro power the tire monitoring circuitry. Also, since t11e 35 

amolllll of energy that is generated depends of ilie flexure or 
the tire, this generator can also be used 1o monitor tbe h~llh 
oftbe tire in a similar manner as the Genern1io11 3 acceler­
ometer system described above. Mention is made of using a 
bi-morph to generate euergy iu a rotatiug tire in U.S. Pat. No. 40 

05.987,980 wi thout describing how it is implemented other 
ilirui lo say that it is mounted to the sensor housing and uses 
vibration. In particular. rl1ere is no mentiou of attaching the 
bi-morph to 1be tread of the tire as disclosed herein. 

As mentioned above, U1e transmissions from different 45 

SAW devices can be tiu1e-mul riplexed by varying the delay 
time from device to device. frequency-multiplexed by viiry• 
ing the natural frequencies nJ' the SAW devices. code­
mu.lliplexed by vnryi11g the idcntificntion code of the SAW 
devices or space-multiplexed by using multiple antennas. so 
AdditionaHy, a code operated RFLD switch can be used to 
peni1it the devices to trnnsmit one al a rime as discussed 
below. 

Pressure sensor 150 cru1 be an absolute pressure-measur­
ing device. If so. i1 can fonction based on the principle that 
the increase in air pressure and thus air density in Llle 
chamber 15 1 i11Creoses the mass loading ou a SAW device 
changing the velocily of surface acoustic wave on the 
piezoelectric material. The pressure sensor 150 is therefore 
positioned in an exposed posi1jon in the chamber ISL Ilus 
c llcct is small and generally requires tlrnt a very thin 
membrane is pluced over ilie 'SAW thal absorbs oxygen or in 
some 0.1auncr increases the k>adiug onto rbc surface of the 
SAW as the pressure increasos. 

A second em.bocliment of a valve cap 10' in accordance 
with the invention is shown i11 FIG. 29B rui.d comprises a 
SAW strain sensing device 154 that is ruounled onto a 
llexible membrnue 152 attached to tbe body 148 of the valve 
cap 149 and in a position in which i1 is exposed to the air in 
the chamber 151. When the pressure changes in chamber 
151 , the deflection of 1be t)lembraue J 52 changes rbcreby 
changing the strain in the SAW device 154. lliis changes the 
path length iliat the waves must rravel wl:tich in tum changes 
1be natural frequency of the SAW device or the delay 
between reception of an interrogating pulse and its retrans­
mission. 

Strain sensor 154 is 1hus a differential presst1re-mea~ttring 
device. Jr fonctions based on the principle tbat ch,1nges ln the 
nex-ure of the membrane 152 c.1111 be Cllrrelated lll changes in 
pressure in ihe chamber 151 and thus, ifa!l i.ui1ial pr;ssure 
mid flexure are known. the change in pressure can be 
determined from (he change in flexure or strain. 

Fl GS. 29A and 2913 therefore illt1strate two d ifferent 
methods of using fl SAW sensor uJ a valve cap for mmt.i­
toring the pressure inside a tire.A preferred manner in which Considering the time-rmiltip]exing case, varying tlie 

length of the SAW device and thus the delay before retrans­
mjssion can separate d.iflerent classes of devices. All seat 
sensors can have one delay wb.ich would be different from 
tire monitors or light switches etc. Such devices can also be 
separated by receiving antenna location. 

55 the SAW sensors 150.154 operate is discussed more fully 
be.low but briefly, each sensor 150,154 includes 8.1.1 allteuua 
and an interdigital transducer which receives a wave via the 
antenna from ru:i interrogator wb.ich proceeds to travel along 

Referring. now to JIIGS. 29A <U1d 298. a first embodiment 6U 

of a valve cap 149 iucludiog a tire pressure monitoring 
system in accordance with the uwention is shown genera.lly 
at 10 in FIG. 29A. A tire 140 has a protmdi11g_, substantially 
cylindrical valve slem 141 which is shown in a partial 
cutaway view i.J.1 FIG. 29A. The v11lve stem 141 comprises 65 

a skcvc 142 and a rin: valve assembly 144. The sleeve J42 
of the valve stem 141 is threaded on both its inner surf-ace 

fl substrate. The time in which tl1c waves travel ucross the 
St1bstrate and return to the interdigital tran~ducer is depen­
dent on the temperature. the loading ou the substmte (in the 
ernboclimcm of FIG. 29A) or t,be llcxure of membrane 152 
(in the embodimeni of FIG. 29B)- The a11te1ma transmits .:i 
ren1rn wave wbicl1 is received and lhe time delay between 
the t111llsmitted and returned wave is calculated and corre­
lated to Uw pressure in the chamber 151 . ln orderto keep the 
SAW devices as small as possible for tl1e tire calve cap 
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design. the preferred mode of SAW operation is the resonant 
frequency mode where a change in the resonant frequency of 
the device is measured, 

Sensors L50 and 154 arc electrically connected to tbe 
mewl valve cap 149 t.hat is electrically connected lo the 
valve stem 14L. ·n1c valve stem 141 is elcctricaJly isolated 
from the tire rim and can thus serve as au antenna for 
transmitting radio freq11eocy electromagnetic signals from 
the sensors 150 and 154 to a vehicle mounted interrogator, 
not shown. to be described i11 detail below. A~ shown io FIG. 
29A, a presstu·e seal 155 is arra11ged between ,ill upper rim 
of the sleeve 142 ;;md a11 im1er sbouklcr of ll1e body 148 of 
the valve cap 149 ,ind serves to prevent air from llowing out 
ofll1e tfre 140 to the atmosphere. 

Tue speed of the surface acoustic WDVe on the piezoelec­
tric ~ubstr,1te changes with tcmperatL1re io a predictable 
manner as well as willi pressure. For the valve cap imple­
mentations. a separate SAW device can be auached lo rhe 
outside of the.- valve cap and protected with a cover where ii 
is subjected to lhe same temperature as the SAW sensors 1 SO 
or 154 bur is not subject ro pressure or strain. ·n1is requires 
thal each valve cap comprise two SAW devices. one for 
pressure sensing and another for tempcmture sensing. Since 
the valve cap is e.x-posed to ambie111 temperature, a prefen·ed 
approach is 10 bnve a single device on the vehicle which 
measures ambient temperature outside of the vehicle pas­
senger compartmenl. Many vehicles already have such a 
temperature sensor. For those installatfous where access lo 
this temperature dat/.1 is nol convenient, a sepa.r-.1te SAW 
lcmperatLire sensor can be mountt:d Msociatcd wilb the 
interrogator antcnmi, as illustrated. below, or some other 
couvcnicut place. 

Although the valve cap 149 is provided with tl1c pressure 
seal JSS, lllere is a danger tl1at the valve cap 149 will not be 
properly assembled ouio the vnlve stem 141 and a small 
quantity of the air will leak over time. FIG. 30 provides an 
alleruate design where the SAW temperature and pressure 
measu1fog devices are iocorpl1mled into the valve stem. Thi~ 
embodiment is thus particularly usefol in the initial manu­
foctrne cif a tire. 
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tire pressure and is deternlioed by the D.tmospheric pressure 
when the device: was manufactured at1d the ellect or tem• 
perature on this pressure. The speed of sound on. the SAW 
tetuperat11re sensor 168 is thus affected by tempcranixe but 

5 nol by pressure in the tire. 
The operation of SAW sens,;,rs 167 mid 168 i$ discussed 

elsewhere more folly but briefly, since SAW sensor 167 is 
atiected by the pressure io tile tire, the wave whic.lt travels 
r1long the substrate is affected by tl1 is pressme Hnd the time 

10 delay between the transmission and reception of a wave can 
be correlated to the presstu·e. Similarly, since SAW sensor 
J 68 is affected by the temperature in tbe tire, Lbe wave which 
travels along the substrate is affected by this temperature and 
the time delay between the transmission and recep1io11 of a 

15 wave c::in be correlated to the i:emperatwe. Similarly. the 
natural freqne11cy oftbe SAW device will change due to the 
change i:11 the SAW dime11siu1Js and that natural frequency 
can be deten11.ined if rbe interrogator trausutils a chirp. 

FIG. 308 illustnites an alternate and preferred config11-
2<, ration of sensor J 64 where a flexible 1m:mbra11e 173 is use.xi 

instead of the rigid separaror 171 shown in the embodiment 
of FIG. 30A, aud a SAW device is IDmulted on flexible 
member 173. I.Ji Ibis embodiment, the SAW temperature 
sensor 168 is mounted 10 a differe.tit wall of the capsule 172. 

::!5 A SAW device J 69 is Illus affected both by the strain i.J1 

membrane J 73 and the pressure in the Lire, Normally, the 
strain effect will be much larger wtth a properly dc~igned 
membrane 173. 

Tue operation of SAW sensors 168 and 169 is discussed 
3C1 elsewhere more fully but briefly. siocc SAW sensor 168 is 

Alfecled by the tempemture in tl1e tire. the wave which 
travels along the ~ub~tratc is allcc1ed by this 1cmperarurc and 
the time delay bclween the transmission and reception of a 
wave can be correlated ro the tempe.rature. Similarly, since 

35 SAW sensor 16!) is affected by the pressure in the tire. the 
wave which travels along the substrate is atlected by this 
pressure and the time defoy between the transmission and 
reception of a wave can be correlated lo the pressure. 

In both of the embodiments sbowo in FIG. 30A an.<l FJG. 
40 300, a sepan1te temperature sensor is illustrated, ·n1is bas 

two advantages. First. it pem1its the separation or lhe 
temperature effect from the pressure effect on t-he SAW 
device. Second. it permits a met1surement of tire temperature 

1l1e valve stern assembly is shown generally DI 160 and 
comprises a brass valve stem 144 whichconrains a tire valve 
assembly 142. The vaJve stem 144 is covered wiU1 a coating 
161 of a resilient material such as nibber, which has been 
partially removc.-d in the drawing. A metaJ conductive ring 45 

162 is electrically attached to the vs.Ive stem 144. A mbber 
extension 163 is also attached lo 'lhe lower eod of the valve 
stem 144 and contains a SAW pressure and temperature 
sensor 164. The SAW pressure and temperature sensor 164 
can be of at least two designs wherein the SAW sensor is 
used DS an absolutepressw-e sensor as shown in FIG. J OA or 

to be recorded. Since a normally inflated tire can experience 
excessive tempcrattu-c cmiscd, for example. by an overload 
conditio11, it is desirable to have bl1th temperantre and 
pressure measurements of each vehicle tire 

Tile SAW devices 167. 168 and 169 are electrico]Jy 
attached to the valve stem 144 which again seNcs as au 

so antenna lo trnusmit radio frequency infonnatim1 10 an inter­
rogator. This electrical co1ll1ection can be made by a wired 
con11ectiM; however. tl1e impedance between the SAW 
devices and the rultenna may not be properly malcbe<l. A.1.1 

altemate approach D.5 described in Yaradao. V. K.- ct al., 

an as a dilfere1itial sensor based on membrane strain as 
shown in FIG. 308. 

In FJG. 30A. lbe SAW sen1>or 164 comprises a capsule 
172 having a11 imerior chamber in comnmnicatlon with the 
interior of the tire via a passageway 170. A SAW absohlle 
pressure sensor 167 is mounted onto one side of a rigid 
membrane or separator 171 in the chamber in the capsule 
172, Separator 171 divides the intericir chamber of the 
capsule I 72 inlt1 two cmnparuueots I 65 :111d J 66. w it.b ooly 
compartment J 65 being io flow comnnmicatioo witb the 
i11tcrior of the tire. The SAW iibsolute presswc sensor 167 is 
mounted in compt1rtment 165 which is exposed to the 
pressure in lbe tire through passageway 170. A SAW tem­
perature sensor 168 is attached to ti1e other side of the 
St:pamtor 171 .and is exposed to 1J11: prcssme in compartment 
166. The pressure in compartment J 66 is 1maffected by !be 

55 "Fabrication. characterization and testing of wireless 
MEMS-IDT based micro accelerometers". Sensors and 
Actua!ors A 90 (2001) p. 7- J 9. 2001 Elsevier Netherlands, 
is tu inductively couple the SAW devices to the brass tube, 

Al though an implementation into tl1c vnlve stem ru1d 
61J valve cap examples have been illustrated above, a11 a lteruate 

approach is to mount the SAW temperature and pressure 
JJJOn.itoring devices elsewhere within the tire. Similarly, 
although the lire stem iu both cases above can serve as the 
antenna. iu many implernenlalions. it is preferable to have a 

65 separately designed antellJla mouuted within or outside of 
ll1e vehicle tire. For exmnple. ~ucb an m1tem1n can project 
into the tire from the valve stem or can be separ-<1tely 
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attached to the 1jre or tire rim eitller inside or outside of the 
tire. lu some cases. it can be monuted on the i11terior of the 
tire on the sidewall. 

128 
PlG. 32 illustrates an absolute pressure sensor based on 

$urfoce acoust:ic wave (SAW) tl'Chnology. A SAW absolute 
pressure sensor 180 has an interdigital transducer (IDT) 181 
which is connected to ameom1 182. Upon receiving an Rf 
signal of the proper frequency. the antenna 182 induces a 
surface acoustic wave in the material 183 which can be 
lithium niobate, quartz, zinc oxide, or other appropriate 
piezoelectric material. As tl1e wave passes through a pres­
sure sensing area 184 fon11ed on the material 183. its 
velocity is changed depeudiug no lhe air pre~sure exened oo 
tl1e sensing area 184. The wave is tl1en reflected by rel'lecto.rs 
185 where it returns to the U)T 181 and Lo tl1e antenna 182 
for retransmission back to tJ1e inteirngator. The material in 
the pressure sensing area 184 can be a thin (such as one 

A more advanced emboclimeu1 of :i. tire u101litor iu accor­
dance with the invention is illusrrated generally al 40 in 5 

FIGS. 31 and JJA. IJ1addj1io1110 temperature and pressure 
monitoring devices as described in the previous applica­
tions. the tire monitor assembly 175 comprises an acceler­
ometer or any of tbe types to be described below which is 
configured 10 measure either or both of tile rnogemial and 10 

radial accelerations. Tangential accelerations as used herein 
generally l)lean.s accelerations tangent Lo the direction of 
rotation of the tire and rndial accelerations as used herein 
generally means accelerations toward or away from the 
wheel axis. 15 micron) coating of a polyiuer that absorbs or reversibly 

reacts with oxygen or nitrogen where t11e aJnounc ab~orbed 
depends on the air density. 

ln FIG. 31. tbe tire monitor assembly 175 is ceme1iled .. or 
otherwise attacht:d, to the interior of the tire opposite lhc 
tre:id. In FIG. 31A. tbe tire monitor assembly 175 is iuse;ted 
into the tire opposite the trec1d during manufocrure. 

Superimposed on the acceleration signals will be vibrn- 2(1 

lions introduced into tire from road interactio11s and due to 
tre-ad separatiou and other defecrs. AdditionaJly, the presence 
of the nail or other object auached to the ti.re will. in general, 
excite vibrations thm can be sensed by the ::iccelerometers. 
When the tread is worn to the extem that the wire belts 176 15 

begiJ1 impacting. tl1e road. additioo11I vibrations will be 
induced. 

Through monitoring the acceleratiou signaJs from lhe 
tangential or radial accelerometers within tile tire monitor 
,tssembly 175. dcl::imination. a worn tire condition. imbL'C!- 3c, 

<led nails. other debris anache<l to the tire tread, hernias. can 
111l be seMed. Additil)U1tlly, 11s previously discu~scd. (he 
length of time that the tire tread is in co11!<1ct witl1 the road 
.;,ppQsite tire monitor 175 can be measured and, tl1rough a 
comparison with tJ1e total revolution time, the length of the 35 

tire footprint 011 tile road can be determined. This pennils the 
load ou the tire to be measured. tllus providing an indication 
of excessive tire loading. As discllssed above. a tire can fail 
due 10 over-loading eve11 when ibe tire interior tempernrure 
and pressure are witbi11 acceptable liJ1Ji ts, OLber tire 01ooi- 40 

tors cannot sense such conditions. 
In tbe discussion above. the use of tile tfre valve stem as 

an antenna has been discussed. An antenna can also be 
placed within the tire wben the tfre sidewalls are not 
reinforced with steel. 1n some cases and for some frequeo- 45 

cies. it is sometimes possible to use the tire steel bead or 
steel belts as an antenna, which in some c,1ses c.:in be coupled 

In PIG. 32A, t\vo additioual sections of the SAW device. 
designated 186 and 187. are provided such that the air 
pressure affeclS sections 186 and .187 di fibrcntly than pres­
sure sensing area 184. Tllis is acllieved by providing three 
reliectors. The three reflecting areas cause three reflected 
waves to appear, 189, 190 tUld 19 1 when inJrnt wave 192 is 
provided. Tue spacing between waves 189 and 190, and 
between waves 190 ru.1d 191 provides a measure of llie 
pressu1·e. This construction of a pressure sensor may be 
utilized in the embodiments of FIGS. 29A 3 1 or iu any 
embodiment wherein a pressure measurement by a SAW 
device is obtaiued-

·n1erc are many othcr ways in which the press,Jrc Cai1 be 
measured based on either the t ime between reflections or on 
tbc frequency e>r phase cbaug.: of thc SAW device as is wdl 
known to those skilled in the an . FIG. 32B. for example, 
iJlusLraLes an alternate SAW geometry where only two 
sections are required to measure both temperature ~,ud 
pressure. 1bis constniction of a temperature and pressure 
sensor may be utilized i1111le embodiments of PlGS. 29A-31 
or in any embodiment wherein bl,tJ1 a pressure measurement 
and a temperature measurement by a single SAW device is 
obtained. 

Anotl1er method where the speed of sound on a piezo­
elecrric material can be changed by pressure was .first 
reported in Varadan et al., "Local/Global SAW Sensors for 
Turbulence" referenced above. This phenomenon has not 
been appl ied lo ~olvi.ng pressure sensing problems within an 
automobile LUltil now. The instant invention is believed to be 
the firsr application of this principle lo measuring tire 
pressure. oil pressure. C(lolant pressure. presstU'e in a gas 
ta1lk, etc. Experiments to date, however. have been uosuc-

to inductively. Alternately. the antenna c1111 be designed 
integral with the tire beads ot belts and optimized and made 
part ofrbe tire during manufacrure. so cessfol. 

Alt11ough the discussion above llas centered on tile use of 
SAW devices. the configurations of Fl GS. 31Aand 3J 13 can 
aJso be effectively accomplished with other pressure. ten1-
perature and accekro1neter ,ensors particularly those based 
on RFID 1eclmology. One of the advamages of using SAW 55 

devices is that they are totally passive thereby eliminating 
the requirement of a banery. For the implementation of tire 
monitor assembly 175, the acceleration can also be used to 
generate suiltcient clcclrical energy to power a silicon 
microcircuit. In thi8 configuratioo. additional device$. typi- 60 

cally piezoelectric devices. arc used as a gc1Jerator of 
electricity that can be stored in oue or more Cl)oventioual 
capacitors or ultra-capacitors. Other types of elechical gen­
erators can be used such as those based on a moving coil and 
a magnetic field etc. A PVDF piezoelectric polyiuer can also. 65 
and prefcmhly. be used to generate electrical energy based 
on lhe flexure of the tire ru; described bdow. 

Ju some cases. a flexiblemernbraue is placed loosely over 
tht'. SAW device to prevent contaminants from aOcctiug the 
SAW surrace. The flexible membrane perm.its the pressure to 
be transforred to the SAW device without subjecting the 
surface t(l contaminants. Such a llexible membrane c::in be 
used in most ifuor all of the embodiments described herein. 

A SAW temperature sensor 195 is illustrated in FIG. 33: 
Since the SAW material, such as lithium niobate, ex-pands 
significantly with temper<1tur.:. the natural frequency of the 
device also chauges. Thus. for a SAW temper.:itnre sen~or to 
operate. ::i materia l for the substmtc is selected which 
changes iLs propenies as a functioo of temperature, i.e., 
expands with increasing temper-anire. Similarly. the time 
delay between the iruertion and retransmission of the signal 
also varies measurably. Since speed of a surface wave is 
typically I 00.000 6mes slower then the spee<l of light. 
usually the lime for the electromngnetic wave 10 travel to the 
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SAW device and back is small in comparison to the time 
delay of the SAW wave and 1herefore the temperature is 
appJ'oximately the time delay between transmitting electro­
magnetic wave and its reception. 

An alternate appmacb as illustraled in FIG . . BA is to 5 

pluce a thermistor 197 acn.)SS an interdigital H:ansclucer 
(IDT) 196, which is now uot shorted as it was in FIG. 33. Jn 
this case, the magnitude of the returned pi1lse varies with the 
temperature. Thus. this device can be used to obtain two 
indepeudent temperan1re 01casure111euts. one based on time 10 
delay or 11aniral frequency of the device 195 and the other 
based on the resistance of the thermistor 197. 

When s0me other pmpetty such as preSsure is being 
measured by tbe device 198 as shown in FIG. 338. two 
parallel SAW devices can be used. These devices are 15 

dei;igned so that they respond differently ro one t1f the 
parameters to be measured. Thus, SAW device J 99 and 
SAW device 200 can be designed 10 both respond 10 

temperature and respond lo pressure. However, SAW device 
200. which contains a stu"lace coating. will respond differ- 2 (1 

elllly to pressnre than SAW device 199. Thus, by measuring 
natural frequency or the time delay o:f pulses iusened into 
bo1b SAW devices 199 and 200, a detcnuinatiou can be 
made of both the pressure and temperature, for exau1ple. 
Naturally, the dcvit,e which is rendered sensitive ro pressure 25 

in the above discussron could alternately be rendered sen­
sitive to some otl1er property such as the presence or 
conceutratfon of a gas, vapor. or liquid chemical as 
described in more detail below. 

An accelerometer that can be used !'or either radial or 3c, 
tangential acceleration in I.he lire monitor assembly of FIG. 
31 is iJlustrntcd i11 FJGS. 34 and 34A. The design of 1lu~ 
accelcromcler is explained in detail in Van1dan. V. K. ct al., 
•·rabrication, characteri:,,:ation and test.ing of wireless 
.MEMS-IDT based microaccelerometers" referenced above 35 

and will not be repeated herein. 
PIG. 35 illustrates a central anteuna mounting armnge­

men1 for permitting interrogation of the tire 01Mitors for 
four tires and is situilar to I.hat described in U.S. Pal. No. 
04.237,728. A.o antenna package 202 is mounted on the 40 
underside oflbe veJ1icle and communicates with devices 20.J 
thmugb their autellllas as described above. lu order l'o 
provide for anterurns both inside (for example for weight 
sensor interrogation) and outside of the vehicle, another 
rullctrna assembly (nm shown) COil be mounted on !be 45 

Opposite side of tile vehicle floor from the antem1a assembly 
202. Devices 203 may be any of the 'LiTe monitoring devices 
described above. 

FIG. 35A is a scl1ematic of the vehicle shown in PIG. 35. 
The ameuna package 202, which can be considered as au so 
electronics module. contains u lime domain multiplexed 
antcnno array that sends and receives data from each of the 
five tires (includiL1g the spare lire), one al a time. ll com­
prises a microstrip or stripline antenna .irrny and a micro­
processor on the circuit board. 111e antennas th.it foce each 55 

ti.re are in an X co1lfigura1ion so that" tile transmissions to aud 
from the tire can be accomplished regardless of tl1e tire 
rotation angle. 

Allhm1gh piezoclec-tric SAW devices normally use rigid 
material such as quartz- or lithium niobate. it is also pt1ssiblc 60 

to utilize PYDF provided the frequency is low. A piece or 
PVDP Glm can also be nscd as a sensor or tire flexure by 
itself. Such a sensor is illustrated in FIGS. 36 and 36A at 
204. The m11put of flexure of tbe PVDF film can be used 10 

supply power too silicou microcircuit that contains pressure 65 

and temperature scn~ors. The wavefonn of tl1e output frt.1m 
the PVDF 111m also provides information as to I.he flexure of 
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an automobile lire and ca11 be used lO diagnose problems 
wit11 the tire as well as the tire footpiint in a mimner similar 
to the device described i11 FIG. 31. Ln this case. however. the 
PVDF film supplies suilicient power to pertnit significantly 
tnore transmission enc~y to be provided. TI1e frequency and 
informational content can be made c~1mpatible with tbe 
SAW interrogator described above such tbar tl1e same iuter­
rogator can be used. Ibe power available for the interroga­
tm. however, can be s iguific,mtly greater tJrns increasing the 
reliability and r<'ad.ingrange of the systen1. In order to obtain 
significant energy based on the flexure of a PVDF film .. 
many layers of'such a film may be required. 

There is a genernl pmblern with tire pressure 01,onitors as 
well as systems that altempt 10 interrogate passive SAW or 
electmnic RFID type devices in that the FCC severely limits 
1be frequencies and radiating power that can be used. Once 
it becomes evident th.it these sy~tems will eventually save 
many lives, IJ1e FCC can be expected tl1 modify their 
pL1sition. ]D tile me:;inlime, various schemes can be used to 
help alleviate this problem. The lmver frequencies that have 
bee.n opened for autt1motive radar permit higher power to be 
11sed and they could be candick1tes for the devices discussed 
above. JL is also possibJe, in srnne cases. to transmlt power 
on multiple frequencies and combine the received power 10 

boost the available energy. Energy can of course be stored 
nnd perit1dically used. lL1 drive circuits and work is ongoing 
to reduce the voltage reqLLired t{) operate semiconductors. 
The devices of U1is inventiou will make use of some ur all 
of these developments as they take place. 

lftbe vehicle has been al rest for a significant time period, 
power will lea.k from the storage capacitors and will not be 
available for trnnsmission. However. a few tire rotations are 
sutlicienl to provide the necessa1y energy. 

FIG. 37 illustrates another version or a tire temperature 
and/or pressLLrc mMitor 210. Monitor 210 may include at an 
inward end. any one of the t.?mpcratmc trnnsducers or 
sensors described above and/or any one oJ the pressure 
transducers or sensors described above. or aJ1y @e of tile 
ct1mbi11mjcm temperature and pr<"ssure tr:iusducers or sen­
sors dest;ribed above. 

The monitor 210 bas atl elm1g-ate body att11ched through 
the wheel rim 213 typically on the inside of the tire so that 
the under-vehicle mountl'<l ante1ma(~) have a line of sight 
view of antenno 214. Monitor 210 is connected to an 
inductive wire 212, which matches the ~1ulput of the device 
witb tbe ,,otenua 214. wllicb is part orthc device assembly. 
lnsulati.ng material 211 surrounds the body whlch provides 
an air bgbt seal and prevents electrical contact with the 
whee.I rim 21.J. 

FIG. 38 illustrates a11 alternate method of applying a force 
10 n SAW pressure sensor from the pn:SsLlre capsule and 
FIG. 38A is a detaikd view of area 38A ill FIG. 38. In this 
case. the di-0phragn1 iJ1 the pressure capsule is replaced by i1 

metal ball 64] which is elastically held in a hole by silicone 
mbber 642. The silicone mbber 643 cau be loaded with a 
clay type material or coated with a metallic coating to reduce 
gas leakage past the ball. Changes in pressure in the pressure 
capsule act on the ball 642 causing it to denect and act t1n 
the SAW device 637 changing the strain therein, 

An alternate method to FIG. 38A using a thin film of 
lithi~m1 uiobate 644 is illustrated in FIG, 39. In both ofthe,e 
cases. the lithiuill Niobate 644 is placed within tile pressure 
chamber which also conlaiDs tbe reference air pressure 640. 
A passage 645 tor pressure foed is provided. Iii the embodi­
ments shown in FIGS. 38. 38A and 39. the- pressure and 
temperature measurement is done on ditforent parts of a 
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single SAW device whereas in the embodimenl shown in 
FIGS. 30A and 308. two separate SAW devices are nsed. 

FIG. 40 illust rates a preferred four pulse design of a tire 
temperamrc aud pressure 111011.itor based on SAW and PIG. 
40A illustralcs the echo pulse magni tudes from the design of s 
FIG. 40. 

FIG. 41 illustrates ru1 alternate shorter preferred four pulse 
design of a tire temperature ,rnd pressure monitor based on 
SAW und PIG. 41A illusu-atcs the ecl10 pulse magnitudes 
from the design of FIG. 41. The innovative design of F1G. 10 
41 is an improved design over that· of FIG. 40 i11 that the 
length of 1be SAW is reduced. by approi<im.utcly 50%. This 
not on ly reduces the size of the device but a lso its cost. 

1.4.1 Antenna Considerati011s 

132 
charged by, for example, rotatfon of the tire or movement of 
one or more masses as desc1ibed iu more detail elsewhere 
herein. TI1us. when [he vehicle is moving, the circuit is in an 
active mode and ::i capacitor in the circuit is clt.:uged. On the 
other hand. when the vehicle is slopped. the circuit is in a 
possive mode and the capacitor is discharged. In eilher case, 
the pressure measurement in the tire can be trallSntitted to 
the interrogator. 

lnstcau of a SAW device 221, Port B cru1 be coll!1ei.:ted to 
an RPID (radio frt-que11cy identiJication) rag or another 
elecl!ical compo11e1Jt which provides a response based 011 au 
input s ignal and/(lr generates a signal in response to a 
detected or measured property or characteristic. 

Also. the circuit can be arranged on other movable 
As discussed above in section L3.l. antewws are a very 

imporcan1 part of SAW ,.111d RJ/1D wireless devices sucl1 as 
lire monitors. The discussion of that sei.:tion applies particu­
larly to tire 111oni1ors but 11eed 1101 be repeated here. 

1.4.2 Boosting Signals 

15 strncnires. other 1han a vehicle tire, whereby the movement 
of Lbe s tr11cture causes ch::irging of rl1e capacitor and when 
the structllre is nut moving. the capaciror discharges amJ 
provides energy, Other movable su1.1ctures include other 
parts of a vehicle including trailers and conlainers. boats. 

FIG. 42 illustrates an aw.mgement for providing a boosted 
signal from a SAW device1s designated generally as220 and 
comprises a SAW devic.e 221. a circulator 222 having a first 
po11. or input cbaru1cl dcsigi.1atcd Pon A and a second port or 
input channel desigi1aced Port 13. aud an an1enna 223. ·me 
circulator 222 is interposed between the SAW device 22L 
and the amenna 223 witb Pore A receiving a signal from the 
antenna 223 and Port B receiving a signal from the SAW 
device 221. 

2(1 airplane, elc .. a person. animal, wind or wave-operatt-d 
device, tree or any structure, li viug or not that CWl move and 
thereby permit a properly designed energy generator to 
generate electrical energy. Naturally oti1er sowt:cs of envi­
ronmental energy can be used consisteu1 with the invention 

25 such as wind, solar. tidal. thermal. acoustic etc. 
PIGS. 45 a11d 46 show a circuit used for charging 1.1 

capacitor during movement of a veh1cle which may be ust•d 
lo power the boosting ammgeruent of FIG. 42 or for any 
other application. in wwch energy is required ro power a lu use, the antell!la 16 receives a signal wllen a measure­

me11t from the SAW device 221 is wanted and a signal from 
the antenna 16 is switched into Port A where it is amplified 
nnd output to Port B. The aiuplificd sii;ual from Port B is 
directed to !he SAW device 221 for the SAW to provide a 
delayed sigMI indicat ive of the pr(lpe11y o r characteristic 
measured or detected by the SAW device 221. The delayed 
signal is directed to Port B of the circulator 222 which boosts 
the delayed signal and outputs the boosted, delayed signal Lo 
Port A from where it is directed to the antenna 16 for 
transmission tn a receiving and processing module 224. 

3c, componen1 such as a compoaeut l)f a veh1clc. l11e energy 
can be generated by IJ1e motion of the vehicle so that the 
capacilor ha~ a charging mode when the vehicle is ol,wiug 
(the active mode) and a discharge, energy-supplying phase 
when the vehic le is stationary ~x not moving, sullicient last 

35 ro euable charging (the passive mode). 
As shown in FIGS. 45 and 46. the charging circu1t 230 has 

a chargiJ.1g capacitor 231 and two masses 232,233 (FIG. 45) 
mounted perpend1cular to one ::11101]1er (one iu a direction 
orthogonal or perpeudicuJar to the other), The masses 232, 

The receiving and processing module 224 trausinits tl1e 
initial signal 10 the antenna 16 when a measurtimcnt or 
detection by the SAW device 221 is desired and then 
receives the delayed, boosted signal from the antenna 223 
c.ontaining inforrnatfon about the measuremelll or de1ection 
performed by the SAW device 221. 

40 23] are cacb coupled to mecbanicaJ-electrical converters 
234 lo convert the movement of !he mass into electric 
signals aud each converter 234 is coupled to a bridge 
rectiiier 235. Bridge recllfiers 235 may be the same as one 
,mother or different and are known to those skilled in the art·. 

45 As shown. the bridge rccrifiers 235 each comprise fo ur 
Zener diodes 236. TI1e ompu1 of the bridge rectifiers 235 is 
passed to !he capacitm 2J1 to charge l1. A Zener diode 44 is 
arranged in parallel wil11 1he capacitor 131 to prevent 

The circui1 which amplifies the signal from lhe a111en11a 
223 and 1he delayed signal from the SAW dev,ice 221 is 
shown in FIG. 4:l. As shown, the circuit provides an ampli­
ficat ion of approximately 6 db in each direction for a total. 
round-trip signal gain of 12 db. This circuit requires power so 
as described herein which can be supplied by a battery or 
generator. /\ detailc-d descrip1ion of the circ11i1 is omi1ted as 
it will be tmderstood by those skilled ill the art. 

As shown in PIG. 44, the circuit of PIG. 43 includes 
dectrunic compone~1ts arrnnged to form a first signal splitter 55 
225 iii connectiou with the first port Port A adjacent the 
ai1teJ111a 223 and a second signal splitter 226 in connection 
with the second port Port B adjacent the SAW device 221. 
Electronic components are iLlso provided lo ampl ify the 
sigual bei11g directed from the au1eima 223 10 the SAW 60 

device 221 (gain component 227) and to amplify tho signal 
beiug directed from the SAW device 22 1 to tbe antenna 223 
(gain component 228), 

The circnit is powered by a battery, of e1th.er a couven­
tional type or an atomic battery (as discussed below), or. 65 

when u~l,d ill connection with a tire of 1bc vehicle. a 
capacitor, super capacitor o.r uhracapacitor (super cap) and 

overcharging of tbe capacitor 231. Instead of capacitor 231. 
multiple capacitors or a rechargeable battery or other 
energy-storing device or component can be used. 

An RP MEMS or equiv~len1 swi1ch, not shown. can be 
added to switclJ the circulator into and out of the cin:ui t 
slightly increasing the efficiency of the system when power 
is not present. He.rctofore, RF MEMS switches have not 
been used in tbe tire, RFID or SAW sensor environment such 
as for TPM power and antenna switching. One ei<ample of 
an RF MEMS ,witch is manufactmed by Teravicta Tech­
nologies lni.:. The comp,uiy's initial product. the TT612, is a 
0 ll) 6 Gllr. RF MEMS ~ingle-pole. douhle-tltrow (SPDT) 
switch. It has a loss ofO. I 4-dB at 2-GHz, good linearity and 
a power handling capability of three waits coutim1ous, al l 
enclosed within a surface motmt package. 

1.4.3 Energy Generation 
TI1ere are a variety of non-conventional b:ittery r(nd 

baltery Jess power sources for the use with tir.: ruouiiors. 
some of which also wi ll opemle with other SAW sensors 
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One method is to create a magnetic field near the tire and Lo 
place a coil witlti11 the tire Llml passes through the magnetic 
fielc.J and thereby geuerute a current. JL m~1y even be possible 
to use the earth's magnetic field. Anothermethoc.J is to create 

134 
mass 241 moves to the left so thnt air is drawn into a 
chamber defined in n cylinder through the i11 ict valve 244. 
Upon subsequeul rotation oftbe wheel, the mass 241 moves 

an electric field and capacitively couple to a circuit within 5 

the tire that respouds to an alternating electric field external 

It) tl1e right causing the piston rod to move to tile riglll and 
force the air previously drawn into chamber through :ui 

exhaust valve 245 anc.J into a tube leading to the nipple 243 
aud into the tire. During tllis same rightward movement of 
the piston rod, air is drnwn into a cl1amber defined in tl1e 
olhe.t cylinder through the otl1er inlet valve 244. Upon 
subsequent rotation of the wheel. tl1e mass 241 moves 10 the 
left causing the piston rod 10 move tu the left' and force the 

to the tire and thereby induce a cuJTeilt in the cirC\Jit within 
the tire. One prior art system uses a welg,ht that responds to 
the cyclic change in the gravity vector as the tire mtates Lo 
niu a small pump th::it infl::ites the tire. ·nia1 principleca11also 10 

be used to generate a cmrent as the weig,ht moves back and 
f~1r1b. air previously drawn into chomber through a 11 c;xl1aust valve 

245 and into a second tube leading to the other nipple 243 
and i11to the tire. lo this manner, the reciprocal movement of 

One interesting possibility is tll use the principle of 
regenerative braking to generate energy within a tire in a 
manner similar to the way such systems are in use on electric 
vehicles. Suc.b a device can generate energy within each tire 
every time tbc vehicle is stopped, Such a regenerative unit 

15 the mass 241 results iu inflation of the tire. 

can be a small device used in conjunction with a primary 
regenerative unit that could reside on the vehicle. Such ;1 unil 
can be c.Jesigned to operate just as the bn1.kes are being 21' 

appli,xl and make use of the slip between the fixed and 
movable su.rlaces of the br-.Jkc. many (1lhcr methoc.Js will now 

Valves 244 me designed a~ i11let valves and do not allow 
flow from the chamber.; to the stuToundillg atmosphere. 
Valves 245 are designed as exhaust valves and do not allow 
flow from the hibes into the respective chamber. 

ln operation, otl1er fbrces such as c-c1u~ed by the tire 
impacting a bump in the road wiU also effect the pump 
operation and in many cases it will dominate. As the wheel 
l'Otates (and the mass 24 1 moves back and fortl1 for example 
at a rate or mg cos (uJt ). the tire is pumped up. 

lo U1e il lustrnted embodiment. lhe housing includes two 
cylinders each defining a respective chamber, two springs 
242. two tubes and an inlet and exlwust valve for each 
chamber. It is possible to provide a housing having only a 
siugle cylinder defiuiug one chamber with an inlel and 

be obvious wbereiu the relative motion of the two engaging 
surfaces ofa brake assembly can be used to generate power. 
Another method, for example, could be to gene_rate energy 15 

induc1jvely between tile moving and fixed brake surfaces or 
other surfaces that move relative to each other. A fi.irther 
metl10d to generate energy could be based on movement of 
the plates of a capacitor relative 10 each other to generate a 
current. Many of these methods could be patt of or separate 
from the brake ::issembly as desfred by tbe skilled-in-the-art 
designer. 

3c, cxhtrnst valve. and associated lllbe le.ading ton nipple of the 
tire. The mas~ woulc.J tlms inflate the lire At half the inilation 
rmc when two cylinders arc provided (as~unlJJ\8, the ~ame 
size cylinder was to be provided). ft is also coutemplatod 
tl1at a housing having tl1ree cylinders and associated pump-A novel method is to use a small generator that cru1 be 

based on MEMS or other principles iJ1 a manner to that 
discussed in GillCI'.>. Ken, "'Never N1c.,ed 13ancries Again" 
appearing at h1tp://,vww.c-insilc.net/cpp/index:.asp'Jlay0ttl= 
article&a.rticleid'"-CA2 I 9070. This article describes a 
MEMS energy extractor t!Jat cao be placed on any vibrating 
object where it will extract energy from the vibrations. Such 
a device wouJd need robe especially designed for use in lire 
mooitoriug. o.r other veh.icle or non-vehicle applicalfon, in 
order to optimize the extraction of energy. The device would 
not be limited to the variations i11 the gravity vector. 
although lt could make use of it, but can_ also generate 
electricity from all motions oflhe tire including those caused 
by bumps aod uneven roadways. TI1e greater tbc vibration, 
the more electric power that wil l be generated. 

FIGS. 47. 47A and 47B illustrate a tire pumping system 
having a housing for mounting external t·o a tire. e.g., on the 
wheel rim. This particular design is optimized for reac1ing to 
the variation in gr::ivirntional vcctl>r as the whec-1 rotate~ and 
is shown ln the pumping deslg.n implementation mode. The 
bousu1g includes a ,uass 241 responsive to the g,raviwtional 
vector as the wheel rotates ,md a piston rod connected to or 
formed integral with the mass 241. The- mass 241 may thus 
have an arumlar portion (against which springs 242 bear) 
and an elongated cylindrical portion (movable- in chambe-n,) 
as shown. The mass altcrnHtely compresses the springs 242, 
one on each side of the mass 241. and draws in air through 
inlet valves 244 and exhausts air through exhaust valves 245 
to enter lhc Lire th,oug,h ,tipples 243, Moss 241 is shown 
sm:iller that it would in fact be. To minimize the effects of 
centrifugal. acce:Je.ration. the mass 241 is placed as close as 
possible Lo the whee.I a.xis. 

Wl1cn the rn::iss 241 moves in one direction. for exampk 
to the left in FIGS. 47Aunc.J 478, the piston rod fixed to the 

35 ing sm,cttire could be provided. 111e number of cylinders 
could depend 011 the number of nipples ou the tire. Also, it 
is possible lo have multiple cylinders leawng. to a common 
rube leading lo a common nipple. 

Al ternately, inste~1d of a pump which is operated based on 
40 movemenl of the mass, au electricity geoeratiug system co.o 

be provided which powers a pump or other device on the 
vehlcle. FlG. 47C shows au electricity genernti11g system in 
wbicb tile mass 241 is magnetized and include a piston rod 
238 and coils 262 are wrnpped around cylinders 246A, 246B 

45 which c.lefine chambers 239A,2398 in whicJ1 the piston rod 
238 moves. As the tire rotates. the system generates elec­
tricity ;md cbarges up a storage device 263 as described 
above. 11ms, in this embodiment of an electricity gener::iting 
system. the housiug 240 is mounted external to the tire and 

so includes one or more cylinders 246A, 2468 eacb defining a 
chamber 239A. 239B. The mass 241 is movable in the 
housing 240 ii1 response to rotillion tl1ercof and i11cludcs a 
magoelic piston rod 238 movable in each chamber 239A, 
2398. Tbe magnetic piston rod 238 may be fonued integral 

55 with or ~cparatc from. but c01mected to. the- mass 241 . A 
spring is compressed by the mass 241 upon movement 
thereof and if two springs 242 are- provided, each may be 
arranged between a respective side oftbe mass 241 and tbe 
housing 240 and compressl'<l upon movement of the mass 

6tJ 241 in opposite directions. Ao enef!!.y storage or lo::id device 
263 is co11ncctod lo each coil 262, e.g., by wires. so that upon 
rotatiou of the tire, tbe m.iss 241 moves causing tl.Je piston 
238 to move in each chamber 239A.2398 and impa11 a 
charge to each coil 262 which is stored or used by the energy 

65 storage or load device 263. When two coils 262 are pro­
vided. upon rotation of the tin:. tl1c mass 241 moves causing 
the pistou rod 238 to alternately move in tl1c chambers 
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239A,239B relative to the coils 262 and impart a charge 
alternalingly to 011e or the other of the coils 262 which i~ 
stored or used by the energy storage or load device 263. 

Tbe energy storage device 263 = be used lo power a tire 
pump 264 and couplt.-d thereto ca be a wire 271. and a t11be 5 

252 cau be provided to coupled the pump 264 to the nipple 
293 of the tire. Obviously. the pump 264 must communicate 
with tlie atmosphere through the !musing walls to provide an 
intake air flow. 

136 
the pad 250 then reetiJies tbe ctl.!Telll and charges the e11ergy 
storage device. p<isslb1y i1icorporated within t11e circuitry 
251. 

Variations iuclude the use tifa Uticker layer or a plurality 
of p,1rallel layers or piezoelectric material to increase the 
energy generating capacity. Additionally, a plurality of pad 
sections can be joined togetl1er to fom1 a belt that stretches 
around the entire inner circumference of U1e tire to increase 
1be energy-generating cHpacily ru1d allow for a simple self-

The Itousing 240 may be mounted to the wheel rim or tire 
via any type of connection mechanism. such as by bolts or 
other fasteners through the boles provided. ln the alternative. 
the housing 240 may be integrally construcred with the 
wheel rim. 

LO supporting installation. 'ntrough a clever choice nfge1.1rnetry 
known or readi ly determiuable by tbose skilled iu 1he art, a 
substru1tial amount of generating capacity can beereated and 
more than enough power produced to operate the booster as 

Non-linear springs 242 can be used to help compensate 15 

for the effects of ceutrifogal accelerations, Namrally, this 
design will work best at low vehicle speeds or wheu the Nad 
is rough. 

FIGS. 48A and 488 illustrate two versions of an RFID 
20 

tag. FIG. 48A is optimized for high frequency operation 
such as a frequency of about 2.4 Ul ];., and FIG. 4813 i~ 
optimi.7.ed for low frequency operation such t1$ a frequency 
ur about D .5 MHz. The operation of both uf these tags is 
describe-el in U.S. Pat. No. 06.486,780 and each tag cow- 15 
prises an antenna 248, an electronic circuit 247 and a 
capacitor 249. The circuit 247 contains a memo1y that 
contains the ID portio11 of the tag. For the purposes herein, 
it is not necessary to have the 1D portion of the tag present 
and the tag c;,in be used 1(1 charge a capacitor or ultra- , ,, 
capacitor 249 which c.an then be used to boost the sfgonl of • 
the SAW TPM as described above. The fi:eqneocy of the tag 
cau be sel to be the smne as Lho SAW TPM or it can he 
diJJerent permitting a dual frequency system whid1 can 
make bener use of tl1e available electromagnetic spectnuu. 35 
for energy transfer purposes, a wideband or ultra-wideband 
system that allows the total amount of racliaLion within a 
parlicular baud to be minimized but spreads the energy over 
a wide band c.10 aJso he 1.1scd. 

well as other circuitry including an accelerometer. Further­
more. P\ 'DP is au inexpensive material so that the cost of 
this generator i~ ,mall. Since substm1t1al electrical energy 
can be gcnerdted by this system, an electricaJ pump can be 
dtiven to maintain the desired tire pressure for all nonnal 
deflation cases. Such a system will not s110ice if a tire 
blowout occul"S. 

A variety or additional feanires can also be obtained from 
this geometry such as a measure of the footprint of the tire 
and thus. when combined with the tire pressure, a measure 
ufthe load on the tire cau be obtained. Vibrations in the tire 
caused by exposed steel be.Its. indicating tire wear, a nnil, 
bulge or other delcct will also be detectable by appropriate 
circuitry that monitors the infonnation available on the 
generated vol tage or currenl. This can also be accoruplisbed 
by the system thar is powered by the change in distance 
be1ween the tr1:.'{Jd and the rim as the tire rotates coupled with 
1:1 measure of tl1e pressure within tbe lire. 

PlGS. 50A-50D il111sua1c annthcr drc ptt11.1ping and/or 
energy-generating system based on the principle thal a~ the 
tire rotates ihe clistance from 1he rim to the tire tread or 
ground changes and that fact can be used to purnp air or 
generote electricity. In the embodiment shown iu FIGS. S0A 
aud 5118, air from the atmosphere enters a chamber iu the 
honsiug or cylinder 254 through an inlet or intoke valw 255 
during the up-stroke ot' a piston 253. and dLU"ing the down-

Other systems ll.1at can be used to generate energy i11clude 
a coil and appt,)priatecireuiay. 11ot shown. that cuts the lines 
of flux of the earth' s magnetic field. a solar battery attached 
to the tire sidewall, not shown. and a MEMS or other 
cntirgy-bas~,J g1merators which \1Se the vibrations in. tbc tire. 
The bending deflection of tread or the delk-c:-tion of 1tbc tire 
itself relative Lo tbe tire rim can also be used :is sources or 
euergy, as disclosed below. Additiooal ly, the use or a PZT or 
piewelectric material witl1 a weight. as in an accelerometer. 

40 stroke of the piston 253. the oi( is compressed in the cha!llber 
in the cylinder 254 and flows out of exhaust valve 260 into 
the tire. The piston 253 thus moves at least partly in 1be 
chamber in the cylinder 254. A conduit is provided iu the 
piston 253 in connection with the inlet valve 255 ro allow the 

can be used iu the presence of vibration or a varying 
acceleration .field to generate energy. A.II of these systems 
can be used with the boostfog circuit witl1 or wi thout a 
MGMS Rf or other appropriate m~'Clrnnical or ekctronic 
switch. 

45 □ow of air from the ambient auuosphere to the chamber in 
the cylinder 254. 

In the elect-rical energy-generating example O"IG. SOC), a 
pistun 257 having a 11Jagnet that creates mag.net flux travels 
with.in a coil 256 (the up and dowu stroke occur al least 

so partly within the space enclosed by the coil 256) and 
electricity is generoted. The electricity is reetitied, processed 
11 nd stored as in the :-ibovc examples. Namrally, the force 
available t.,m be substantial as-a portion of the entire load on 
the tire can be 1ised. 

TI1e rod connecting the rim to the device can he designed 
to tlex under signi ficaJlt load so that the entire mechanism is 
not subjected to full load on the tire if the tire does start 
going flat. Alternately, a failure mode can be designed into 
ll1e mt.'Chanism so that H r.:placeablc gasket 258, or some 

P'IGS. 49A and 49B illustrate a pad 250 made from a 
piezoelectric materi.il such as polyvinyl idene tluoride 55 

(PVDF) that is attac.bed to the inside of n tire adjacent to the 
tread and between tl1e side walls. Other PZT or piezoelectric 
materials can also be used instead of PVDF. As the material 
oftl1e pad 250 flexes when the tire rotates and brings the pad 
250 close tt1 rbe ground. ::i char,;~e ::ippears ou dilTerent sides 6<J other restt1rablc system. pennits the rod of the deyjce lo 

displacewbeo the tire goes Ant :-is, for example. when a oail 
259 puoctures the tire (see FIG. SOD), 1his desigo bas a 
fi.u1her advanroge in that wheu the piston bottoms out 
io.dicating a substanli~l loss of air or failure of the tire. a 

or the pad 250 thereby cre-otiog a voltage tbat can be used 
olong with appropriate circu.it.ry, uot shown, to charge an 
energy storage device or power a vehicular component. 
Similarly, as the pad 250 leaves the vicinity of the road 
surface :uld reninis to its original shape, another voltage 
appears having the opposite pol;irity thereby creating au 
aJternatiug current. The appropriate circuitry 251 coupled to 

65 once-per-revolution vibration tlmt should be clearly notice­
abk to the driver occurs. Naturally. sevcrnl dcv.ices can be 
used and posit ioned so tkll they remain in bolaucc. Alter-
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uately this device, or a similar especially designed device. 
by icsclf cau be used 10 measure 1ire deJleccion and thus a 
co111biaa1i01l of tire pressure and vehicle load. 

An alternate approacll is to make use or ;:i uuclear micm­
b.illery as described in. A. Amit aud .J. 13Janch,ird "111e 5 

J)ai.J1ties1 Dynamos". (hup://www.spectrum.ieee.org/WHI3-
0NLY/publicfoanire/sep04/0904nuc.html/lt1) IEEE Spec­
trnm online 2004. Other energy harvesting devices include 
im inductive based technology from Ferro Solutions Inc. 
T!lese illllovative idea~ :ind more to come ate applicable for 1u 
powering the devices described herein including tire pres­
sure and ternperatuJe mo11itors, for example. 

Ultra-c,.1pacitors arc now being developed to replace bat­
teries in laptop computers and otller consrnner electro11ic 
devices. They also have a nuique role to play iu tire monitors 15 

when energy harvesting systems are used and geuemlly as 
replacement for batteries. A key advantage of an ttllrd­
capacitor is its insensirivity to high temperatures tha t can 
destrny conventional batteries or to low temperatures that 
c-<111 temporari ly render tliem non-functional. Ultra-c:ipaci- ?<, 
tors also do not require replacement when their energ.y is 
exhausted and can be simply be recharged ra11ler than 
requiring replacement as in the case of batteries. 

1.4.4 C'onuut111icatior1. RFU) 
One problem dis1.-·ussed m relevant patents and literature 25 

oo tire monitoring is tl1e detem1i11atiou of which tire has 
what pressure. A variety of approaches have been suggested 
in the current assignee's patents and patent appl ications 
iucluding placing an aute110a near each wheel. the use of 
hig,hly dircctioni!l antennas (one per wheel but centrally 3C1 

locftted), the use of 1mtltiple amenm1s imd measuri.Jig the 
time of arrival or angle of arrival of the pulses aud the 11sc 
of an identification code, st1ch as ;1 number. that is 1rnns-
1nitted along with the tire pressure and temperature reailings. 
For this lat1er case. 1he combination of au RFID with a SAW 35 
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U.S. Pat. No. 06.581.449 describes the use of an RFID• 

based TPM as alst) disclosed herein wl1erciu a reader is 
Hssociated with each tire. ln the invelltion herei.J1, the added 
cost associated wi th runltiple iutertogatori;, or multiple 
antennas connected with coax cable, is replaced witl1 the 
lower cost solution of a single interrogat~1r and multiple 
centrally located antennas. 

The ability tu monitor a variety of ti.res from a single 
location in or on a vehicle hns been discussed Hbove as being, 
important for keepi11g tile cost of tile system low. The ueed 
to rnn a wire to eaob wheel well, and especially if this wire 
11rn~t be a coal( cable. can add substantially to tlie installed 
system cost. One method of increasing the ra:nge ofRFID is 
described in Kartllaus, U. et al. "FulJy integrated passive 
UHF RFID transponder IC with 16.7 microwatt Input 
Power" JEf\E .lnurn::i l of Solid-Stole Circuits, Vol. 38, No. 
JO, October 2003 .md is ::ipplicable to the inventions dis­
closed herein. Ano1her approacl1 is to make use of the 
intermittent parl of FCC Ruic 15 wherein 1he trmismissions 
per hou, are limited to 2 seconds. In that c-&e, the trans­
mitted power can be i.Jlcreased substantially which can result 
man 80 db gain which can very substa11tia1ly inciease the 
distance pcrmined from the antenna 10 the SAW or RFlD 
device. Also. Niekerk describes an el(tended-rauge R.FlD 
that is useable with at least one invention disclosed herein as 
described in U.S. Pat. No. 06.463,798. U.S. PaL No. 06.571, 
617 and U.S. palcnt application publication Nos. 
20020092346 and 20020092347. 

When using au RPID device as described herein, the 
frequency the RFID dc0ce 1-ransmits can be diffeNul from 
the frequency used to power the <levicc ru1d both can be 
diffc.rc111 from the frcque,,cy used by a SAW device tllat may 
be presont. Sometimes a low frequency in the KHz range can 
be l)Sed to pass energy to a lire-mounted device as tl1e device 
can be in the near field which can be more efficient for 
energy transfer. On the other hand, a directional high fre-
quency tmnsmissioo. for example in 1be 900 MHz range. 
may be more ellicient for infomrntiou trru.1sfor. Also, FCC 
mlcs may permit higher O,Ulsutit power for some frequen-

TPM is suggested herein. Suell a combination RFID and 
SAW in addition to providing energy to boost the SAW 
system, as described above, c::in also provide a tire ID to tlie 
interrogator. The 10 portion of tile RFID can be a number 
stored i.n rneruo.ry or it ca.u be i.J1 the form of ;mother SAW 
device. Jn 1his case. a PVDF RFlD Tag can be used that can 
be manufactured at low cost. Specifically. tile PVDF ID 
inter-digital transducers (JDTs) can be printed onto the 
P\/DF mate1ial t1slllg an ink jel printer, for example, or other 
pri.nti.J1g method and dius create au ID 10g at a low cost and 
remove the need for 111e01ory in the RFJD electronic circuit. 

40 cies such as RadaJ which can make these freque11cjes heller 
for power translcr. 

Wlleu a box, For example, contains 100 R.FJD tags (which 
may be passive tags), the RFID industry h11s developed 
methods to read and write co all 100 tags without data 

111e SAW-based tire monitor can preferably be mounted 
in a vertical plane to minimize 1he effects of centril'ugal 
acceleration. This can be in1portant with SAW devices due 

45 collision problems. This is partially due to the digital nature 
of 1he R.FID Cl1mnrnnicatio11 pr0tocl1Is. See, for example 
GB2259227. W09835327. W00241650. U.S. Pat. Nos. 
03.860,922. 04.471.345. 05.521,601. 05,266,925. 05.550. 

to the low signal level. unless boosted, and the noise that can so 
be inu·oduced into the system by mechanical vibrations, for 
example. 

Use of' a SAW-based TPM. and particulru:ly a boosted 
SAW-based TPM as described herein. pcrm1ts tlie aftenuar-
ket replacement for other battery-powered T'PM syst(lms, 55 

such as those manufactured by Schrader, which are mounted 
oa the tire valves with a battery-less replacement product 
removing the need periodic replacement aad solving the 
<lisposal problem. 

AJthougb in general. use ofa single TPM per tire or wheel 60 
is discussed aod illustrated ahovl:.', it is also possihlc to place 
two ur more such devices on a wheel thereby reduci.Jig the 
etfect of angular position of the wheel on the u·aosmission 
and reception of the signal. This is especially usefol when 
passive SAW or RPID devices are used due to their limited 65 

rangi::. Also. since Jhe cost of sucll devices is low. 1be cost of 
adding lhis redundancy is also low. 

547. 05.521,601. 05.673.037, 05,515.053. 06.377,203. :ind 
U.S. patent application publication Nos. 20020063622 and 
20030001009. When coU1111unicating with a SAW device, 
;inalogue information is received from e~ich SAW making it 
more diliicull to separate the transmissions from the fo ur 
tires using a single. centnilly moun1ed anten:na system. Thus 
if the signals were purely RFID-based, then this separation 
can be achieved. but with SAW systems, even tllought they 
have a greater range 1hau RFJD systems, this sep:iration is 
more difficult. Discussions above have addressed this prob­
lem using smart antcnnfts, multiple antennas 1md otl1er 
mechanisms tfo11 use inform:itit10 rel::ited 10 tire rotmioo etc. 
Otho~ in the industry have solved tbe problem by putting ao 
autenua in eacu wheel well which significantly increoscs tue 
installation costs since the wires to each wheel well should 
be coax c::ibles. The solutfon described below is thus a 
significant breakthrough in this field. 

·11w followi11g discussion is directed to a preferred 
embodiment of a tire pressure and tempcratme sensor based 
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ou SAW but using a companion RFID device iu a novel and 
unique marn1er. In this design. sketched i11 FIG. 126. one or 
more RFID devices 302 e-dch fu11ction 11s. controls or 
includes a switch 315 that mms on when it teceives its 
appropri,1te code. This technique is equally applicable to s 
other SAW-based sen~ors and is not limited 10 Lire monitor$. 
Each sensor assembly (tire pressttre monitor or other) can 
include an antenna ] 03 in series with an Rf!D device 
302/switch 315 in series with the SAW sensor 304. Each 
RFlD device .:\02 has a progrm1Uuable address (which may 10 

o.r may not come pre-proirnmmed) and either has within. or 
can coutrol extemally. switch 315 Lh(lt co1rnec1s or discon­
nects the SAW sensor 304 from a circuit. ·nie interrogator 
309 can send either RFID device commands or can send 
SAW device interrogation pulses. RFID co1UJ1H.mds can be: 15 

<Address> enable switch 3J5 
All sensors disable 
When the RFJD device 302 receives the enable t--ommand 

from \he in1e1Tog(ltor 309, matched LO its address, it can close 
the switch 315 and connect the SAW sensor 304 to the ?(i 

140 
as shown in PIG. 54. FIG, 55 illustrated the output from 
diode delecton; D3 and 0 4 which transpose signa.Js from the 
autellll11 to digital code. 

Jf the code seque110e from the interrogator corresponds to 
an individual code of the given seoso.r, the digital code 
analyxcr causes a switch to be turned on. ln the illustrated 
example. the code sequence consists of two pulses. 'lbe 
1lumber or pulses can ,)f course be incrt:ased and. as dis-
cussed below. a 32 or 64 bit switch is contemplated for some 
implementations. 

Generally, the pulse durntiou of the pQwcr excitat \ou a11d 
call letter signals cau be 70 to 80 microseco11ds as shown, 
Dunng this time period. the supply voltage is relatively 
constant and the sensor is 1ll1t connected to the autenna. Tims 
there are no ecl10 pulses excited iu the sensor. 

If the code st-quencc is correct and a tum-on vollage for 
the switch is received, the sensor is connected to the antenna. 
this st,ite remains for a long time such as lrnndreds of 
microseconds. "Jl1c SAW sensor is thus ready 10 m.:asttre the 
teruperah1re and pressure. Alter sensing. ~ iuterrogation 
pulse to the SAW sensor, it is necessary to pause before for 
11pproxin1a1cly 20 microseconds (i.n this case) before sending 
a new interrogating pulse. Toi~ pause is necessa1y in order 

receive antenna 303. 171e interrogator .l09 will then send a 
SAW interrogation signal to be received by the SAW sensor 
304 (which can be part or a preferred pressure sensor) a 
single pulse and monitor the r.::ceived tmnsmission from the 
SAW sensor .:\04. After the 'lrans!1lission is received, the 
interrogator 309 will then send the disable command. 

25 to let the echo pulses which still remain froru the previons 
interrogating pul~e to die out ordissipiite. Thus. it is poss ible 
to e-xecute sequentially IO to 30 cycles of independent 
measurements since the retention time of a supply voltage is 
300 ro 500 microseconds. 

When the RFJD device 302 secs the global disable 
command, it cau open the switch 315, disconnecting the 
SAW sensor 304 from the circuit with the receive antenna 
303. In th.is manner, only one SAW sensor 304 wrn respond ,c, 
at any given time. This can be advantHgeous for a tire 
pressure and 1empermure device. toe example, in 1hat cober-

A sensor can be disconnected from the antenna for one of 
two reasons: 

ent interference greatly influences the ability of the interro­
gator circuitry to accu_rately measure pha:;e change. for 
example. This means that if multiple sensors responded at 35 

the same time, the accmacy of I.he system can be substan­
tially degraded. Consider the following example: 

1. When a special code sequenct' is received, the tum off 
al I sensors code. This code sequelloe is the same for aJJ 
sensors. 

2. If the supply voTlag.._,s has decreased bclmv a threshold 
and no pul,cs come from the antenna which can 
happen. for example. when the vehicle is parked. Ju the 
illustrated cxan.1plc. th.is will happen Ju approximately lnput JnformJ1tioo: 

Radiated power of interrogator to remain within FCC 
rcquiremeJlts--Pb,,,~1=-0.5 W: 

R11diated l"requency 433.92 Mllz: 
Total losses or a radio signal c.-ycle 50 to 55 dl3 consist­

ing of; 

40 JO millisecouds. 
Modeling of the circuit design has been done with the 

"Circuit Maker 2000-' so.fiware package. It was assumed that 
a special microcircuit chip with a I to 1.5 V supply voltage 
and appmximaH:ly a JO microamper<' current mode is used. 

IL_,.,,.,_- - 20 dB-sensor losses; 
45 

IL1,,1
J/_~- I5- 17.5 dB- Losses in transmission from tl1e 

intermgator to the sensor; 

lt co11fom1s Lo U1e equivalent resistance which is connected 
to power supply, ]OK, Such microcircujt chips are used in 
electronic watches and micro calculators. Note that for a 
parlicular de~ign irthe supply voltage proves insuflicient, it 
is possible to use diode voltage mnltiplie.rs (in the circuit's 

IL .. ,,,. - -15- J 7 .5 dB- Losses in transmission from the 
sensor lo the interrogator. 

Transponder's ant,mna impedance R>L~,."=75 Olu11. 
The pulse amplitude llp ,c. in the sen~or's antenna (input 

signal) is: 

{!pic.~l.4•-1P/imw. •llmpt. 'R.1e11s. - J.144-1.5~5 V 

This is consistent with work ofTransense Teclrnologies in 
their published results where they show oscilloscope traces 
of a 500 mv interrogator pulse meosured at tl1e SAW ante.iu1a 
yielding a l;;rger tfom l volt pulse in the SAW circuit a~ 
shown in FIG. 51. 

An example of tl1c electric circtiit for such transponder is 
shown in FJG. 52A. 

An ~lscillogrom of Rf pulses, which ure radiatt.'<l by the 
inte11·ogator. are ilhtstra1ecl in FIG. 53. 

The transponder's antenna is collUected to two diode 
detectors. DJ and 02. which transpose the signal from the 
antcnnn to create a supply voltage (approxilllately 1.2\1') for 
the digital code analyzer DKl and sensor's SPOT switch Sl 

50 schematic, a doubling diode detector is shown). 
TI1e above discussion assumes that the i11terrogator knows 

the switch fl) for each wheel or otl1er such device on the 
vehicle. l.nitially or after a t ire rotation, for ex-ample. or the 
ndcULjon of additional similar devices, the vehicle interro-

55 gator will 1101 know the switch IDs and tJrns a general 
metJ1od is requiJed to teach the i11terrogator this information. 
Many schemes exist or can be developed to accomplish this 
goal. E.1ch of the devices can be manually activated, for 
example" under an intcrrogaior le-<1m ing mode or (hrough the 

61J use of a manual switch on each tire. An alte.n'late ond 
prcforrcd method is to have this accomplished autnmatically 
as iJ1 plug-and-play" One way or accomplishing tl1is will uow 
be described btit this invemion is not lirnited ro this particu­
lar method and encompasses any and all methods of auto-

65 maticaUy locating an RFJD. SAW or sintilar sensing device 
includiJ.1g. tire temperature and pressure monitors. other 
temperature, liquid level, switch, chemica.J etc. ,ensors as 
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discussed anywhere else herein and other similar type 
devices that are not di~cussed herei11. See also, for example. 
U.S. Pat. No. 06.577,238. 

Lil a preferred implementation. each device is also pm­
vided wi(h a conventional RFID tag which can be re.ad with 
a general command in a similar method 3$ conventional 
RFID tags. 1l1ese tags may operate at a different frequency 
tha.ll the RFID switch discussed above. Toe RFlD tag 
associated with a particul!u device wi ll luivc ei01er ibc same 
code as the RFID switch or one where the switch code is 
derivable from tbe tag code. The interrogator 011 key 011, or 
at some other convenient Lime, will interrogate all RFJJ) tags 
that are resident on the vehicle and record the returned 
identificnrjo11 numbers. During tlJjs process jt will also 
determjne the location of each tag based on time of flight. 
time or arrival ar diftt'rCJ1t element~ of an un1eru1a array. 
m1gle of arrival, coefficients of a smart auterum (sucl1 as 
Motia). or ai1y other similar method. This is possible since 
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power pulse is rectified by PIN diode circuits Dl and D2 
chargin~ Capiiclto.r., C3 and C4. 1lus is the power source for 
the 1rnnsponder. The voltage TPN to TPP is the suppl)' 
voltage. The ID code is shown at TPB. this is the input to the 

5 ct1111parator in the microprocessor. ·m e microprocessor 
decodes the signal, the one and only 0DC which has the 
matching Code wi II switch the CMOS switch U2 connecting 
the anleJlilll to the S.A..W device wruch will respond. Note !he 
normal in1ermgalor pulst!s follow the ID L'Ode mid arc nm 

10 shown on the above riming diagram. 
All sensors not haviDg the sent code will immediately go 

to sleep at UJe cud of the JD code, only the one with 
matching code will switch its U2 CMOS switch. 111e micro­
processor with the matcJ:ung code wil l t11m olfU2 and go to 

15 sleep at the end of 1ile SAW sensor's response. Sil.lee all 
SAW sensors receive the Power UP and II) code signal. all 
sensors will remain powered up at normal inre1rngatiou 
rimes. rr there is a long time between interrogations. the 
Power UP and ID code will put ;ill sensors in operation. 

It is also proposed that an output frt1n1 the microprocessor 
be made available so thar, before the sensor is installed or 
put into the tire in the case oftbe TPM, the interrogator can 
read and store tlte U) code for the w1it" Tbis would eliminate 
the housekeeping chore of keepii1g track of codes. Each 

the tags will be sending digital inlonnation according to a 
fixed protocol. Tbis can be much more dinicult to achieve 2 (1 

with analog11e data selll by a SAW transponder or sensor 
where the exact format can depend on the value of the 
measurements being made. Thus. by this method, the inter­
rogator can detem1ine the ID of the RFJD switch aud its 
loc.:Hlion in a siruple mmmer. Since this is a very infrt!quent 
eveut and in fact the interroga1or can be designed to only 
conduct this polling operation once per hour or even no more 
ilian once per day, the power that can be transmjned by the 
interrogator can be the mallil11tun allowable for the chosen 
frequency by the FCC. R.FIL) re.aders can now read tags at 

25 sensor will have a uruque ID number, for a 64 bit code there 
are L8447xE I 9 codes available, That's about 4 k codes per 
each person in the world! 

Power can also be supplied by a PZT circuit, or otl1er 
energy lm.rvest.ing method as discussed herein. whlch can 

Jc, generate voltage for an ultracapacitor by the motion of the 
tire. Tile ruk·roprocessm will oper-<1te with a supply voltage 
from 2.2 10 3.6 vol!s Tbcrcarc others 1l1at will opcnnc below 
this level hut 1he selected CMOS switch won' t operate 
below about 2.2 volts. The MSP430F is a low cost 16 bit 

a distance exceeding 3 metel's. for example, can sort out I 00 
or ru<)rc tags ~imultoucously. N◊tc. 1bot by usi11g tlti~ 
method. the high power that is only intem1ittcntly allowed 
by rec regt1latiot1s is only 11eeded to determine what 
devices are on the vehicle and where they are localed. After 
thls is knowo, a much lower power operation is used for 
switching the RFJD switch and inlerroga1ing the SAW 
sensor. 

Tile switchmg component that accompanies the RFJD 
switcil can be a FET. MBMS. PIN diode or CMOS device or 
equivalent (see, e.g., Prophet, G "MEMS flex their tiny 
muscles' ' pp. 63- 72, EDN Magazine, Feb. 7, 2002). RF 
switches 10 switch Radio Frequency signals, usually from 
ilie antenna. They must have low losses and be able to match 
the impedances Lo keep lhe standing ware ratio low. Some 
are designed to swirch specific impedances e.g. 50 ohm. or 
75 ohms and others are wide hand and can switch from DC 
to GI J sig1ials. The three commt111 types are: 

l . MEMS which are mechauicaL Wide band. low loss. can 

35 microprocessor from Texas lnstnunents, The above assumes 
a Pburst· of at least 0.5 Wans from the mterrogator as per 
P'IG. 51. 

11lis universal concepr cai1 l.low be l!Sed for all situations 
where a device is to be turned ou wirelessly When the ID 

40 code is 1wt initially knowu. ·ruis concept can be used with 
RF!I) tags that operntc at any frequency from 12 KHz to 24 
GHz and beyond. It can be at the same frequency as the 
RFlD switch or al a different frequency. lf the same fre­
quency is used theo the switch code can be different bm 

45 derivable from the RFID tag. For example, U1e lag code can 
always be an odd nnmber and the switch code equal the tag 
code plus 1. Any code length can be used but the preferred 
code length is 32 bits ~ince it pTllvides 4.3 billion unique 
codes which is sufficient for dozens of devices per vehicle, 

switch watts and requues miUiwatts of Power to operate. so 
The swi tclung speed is in the microsecond to milliseconds 
range. One example switches in microseconds and requires 

The above discussion has covered SAW transpo11ders aod 
RFJD transponders and the combination of an RFID switch 
witll SAW and RFlD tag transponders. lU"lD tags can send 
data as well as their JD. The SAW device, however, provides 
an analogue output wluch in general is interpreted by the 

(5 volts @ 1 nm) 5 mw DC power to operate. Others ex.isl 
with lower switching voltage .ind power. 

2. PJN Diode switches. Wide band, medium switching 
.loss. switches wan·s and requires low powe1· to operate. The 
switching speed is fast, Some are designed for specific 
impedances e.g. 50 ohm etc. 

3. GaAs FL::T. These provide very fast switching with 
medimu switching losses. uucrowatts of power are reqt1ired 
to switch. Some reqL1ire dual supply voltages to cootrol 
switch. 

FIG. 52B illustrates an electrouic circuit rhat can be used 
with the RFID switcl1 discussed above ru1d FlG. 52C illus­
trates au example of its tioung diagram. The circt1it opera.res 
as follows. The interrogator (not shown) lransnuts a high 
power RF pulse train wllich is received by all sensors. Tile 

55 interrogator lo deterniine the tire pressure and t·cmpcra111re, 
for example. Tile incorporation of a typical am1logue to 
iligital converter generally req11jres more power than is 
re.1dily available in the systems that have been described 
herein. flowevcr, the SAW device can ::ind does in some or 

61J U1e ::iblJVe TPM exf1mples provide a series of pulses that 
relate to the temperatme and pressure, for example. tbat can 
also be interpreted as digital codes. 171ese codes, with 
appropriate circLtitry, can be converted into birs of data and 
corumurucated by an RFID tag thus elimimiting the Deed to 

65 send data to the SAW from the interrogator. Tius also 
eliminates the 11ccd for the R.FlD switch. The- drawback of 
such a system i~ that uow tile power sttllieiet1t to operate an 
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RPID tag at a distance of two or more meters can exceed the 
limitations of Role 15 of the FCC regul:1tions which allows 
an occasional high powered rransnlission bur 001 a continu­
ous peiioclic tcausmissiou. However. rhis problem ca11 dis­
appear with improvements in circuirry and/or changes in or s 
special exceptions allowed to the FCC mies. 

In addition to SAW devices for temperature and pressure 
mea.surement, other low power devices exist such as c::ipaci­
tive, inductive or resistive-based temperature al)d pressure 
sensors and their use iu conjtmctioo with an RFID tag is 10 
comemplated by the invention disclosed herein. For a simi-
lar application oJ'a combined passive RFID tag and a sensor 
see 11. Walters ''Wireless Sensors Will Monitor Bridge 
Decks". Better Roads Magazine, Pebrnary 2003. Previously. 
c.ombined RFID tags and sensors that are passive have not 15 

been used on vehicles for tire temperat11re aud pressure 
monimring or for any other purpose. With t11e exception of 
the bridge da,k monitor, when sensors b.ave been used with 
passive RJIID tags. only the tag has obtained its power from 
the RF signal while the sensor has been separ.1tely battery or 2(1 

othetwise powered (see, e.g .. U.S. Pat. No. 06,377.203). 
An alternate SAW based tire pressu.re and terupernnu-e 

monitor is illustrated in FIGS. 125A and 125B. This design 
uses a very low power circuit such tha! the power can be 
supplied by radio freqnency in lbe same way that RFID tags 25 

are powered, Alternately lbe p<,1wer can be supplied by an 
energy harvesting devlce or even a very long life battery o r 
ulrracapacitor. A block diagram is shown in FIG. 125A 
wbere: 

Oscillator A cau be either a delay line o r resonator 3C1 

depending 1)11 bow the sensor, for example a SAW. is used. 
Oscillator B can be either a deloy line or resl111ator 

depe11di.ug on bow the sensor, for example a SAW, is used. 
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tion (stored in the microprocessor) sets the scale for tem• 
perarnre. The value is a digital number Sllited iu tbe micro­
processo r. 

Mixer (MIX B) multiplies frequeucies F2 and P3 baviug 
an output or (F3+F2) and (F3-F2), the low pass filter (LP 
Filter) removes Lbe ( frequency (F3+F2) leaving the output at 
3 of (F3- P2) which is the F(PSlJ which is measmed by the 
microprocessor by counting. The scale factor correction for 
PSI is stored in the microprocessor at calibration time. TI1e 
resulting olllptll is the corrected PSl which is stl)red in the 
microprocessor. The ru.icroprocessor controls fill RF trru1s-
111it1er whicb transmits the []) (identification code) of tbe 
11nit along with temperature and pressure tl) the receiver. The 
transmission is pseudo random. Betwee11 readings. the RF 
transmitter is OFF. aud the microprocessor is iu the sleep 
mode so that the average power iN very low. 

There is a connection to tJ1e nlicrupro1.:essor for calibra-
tion. At manufacn,re, the ID code typically 32 bits is stored 
in lhe micn.1proccssor. Controlled temperature and pressure 
is applied lo the unit. scale factors are determined and stored 
in the microprocessor. This allows for variation iu SAW 
devices to be compensated. Before 1l1e unit is put imo 
operation (into u tire etc.) the LU1il i$ plugged into U1e clisplay 
mlit which reads and stored the JD code. This is done using 
the Cal and install counector. 

TI1e cent ral unit. the Display unit hos an RF receiver 
which listens for a response, it reads the 11) code, checks the 
ID agains t its stored rndes and if the code agrees dfaplays the 
readings. If two codes arrive at the same 1ime, they are 
disregarded <1nd sil1ct: the units talk nt ra11dom 'the next 
readings will arrive at diOerent limes irnd lbere will be no 

Fl is the freq11ency which is detem1inccl by the sensor, for 
example the SAW. 

Fl is the freq11ency which is determined by Fl but also 
varies with tempernture. 

F3 is the Jreq11e11cy wbich is determined hy Fl but also 
v.u·ies with temperal'ure and pressure. 

contention. Tbc 1n111sm.i1tcr sends the ID and data a1 ih:-­
quency F(x) whlcb is totally independent of the frequency of 
tl1c SAW device. The tmnsmitted siimal is more tolerant to 

35 noise since the signal transmitted is digital a11d not low level 
analog. Also the trnnsnlitted path is one way so signal losses 
are lower, All components except the SAW are low power 
and low cost CMOS parts. Power is supplied circuit 2 al a 

40 1 is a signal poim 011 PIG. 125A at the mixer A output and 

frequency independeut of the F(xJ freq uency. 
1.4.5 Exterior Tire Temperature Monito r 
An cxlemally-mountcd tire temperature sensor will now 

be discussed. FIG. 56 illustrates a ti.re temperal1lre seJ1Sor 
that is not mounted on the tire in accordance with an 
embodiment of one o:f the inventions herein. The tire tem-

is equal to (F2+Fl )+(F2--Fl) 
4 is a sig.nal poiut on FIG. 125A at the mixer A after 

filtering output ,llld is equal (F2-Fl ) which is a fi.1nction of 
lemperal'ure. 

2 is a signal point on PIG. 125A at ll1e mixer B output and 
is equ:1I to =(F3+F2)+(F3-F2) 

3 a signal point on FIG. 12SAat the mixer l3 uller filtering 
omput and is equal (F3-F2) which is a ruuction ofrempera­
ture. 

The micropmccssor measures frL-quency 3 and 4 by 
counting. Jt also stores :.1 32. for example, bit fl) codes and 
the pressure and terupcrarure calibr.,t ion L-oustanls. 

The ope.ration is as follows. TI1e Oscillator A and Oscil­
fritor B may be delay llne oscillators or resonntor oscillators. 
The SAW device is connected to low power OsciUaror Aa1td 
Oscillator 8. The SAW determines the frequency of the 
Oscillator A and Oscillator B. The frequency. F2 of Oscil­
lHtor A, changes witl1 temperature. The frequency. P3 of 
Oscillator B. changes with temperallJre aud with pressure. 
The frequency Fl (Crystal Controlled) for the microproces­
sor is stable with temperatu.re. Mixer (MJXA) multiplies F2 
and Fl giving an output of (F2+F J) and (F2-Fl). the LP 
Filter (low pass filter) eliminates the (F2+Fl) frequency 
leaving the output nt 4 of (F2- P 1) which is a function of the 
tempumlllre. 111c tempernlltre ftmctiou is mcasurL'<l by 
cotmti11g wilb (he microprocessor. TI1e scale factor correc-

45 pemture sensor 265 i$ mounted on the vehicle ill n position 
to receive thennal radiaciou from the rirc 266, e.g.., sin,ated 
in a tire well 267 of the vehicle. Each tire well oftbe vehlcle 
can include one or more temperawre sensors 265. If more 
11.lau one lire is prcseut in a well. e.g .. ou tnicks, then the 

so placemem of a plurality of sensors would be advantageous 
for the reasons discussed below. 

As sl1own in FIG. 56A, temperattrre sensor 265 iucludes 
fl temperature measuri11g component 265A, a power supply­
ing/temperot1.1re measurement initiating componelll 2658 

55 coupled 1(1 the tomperature measuring componc.nl 265A mid 
a temperature tra11.su1issio11 compo11eL1t· 265C also coupled to 
the temperature measuring compo11eut 265A. 

Temperature measuring component 265A may be a trans­
ducer capable of meHsuring temper,dlu·c within about 0.25 

f>(J dej!rt-es (Centigrade). 1bis becomes a very sensitive 111ea:­

s11rc, therefore. orthc temperature of tbc. tire if the measuring 
COlllpoocnt 26S1\ is placed where iL bas a clear view of tb.e 
tire tread or s idewa ll. i.e., the tire is in the field of view of 
the measuring component 265A. The status of a tire, for 

65 example whether it is worn and needs to be replaced. 
damaged or opetatiJ1g nonually. can tl1en be determined in 
fl 1uocessor or central control module 268 by compari.ng i1 to 
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oue or more matiug tires on the vehicle. In 1he case of a l.ruck 
trailer, 1he mating tire would 1ypically be the adjacer11 tire on 

146 
type of alarm or warning system. A display can also be 
provided 10 d isplay, e .g .. to the vehicle occupan1, an iJldi­
cation or represe11tntio11 of the determ.ination by ilie procesr 
sor. In genern l. such a display, alarm or warning device will 

the same ax.le. ln an automobile, tl1e mating tire could be the 
other 1ire al ilie front oi- back ofthe vehicle. Thus. for a sport 
utility vehicle (SUV), the temperalure of tJ1e two rear tires 
of the SUV can be compared and if one is holler tlrnn the 
other tbru1 it cru1 be assumed that if tl1is temperatllfe di1l:er­
ential persisls that the hotter lire is under-inflated, delami-
11:.iting.. hns u damaged carcass or is otherwise delective. 

5 be considered a response lu1it or responsive system. Another 
response lL11i1 may be 11 telecomnmnica1jo11s unit which is 
operative to notify a vehicle service faci li1y of the need to 
inflate one or more o:f 1he tires. or repair or repl,we one or 
more or the tires. In this regard, the invention can be 

10 integrated or incorpora1ed in10 a remote vehicle diagnostic 
~ystcm as disclosed in U.S. Pat. No. 05.684,701 to the 

Tcrupcrature measuJing component 265A will usually 
require power to enable it 10 fimction. Power is therefore 
supplicxl by the power supplying/1emperature meastircmenl 
initiating componenl 26513 which m,1y be in !he fom1 or 
appropriate circuitry. When inductively powering sensor 
265, power supplying componen1 265B is located pn.'U<.imate 15 

tl1c pair of par-oe1llel wires carryi11g bigb frc::qucncy al1erna1ing 
ctirre111 th.rough the vcb.icle and is designed to receive power 
inductively from the pair of wires. Conummica11on with 
sensor 265 could be over !he same pair of parallel wires. i.e., 
a single bus on the vehicle provides both communications 2(, 

and power. and sensor 265 would have a dedicated address 
to enable commu.n.ication only with sensor 265 when 
desired. Th.is concept is discussed for example, in U.S. Pat. 
No. 06.326,704 and elsewhere herein. Power supplying 
componenc 265B can t1lso be designed to be activated upon 25 

the tmnsrnission of radio frequency energy or a specific 
frequency. Thus. when such radio frequency energy is 
transmitted, power supplying component 265B is activated 
and provides sufficienl power ro the temperat11re measuring 
component 265A 10 cond\ict a measurcmc-111 of 1he tciupen1- ,c, 
tu.re of the tire and enable the transmission of the detected 
tcmpcmmrc to a processor or cco11·11l co11ir,1J 01.odulc of tbc 
vehicle via tempern111re transmission component 265C. 

ciu-rent assignee. 
111e tire temperahtre sensor 265 can also be \lsed lo wani 

of a potential delaminatfon, as have occurred ou many tires 
mauufactured by Firestone. Long before the delamination 
cau~es a cata~trophic tire faillu·c, IJ1e Lire begin~ ll> heal and 
th.is differential temperature van be measured by the lire 
tempe.rarnre sensor 265 and used to warn the driver of a 
pending problem (via the response unit). Similarly. the 
delamination that accompanies retreaded tires on large 
trucks even when tl1ey ru-e properly inflated cau be predicted 
if the temperature of the tread of the vehicle is monitored. 
The more common problem of carcass failtu·e from any 
cause ca11 also be det~ted as either lbe defective lire 11r its 
mate, in the case of paired tires. win exhibit a tempe1'llt11rc 
increase before ulti_mate failure occurs. The output ofU1e tire 
lemperature monitors can also be recorded so thal if a 
waming went unheeded by the driver, lie or she ~tn be later 
held accountable. With 1he large qlJantity of tire debris 
lillf'ring roadw~ys and 1he rcsultii1g, ace1dcnts, a monitor. 
1-ecording and warning system such as described herein 
which can cfouinatc lb.is ha::-.ard muy very well be mandated 
by governmental a11thoritics. 

One disadva11tage of an ex1ernal temperature measuring Power supplying. compunen1 2651:3 can also be i11teg;ra1ed 
with a battery in 1he event that the circuitry for receiving 
power inductively or through radio _frequency energy is 
inoperable. 

An ekctric circuit for indt1ctively receiving power and :m 
electric circuit for supplying power npou being activated 
11pot1 tra.nsnJissioo of a certain radio frequency are well­
known in lhe art and can be any of1bose in the prior art or 
any improvements thereto. Also, the power supplying com­
ponent 265B can be any componelll which is designed ro 
recci ve power ( electricity) wireless! y or recci ve an acti va­
tio11 signal wirelessly or by wire. 

35 system is that it can be prone to being occluded by snow. ice. 
and dirt. Th.is problem is particularly tmublesome when a 
single extemal sensor is used but would be alleviated if 
multiple external sensors are used such as sbowu in FIG. 56. 
A.11 aJteruate approach is to place a temperature sensor 

40 wi1h.in 1hc vehicle tire as with the pressure sensor, as 
d.e~cribed above. The n.>sul1ing tcmperalme measuroment 
data can be then transmitted to the vehicle either inductively 
or by radio frequency, or other similar suitable method. A 
diagnostic sysl-ein can be provided lo inform the driver of a 

The processor 268 is mounted in the vehicle and includes 
any necessary circuitry and components to pcrfom1 the 
reception fonction. i.e .. the reception of tJ1e 1ransmit1ed 
temperature from the temperature t.rausmissiou component 
265C of each sensor 265, and the comparison fu11c1inu, i.e., 
to compare mated tires, or to compare 1he temperature of the 
ti re to a thresh(lld.The reception fu nclion may beperfonncd 
by a receiver 269 mounted in co1111ectim1 witJ1 the processor 
268. 

45 malfw1c1ioning monitor. Such a d iagnostic system can 
include a source ofl R radia1ion 1ba1 won Id lrradia1c a tire as 
a test for detection by 1he monitor. 

ln accordance with the invention. ii is therefore possible 
to use both types of seusors. i.e .. an externally-mounted 

so sensor (external to the tire) and an i.nlernally-mounred lire, 
i.e., a sensor molmted in connectioll ,vith the tire. FIG. 56 
1hus shows a sensor 270 is placed wi1hin the tire 266 for 
those siruations iJ.1 which it is desirable to ac:-tuaUy measure 

111e threshold to which the temperature or the tire is 55 

compared may be a predetermined threshold value for the 
specific tire. or it may be variable depending on the vehicle 
on which the tire is mounted. For example, it m:-iy depend on 
tl1e weight or the vehicle, either in its unloaded stale or in its 
loaded stale. It could also vary based on the driving condi- 60 

tions. wellther conditions or a comhina1ion of the previously 
mentiooed factors. 

Upon the processor 268 making such a detem1ination 
based 011 the comparison of the data obtained from two ti.re 
temperature sensors, it can activate or direct tbe activation of 65 

a responsive system to alert the driver by d isplayiug a 
warning light. sound an audible alarm or activate another 

the presstlfe or tem1,erat11re with.in a tire ( or for when the 
cxtern::tl sensor 265 is occluded). Sensor 270 cnn be 
designed lo me3sure the temperahrre of the air within the 
1ire. the temperamre of 1l1e tire tread. and/or 1he pressttre of 
lhe air in tbe tire. Sensor 270 can be any of those described 
above. 

Preferably. sensor 270 receives its opera1io11al power 
oilhor i11duc1ively or through radio frequency. Previously, 
inductively-powered Lire-mounted sensors have taken place 
at very low frequencies, e.g .. about I 00 1-lz. a11d no attempt 
has been made lo specifically design tl1e inductive pic.kup so 
lhat the ellicieucy of power tr.ms for is high. ln contra.st. the 
pres1.•n1 iuvcntion opcratL'S al much higher frequencies. in 
some cases as high as JO kHz or higher, and approaches 9!) 
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percent efficiency. Additionally, many systems have 
attempted to tra11smi1 tire pressure It) the wbicle cab wire­
lessly with poor results due to the i1Herven.iJ1g meml surfaces 
oftbc vehicle. A pteferred npproacb iu tl1e present invention 
is to transmit the infomiation over the inductive power s 
source wires. 

FIGS. 57A and 57B sl10w ru, embodiment for detecting a 
di:lference in t·emperature between two tires sit1iated along­
side one ,mother, for example oa .i Lrut:k trailer. Adilfcrence 
i11 temper.:irure between two tir~ operaLiug alongside oue iu 

another mny be indicative of a pressure loss i.1.1 one tire since 
if'tbe tires are not inilated LO the same press1rre. the tire at the 
higher pressure will invariably carry more load than the 
tmde.r-inflated tire and therefore. the temperature of the tire 
at the higher pressure will be higher than the temperature of 15 

the 1iuder-iull::1ted rire. lt cao also predicr if oue tire is 
de lam ioat ing. 

ln this embodiment_ the tire temper::uure/presstu·e mea­
suring system 274 includes a thermal emitted radiation 
det<..-ctor 275. a Fresnel lens 276 in spaced relationship from 2v 
the thermal emitted radiation detector 275 and a slluner 277 
arranged het\veen the the.rnial emined radfatiou detector 275 
m1d the Fresnel lens 276. The Fresnel lens 276 i11clutles lens 
elements eqm1l in number to the mnuber of' tires 280.281 
sittmted alongside one another. two in the illustrated 15 
embodiment (lens elemeots 278.279). [loch lens elemems 
278 and 279 defines a field or view for the detector 275 
corresponding to rbe associated tire 280.281. The shuner 
277 is openHed benveen a first position 283. a.nd is biased 
tow11rd that position by a return spring 284. and a second 3c, 
position 285 anti is attracted toward that second position by 
1!111 dcctromagnd 286. Io the fu-st position 283. the sh,ntcr 
277 blocks the field of view from the lens clement 279 
corresponding to tire 281 and ullows the field of view from 
tl1e lens element 278 corresponding to the tire 281. ln the 35 

second position 285, on energizing electromagnet 286, lhe 
shutter 277 blocks the field of view from the lens element 
278 and allows the fields of view fmm lens elcrneut 279. A~ 
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above. The slmllercol1ld be driven at a constant rate ofabottt 
10 I lz. The rate of operarion otnst be sll)W enough to come 
within tbe band pass uf the pyroelectric detector used. The 
preceding and follc:,wiug discussions were taken largely 
from U.S. Pat. No. 05,668,549 where a more detailed 
di~cussion of the operation of pyroelectric detectors cal, be 
found. 

PJG. 58 illustrates a Fresnel leJ.1s 276 in accordance with 
one embodiment oftbe present invention. The Fres11el lens 
276 includes lens elements 278 and 279 which a re aligned 
with the tires 280,281. The lens elements 278 and 279 are 
o {Jset from eacb other to pJ"Ovide di fl'crent fields of view, as 
illustrated in r1G. 570. ·nie Fresnel lens 276 also includes 
a thermal em.itted radiation opaque mask 289 around the lens 
areas. The lens elements 278 and 279 are dime.nsioued to 
ensure that the tl1em1al i;:mitted n1diation collected by the 
lens elements 278,279 when the pn::ssure of the tires is 
substantially the same will be the same. th::it is. 1\0 tempera­
ture difference will be detected. 

Refe1Ting to FIG. 59. a c ii:cui1 for driving the shutter 
mechanism and for driving from the detector to provide an 
.ind.ication of a temperature d.i.fterence between a mated pair 
of tires sirualed alongside one anothe1· is shown. In this 
11011-limiting embodiment. tile circuit i11cludes a detector 
circuit 293 providing input to an amplifier circuit 294 which 
provides input to a dernLJduJator circuit 295 which provides 
iuput to an enuuciator circuit 296. The demodulator circuit 
295 is driven by a JO Hz square wave generator 297 which 
al.Sl1 drives the shutter electromagnet 292. The detector 
circuit 293 includes the pyroelectric dct~tor. Output froiTJ 
tbe detector i~ t·apacitivcly couplet! via capacitor C' 1 lo the 
mnplificr circt1it 293 pr<widcd with IWO lllllplili.caticm S'lagcs 
298 and 299. TI1c amplifier c ircuit 294 nets as a higl1 pass 
mter with a cut olf frequency of about 10 I Jz. The output of 
the amplifier circuit 294 is applied as input to the demodu­
lator circuit 295. The demodulator circujt 295 is operated at 
a frequency of 10 Hz by applying the 011tpu1 ofthe 10 Hz 
square wnve generator 297 to switches within tbe modulator 
circuit. The emmciator circuit 296 bas comparators 300 and tlie detector 275 is sensitive 10 changes in tempemture, the 

switching between fields of view from one tire to lbe other 
tire will provide a difference if the temperature of one tire 
<lifters from tlie temperature of the other. 

Referring to PIG. 57B, the detector 275 establishes fields 

40 30 l wbich co01pf1re 1be output of tl1e demodulator ci.l'\:uit 
295 to threshold values to determine a rei11pe.rnn1re dllfcr­
e.nce between the mated tires above a threshold value and in 
respo11se, e.g., provides an output i11dication in the fonu of 

of view 287 and 288 generally directed toward the tires 
280,281, respectively. The fields of view 287 and 288 45 

correspond to the Presucl lens eleme1Us 278 and 279. 
respectively. Toe thermal emitted radiation detector 275. for 

a drive signal to an LED D3. 
PIGS. 60- 62 illustmte alternative embodiments of the 

thermal emitted radiation detector 274. In the preferred 
erobodim.int of FIGS. 57A and 57B. the reference fields of 
view of the lires 280. 281 are defined by Fresnel lens 
elements 278 aucl 279, respectively. wiU1 selection of the 

the 8 14 micron range. may be a single element pyroelectric 
detector such as the Hamamatsu P4736. As an alternative, a 
pyroelectric dete.ctor having two sensing elemeu1s, for 
example. a Hynman LAH958 may be used with one of the 
detecriug eleiueurs covert-d. Alternatively, a semi cus'tom 
device could be used. Such devices are usually manufac­
tured with a large resist-or. e.g .. JOO GOh111. in parallel to the 
detecting element~. A lower value of this rc~istor provides a 
wider eft'ective ba11dwidth with a tradeofl" of less sensi tivity 
at lower frequencies. Jf a lower frequency cutoff of about 10 
Hz is desired, a resistor value of about JOO GOhm would be 
appropriate. These types ot' pyroelectric detectors are sen­
sitive to changes in te.mpcmture and 1101 to absolute lem­
peran1rc, thus the detector must sec a change in temperature 
in order to generate a.o output signuL This change iu tem­
perature will occur whe11 one tire is at a higher or lower 
pressore than the adjacent Lire ind.icaling under-iufla1ion of 
one of the tires. a failing carcass or is delatninating. The 
measurement of the change iu tempenUttre between the tires 
may be accomplished by a shutter mcch,lllism us described 

so :field of view being determined by the shutter 277. It is 
possible to provide various mechanical shutter arrange­
ments, for example vibra1iug reeds or rotating blades. A 
LCD used us a shutter can work with Lhenna.1 e.mitted 
mdiatioo. It i-s also possible to change the field of view of the 

55 defector 275 by othe.r means as described be-low. 
Referring to FIG. 60. a single Fresnel lens 305 is provided 

and supported at one side by a vibrating device 306. Other 
types of lenses can be used. Toe vibrating device 306 may 
be electromechanical o r piezoelectric i1.1 nature. On nppli-

60 cntion l)f the drive signal to the vibr.:iting device 306. the 
Fresocl leas 305 c11n be rocked between two positions, 
correspoudi1tg to a Geld of view of tire 280 and a field of 
view of tire 28l As the detector 275 is sensitive to change 
in tempernture, the clrnnge in fields oJ view results in an 

65 output signal being generated wheu there is a di.flerence in 
temperature between tires 280 and 281. Operation of the rest 
of the detector is as described with regard to the preferred 
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embodiment. As is well known in the art, the optical 
elements lenses :'.llld the optical elements mirrors may be 
iurerchanged. The Fresnel lens o r FlG. 60 mny thus be 
replaced by a concave mirror or other type of lens. 

150 
ro or above Ll1c predetermined amount. A wnruing/alann 
device 314 or ot11er responsive system is coupled to the 
comparntor 313 a11<l Acts upon the signal pmvided by tbe 
comparator 313 iudicative of a teJuperamrc difference 

FIG. 61 ilh1s1ra1cs such an arrangement iu another 
embodiment of the iL1ven1ion. ln 1hi$ embodimem, the 
Fresnel lens 305 , of PlG. 60. is replaced by a concave mirror 
307. The mirror 307 is mounted in a similar manner to the 
Fresnel lens, and in opc1~1tion vibrntes between t,vo fields of 
view. 

5 between the malingtircs which is greater 1l1an or equal to the 
predetermined amount. 111e amplifiers and signal conditin11-
i11g circuitry 314 may be associated wi1]1 the detectors 311. 
i.e .. ,it the same location, or associated with the processor 

Tile embodiment of FIG. 62 uses fixed optics 308, i.e. , a 
Jeus or a mirn1r, bur imparts relative movement to the 
detector to define two fields of view. While the embodiments 

10 

within which tbe comp11n1tor 3 l3 is resident. 
PlG. 64 shows a schematic- illustralioo oftbe proce..,s for 

monitoring tire pressure iii accordance with the i11ve111io11. At 
step .H 8, power i~ provided wire]essly to a power supplying, 
component associated with the tl1ermal rttdiation detecting 
devices. At sl"ep 319. the thermal detecting devices are of FIGS. 60- 62 have been described using the square wave 

generator ofa preforred embodiment oJ'FlGS. 57Aaud 57B. 
other w,1vefo1ms are possible. 111e emboclimeu1s of FIOS. 
60- 62 define fields of view based on relative position and 
would capable of continuous movement between positious if 
the detector has sufficient bandwidU1, For example, oither an 
MCT (I IgCdTe) detector or a pyroelectric with a rdatively 
low parallel resisto.r (abou1 l MOhm) would have sufficient 
bandwidth. A saw-tooth waveform could Llms be used to 
<l.rivc 1hc vibmti011 device 306 to cause the field of view to 
s,vecp an area covering both tires 280 .281. 

15 activated upon the reception of power by the power supply­
ing co01ponen1. At Sll:lp no. the thermal r:.idia1jon fro01 the 
tires is detectc.-d al" a location external of and apat1 from IJJe 
rircs. 111e them1al radiation ior mating tires is compared at 
step J21 and a detennination made if the thermal radiation 

2<, for mating tires cLilfers by a predetermilled amount at step 
322. If so. an alarm will sound_ a warning will be displayed 
to the driver and/or a vehicle service facility will be notified 
Ht step 323. If not, L11c process will continue wi th ,1ddi1ionol 

Instead of usiug the dcvkes shown in F IGS. 57A, 578 and 25 

60 62 for determining a temperature difference between 
mated tires, it is possible to substitute a heal generating or 
radiati.t1g element (as a reference source) for one of the ti.res 
whereby 1he heat generating element is heated to a prede­
tcru1ined temperature which should equal the 1crnpcra1urc of 3C1 

a normally operating tire. or possibly lbe temperature of a 
tire iu the snmc ddviug conditions, wcatbcr conditions. 
vehicle loading conditions, olc. (i.e., the temperature can he 
varied depending on lhe instant.meous use of Ll1e tire). Thu~, 
1l1e field of view would be of a single tire and the beat 35 

generating element. Any di.lierence between the temperatare 
of the hea1 generating element and the tire in excess of a 
predetermined a01m1111 would be indJcative oC e.g.. an 
under-i.nflated tire man over-loaded tiJ·e. ln this method, lbc 
seosor detects Lhe absolute temperature of the tire rc1tber than 40 
the relative temperature, It is also poss1ble to coruilrnct the 
circuit using two detectors. one always looking at the 
relereJ1oe source and the other at a tire and 1hereby eliminate 
ilie. need for a moving mirror or lens etc. 

FIG. 63 shows a schematic illustration of the sy~tem in 45 

accordance with t11e invention. Power roceiving/supplying 
circuitry/compoueut 310 is that port·ion oftbe amingcmeul 
which supplies electricity to the thermal radiation detectors 
311. e.g., the appropriate circuitry for wired power connec­
tion. faducrjve reception of power or radio frequency energy so 
tnmsfor, Detectors 311 are the temperatwe sensors which 
measure, for example. the temperature of the tire tread or 
sidewall. For example, detector 311 may be the thermal 
emitted rad iation detecting device described with reference 
to FIGS. 56, 57A and 57B. Amplifien; and/or signal condr- 55 
tioni.ng circuitry 312 are preferably provided to condition the 
signals provided by the detectors 311 indicative of the 
measured temperature. The signals are then forwarded to a 
comparator 313 for 11 comparison in order to detem1ine 
wbether the 1empenuure of the tire l!"l'ads for mating tires 61J 

differs by a predetermined amount. Comparator .U 3 may he 
resident OJ part of a micn.1processor or otber type of aut11-
ma1ed processing device. The temperature difference which 
would be indicative of a problem with one of U1e ti.res is 
obtaiued througl1 analysis and investigation prior ro manu- 65 
facturing of the system and constrncliou or the system. 
Comparator 3 13 provides a signal if tbe difference is equal 

detections ofLlwrmal radiation li-om the t-ire(s) and ccmpari• 
sous. 

lnsread of designoti:i1g mating tires and perfon11iug a 
comparison between the mated tires, the inve11tion also 
encompasses determining the absolute temperature of the 
tires and analyzing the detennined absolute temperatures 
relative to a fi-xed or variable threshold. This cmb0diment is 
sl1own scbcruatically in FIG. 65. At step 324, power is 
provided wircl<"s~ly (alrcmatcly wi.rcs cnu be trs.:d) to a 
power supplying componem associated wilh the thcmial 
radja1io11 detect ing devices, _•\ t step 325, the thermal detect­
ing devices :ire activated upon the reception of power by the 
power supplying component.At step 326, the thermal radia-
l.ion from 1be tires is detected at a location extenw l of and 
apart from the tires. 111e thermal .radiarion for each tire is 
analyzed relative to ~1 fixed or variable threshold at step 327 
aud a detem1ination is made based on tbe analysis of the 
thennal radiallon for euch tire relative to the threshold at step 
328 as to whether the ti.re is experiencing a problem or is 
about to experience a problem, e ,g_ carcass fa.iJure, delami­
oating, nmn.ing out oJ air. el"c. The analysis may entail a 
comparison of lhe tcmperarnre, or a represe111atiou thereof, 
to the threshold, e.g., whether the temperature dillers from 
the tbresholdby a predetcrmirwd amount. lfso,oo a\am1 will 
smuid. a warniug will be displayed to the d river and/t1r a 
vehicle service facility will be notified at step 329. If not. the 
process will continue with additional detections of thermal 
radiation from the 1ire(s) and analysis. 

As nmed. alxwe, the analysis may be a simple comparis◊n 
o:fthe determined absolute temperatures to U1e tbresholtl. 111 
tbis case, the thermal radiation detecLing system. e.g .. infra­
red radiation receivers, may also arranged external or and 
apart from the tires for derecting the temperamre oftbe tires 
and a processor is coupled to the thermal radiation detecting 
system for receiving tbe detected temperature of the tires 
and a1111lyze the detected temperature of1l1e tires relative to 
a threshold. The i1,frared radiation receivers may be 
amrnged in any locntiou which alfords a view oftbe tire~. A 
response system is coupled to the processor .ind respouds to 
1be aflalysis of the detected temperature of the rites relative 
lo the threshold. The response system may comprise an 
ala11n for emittiug noise into the passenger compartment, a 
ilisplay for displaying an indication or n.:prcst;nlation of the 
detected temperature or analysis thereof, a warning l ight for 
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emitting light into the passe11ger compartment from a spe• 
cific location at1d/or a telecomrnunicatil)nS unit for scndi11g 
a signal to a remote vehicle service facility. 

152 
driver, remote facility, etc. to enable repair or replacement of 
the tire 331 prior to actual clelamination or other failure. 

Referring now to FJG. 66, in thls embodiment. instead of 
comparing the temperature of" one tire to the temperature of 5 

anothor tire Orto a tlm:,,bold. the tempemture ofa single tire 

Additioual details about the coustrnction. operatiou and 
use of the technique for measuring the temperature and 
pressure of a tire and the design of sensors capable ofbeiog 
positioned to measure the tempernt11re of the tire can be 
found in Appendices l 5 attached hereto. al several circumferential local ions is detected or determined 

and then the detected temperatures are comp.'.ll"ed to one 
another or to a threshold. 

As shown in FIG. 66. a ti re temper.:iture deteCtl)T 330. 10 

which may be any of those disclosed herein and in the prior 

·n,e themwl r.:idi:'ltiou detecting system rnay be pn.)vided 
with pl)\Ver aod iufon11ation in any of the ways discu~sed 
above, e.g., via a power receiving system which receive 
power by wires or wirelessly (inductively, through radio 
frequency energy trd11sfer techniques and/or capacitively) 
and supply power to the ll1emrnl radiation detecting system. 

mi, detects the temperamre of the tire 331 at the circumfer­
ential location designated t\ when the tire 33 1 is in the 
position shown. A$ tl1e tire 331 rotates, ol11er circumferential 
locations are brought into the detecting range of the detector 15 

330 il.lld the terupernh1re of the tire .Hl at those locations is 
then determined. In this manner. as the ti.re 33 l completes 
one rotatioo. the te01perantre at all designated locntioos A- H 

Further, the thermal radiation detecting system can be 
coupled to the processor. nus may involve a transmitter 
mounted in .:onnection with the thermal radiation detecting 
system and a receiver mottmed in connection with or inte­
grated into the processor such that the detected temperature 
of the tires is transmitted wireles~ly from the tllemrnl 
radiation detecting system to tl1e processor. 

is detected. The Lire temperature detector 330 can also be 
desig.ued to detect the temperature of a plumlity of djilerent 2(' 

circumferential locations. i.e .. have multipk fields of view 
each encompassing one or more di lforent c.i.rcum.lerentia1 
locations. Two or more tire terupemture detectors 330 could 
also be provided. all situated io tbc tire well 3ronnd the tire 
33 I. ~5 

fn !l similar maimer. a method for monitoring tires 
mounted to a vehicle comprises the steps of det~ting the 
temperan1re of the tires from loc.atioos extermil of and apart 
from tJ1e tires. ana lyzing the detected temperahtre nftbe tires 
.relative to a lllfeshold, and res-pouding to the analysis of the 
detecred temperature of the tires relative to rbe threshold. 
The temperJ1ure of the tires is detected by one or more 

17ie temperatLLres obwincd by the tire temperature detec­
tor 330. such as tbose in tl1e table in FIG. 67. are then 
analy7.ed. for example. to dc1em1ine variations or differences 
between one another. An excessive high temperature at one 
location. i.e .. a hot spot, may be indicative of the tire 331 
being io the process of delam.ioatioo or of the carcass failing. 
By detectillg the high temperature at that location prior to the 
delamination. the delamiuation could be prevented if the tire 
33 1 is removed or fixed. 

"[11e analysis to detem1ine a hot spot may be a simple 
analysis or comparing each temperature to an average tem­
perature or to a threshold. In FIG. 67, the average tempera­
twc is 61 ° so that the tempenm1rc at location F varies from 
the aver:;ige by 14°, iu eornparis~111 to a I~ variation from tl1e 
avernge for other locations. As such, localio11 F' is a relative 
hot spot and may portend delam.ination or carcass failure. 
The existence of the hot spot at location r m.ay be conveyed 
to the urivcr via a display. or tu a remote vehicle tuainte­
nilllce facility, or ill any of tl1e other methods described 
above for notifying someone or somell1iug about a problem 
with a tire. Toe number of degrees above the average for a 
location to be c011sidered a hot spot may be determined by 
experi1ueo1al resttlls or theoretical analysis. 

Instead of using the avernge teruperanlt"e, the difference 
between the 1emperdttu·e at each circumferential location 
and the temperature al the Other circumferential focations is 
determined and tllis difference is aualyzed relative to a 
threshold. For the temperatures se1 forth i11 FIG. 67. the 
variation between the temperatures ninge from about 0- 14°. 
A processor can be designed to activ-dte a warning system 
when any variation of the temperature at any two locations 
is above I 0°. Using this criterion. again. k1catioo F would be 
considered ,i hot spoL ·n1e threshold variatioo can be deter­
mined based on experimental results or tl1coretical analysis. 

As also shown io FJG. 67. n threshold of70° is doterrniocd 
as a boundary 1:>etweetJ a normal opera.ting teroperature of a 
tire and an abnonual operating temperan(re possibly indica­
tive of delaruination. The teruperatme oft be tire 331 at each 
circumferential location is compared to the threshold, e.g .. in 
a processor. and it is found thnr tJ1c temperature al location 
F is Hbove the threshold. This fact is agnin provided to !be 

3
, , thennal radiatiQn dutecting devices and power may be 

supplied wirek-ssly to the thermal radiation detectiug 
device(s), e.g.., inductively. through r'Jclio frequency energy 
1ra1Jsfcr, c.apacitively. 

The threshold may be a sei temperature or a value relating 
35 to a set tempemture. Also, the threshold may be fixed or 

variable based ou for example, the environment in which the 
tires are situated. the vehicle on which the tire is situated, 
and tbe lt)ad of the vehicle o□ the ti.res. A~ noted abow. the 
thermal radiation detect ing devices may be wirelessly 

40 coupled to the processor ceutral control module of the 
vehicle and adapted to receive power inductively. capaci­
tively or through radio frequency energy twnsfor. 

11rns. disclosed above is a vehicle including an arrange­
ment for monitoring tires in accordance with the invention 

45 comprises a thermal radiation detecting system arranged 
external of and apart from the tires for detecting the tem­
peran1re of the tires. a processor coupled to lhe thermal 
radia tion detecting. system for receiving. the detected tern­
perarure of the tires and determining whether a difference in 

so thermal rndiatioo is present between associated mated pairs 
of the tires, and a response system coupled lo 11,e processor 
for responding to rhe determined difference i11 thenilal 
mdiation between mated puirs of the tires. Instead or deter­
mining whether a dilforence in thermal rad.ialion is present 

55 between associated mated pairs of tires. a comparison or 
analysis may be made betweeo the tempernmre of the ti.res 
iudividually and a predetermined value or threshold to 
determine the stat11s ofll1e tires. e.g .. properly inflated, under 
inflated or delaminatcd. and appropriate action by the 

60 respon~e system is undertaken in light of the comparison or 
analysis. 17Je analysis may be in the fonu or a difference 
between the ubsolute temperature and the threshold tem­
perarnre. Even simpler. an analysis of the detected tempera­
tme of each lire may be used and considered in a deteJllli-

65 nation of whether 1he tire is experiencing or is about to 
experience a pmblcm. Such an analysis would not neces­
sarily email comparison to a threshold. 
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Tue determination of which tires constitute mated pairs is 
mi,dc on a vebicle-by-vebicle basis and depends on the 
loc.:ation of the tires Oil the veb.ic.:le. lt is importallt to 
determine which tires fonn mated pairs because such tin~s 
should ideally have the same pressure and thus the same 5 

temperature . . I\.,, a re~ult. a d i !Terence in temperature between 
tires of a mated pair will usually be indicative of a difference 

1 .5 Fuel Gage 
PlG. 68 illustrates. in ::in idealized sche111a1ic form, ao 

apparatus 650 .:rn1structed in accordance with one imple­
mentation of the present invention for use in meastU·ing the 
volume or level of fuel 651 in ,1 fi.1el t.ink 652 that is subject 
t.o changing external force$ caused by movement or changes 
in tbe pitch or roll angles of tank 652. lnstead of a tauk, any 
1ype of fluid reservoir can be used in accordance witb the 
illventio□ and therefore Lhe term ''lank" will refer to any 1ype 
or reservoir or receptacle which stores a fluid. 

in pressure between the tfres. Such a pressure difference 
m.ight be the re~ult of under-iDflalion o r tht: tire or a leak. 
One skilled iu 1]1e an of tire inflation and nrninteuauce would 10 
re-c1di ly recognize which tires m1.1s1 be inflated lo the same 
pressure and carry substantially the s<1me load so that such 
tires would lbrm mared pairs. 

Fo.r example. for a conventional automobile wiU1 four 
tii-es, the maled pairs or tires would be the front tires and the 
rear tires. The front tires shonld be inflated to tbe same !'ire 
pressure and carry tl.le same load so tbat Lbey would bavc the 
same temperatme. o r have dilferent temperamres witlun an 
allowed tolerance. Similarly, the rear tires should he inflated 
to the same tire pressure and carry the same load so that they 
would have the same rempl!rature, or have dirrerent tem­
perarures wi th.in an allowed tolerance. 

It is also conceivable that three or more tires 011 the 
veb.iclc sbould be at the same temperatme and tbus frirm a 
plurality of mated pairs, i.e., the designation of one tire as 
being pan of ooe mated pair does not exclude the tire from 
being part of anoU1cr mated pair. 'llms. if three tires should 

At least one. and preferably a plurality, of tank straw gage 
load cells 653 are provided for tank 652, as described below, 
'These- s1raiu gage load cells 653 nom1ally operate in either 
compression or te,ision mode in respoiise 10 external load 

15 forces actiug on the cell in conjunction with an applied direct 
current voltage to provide am1log voltage outputs that cor­
respond, in known proportion, to the load forces applie<l lo 
each load cell 65~. Alternately. a SAW-based load cell can 
be used where the strain on the strain sensing element results 

2 (1 in a change in the natur,11 frequency of the SAW device or 
a change in t]1e time delay betweei1 the reception and 
retransmission of an RP interrogating pulse. For a more 
detailed explanatitin, reference is made 10 U.S. provisional 
patent application Ser. No. 60/461,648 and related Mn-

25 provisional pateol application Ser. No. 10/701,361 filed Nov. 
3, 2004, lo some implementations or the SAW load cell. 
power and information wires do nnl need be attached ro the 
SAW device and the device becomes both wireless and be at tbe same temperature and they each have a different 

tempcrarure. this would usually be indicarive of dilfcrem 
pressures ,rnd thus would give rise to a need to check e.ich 3' ' 
tire. 

powerless (i.e_ does not require power via wires). 
Tank load cells 653 are placed between different portions 

of cou1aiuruen1 tank 652 and a solid or rig:id port.ion of a 
common rcfcrcocc surface, ilOrmally a substantiully hori­
zontal surface ,rnch as the floor-pan 654 of the vehicle, 
which, i11 the preferred embodiment, is an automotive land 

111e thermal radiation detecting system is coupled lo the 
processor. preferably in a wireless mrullle1·, however wires 
can also be used alone or in combination with a wireless 
technique. For example, a suitable coupling may include a 
t.rn.11smitler monnted in c:onnect.ion with the U1ermal radiai-ion 
detecting device and a receiver mo1-1nted iu conuection wit11 
or integrated ioto the processo.r. Any of tbe cooventious for 
wired or wirelessly tm,nsmilling data from a plurality of tire 
pressure-measruing sensors to ::t common receiver or nrnl­
tiple receivers associated with a single processor, as dis­
c11ssed in U1e U.S. patents ubove, muy be used in accorda.11ce 
wiU1 the invention. 

Tile 1hermal radiation detecting system may comprise 
i11frarcd radiation receivers each armnged to lu1ve a clear 
field of view of al k•ast ooe 1-ire. The reccivcrs may he 
arranged in any locati~)n on tl1e vehicle from which a view 
of at least II part of the rire surface can be obtained. for 
example, lbe receivers may be arra.11ged in the tire wells 
mound the ti.res, on tl1c side or the vehicle and OI) s ide 
monnrcd r~ar vie1\r mirrors. 

35 vehicle. Load cells 653 are aligned to be sensitive to load 
forces generally parallel aloug an ax.is 655 that is subs1an­
tially nonual to the common reference surface 654, In tuost 
instances, the axis 655 will be parallel 10 a vertical axis. or 
to au. tutis lb.at i~ nomrnl to the ax.is of usual forward motiou 

40 of the tank o r velucle.As au example. in ao au1001obile. t,mk 
lotld cells 653 will normally be placed so as to be sensitive 
along the yaw or vertical axis of the automobile. 

Referring once agaiu to FIG. 68, a device 657 retauis data 
descrip1ive of i-be known tank empty weight for use as better 

45 described below in determining the level of liquid in the 
titnk. Devices for this data retentil1n for use with systems 
employing a procesSor may include a Random Access 
Memory (RAM) or Read-Oi1ly Mc111L,ry (ROM) device. 
operntively coupled with the processing tmit in the usual 

so fosbion. tha t include data representing the known rank 
empty weight. 

A computatio1i::il device 658, such as a processiug tuut (or 
an equivalent circuit tbrmed from a coupled se1ies of 
operotioual am11Ii6ers as illustrated in PIG. 2 of U.S. Par. 

55 No. 05,133.212), is connected lo receive the analog voltage 
outputs from load cell and roll angle sensor 656, and 
converts these an11log signals. essentially simultaneously. 
into output information of the volume oJ the l iquid in U1e 
fuel tank 652. The plumlity of tank load cell outputs arc 

1.n order to supply power to the thermal radial ioll detec1i11g 
systems or devices described herein,. several innovative 
approaches are possible in addition to din.>ctly connected 
wires. Preferably, power is supplied wirelessly, e.g .. induc­
tively, through radio frequency energy 1ransfer or capaci­
tively. ln the inductive power supply a rrnngemei11, the 
vehicle is provided wiU1 a pair or looped wires arranged to 
pnss within a short distnnce from a power receivi.og system 
electrically coupled to the thermal radiation detect ing 
devices, i.e., lbe necessary circuitry 1;1nd clect.rouie compo­
nents lo cnnble an inductive current lo develop between the 
pai.r of looped wires and a wire of the power receiving 
system such as disclosed in U.S. Pat. Nos. 05,293,308. 65 

05.450.305, 05.528.113. 05.619.078. 05.767.592. 05.821. 
638. 05,839,554. 05.898.579 and 06,031.737. 

61J st11110,ed. hi one iiuplementatjon of this invention, to form a 
tank gage sum signal from which is subtracted the known 
tank empty weigbt to form a tank net weight signal. Ibis 
signal is then used to generate a liquid volume signal based 
011 known weight volume re.lationships. 

A preferred embodiment of a systeiu in accordance with 
U1e present invcntioJ1 would fnrthcr includt· me.ins for aver­
aging ou1 short term lr,msients appearing in the analog 
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voltage output signals from the load cells as a result of 
inertial forces caused by the contents ot'tbe tank. 'J71is would 
eliminate measuremeut errors caused by "sJoshlng" of the 
liquid iu the tank due to short term orvioleut moverueuts of 
the hmk itself and the inertia inherent in a dynamically s 
movi11g contained liquid Such averaging mean,, are most 
easily accorruuodated within the processing lUlit through the 

156 
Ju general, the algorithm used in this method can take the 

form or a look-up table where intcruit'Cliate fuel Vl)lumes are 
derivccl by interpolation from tl1e recorded values i □ tbe 
table, or of a.n equation which is an approximation to 
empirical test re.~ul ts. Alternately, and most preferably. the 
algpri thm cm1 be in the form of a neuml network or fw..zy 
logic system. or o ther pat1ern recognition system, which can 
either be soitware or hardware based, The uemal uetwork is 
trained by conducting a series of tests measuring the loau on 

use of a computer algorithm. however. it could also be 
alocommodatcd usi11g appropriHte electrical circuitry operat­
i1ig ou the analog signals. 

Finally. to present the signal representing the volume or 
level of tJ1e liquid in the tank tom, observer. ir is preferred 
that al least oue tank liquid level read,,ul device 660. such 

10 the tank ll,ad celli; ::md associated rbese measured loads with 
the known volume of fuel in tbe tank. After a sign.ificartt 
n1.1111berl1ftests are cQnducted, the data is input into a pattern 
recognition algorithm generating program to generate a 

as a dfal, LCD or LED dfaplay, be operatively linked to 
computational device 653 for displaying the volume and/or 15 

level of the Uquicl contafaed in tile lank. This device may 
aJso record rhis data for readout at a later date, or Ste.re 1he 
inJorn:iatioo for use by other devices. Ju mauy implementa­
tions. the link between the display device 660 and the 
computational tmil o r microprocessor 658 is tl1rough a 21, 

second processing unit 659 which controls the instrument 
panel displays and is sometimes called an instrument panel 
computer. 

111 1he embollimeot of FtG. 68, processor 658 also con­
tains one or more devices for the conversion of the analog 25 

voltage outpul signals rrom t'he load ce.lls and a.ogle sensors 
or gages to digital form for further processing in a process-
ing w1it. Acc.1rdingly. this preferred cmbt)diment would 
require one or more analog-In -digital conveners (ADCs) 
wbich. in any of the usual ways. convert the analog voltage 3c, 
signal outputs from the load cells and augle gages ioto 
d igital signals for processing by the computational device of 
the system. In most microprocessor implementations. mul­
tiple Al)Cs are accomplished by using a Single ADC' com­
bined wiU1 a multiplexing circuit which cyclically switches 35 

the ADC to dHlerent iuputs. Tiws. when referring to multiple 
ADCs below, tllis will mean either the acrual use o:f multiple 
single ADC units or one ADC in combination with a 
tnultiplexing drcui1. Other circuits are used in the SAW 
implerucntalion of this inveution as explained in U.S. patent 40 

applicatiou Ser. No. I 0/701,361 , 

neural network. In use, it is possible to provide uie neural 
network with the readings on the load cells and obtain 
therefrom au <1ccur:1te indication ofthc volume of fuel in the 
lmik. 

Iu FIG. 69, a perspective view of an automobile foel tank 
supported by three load cells is shown prior to attachment of 
111e load cells 10 the tank. In tJ1is conJiguratilln. three analog 
1o digital converters_. showu schematically. are used. For the 
pl.ll-posc-s of illustration. the load ceUs are shown as the 
cantilevered beam-type load cells. Other gcomctriL-s, as 
described below, snch as simply s11ppor1ed bearu or tubular 
load cells could be used. 1n the device disdosed in the 
above-referenced Grills et al. patent the load cell sigoals .ire 
sununed to create a single signal which is proportional lo the 
entire weight of the fuel tank. lo contrast, in the device 
shown iJ.1 FIG. 69, e.1ch load cell signal is individually 
digitiaxl and analyzed. h1 1lus regard, a neural network can 
be trained to convert values [rom tbesc three luad cells to an 
iodicatioo of the vohuuc of foci io tbc cao.k, i.e., by con­
ducting tests measuring the load on each cell for numerous 
different known vol LUnes of fuel in the tank ru,d. IJ1e11 
iuputtiug this data into a pattern recognition algorithm 
generating program. 

When the fuel lank is tilted through a rotatiOJ1 abou1 either 
the pitch or roll axes, the load cells will no longer measure 
the 1rne weigbl of the fuel but will instead measure tbe 
component of tbe weight a long the axis perpen<lic11lar 10 Ille 
fuel tank horizonlal plane or the vel1icle yaw· axis. Compen-
saliou for tb1s error is achieved in the above-referenced 
Grills et al. patent by using a separate reference mass and 
load cell. In c011trast. in the invention as illustrated in FIG. 

The present invention also includes a method lbr mea­
suring the qu,mtity of a file! in a fuel tank subject to varying 
external forces caused by movement or changes iJl the pitch 
or roll angles of the tank. This method includes the steps of: 

a) mounting a fuel tank t~, the vehicle so that it is movable 
along the y:iw or vertical axis or the vehicle; 

b) providing a1 least one an::i log signal in proportion 
respeclively to the load on al le-ast one tank load cell. each 
cell being mounted or placed between a portion of the fuel 
lank and a portion of a reference surface of the veh.iclc. and 
each cell being sensitive along an axis substaut:lalJy normal 
to the reforence surface and geoeraUy pcirallel to tbe yaw 
axis of the vehicle; 

45 69, a measure of U1e lruik rotation is achieved by m1aJy7Jag 
the individual load cell readings rat11er tban Stunming tl1em 
as doue in the Grills patent. If used. the aeurnl network cau 
be trained on data representing the fuel tank at diflereut 
incliuatious. which would directly atfect tbe readings of the 

c) providing signals proportionally represenring the pitch 
or roU angles of the vehicle: and. 

d) couverting lhe analog load cell signal and the pitch and 
roll angle signals into output information represcmative of 
the volume of the liquid in the foe! t::mk by. in some 
embodiments. coovertiug the analog load cdl signal to a 
digital signal and inputtiJJg the digi tal signal and the pitcb 
m1d roll signals into a processor haviug an a lgorithm. the 
algorithm using (i) the inputted load cell sigual and the pitch 
and roll signals iudependeutly (ii) with a derived relation­
slup bcrwocu tl1e signals and the fuel volume to output the 
fuel volume information. 

so load cells.As such, tbeneurnl uetwork would still provide an 
accurate indication of the Ji.rel volume ir1 the tank in spite of 
the inclination of the ttlnk during um ln th is regard. it should 
be mentioned that Lhe neural network ca11 be tr-dined on any 
three items ol' i.nformatio11 concerning the fuel tank, i.e., 

55 three par.imcters from the following: the load ,1t a first load 
cell. the load at a seco1Jd fuel cell, the load at a third foe] cell, 
the anguJar rotation about the pitch axis and the angular 
rotation about the yaw axis. With the knowledge of any of 
1l1esc three parameters. the neural network cHn accun1tely 

61J p rovide the vohu:ue of fuel in the 1aiik (provided it i~ trained 
accordingly). 

The tank and wei.gb1t1g system is shown generally at 661 
in FIG. 69. Cantilevered load cells 662. 664 and 666 are 
mounted to tbe floor-pan of an automobile, not shown. 

65 through the use of appropriate mounting hardware and 
mounting holes 669. 671 tmd 673 re-speclivcly. Tb.t: load 
cells similarly arc mowne<I to the fuel cank 668 using 
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mounting hardware, not shown, th.rough mounting holes 
670, 672 aud 674 and through flexible a11acbmen1 grommets 
663. 665 and 667. The weight of the foel tank 668 causes 
cantilevered beams 662, 664 and 666 to bend, The amount 
of this bending is related to the weight 0fthe fuel tank 668 s 
and fitel therein as explained in more detail below. The 
cantilevered beam load cells 662, 664 and 666 are shown 
schematically connected to the fuel gage electronic package 
678 by wires 675. 676 and 677 respectively. 111 particular. the 
outpllts of load cells 662. 664 and 666 are inputs to A.DCs UJ 

679, 680 and 681 respectively. 
In the system illvstrated in PJG, 69, the heavy portion of 

the i\.1cl tank. i.e., the portion which contains the greater 
amount of foe] when the foe! tank is foll, 1s toward the rear 
of the vehicle and is supported by load cells 664 and 666. 15 

Similarly tbe lighter portion of the fuel t::mk ii; more forward 
iu the veh.icle and is supported by load cell 662. Hole 684 is 
provided io the heavier portion of the Ji.lei tank to receive the 
fuel pump. Another hole, m11 shown. also exists generally for 
filling the tank. The particular tank shown in PIG. 69 is made 20 

from two metal stampings and joined at lip 685 by welding. 
lJ the vehlcle on which the fuel gage system 661 is 

mmmted is ,:raveling at 1:1 constant velocity on a level road, 
then the su,umatiou of the individual sigirnls from load cells 
662. 664 and 666 will give an accurate indication of the 25 
weight oflhe foel and fuel tank. If the weigl1t Df tJ1e eni.pty 
Fuel tank is known and previously stored in a memory device 
located in the processing Wl.it 682, the weight of fuel in the 
tank can be determined by subtracting the empty tank weight 
from this sum of the load cell readings multiplic-d by an 3c, 
appropriate gage foctor to u-anslate the load cell signal swn 
into a wcigh1. Tbfa rc~ulr can then be displayed on diaplay 
683 indicating to the vehicle operator the amount of foci 
which remains in the t.ink. 

If the vehicle on which the ti.tel tank system 661 is 35 
mounted beo,,in.s descending a steep hill, a smnmation or the 
signals from load cells 662. 664 and 666 110 longer accu­
rately represents the weight of the fuel tank and fuel therein. 
As explaiued above, th.is is a result of the fael Lbat the load 
eel I~ are sensitive to forces along the vehicle vaw .ixis which 40 
now is dilJeronl from the vert-i~al or gravi,;irional axis. In 
addition, unless the foel tank is either full or empty, the 
forces 011 the load ceUs will also be affecred by the i:nove­
rnent o.f fuel within the tank. When the vehicle is descending 
a hill, for exnmplc, the fuel will tend to move withi11 t.be tank 45 

toward the fn.int of the vehicle. These combined eDects 
create a unique set of signals from the lhree load cells from 
which the amrle of the file! tank a~ well as tl1e weight of the 
tank and foel therein can be uniquely determined~ In other 
words, for every pmticular set of load cell readings there is so 
only one corresponding combim1tion of vehicle pitch and 
toll angles and quantity of foe! iu the tank. 'l11ereforc. if the 
load cell readings are known. the quantity or fuel in the tank 
ca11 be determined. 
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direction of the roll and the placement of the load cells. The 
$l1111 of the threi! load cell readi11gs ,1ftcr correction for the 
roll and pitd1 angles, must still add up to tl1e weight of the 
fuel in the tank 

If the tank is empty it is easily proven from simple static 
equations that tliere is a m1ique set orloads Li, Mi and Ni for 
every pitch a11d roll angle Pi and Ri. Altetuatcly. if Li. Mi 
and Ni are known aud if the weight of the empty tank is 
known. the a11gles Pi and Ri can be easily found. U a small 
quantity of fuel is now added to the tank and the angles l1eld 
constant. then all of the load cells will measure an increase 
in load which will depend 011 the angles and the shapcoftbc 
tank. ·11ms. for a given set of angles. there is a unique 
relationship between tl1c lhree load cell readi.ngs and the 
quantity of fuel in the tank. Ir the ti.tel is held coustant and 
tbc roll angle oft:he tank is changed, t:he stun of the load cell 
rea<.liugs, when corrected for the angles, must remain the 
same but the dist1ibmion of the loads will change as the fuel 
moves within the tank. 171is distribution, however. follows a 
l"tuiction determined by the shape of U,e tauk. ff the roll 
increases to R2 and then increases lo JU, and if L2 is greater 
tbau Ll after correction for the angles, then LJ must be 
greater than L2 afi.er correction for the .:u:igles. The same 
holds tn1e for the M a11d N load cell t'eadings. 

111e distribution oflb.e load cell readings L, Mand N can 
in face be used to determine the angle of the tank and thus 
provide the i11fon11at1on as lo what the angle corrections 
need to be. This latter calculation need not be nuide direc1Jy 
since 1hc relationship between 1he fl1el quamity and the 
io.dividual load cell re.idings must be determined for all but 
tbe simple~i cases by deriving an empirical relationship from 
eiqie1iments. Most appropriately. the empirical relationship 
between tb.e U1ree load cell readings, the pitch and roll augles 
and the fi.1el quantity is trained inl<.1 a 11et1ral network 

·n1e same argument holds for cbangt!S in the pitch angles 
of the rank and it follows, tl1erelore, that for every value of 
L. M and N. there is a t111iqt1e quantity of fuel, pitch angle 
aud roll aoglc for the tank. lb.is argument fails if there is 
more than one distribuLiou of foe! in the tank for a given 
pitch or roll angle which would happen if the fuel aod air 
volumes are not co110ected. If. for example, a qm111i-ity of 
foe! or a quantity of air c.·an become trapped in some part or 
UJC- tan.k for a particular sequence of motions but not for 
auother sequence where both sequences end at the same 
pitch a11d roll angles, then the problem would be indetenni­
natc using tbc methods so far dcsc,ribed uuless the motio11 
sequence were recorded and taken iuro accounl in the 
cnlculations. This is not an insunuot1J1tabJe problem and will 
be discussed below. 

A similar argument bolds for the e,~ase where the pitch and 
roll angles are 111c.1surcd but only a single load cell is used 
to measure the load at one poio.t or a single level gage is used 
to measure the level at one point in the tank, provided the 

Since this concept is central to this invention and applies 
whether load cells. angle gages and/or level gages are used, 
consider the following illuslration. It is assumed that all 
parts both above and below tb.e fi.tel surface are connected so 
thal botJ1 ai r and f"ucl c.-ru1 tlow frt!ely from any part 10 any 
other part of the tank. Jf the tm"l.k at time TJ I.las a quantity 
of fuel Ql and is tilted at a roll angle ofRl and a pitch angle 
of Pl, U1e11 the tb.ree load cells will measure k1ads LI, Ml 
and N J respeclively. If the roll angle of tbe lank is now 
changed by a smaJl amount to R2 with the pitch. angle and 
quantity of fuel remaining the same, t:heu the load cells will 
register u 11ew scr of lo;,ids L2. M2 and N2 where each load 
reading will eiU1er increase or decrease depending on the 

55 level measured is neither empty nor full. This is a preferred 
.implementation when au I.MU is preseut on the veb.icle for 
other purposes witb. the pitch and roll data available 011 a 
vehklc bus. An even mt)rc rc.>fined measurement cau result 
if U1e linear and angular acceler.itions and vcloci ties arc also 

60 used in the calculatiou where appropriate. To th.is end. 
sensors ,md processors for detecting and/or dclermi11ing the 
linear a11d angular accelerations could be provided, to tb.e 
extent the determinmion of the linear and ang11lar accelera­
t'ions ca1.1.11ot be detennfoed by devices already present on the 

65 vehicle. 

For some simple ronk geomctriL-'S. this relationship can be 
filmlytically determined. As tbe complexity oftl1e tank shape 
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i11creases, it becomes more difficult to obtain an aMlytical 
J"cl::ttionship a11d it mus1 be empirically de1e.rmined. 

The empirical determ.ination of the rehrtionsb.ip between 
the true weil?,11l of the vehicle tank and its contents can be 
detem1ined for a particular tank as follows. A test apparat11s 
or rig is constructed which supports the ga$ tank from the 
three load cells, fi.1r one pretcm:d implementation, in ,1 
maJlller iden1ical to which it is supported by the floor-pan or 
the candidate vehicle. The supporting stnictme of the rig. 
however. is mounted on gimbaled fi-,rn1es which pem1it 1he 
tank to be rotated about eitl1er of the roll or pitch axes of the 
tank nr any combination thereof. Stepping motnJS are then 
attached. to the gimbaled frame,; ICl pennft precise rotation of 
tl1c lank about the aforementioned roll and pi tch axes. Under 
computer control of the stepping motors. the tank 10 be 
lested is rotated to all positions representing all combiua­
tions of pitcb iuid roll angles where each rotation is per­
formed in discrete steps of. for exalnple, one degree. For 
each position of che tank. the computer samples tl11~ sig.nals 
from eacJ1 o/' ll1e load cells and records the data along witl1 
tl1e pitch and roll angles. The maximum picch and roll angles 
used for th.is eKperiment are typically :!:15 degrees. 

160 
quantity of fuel i11 the tauk. However, at the present time, the 
data can be used lo u·aiu a neurnl network. 

111e particular qrnu1tity or data taken, the pitch -and roll 
angle steps aod tbe fuel quantity steps are for illus1rative 

s purposes only and tin empiricnl rclatic,nship can be found 
using dd]erenl experimental techniques. 

If one or more equations are desired to represent the data. 
then the next step in the process is to analyze tile data 10 find 
a mathematical expressio11 which appmximately represents 

to the relationship between Lbe load cell re.a.dings and the fuel 
i11 the tank. It has bee11 found, for example, that a simple fifth 
o rder polynomial is sutTicient 10 accu.rately relate the load 
cell readings to the fuel tank weight within an accuracy 
equivalent to 0.1 gaJJons of foe! for tl1e particular tank of 

15 simple geometry analyzed A more coiuplex mathematical 
function WQuJd give a ruore accuraLe rtlpresent::1tiou and a 
less complex relatiu11Ship would give a Jess accurale repre­
sentation. A fillh order polynomial requires the storage of 
approx:imately 200 coefficients. However, because or tank 

20 symmetry il has been found that approxim.ately half or these 
coefficients are su fficie111ly close lo zero tha1 iliey cao be 
ignored. An alternate approach is to use a neural L1etwor.k 
which cm1 be trained LO g.ive the quantities of fiiel based on To illustrate the operation of \.he experiment, tbe first 

reading of the three load cells would he taken wheo tbe roll 
and pitch angles are at zero degrees and the tank is empty. 15 

Tile second reading would be taken when tbe pitch angle is 
one degree and the mil angle is -zero degrees and tlw third 
reading wheJ1 the pitch angle is two degrees .md so on tmtil 

1he three load cell inputs. 
ln the above discussion, it bas been shown that the 

reference mass Lised in tl1e G-rills et al. patent caJl be 
eliminated if the individual load cell readings are analyzed 
ir1dependently rather than using their sum, as in the Grills 
patent, and au empirically determined relationship is used to a pi tcl1 angle or fifteen degrees had been achieved. 'TI1is 

process would 1heu be repeated for pitch angles starting at 
-1 degree and decreasing 11otil the pitch angle is -15 
deg.tees. TI1e next series ofreudings wottld be identical to the 
first series with the roll angle now held at l degree. The 
process wo~1ld be repeated for roll angles up to 15 degrees 
and then from -J degree to - 15 degrees .. Since there are 31 
different pitch angles Md 31 <liOercnt roll angles, a lmal of 
961 di'lforent sets of load cell readings will be taken and 
stored by the computer system. 

The process now mtlst be repeated for vnrious quantities 
of ft1el in the tank. If the li.111 tank contains 20 gallons of foci. 
therefore, and if increments of one gallon are cboseu, the 
entire process nf collecting 961 5ets of data must be taken for 
each of the 21 quao1ities of fuel ra,1ging from Oto a fhll Lank. 
I.u addition to the load cell rC'.idings, it is aJso desirable to 
aceu.rately measure the Mgle of the fuel taJlk through the use 
of augle gag:es in order to verify the stepping motor posi­
tioning system. Thus. for each position and fuel quantity 
discussed above there will be two additional data represent-
i11g the pitch and roll augles of the gas tank. 111is lct1ds to a 
total of 100.905 data elements. 

From lb.is d~➔ta. a variety of different fuel gage designs 
hilsed on tbe use of load cell tTa.nsducers c,m be made. The 
smne process can also be done for designs using other types 
of tnmsducers such as the conventional ftoal system, the 
ultrasonic system, tl.ie rod-iu-t11be capacitor system and the 
parallel plate capacitor system described below. 

Although a consjderable quantity of data is obtained in the 
above described empirical system, th.is is not a complex task 
for a ~taodard person:il Cl)roputer with appropriate data 
acquisition bardware aud software. The re.sulbog data pro­
vides in tabular form 01e rclatk,nsb.ip betwee11 the quantity 

3Ct relate the individual load cell readings ll) 1he weight of the 
tank. By substituting ~U1 algorithm for cbe physical cumpo­
ncnis in 1l1e Grills patent, a sigu.ificant system cost rcductil'lll 
results. Although the system described above is quite appro­
priate for use wit.h land operated veJ1icles where the pitch 

35 and roll angles are limited to 15 degrees. such a system may 
not work as well for aircrnft which are subJected to sub­
s1antially nigher i11ertial forces and greater pitch and roll 
angles. 

A discussion of various load cell and other tmnsduoer 
40 desigus appears below. All of the load cell desigi1s make U$e 

or a strain gage as the basic load measuring element. An 
example of a fom element metal foil strain gage is sbown ilS 
690 in FIG. 70. In this example. the gage is about 011e 
cent.imeter on eacb s.ide thus tlle entire assembly of the four 

45 elements occupies about one square ce11timeter or area of ll1e 
be:m1 on which it is mounted. In this case, tl1e assembly is 
mounted so that elements 69J and 693 are aligoed with lbe 
conductive pattern pamllel with the axis of the beam, and 
elements 692 and 694 are aligned with their conductive 

so pattern lrllilsverse to the beam. The elemems are wired as 
shown wi1h the two free ends 699 and 700 left unconnected 
so that llll external resislor can be used to provide tbe fina l 
bulm1ce to the bridge circuit. The e lement;; thus form a 
Wheatstone bridge wl1ich when balanced, cesi1lt~ in a zero 

55 current i11 the indicator circuit as is well known 10 those 
skilled in U1e art. 

When the beam is bent so that the surface on which the 
strain gage is mounted experiences tensile strain, elements 
691 and 693 arc stretched which increases their resistance 

6<J wl1ile elements 682 and 694 are ct1111prcssed by vii1uc llfthe 
later.,! oontraction of the beam due to the Poisson's ratio 

of fuel in the lank and tile reading,s from the three load cells 
662, 664 and 666. Tl1is da ta, or a subset of it. can be 
programmed directly as a look-up table into the computer 65 
al)?orithm. 111e algorithm wou!J then take the three load cell 
readings and using interpolation formulas. determine the 

effect, Due to the maJrner in which tlie eleme111s ure ,vired, 
nll or the above strains result in an inci-e,1se in the current 
through the indicator circuit, not shown, thus maximizing 
the fodicator current and the sensitivity oftJ1e measurement, 
If the tempcrat11re of the beam and Strain clemeut changes 
and if there is a mismatch in the tbermal coeilicien1 of 
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expans ion between the material of 1J1e strain gage and the 
bea111 11\atei;aJ. all of the gage eleuieills will experience the 
same resistance cli:mge ,rnd thus ii will not affect Lhe curre11t 
i11 the indicator circuit. Thus. this system m11omatically 
adjusts for changes in temperature. 

The metal material which lbrms the Slr'.iin gage is phbto­
etched from thin foil and bonded onto a plastic substrate 
695. Substmle 695 is then bonded onto the beam using 
appropriate adhesives as is well under.;tood by those skilled 

162 
In all of the cases described above including the case 

described in theGi·i lls et al pme1\t. provision must be made 
to arresf 1he lateral ,mu long_it11dinnl vibrations which will 
occur as a vehicle u-avels down the road. Tlus is usually 

5 accomplished by placing devices wl,ich impose lateral and 
longitudinal ·forces onto tl1e tauk to counteract similar forces 
caused by the motion of the vehicle and the inertia of the 
tank. Care must be taken in the desigri of these devices so 

in the strain gag.e att. A sio'lilar geometry cim be 11sed for 10 
SAW stmi11 gages. 

that tl1ey do not impose forces onto the tru1k in the vertical 
or yaw direction; otherwise, errQrs will be introduced into 
the weight measurements. As a minimum, these devices add 

The tank weighing system illustrnted in PIG. 69 is highly 
accurate with a .root mean square error of typically less than 

complexity and thus cosr to the system. 

0.1 gallons ont of a 20 gallon tank. This corresponds to a 
trnvel distance of approximately 2 to 3 miles which is about 15 

3 to S ki lometers. Por many ca~es, accun1cy of this order is 

This problem of constraining the t,111k so that it can only 
move in the vertical dfrection is accomplished by the system 
show11 in FIG. 75 which is the preferred implementation of 
this invention using load cell transducers. lo the embodi-

11ol necessary and a simpler system such as shown rn FlG. 
71 can be used. fn this case, the load cell sigusls are me.rely 
summed as in lhe case oftlie Grills et al. patent bur without 
the use of a reference mass. ln this case. no attempt is made 2(1 

to compensate for the pitch or roll of the vehicle. The 
maximum grade on a highway in the U.S. is about 15 
degrees and any grade above 5 degrees is unusual. When the 
vehicle is on a l 5 degree grade. the weighing system of f!G. 

ment shown in FJG. 75, a single load cell 662 ts used to 
obtain a weigh1 measwe.ment or a portion of the tank. A 
significant portion of thc 1:1nk weight is now supported by a 
hinge system 716 which effectively resists any tendency of 
the tank to move in ei1ller the lateral or longitudinal direc-
tions thus eliminating the need for special devices to oppose 
these motions. 

Since there is only a single foad cell 662 which only 
supports a portio11 of the weight of the tank, significant 
error$ wt1uld occur if this weight alone were used to est imate 
the weight of the tank. Nevertheless, as before, there is a 
unique relationship between the volume of fuel in the tank 
aud the weight as measured by load cell 662 plus tberoll and 

71 will be in error by about 3.4% and for a 5 degree grade 25 

the error is about 0.4%. As di~cus~ed below. the variation in 
specific gravily of fuel is about 5%. Fuel energy content and 
thus usage is more closely related to tbe foe! weight tb,lll to 
volume and thus the mere use of volume instead of weight 
as the measure oftl1c quantity of fuel in a vehicle by itself 3c, 
results in nu erl'Or int.he distance that a veh.icle can tr.tvel of 

pitch angles as measured by the roll and pitch sensor 711. or 
an !MU. For a particular load cell signal and a particular roll 

lip I,) 5%. 
In FIG. 71. the load cells 662. 664 and 666 arc elcctric:11ly 

connected to a summing circu.it, 1101 shown, which is part of 
the electro11ic package 678. TI1e swumecl signal is then fed 
into ADC 686 and from there to the processing unit 682. 

The accuracy of the system sbown iJ.1 FlG. 71 can be 
improved througJ1 the lli;e of a roll sensor 70 I and a pilc:h 
sensor 702 as shown iu FJG. 72 . The addition of these two 
sensors regai..t1s tJ1e acqiracy lost il1 goiog from U1e system 
of FIG. 69 to the system of FIG. 71. The roll and pitc:h 
sensors are shown mounted to the fuel tank in FIG. 72 so that 
they accurately measure the angles of the fuel tank. For most 
applications. ii- would be sufficient to mount these sensors 
within the elecl.rorric package 678 as described in more 
detai l below. lo FIG. 72, the mil and pi1ch sensori; 701 and 
702 are electrically coooected to ADCs 703 and 704 respec­
tively which are in turn conoected to processing tmit 706. 

Tue design of tl1e system shown iu FJG. 69 can also be 
simplitied if it is assumed that the effects of roll can be 
ignored or averaged out over time and that only corrections 
for pitch need be made. Such a systl.'m is illustrated in FIG. 
73 where 011.ly two load cells 662 and 708 are used. These 
load cells arc electrically connected to ADCs 679 and 709 
respectively in a similar manner as described above. 

Once again, all oft he accuracy lost ingoing from the FIG. 
69 design to the FJG, 73 design can be regained through the 
addition of pitch and roll sensors 701 and 702, an !MU, or 
for that maller with the addition of just rnll sensor 702, as 
illustrated iu PlG. 74 (i.e .. so that :l mfoionun of three 
parameters are uscd- tbc pitch angle, the roll angle aod the 
load al 0ie si11gle load cell), fo a similar manner as in t11c 
FIG. 69 case, a rig is required 10 test a particular tank and 
determine the proper empirical relatiomhip which relates the 
angle measurements from mil and pitch gages 701 and 702 
and the load 11,ca1rnrc111ents from load cells 708 and 662 to 
the volume of' fuel in the UUJ.k. 

111Jglc aod pitch angle. there i~ only ouc corrc:;pondiug 
volume of li1el and thus the systom is detc.m1incd from these 
tl1ree measurements. Once again, the rig described for tbe 

35 FIG. 69 system could be employed to determine the proper 
malheurntici1l relationship to rela te these three measured 
values to the fuel voltuue and once again. the acctu<1cy 
which resulted from perfonning sucb a procedure on a 
particular fuel tank design is a root m~m square error of 

40 about 0.1 gallons using a fiJlb order polynorniul approxima­
tion or even le.~s using a look-up table. 

Tbe system of FIG. 75 is thus the simplest and least 
expensive system and also about the most accurate system of 
those described thus far in this specification. The pitch and 

45 l'OII sensor is now a single device providing both measurc­
rueots and is mottl1ted within the electronic package 720. 
again an ]MU can be used lbr even greater accuracy. Que 
particular pitch and roll sensor which has been successfully 
used in this application is manufactured by Fredricks of 

so Huntingdon, Pa and is known as the Fredricks tilt sensor. ]t 
is an inexpensive device which uses the variation in resis­
t::ince Caused by t ilting the device of a resis t:.inee element 
usiJ1g ,m electrolyte. ·nus resistance also varies with 1em­
pe111l11IC which cau be compensated for but requires addi-

55 tional ADCs. When this is done. '111e roll and pitch ilngles can 
be accurately measured to within about 0.1 degree regard.less 
of the temperature. TI1e requirement to compensate for 
temperat11re changes. however, req11ires that outputs be 
la.ken across both sides oUhe two angle 111e1tsuring elements 

61J Jlecessitating U1c use of four ADC's rather than two. Low cost 
microprocessors are now available with up to eight ADCs 
integrnl with thi: processor so that the added requirement for 
tbe resistance measurement can be accoiumodared ::t\ little 
additfonal expense. ln FIG. 75. therefore, the pitcli and rol l 

65 angle sensor 711 is elec1rically connected roADCs 712. 713. 
714 and 7 15 ,1ud from there 10 processing unit 682 .as 
described nbovc_ 
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ln many vehicles, the fuel tank is exposed to the u11der 
side of the vducle and tbcrefi1re lo the mnd. ice and snow 
which is 1hrown up as the vehicle travels down 1he roadway. 

164 
EJeme11ts 733 aJe mounted parallel to tile beam and elements 
·734 are mounted perpendicular to it. Since the maximum 
sLraia is in Ille middle of the beam, strain gage 732 is 
mounted close to 11M locatiou. Tue load cell, shown gen-Jr the tank is expt1sed. st1me of this mud can collect ou tl1e 

tank :ind particularly on top of the tank. This mud will 
necessarily add to the tauk weight aud introduce an error i11 
the weighing sysrem. The magnitude of tbis error will 
depend on the geometJy of a particular tank design. Never­
theless. in many applications this error couJd be signiJican1 

s erally as 730, is supported by the floor-pan, 1101 shown, at 
suppons 737 which are formed by bending tl1e beam 731 
downward at its ends. Plnstic fasteners 735 fit through holes 
736 in the beam aud serve to hold the load cell 730 to the 

and therefore the tank should be protecled from such an to 
event. This can be accomplished as shown in FJG. 76 
through the addition ofa skirt 717 which i~ below the tank 
and which sc.1ls il preventing mud, ice or snow from getting 
into conwct with the tank. If U1e addition or such a skirt is 
uot practical. then a system using oi1e or more foe) level 15 

gages or Uleil~ttring devices as dcsc1ibed below is preferred. 
As dis<.;msed above, the specilk gravity uf automobile 

gasoline varies by about ±4% depending on the amount of 
alcolml added, the grade and the weather related additives. 
The energy content or gasoline is more closely related to its 21, 

weight than to its vohune and therefore the weight of Ii.tel in 
a tank is a better measure of its contents. Fuel weight is 
c:ommonly used in the airc·rafl industry forth is reason bUl the 
automobile driving public is lllore accustomed 10 thiukiug of 
f-L1el by volume measurements such as gallons or liters. To 25 

correct for this perceived error. a device can be added to any 
oft11c above systems to measure Ilic specific gravity of the 
foe! and then make an appropriate adjustment in the reported 
volume of Juel i.o the 1::tnk. 

floor-pan wilbout pulling significan1 forces on 011:: load cell. 
Holes are ptov1ded iu 1l1e floor-pan for bolt 7J9 and for 
fasteners 735. Rolt 739 is attached to the load cell through 
hole 741 of the beam 731 which serves to transfer the force 
from the Ii.tel ta11k lo the load cell. 

The electronics package is potted withil1 hole 742 using 
ure11.iane or silicone potting compound 740 and includes a 
pitch and roll dual anglt: sensor or }MU 743. a mic1upro­
cessor with imeg_n1l ADC~ 745 and a 1lex circui"t 744. TI1e 
flex circuit 744 terminates at an electrical connector 746 for 
co1111ection to other vehicle ckctronics. 111e- beam 731 is 
sligl11ly tapered at location 738 so that the strain is constant 
in 1be strain gage 732. tr an lMU is used. the ADCs relative 
to the !MU could be part oJthe JMU and i FSAW strain gages 
are used, Lhe ADCs may be par1 of 1be general interrogator. 

PlG. 79A ilh1su-ates bow the toad cell of FIG. 79 cau be 
mounted to the vehicle tloor-pa.r1 654 and the fuel tank 652 
by pl11stic fastener:; 735 aod bolt 7~9 respectively. 

Although thus far only bc.im type load cells have been 
described, other geometries can also be used. One such 
geometry is a tuhufair type load celL S1tch a nibular load cell 
as shown generally at 750 in PJG. 80 can be placed cithcr 
above or below the floor-pan. 11 includes !l plurality of strain 
sensing clcxucuts 751 for-01casll1iJ1g tensile and eorop.rcs~ivc 
stniins in the t1Jbe as well as otber elements. not shmvll, 
which are placed pervendicula r to the elements 751 tn 
provide for temperatwe compe11sat:io11, Te.rnperatme com­
pensation is achieved in tbis mallller, as is well known to 
those skilled in the an of tbe use of strai11 gages iu cot~itmc­
rion witl1 a Wheatstone br·idge circuit. since temperature 
changes will a.trcct each of ihe strain gage elerncms identi-

Such n device is sho,vn geucrally as 718 in FlG. 77 and 3C1 

includes a mass 719 having a known specifk g.ravi1y Md a 
cantilevered bc,ul1 load cell 720. By rucasuri.ug the weight of 
mass 719 when it 1s submerged in fuel. a calculatiou oi' the 
specific g,ravity oftl1e fuel can be made. ·111e tank must have 
sufficient fuel to entirely cover the mass 719 and the load 35 

cell 720 in order to get an accurate reading. Therefore, the 
processiug unit 682 will u1ilize iufom1a1ion from tile specific 
gravity measuring device 718 when the weighing system 
c:onfirms tlmt the foe] tank bas sufficient fuel to submerge 
mass 719. 40 cally 1md 1l1c total ef!ect thus ca.llcels oirt in the circuit. The 

same boll 752 cm1 be used in this case for mounting the load 
cell lo the floor-pan and for attaching tile fuel tank to Lbe load 
cell. 

A cant·ileveJ·ed hearn load cell desig.11 using a half bridge 
strain gage system is shown in FIG. 77. The remainder of the 
Wheatstone bridge system is provided by fixed resistors 
mounted within tb.e electronic package which is not shown 
in this drawing. Tile halfbridge system is frequem ly usi.!d for 45 

economic reasons and where some sucrifice in accu.rucy is 
pennisslb!e. The strain gage 721 include.~ strniu measuriug 
elements 722 and 723. The longil-udinal elemen1 722 mea­
sures the tensile strnin in the beam when it is loaded by tbe 
fuel tank. llOt shown, wbich is attached to end 725 of bolt- so 
724. TI1e load cell is motu1ted to 1he vehicle t1sing bolt 726. 
Temperatrn·e compensariou is achieved in this system siuce 
the rt.'Sistauce change iD struin clements 722 and 723 will 
vary the same amount with temperature i!Jld tlrns the voltage 
across the portions of the lialfbridge will remain the same. 55 

FIG. 78A illustrates ilow the load cell ofFJG. 78 can be 
mounted to the vehicle floor-pan 654 and the fuel tank 652 
by bolts 726 and 724 respectively. 

One problem with using 11 c1mti levcred load cell is th11t i1 
i1upan~ a tmque to the member on which it is mount~d. A 60 
preferred mounting member oo ao automobile is the Aoor­
pan whicb will support significant vertical loads but is p1.wr 
at resisting torques since floor-pans are typically about 1 mm 
(0.04 inches) tltick. This problem can be overcome by using 
a simply supported load cell design as shown io FIG. 79. 

In FIG. 79. a foll bridg~ strai11 g;:1gc- system 732 is used 
with a ll fow· elements mounted 011 the top of lhe beam 731. 

65 

FIG. 80A illustrates how the load cell of FIG. 80 can be 
mounted to tl1e vehicle .floor-pan 654 and 1J1e fuel tank 652 
by bolt 752. 

Another alteroale load cell design shown genernlly io 
FIG. 8 1 as 753 makes use of a torsion bar 754 and appro­
priately placed torsional strain sensing elements 755. A 
torque is imparted to the bar 754 by means of lever 756 and 
boh 757 wh.icb attaches to the fuel tank (not shown). Bolts 
758 atwch the rnmrnting hlccks 759 to the vehicle llMr-pan. 
FIG. 8IA illustrates how the load cell of F[O. 81 ca11 be 
mounted to 1he vehicle floor-pan 654 and the fuel lank 652 
by bolts 758 and 759 respectively. 

A torsional system is described in lhe Kitagawa et al. 
pa1ent referenced obove, however. a very complicated e lec-
1rnnic system not involving strain gage elements is used to 
determine the motion of the lever am, . Torsional systems in 
general suffer froui the same probleui~ as cantilevered 
systems i1.1 that they impart a torque to the mounting surface. 
If that surface is tbe floor-pan, tmdcsi.rable deformations 
could take place in the lloor-pan and tbe direction of the load 
cell sensitive axis caooot be guaranteed. 

Until recently, 1110s1 automobile foel tanks were made 
from metal .and load cells could be most readily attached to 
the fuel tank using bolts or metal fasteners. With the ndveut 
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Stl!es can build up and cause the tank to expand if it is .not 
testrnincd. A system using weighi1lg trn11sducetS. therefore, 
would also need to provide l'or additional structure to 
prevent tllis expansion. Tllis addirioJlal strucmre adds to the 

of plastic fuel tanks, other atlaclunent mechanisms are 
preferred. One such method is shown in FIG. 82 where the 
foci tank support is designed into the trulk. ' In.is design. 
sllowu get1erally as 760 i11 FIG. 82. permits tile load cell 762 
to be placed appmximate-ly on the cenler of gravity of the 
foci tank wben it is foll or foci. When the gas tank 761 is 
formed, n hole 763 is provided th.rough the tank. A.n 
extended tltbular load cell 762 passes through this hole and 
counects to plate 764 at the bonom or the tank by means of 
a nut 765 or other appropriate fastener. Pl:ite 764 ha~ 
suflicienr size to support the entire tank. Tabs 766. located al 
appropriate positions around the periphery oftJ1e tank. snap 
into corresponding cooperating receptnrs. not shmvn. placed 

5 cost of the system and, at least when plastic tanks are used, 
favors 1l1e use of 1wL1-weigbing t ra.n~ducers such as tbe 
conventional float system. 

Such a system is illustrated in FIG. 83 which is a 
perspective view with portions cul away of an -automobile 

1u foel tank 767 with a co11vcntion::il 0oat 768. shown sche-

ob lhe velliele and serve to give lateral and longitudinal 
support to the tank to minimize vibrations without loading 15 

the tank in the verrical direction. 

matic.ally, and variable resistor meclumjsm 769 used i11 
combination with a pitch and roll angle measuring trans­
ducer 711. ADCs 712. 713. 714. 715 and 770 and an 
associated processor 682. The addition of tbe angle measur­
iug transducer 711 and the processor 682 and appropriate 
a lgori thm relating the transducer outputs to the fuel level 
(which may be repfact:d by a tr-<Li:necl neural network), 
s-isni.fica11tly increases the accnracy of the conventional J1oat 
level measuring device. Nevertheless, the variable resistor 
does not have Lhe resolution of 1l1e load cell tronsducers 
described above and the tloat, by virme of its height. is 
subject in convenlional designs to lopping and bottoming 
out making it impossible to achieve aoctu1ne measuremcnts 
when 1be tank is almost full or almost empty. Tbus. siguitl-

The load cells illustrated above are typically of the foiJ 
strnin gage type. Other types of strain gages exist which 
would work equally wl1ich include wire strain gages and 
strain gages made from si licon. Silicon strain gages have the 20 

advamage of having a much larger gag.e foctor and the 
disadvantage of greater temperature effects. Oilier strain 
gage materials a.od load cell designs can be iJ1corporated 
within the teachiugs of this inveuril)n and those using SAW 
technology in particular. 

Wheo pitch and roll sensors have been u.sed herein. ii was 
assumed thnt they would be dedicated devices to this tank 
gauging system. Other systems which are eitller already on 
vehicles or are planned Jor ii.nure introduction a.Isa have 
need for pitch and ttill information and m::iy require deviceS 3c, 
which are either more accurate or have 0 faster response Chan 

25 cant improvements a.re obtained witb tllis system but sig­
nificant limit.itions relating to ihe Roat system remain. 171e 
main advantage of this system and U1e ones described below 
is that the tank (whetller plast"ic or metal) does not need to 

the devices required fbr th.is application. These other angle 
sensors may be usable hy the systems disclosed heroin 
thereby elimin~ting the need for dedicated angle gages and 
further reducing the cost of the system. In particuJar. nn JMU 35 

tllat will probably be on foture vehicles fits this description. 
II is contemplated that the algorithms ttsed lor relating the 

various meaSltred parameters to the volume or fuel in the 
tank wiJI be independent of the particultLr vellicle on which 
the system is used as loog as the f1.1el w11k shape is the same. 40 
Fuel tanks even of the same design will vary iu weight due 
to manufacturing tolerances and tllerefore, in some cases. it 
is desirable to weigh tl1e tank after it is mounted onto the 
vehicle and just before it is filled with fuel. This can be 
progmmmed into the processing LLDit so tliat when it is Fu-st 45 

activated it will store the tank weight for later calculations. 
Generally, tbe Wheatstone bridge is balaaccd with no load 

on the strain ele01ents. An alternate method is lo balance the 
bridge with the weight of the empty tank loading lhe load 
cell and therefore straining the st·rain gage elernems. This so 
results in t11e maximum accuracy and removes the require­
h1ent to subtract C>ut the weight of the empty lank in the 
weight citlc.'Ulations. In a s imilar vein. the entire system can 
be designed to operate using dyn~mic measurements ra1her 
than static measurements. or in addirion to static measure• 55 

ments, thus elimiuatiug the effect of residual stresses. 
The iuvenlion disclosed herein has been illustrated above 

be .UJodified. 
Before continuing with a description of other preferred 

embodiments of the foci gage of a.o invention herein. a 
suu1.01ary of I.be above dcvclopll.lcnts is in order. The injtial 
system which was considered wa~ somewhat similar to the 
one disclosed in the Gri lls et al. patent. 'L11is systcl)l was 
judged overly complicated for use in automobiles and it was 
found that similar accuracy could be acllieved by elim..irrnl-
illg 1l1e reforence mass and load cell aud by u·eating the three 
supporting lo::id cells iudepeL1dently ther-eby extracting more 
information from each load ccJI at tile expense of n more 
complicated electronic system i.Jwolvi.ng u rnicroprocessor 
and algorithm. Neverlhelcss, this was an important step. 
going from a system wltlcb would theoretically give an exact 
answer ro one which involved less hiu·dware but which 
would theoretically only give an approximate solutfon, 
albeit one which could be made as accurate as desired. Once 
it was decided that at\ approximate Method was foas ible, the 
next step was to further simplify tbc hardware by eliminat­
ing t'-VO more of the loud cells and substitute a for less 
expensive dual angle sensor o.r better to use an IMU that 
already existed on the vellicle. Once again, it was foirnd tl1at 
the i:tpproximme solution could be made as accurate as 
de~ired using the single load cell outpuc pins tl1c angle sensor 
outputs as data. 

171e next ster was to rcolize thut once the exact solutiot1 
had been abandoned. nrnny other trJnsducer types could be 
used as long as they give a conti11uous reading or some 
measure of the fi.1el i11 the tank as the trulk goes from fu ll lo 
empty. The natural choice w.is the conventional float system 
which. when coupled with the dual angle gage, or IMU, 

in conuection wilh embodiments using load ceU tnmsducers. 
Other types of transducers can also be used in conjunction 
with <1· derived algpritlun or relati~11u;hip providing certain 
advant.igcs and disadvantages over weighing systems. A key 
probleo1 wiLb weighing systems is that the tank must be free 
to lnove in the vertical direction. Curtet1t gas rank systems 
are frequently strnpped again.st lhe rn1derside o t' the auto· 
mobile, and ill fact for modem plastic tanks this represents 
an important part of tl1c gns lal\k supporting system. As Lhe­
tempcrarure changes within the ga$ t,mk. significalll pres-

6/J would provide a significant irnpmvcment over the current 
float system alone. Note tha t ifan TMU is used. it can he the 
sume !MU that is used in navigation aud safety systems thus 
simpli tyi11g the overnl I system and reducing its cost. In fact. 
such an IMU is already on a vellicle, its output m:iy already 

65 be on a vehicle bus and thus easily accessible by the fuel 
gage system. The lloat system suffers trom its inability to 
measure the fuel lcvc.l when the tank is either near empty or 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
167 

near foll since, because of its thickness in the vertical 
direc1io11, it will necessarily top out or bottom out 

The need to cousider other transducer types in place of 
weighing stems from the peculiarities of modem fuel tauks 
and their supporting systems. "n1ere is a movement toward 5 

plastic 1auks uot only because of their lighter weight and 
lower manufacturing costs but also because they are less 
likely to rupture in rear and side impacts, tbat is they are also 
saJer. Also, l'uel tanks are frequently exposed lo the c11vi­
rowuen1 tuidetneath the vel1icle where they can acctUunlale 1u 

llltHJ, ice and snow which affects the weight of the tank and 
(hus tl1e accuracy of the system, Finally, automobile opera­
tors are accustomed to thinking of foe! by volume while 
weighing systems 11.aruraUy measure weight. This naturally 
leads to additional errors unless the density of the foe! is also 15 

mc;isured which adds cost ;Jud complexity tl1 the system. ft1r 
the above reasons, the progression was lO take what was 
learned about appwxitnate methods and apply it 10 sys1e01s 
using other Ii.lei level measuring systems as discussed below. 

An alternate m.:l.hod to the use of a float for detem1ining 2(1 

the level of fuel in a gas tank uses the fac1 that 1he dielectric 
constant of gasoli.a.e is higher than air. Thus, if the space 
between 1wo plates of a capacitor is progressively fi.llcd as 
the level of gas in the lank rises, the ettpacitancc increases. 
One method of implementing this is illustrated in FIG. 84 25 

which is a peri:pectivc vie·w with portions cut away or an 
automobile li.iel 1ank 771 with a rod-in-tube cap,1citivc foci 
level measuring device 772 used in combination with pitch 
a11d roU angle measuring transducers or JMU 711 as 
described above in FIG. 83. ll1e dielectric constant of 3C1 

gasoline is about two 1U1d the capacitance for a typical rod 
and tube dcsig.o goc~ fi-001 about 60 pico fa.rads for an cn1pry 
tank ro 120 picofarads for a full tank. Capacitancl'S of this 
magnitude caiJ be measured usiog technologies familiar to 
those sk.illed in the art but ge11erally require thal the meD- 35 

suring circuitry 774 be adj.icent to the device since the 
capacitauce between the wires WOl! ld otherwise be sigJufi­
cant. All of iJ1e dectronics including the AOCs. ::ingle g,;.1g.: 
and processor are thus encapsulated iJ110 a single package 
774 an<l at1acl1ed to 1[)e tube 773. 40 

111e cap11citor is formed by the rod 779 and n1be 773 or 
FIG. 84A with the foe! partially filling the space in between. 
111 some app!ica1ions. the t11be 773 is acruruly fonued from 
two 111bes 773a and 773b which are electrically insulated 
from each other by spacer 776. Tube 773a is located at !be 45 

bonom of the tank where it is likely to be completely filled 
when the tank is filled. This portion is used to detennioe the 
dielectric constant or the gasoline and the combination of the 
two nibes 773a and 774b are used to deternuue the level of 
fuel. Tue processor remembers the dielectric coustalll" of the so 
fuel which was meast1Ied when the t::ulk was filled to a point 
that tube 773a was known 10 be full of gasoline. '11uu 
dielectric constant is tl1en used as the lank level falls below 
the interface 776 between tube 773a aud t11be 773b. 
AILhough the dielectric constant of most constituents of 55 

gasoline is about 1, the addition of alcohol or other additives 
to gasoline can have an efJect on the dielectric constant. One 

168 
An allernate method of using capacitance to measure the 

fi.te1 in the tank is sbowu in FIG. 85 whicl1 is a perspective 
view with portions cut away or an automobile foel tank 780 
with a parallel plate capacitive liJel level measuring device. 
where the plates are integral with the top and bottom of the 
foci tank. This system cau a lso be used in combinlllion witb 
pitch and roll angle measuring transducers or lMU 711 and 
associated eleclrnnic circuitry as in the preceding two 
examples. In tltis design. tl1e tank top 782 ,u1tl bottom 783 
arc partially metalized so th;it they forut 1]1e 1wo plates or au 
approximately parallel plate capacitor. If the 1allk is sym-
metrical with a constant distance between the top ,;111d 
bollom. the capacitance will not change as the a11gle of the 
vehicle changes and the angle gages would not be reqttired. 
All real tauks, however. have significmit asymmetries requir­
ing the use of tbe angle gages or IMV 711 as above. 

The system uf FIG. 85 bas oue additional emir source, 
illustrated schematicf1lly by the circuit diagram shown in 
FIG. 85A. wl1ich prevents its use in some vehicles. ·111c 
bottom plate 783 will also have a capacitance to the earth, 
shown as Cte, the earth will have a capacitance to the 
floor-pan of the automobile, shown as Cie, and the automo­
bile floor-pan will have a capncitance to the tank 1op plate 
782. shown as Ctf. These three capntit,111ces act in series lo 
shunt the capacitance between the tank plates 782 and 783 
with a total capacitance or (C'te*Cfo*Ctf)/(Cle*Cfe+ 
Cte*Ctf+Cfo*Ct{). This would not be a pmblem except that 
the cap~1cilances to the eruth will vary depending on vehicle 
ground clearance aud 1he conslituents of the earth below the 
vehicle. Tn some ctlSL'S, it is possible 10 mtasure one of the 
capacitances Lo the earU1 anti compensate for this effect , i.n 
otbcrs the effect is too large aud au,,thcr fuel gngc dcsigu is 
required. 

An alternate fuel level measuring system i, shown in r 10-. 
86 mid uses a transducer 786 which produces waves which 
fefla:t off of the foeJ/air surface 785 and are received by the 
same transducer 786 or. alternately by anotller receiver, 
Preferred waves are ultrasonic at a frequency above 100 
KHz, although :u1 infrared laser system can aJso be designed 
to accomplish the same task.AJthoug[) the system shown i1J 
f. lG. 86 uses only a single lransmittmg and receiving tTans-
ducer, multiple such transmitters can be 11sed in different 
parts of the tank This is a particularly advantageous system 
when the tank h~s a complex shape such as those now being 
devclopetl for variou$ automobile models. 

As efforts ai-e i11tei1sifying to make use of all available 
space within the automobile exterior envelope, foel tanks are 
being designed and built with very complex shapes. ll1e use 
of blow molded plastic tanks has made it easier to constrnct 
such complex shapes. In some cases, it is possible to place 
au additional float system within such a tank but only with 
great difficulty. ·n1e placement of multiple ultrasonic trans­
ducers, on the 0U1er hand, is relatively easy. 1f 1wo ~uch 
transducers are used than one of tbe aug,]e gages can be 
eliminated and if three such transducers are used. then 
neither the pitch or roll angle gages are req11ired (i.e., a 
minimum of three parameters must be known to accurately 
determine the volume of fuel in the tank-the three param­
eters being selected from 1J1c group consisting of the first, 

or more openings 777 are provided in the base of the tube 
773A in order 10 provide easy access for the fuel into and out 
oftl1e gage. 

1l1e system shown in FIG. 84 thus bas :ill of the advan­
tages or the lloat system of PIG. 83 with the additiorn1J 
ndva111ages of permitling measurement of the fuel level from 

6tJ second aod third transducers, the pitch angle gage a11d the 
roll angle gage). AJternately. with some loss of accuracy, two 
traosducers will still gjve increased accl1racy over current 
lloat-based systems, 

full to empty and wilb significantJy greater resolution resul t-
ing from the 110 moving pan capaci1ance measurement 65 

compared to the low resolution sliding contact rheostat of 
the flout system. 

ln the embodiment shown in FIG. 86A. ultrasonic trans­
ducers 797 and 798. botl1 of which both send and receive 
ultrasonic waV<-'S. an:: placud at clillcrent points on U1c bottom 
of the fuel tank 784. Ultrasonic waves from the tr.msduccr 
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are reflected off of tbe foe! surfoce 785 tlrns g-ivi1tg a 
mca:rnremeM of the height of fue1 above the transducers 797. 
798. Outputs from these 1r,msducers 798. 799 are fed into 
ADCs 800 and combined with ouLputs fro1n the pitcl1 and 
roll .utgle sensors or !MU. if present, are processed by s 
proce$sing unit 682 to output a signal representative or the 
volume of fuel in the tauk. Once again. processor 682 uses 
a derived relationship which may be a look-np t:ibJe, one or 
more mathematical formu lae. or a pattern recogni tion sys­
tem comprising a neural network. fuzzy logic or <)l}ter such 10 

system. 
So far, the disct1ssion usiog ultrasonic transducers has 

been limited lo the meast1rement of liquid level Ill a par­
ticular place in t'he fuel tank. The combination ofultraso11ic 
truosducers and oeural networks can also be used in a much 15 

170 
straps when tlte tank is assembled to the vehicle. TI1c system 
described here can also be used to determine tJ1e lank 
volume before fuel is introduced inlo the tru1k by analyzing 
111.e return echoes from tbe lank surfaces. Once again, tJ1e 
neural network would need first to be trained to do th1s 
fonction by taking data on iustallations with vllrying: 
amounts of mounting force. After that. the network Call 

determine the fuel capacity of the lank and thereby know the 
quantity of fuel i11 the tank based ou an a1Utlysis ofU1e rett1m 
echoes. 

One in\portant l'ea1t1re of neun1J network~ is tlrnt they con 
be trained on data from diverse sources. lf, for example, 
information can be provided as to the rate of fuel consump­
tion such as provided by knowing the RPM oJ the vehicle 
engine. then. it ~an be also used by the neural net,v<,rk in the 
pro.:;ess of detennining tile umonnt of fuel iJl the tank. Such 
information can be quj1e -important if coupled with infor­
mation as lo lhe last estimate m,1dc while the vehicle was at 

more powerful mam1er. W11en an ttltrasonic 1r.:insducer sends 
waves through the liyuid fuel. rcfla:tions occur from nol 
only the nearest St1rface but also from all Other surfaces 
which internet wi th the waves. Each wavelet on the surface 
of l11e fluid potentially can reflect waves back toward the 
transducer giving information as to the location of the 
surface. If the transducer is of the type which tmnsmits over 

?(1 resL Thus the history o f the fuel measurements can also be 
used by 1he neural nenvork 10 forther improve the c11.rrent 
estimate of fuel quantity. 

a wide angle, l11en reflections will be received from a 
significant portfon of the liquid surface. One such trans­
ducer. for example, operates at 40 kilohertz transmits with a 25 

3 db rolloff at about 60 degrees from the tr.rnsmit axis of the 
device. When this transducer is pkiccd at the bollom ol'the 
fuel tauk when the vehicle and foel is a t rest, the primary 
reflection will occur from the nearest surface and three such 
trnnsducers can accuratdy mensun:: the foel lcvel at all tb.rce 3C1 

posilions. From these three measurements, in conjum:lion 
with a neural network, tbcquautity of fuel in tlic tank cru.1 he 
readily dctetmined. Tfthe rue! is in motion. sloshing around 
within l11e tank, tbe pr(,blem is uot as simple. 'l11ese surface 
waves-. on the 01]1er hand, now reflect back toward the 35 
transducer and provide iofonnation as to where the surface 
is everywhere within the lank. 

Wl1cn mnltiple reflections occur. they are spaced in time 
according 10 the distance from the ref1ocring object or 
st1.rfocc wave and the transducer. Tlllls, if for example, the 40 
transducer sends 0111 four cycleS ofultrnsound, tho transmit-
ted cycles will reflect off of various surfaces, or wavelet's, 
with the reflecrio11s spaced in tirne. That is. the receiver will 
receive a return pulse which is many times longer lhao the 
transmit1ed pulse and which contains information as to the 45 

shape of the surface. If several such transduceis arc used and 
the received signals arc used to lnilu a ueurill network, the 
resulring alg.(1ri1l1m created by the neural network program 
will accmately represent I.he relationship between the 
reflected wave pattern and the quantity of fuel in the tank. so 

The process therefi.1re is as fo llows. for a particular tank 
and vehicle. a k11own nmo1m1 of fuel is placed into the tank 
rutd reflected wave pa11erns are collected from the vehide 
nuder various conditions from at rest to driving over a 
v,,ricty of road surfaces, curves, hills etc. 1l1en the quantity 55 
of fuel is changed and the process repeated. Alier data is 
collected from the entire range of drivi11g situations, in.elud-
ing al rest .it various angles. and fuel qua11tity, 1he data is fed 
into a neural network program which deJ-ives an algori1hm 
wuich accw'3tely relate~ the quantity of fuel to tJ1e echo 60 

patterns. The resulting algorithm is thco made apart or a 
system for vehicle instaUatk1n tb.oreby providing the quau-
tiry of fuel from tbe echo pat!cms of the rransducers as the 
vehicle is at rest or being operated. 

Modem plastic foe! timks l1ave a somewhat indetenuinate 65 

shape in lliat the in1emnl volume depends. among other 
tJt.ings. on I.he force applied to l11e lartk by tJ1e mounting 

TI1is sys1em can also solve the problem of occluded 
volumes. As long as the situarious are included in the data 
011 which the system is trained, it can be recognized later a.nd 
tl1ereby provide the correct li.1el volume based on the echo 
patterns. 

Oilier fuel gages us ing a capacitnr as tl1e measuring 
1ransdocer can now be designed by those skilled in the art 
and therefore thls invention is not' limited to those specllic 
designs illustrated and described above. lit addition. other 
level measuring transducers can also be used in conjunction 
with angle gages, or an 1 MU, and all algorithm developed by 
tl1ose skilled in the an and therefore tl1is invention is not 
limited to those Specific methods illustrated and described 
above. In particular, although not ill ustmted herein, level 
sensors based ou ultrosonic or electromagnetic principles 
could be used along with angle gages aod ao algorithm 
according to the teachings of this inventiou. 

Generally, when it is desirable 10 digitize diflerent analog 
sig.nals. different ADCs are used. An altemale method is to 
use fewer AOCs and a metlmd of either multiplexing. the 
signals for later separation or 10 switcb the AOCs from one 
analog input to another. 

A general SAW tempero111rc and pressure gage which can 
be wireless and powerless is shown generally at 788 located 
in a sidewall 79J ofa tluid container or reservoir 792 in PlG. 
87. A pressure sensor 789 is Jocared on the inside of the 
container or reservoir 792. where ii' measmes deflectiou of 
tl1e reservoir wall, 01· of a specially C:On$tnlcted diaphragm 
inserted into the sidewall 791 ot'tl1e rcsL,rvoir 792, and the 
fluid temperature sensor 790 on the outside. The temperat11re 
meas\1riug SAW 788 can be covered with an insulating 
nrnterial to avoid influence l'rom the ambient temperature 
outside of the contai11er 792. 

Disclosed above are multiple means for detenuining the 
amount of fuel in a Juel tauk. Using the SAW pressure 
devices of lhis invention. multiple pressure se.nsors can be 
placed at appropriate locations witl1io a fuel tank to 1ueasure 
the fluid pressure and thereby determine the quantity offoel 
remaining in 1J1e tauk. This is illustrated io rIG. 88. IJ1 tbis 
example. four S.A..W pressure trru1sdl!cers 794 are placed on 
the bottom of the fuel tank and one SAW pressure trnnsducer 
795 is placed at the top of 1he ti.lei tank to eliminate the 
etlccts of vapor pressure wi1l1in wok. 'Using ocuraJ network~. 
or other pattern recog,it.i1.ion techniques, the quamity of fuel 
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in the tank ca11 be accurotely detellllJned from pressure 
rt:udings from Lmnsdu..:ers 794, 795 in A nuumer similar that 
described above. 

The SAW measuring system illustrated in FIG. 88A 
combines teruperatme and pressure measuremems in a 5 

single uuir using parallel pmhs 796 and 797 in 1he same 
Jnannur as described obove. 

Finally, the Grills et al. aud Kitagawa et al. patent~ discuss 
the problem Qffuel sloshing in the tank and disclose variOU8 10 
averaging times and tecbuiques for eLim.it1atiJ1g slosl1iog aJ1d 
oti1er Lransient ef!ects. Similar methods can be used in the 
inven.til)U rusclosed herein for $imilar purposes ,111d are 
included i.11 the scope of this inve111fon. 

172 
panicular type of radiation-receiving receiver for use in the 
inve11tion is a receiver capable of receiving electromagnetic 
waves. 

When ultrasonic energy is used. 1rnnsducer 345 can be 
used as a transmitter and transducers 344.346 as receivers. 
Naturally, Qtbercombinatjons can be used such as where al l 
lransducers are lronsceivers (transmitters and receivers). For 
example. transducer 34.5 can be construc.ted to transmit 
uJtmsonic energy toward the front passenger seal, which is 
modified, in this case by the occupying item of the pctsseoger 
seat, i.e .. the rear-facing child seal 342, and the modified 
waves are received by the transd11cers 344 and 346, for 
example. A more common arrangement is where transducers 
344. 345 a11d 346 are all tmnsceivers. Modification of the 

1.6 Occupant Sensing 

Occupant or object prcseuce and pus1tiou sensing is 
another field in wwch SAW and/or RFID technology can be 
applied and the invencions herein encomp,1sses several 
embodiments of SAW and RFllJ occupam or object pres­
ence and/or positio11 sensors. 

15 ulu·asonic energy nwy co11stitute reflection of the ultrasonic 
energy as I.ht' ultrasonic energy is rellected ba(;k by the 
occupying item of tl1e seal. The waves received by traos­
duceri; 344 and 346 v:iry with time depending on the shape 
of the object occupying the possenger seat. in this case, the 

Many sensing systems are available to identify and locate 
occupants or other objects in a passenger compartment of 
tbe veb.icle. Such sensors include ultrasouic sensors, cb.em.i­
cal sensors (e.g., ecu·bon d.ioxide). cameras anc.J other optical 
sensors. mdar systems, heat and other infrared sensors. 
capacitance, mag11etic or o ther field change sensors. etc. 
Most of these sensors require power to operate and return 
infom1ation 10 a ceni ra l processor fur analysis. An uhrasonic 
sensor. for exampk, may be J.Ilounted in or 11c.'lc the headliner 
Qf the vehicle aJ1d periodically ii Lransmils o burst ~)f 
ulcrasonic waves aud receives reflection.~ of these waves 
from occupyiug items of the passenger seat. Current systems 

2 (1 rear-facing child seat 342. Each object will reflect back 
waves liaving a dilferent patreru. Also, the pattem of waves 
received by transducer 344 will difler from the pattern 
received by transducer 346 in view of its different mow1ting 
locatiou. llus differei1ce generally pertnits tl1e d.etennination 

25 of the locution of !be reflecting surface (i.e .. tb.e rear-facing 
child seat 342) through triangulation, Through tbe use of two 
transducers 344.346. a sort of stereographic image 1s 
received by the rwo transducers and recorded for analysis by 
processor 340. which is coupled to the transducers 344,345, 

3c, 346. ·n1is imagc will diflcr for each object that is placed on 
the vehicle ~eat and it will also change for each posil'ion of 
a p1U·1icttlar object aud fot each position of the vehicle scat. 
Elements 344,345.346, although de.scribed as transducers, 

on the market are controlled by elect ronic$ in a dedit.<1ted 
ncu. 35 

FIG. 89 is a side view, with parls cutaway and removed 
of a vehicle showing the passenger compartmeul containing 
a rear-facing child seat 342 on a front passenger scat 343 aad 
oue motmting location for a ftrst embocti1nen1 of a vehicle 

40 
interior 1110J1ito1ing system in accordance wi1l1 the invention. 
The interior mo11itoring system is capable of detecting the 
presence of an object. deLermiuing the type of object, 
detem1i11.ing the loc::ition of the obj~t, aad/or decenuinrng 
auo1ber property or characteristic of the object.A property of 

45 
the object could be the presence or orienuition of a child seat. 
tbc velocity ofan adult aud tbc like. For example, tbe vehicle 
interior monitoring sysi-em can determine U1at aJJ ob,iect is 
preseu1 ou t11e seal. lbat the object is a child seat and that the 
child seal is rear-facing. ·111e vehicle interior monicoring 50 
system cottld al~o detennine that the object is ru.1 adull, that 
be is drnnk and that he is out-of-position relative to the 
a.irbag. 

ln this embodiment. six transducers 344, 345. 346, 347. 
348 and 349 are used, although any number of transducers 55 
may be used. Each tra11sduce1· 344, 345, 346, 347. 348, 349 
may comprise only a transmitter which transmits energy. 
w.wes or radiation, only a R•ceiver which receives energy, 
waves or radiation, botl1 a transmi1ter and a receiver capable 
of lrtrnsmitting and receiving energy. waves or radiation, a11 6u 
electric field sensor, a capacitive scnscir, or a self-tuning 
antenn.i-bascd sen$or, weight sensor, chen)ical sensor, 
motion sensor or vibration sensor. for example. 

Such transducers or receivers 344- 349 may be of the type 
which emit or receive a contint1ous signal, a time varying 65 

signal (such as a capacitor or electric field se11sor) or a 
spatial varying signal such as in a scanning system. One 

are represen1.a1ive of any type of compc,uent used in a 
wave-based analysis technique. 

For ultrasonic systems. the "image•· recorded from each 
ultraso11ic transducer/receiver. i.s ac11ially a time series of 
digitized dala of the amplitnde of the received s ignal versus 
time. Since there are two receivers, two ti.me series are 
obtoined wbicb are processed by the processor 340. The 
processor 340 may include electTonic circuitry and associ-
ated. embedded software. Processor 340 co11sti.1utes one 
fonu of a generating system iu accordance with the i.llven-
1ion which get:1era1es information abounbe occupancy oft.he 
passenger comparuneut based ou 1he wave$ received by the 
transducers 344,345,346. 

When differe.ot objects are placed on the front passenger 
seat. l11e two i111nges from transducers J44,346, for example, 
are diilerenl but there are also similarities between all 
images of rear-facing child seats, for example. regardless of 
where on the vehicle seat they are placed and regardless of 
what company manufactured the child seal. Alternately. 
there wi ll be similarities between all images of people sitting 
on lhe seat regard.Jess ofwl1at tbey are wearing. tl1eir age or 
si:r.e. 111e probfom is to find the "rules" which di lferenli::tte 
the images of one type of ob,iect from the inrnges of other 
types of objects. e.g., which differentiate tl1e occupant 
images from the re.ar-facing child seat images. The similari­
ties ofthesc images for various chi Id scats are frequently not 
obvious 10 a person looking at plots of lhe time series and 
tlrns computer algorithms arc developed to sort our the 
various patterns. For a more detailed ctisc1.1ssion of pa1tem 
recognition, sec U.S. Pat. No. 05.943,295 to Varga el al. 

The determination of these mies is importarll to the 
paltern recogni tion techniques used in this invention. In 
genera1. tlm>e approaches have been usef'u.l. artificial i11tel­
ligence. fuzzy logic and artificial neural networks (including 
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cellular and modular or combination neural networks and 
suppo11 vector machint:s) (although tidditionaJ types of pat­
tern recognition techniques may also be used. such as sensor 
fusion). Iu some embodiments of this inventio~ such as the 
detcm1ination that there is au object in the path ora closing 
window as described belmv, the rules arc sufficiently obvi­
ous that a trnined researcher can sometimes look at the 
returned signals and devise all algoritlun to make the 
required determinations. Jo others. such as U1e detennimition 
or tbe presence of a rear-facing child seat or of an occupaol, 
ar1ificial neural networks are used to deter111.LJ1e the rules. 
One such set of neural network software for determining the 
pattern recognition rnlcs is available from the lntcrnmional 
Scientific Research. Inc. of Panama City, Panama and Kyiv, 
Ukrai11e. 

111e system used in a preferred implementation of inven­
tions herein for the detenuination of the presencc of a 
rear-facing child seal. ot' an occupant or o-f an empty seat is 
the artificial neural network. [n this case, the network 
operates 011 the two returned signals as sensed by transduc­
e.rs 344 and 346, for exnmple. 111.rough a training session. the 
system is taught to dilTeremiate between the three cases. 
This is done by conducting a large m1mber of experiments 
where all possible cbild seats are placed in all possible 
Qnentatioos oo the f.ront passenger scat. Similarly, a suBi­
cieutly large nllmber of experiments are nu1 with human 
occupants and with boxes. bags of groceries and other 
objects (bt1tl1 imrnimate and animate). Somclirncs, as many 

174 
various degrees depending 011 the frequency of tlle electro­
magnetic waves. All such occupaut sensors are focltrded 
hereill. 

In the embodimem wherein electromagnetic energy is 
5 used, it is to he appreciated that any portion of the electro­

magnetic signal;; that impinges upon, sun-ounds or involves 
a body portion of the occupant is at least partiaJly absorbed 
by the body pottion. Sometimes. this is due to the fact that 
the human body is composed primarily of water, im<l that 

10 electromaguetic e.tieJ-gy of certain frequencies is :readily 
absorbed by water. TI.1e amoum of electromagnetic signal 
absorption is related to the frequency of tbe signal, and size 
or bulk of the body portion that the signal impinge$ upon. 
For example, a torso of a human body tends lo absorb a 

15 greater percentage of electromagoetic energy than a hand of 
a human body. 

Thus. when elt.-clrumagnetic waves or energy signals are 
transmitted by a 1.J'ausmi11er. the rel1mung waves received by 
a receiver provide an indication of the absorption or the 

20 electromagnetic energy, That is, absorption of electromag.-
11etic energy will vary depending on the presence or absence 
of a human occupant. the occupant"s size. bulk, surface 
rc11ccrivity. etc. depending on the frequency, so that different 
sig.nals will be received relating to the degn,-e or extent of 

'.!5 absorption by the occupyiug item on the sear. The receiver 
will produce a sign!.! I represeotati ve or the returned waves or 
energy signals whtch will thus constitute an absorption 
sig.r:wl as it corresponds to Lhe absorption oJ electromagnetic 

,'IS 1,000.000 such experiments are run before the neural ,c, 
network is sufficiently trained so thi:tl it c.10 dili'creutiate 
a1Uong. the three cases nod output the correct decision with 

energy by the occupying item in the seat. 
One or more of the transducers 344,345.346 cau also be 

image-receiving devices, such as cameras. which take 
imagc3 of the interior oflbc passc!lgcr coinpart1ncot. These 
images can he transminod to a remote facility to monitor the 
passenger compaJ1ment or can be stored in a memory device 

a very high probahility. Ot'course, it must be realized that a 
neural network cau also be trained to differentiate among 
addi rional cases. e.g., a forward-facing child seal. 

Once Lhe network is detelllliued, it is possible to examine 
the result using tools supplied lntemational Sci en ti 11c 
Research, for exampk. to detcnnine Lhe mle-, that were 
fioally arrived al' by the trial aud error teclmiques. lo that 
case, the ntles caJ1 tben be programmed into a microproces­
sor resulting in a fuzzy logic or other mle-based system. 
Alternately. a neural computer, ox cellular neural oetwork, 
can be used to implement tl1e net directly. ]n either case. the 
implementu1io11 can be carried out by tJ1ose skillt:d in the art 
ol' pattern rccognilio11. Lf a microprocessor is use<l. a 
memory device is also l'eql.lired to store the data from tl1e 
am1Iog-to-digital converters that digitize tbc da ta from the 
receiving transducers, On tbe o the r bond. ifa neural network 
computer is used the aualog signal can be feel dii-ectly from 
the transducers to the neural network inpm nodes and au 
intermediate memory i~ not required. Memory of some type 
is needed ro store the computer programs in the case of the 
microprocessor system and if the neural computeris used for 
more than one task.. a memol)' is needt.-d to sh.>re the network 
specific values associated with each task. 

Electromagnetic energy-based occupant sensors exist Lhat 
use various ponions of the electromagnetic specrnun.. A 
system based on the ultraviolet. visible or infrared portions 
of the spectrw11 generally operate with a transmitter ,md a 
receiver of reflected r::idiatioo. 171e receiver may be a cam­
era. focal plane array, or a photo detector such as a pio or 
avalanche diode ns described iu detail iJJ above-referenced 
patents and patent applications. At other frequencies. the 
absorption of the electromagnetic energy is primarily and at 
still other frequencies, tbe capacitance or electric field 
inl1ueo.cing effeclS arc u:;cd. Gent·rally. the human body will 
reflect. scatter, absorb or transmit electromagnetic energy in 

35 for use in the event of an accident, i.e .. to detennine the 
status oJ the occupants of (he vehicle prior to the accident. 
[n tlus manner. ii can be nscertained whether the driver was 
falling, asleep. tdlking m1 the phone. etc. 

To aid in the detection of the presence or child seats as 
40 well as their orientation, a device J4 l can be pl.iced 011 the 

child seat 111 some convenient location where its pre~ence 
can be sensed by a vehicle-mounted sensor that can be in the 
seat, dnsllboarcl headliner or any other conveuient location 
depending on tt1e system design. The device 341 can be a 

45 rc11cctor, resonatoi·. llFID tag, SAW device, or any other tag 
or similar device that permits easy dctectio11 of its presence 
and perhaps its locmioa or proximity. Such a device can also 
be placed on any other component in the vehicle ro indicate 
the presence, location or identity of lbe component. Por 

so example, a vehicJe may have a changeable compouem where 
the properties of that component are used by a11011ler system 
witl1in the vehjcle an<l thus the identification oftbe particular 
object is needed so that the proper properties are used by tile 
other system . .'\11 occupont monitoring system (e.g, ultm-

55 sonic, optical, ,Metric field, etc.) may perfom1 dilfarently 
depcndiL1g on whether the seat is made from doth or leather 
or a weight sensor may depend on the properties of a 
particular seat to provide 1he proper occupant weight. Thus, 
incorpor,nion or an RFID. SAW, barcotle or other tag or 

60 mark 011 any object tha t ca11 be inlettog:ired by an interro­
gator is contemplated herein. 

A memory device for storing Lhe images of U1e passenger 
compartment. and also for receiving and storing any of the 
other information, parameters and variables relating to the 

65 vehicle or occupancy of the vehicle. may be in the form a 
standardiwd ·'black box" (inste:.id of or in addition to a 
memory part in a processor 340). The IEEE Standards 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
175 176 

varying currents then it produces a quasistatic electric field 
in the space betwee1'1/near the plates or tbe capacitor. 

Association is curreJ1tly beginning to develop an interun­
t io1ml standard for motor vehicle event data recorders. Tbe 
iuformation stored iu the black box and/or memory uu.i t in 
the processor 340. can include the images of, or other 
information related ro. the interior of the passenger com­
partment as well as rhe number of occupants and the health 
stat~ of the uccupants. ]1,e black box would preferably be 
tamper-proof and crash-proof and em1ble retrieval of the 
i11formation after a crash. Tue 11se of' wave-type sensors as 

Ki thil declares that his capacitance sensor uses a s1atic 
elect1ic field. Thus, from the consideration above, one can 

s conclude U1at KiU1ll's sensor cannot be treated as a wave 

the transducers 344,345,346 as well as electric field sensors 10 

is discassed above. Electric field sensors and wave se115ors 

sensor because there are no actual electromagpetic waves 
but only a static electric field of the capacitor iu the sensor 
system. However, this is not believed to be the case. The 
K.ithil system could not opemtc wi1l1 a true static electric 
field because a steady system does not cany any informa­
tioa. 1l1ere:fore. Kithil is forced to use an oscilJaior. causing 
au alternate current in the capacitor and a reactive quasi­
static electric field in the spacl!" between the capacitor plates, 
and a detector to reveal an in.formative change of the sensor 

are esseutfaliy the same from the point of view of sensing the 
presence of an occupant in a vehicle. fa both cases. a 
t ime-varying electric field is disturbed or nmdified by the 
presence oflhe occupant. At high frequencies u1 the vi$1ml. 
infrared and high frequency radio wave r~gion. the sensor is 
based on its capability to sense change of wave character­
istics of tho electromagnetic field. such as amJ')lih1de, phase 
or freq11eney. As i-be frequency drops, other characteristics of 
the field are measured. At still lower frequencies, the occu­
pant's dielectric propenics modify parameters of the reac­
tive electric field in the occupied space between/near the 
plates of a capacitor. lu this latter case, ll1e sensor senses the 
cbm1ge in charge distribution on the capacitor plates by 
measuri11g. for example, the current wave magnit,1de or 
phase in the electric circuit that drives the ciipacitor. These 
measured parameters are directly collllected with parameters 

15 capacitance caused by the presence of a11 occupant (see FlG. 
7 and its description in the '734 patent). In this case. the 
system becomes a .. wave sensor" in the sei1sc !hut it slarts 
generating acnial time-varying electric field that certainly 
originates electromagnetic waves according to the definition 

20 above. That is. Kithil's sensor can be Lreated as a wave 
sensor regardless of the shape of the electric field thar it 
creates a beam or a spread sbape. 

As follows fn)m the K.ilhil patent, the capacitor sensor is 
likely a parametric sysren1 where tl1e capacitance of the 

25 sensor is co□trolled by the influc□ce of the passenger body. 
This influence is tr,rn.sforretl by means of the near electro­
magnetic lield (i .e .. ll1c wave-like process) coupling the 
capacitor electrodes and the body. It is important 10 note that 
1be same ittlluence takes place with a real static electric field 

, c, also, that is iu absence of any wave phenomenon. "ll1is 
would be a situation if there were no oscillator in Kithil's 

of the displacement current in the occupied space. In all 
cases, the presence of the occupant relkcts. absorbs or 
modifies the waves or variations in th.e electric field in the 
space occupied by lbe l,ccupant. Thus. for the purposes 1.1f 
this invention. capacit.mce, electric: field or clectromagnet-ic 
wave sensors are equjvalent and although they are al.I 
technically ''field'' sensors they can be co11Sidered as "wave" 35 
sensors herein. Wliat fol lows is a discussion comparing the 
similarities and diCTcrences between two types or field or 
w<1ve sensors. electromag11etic wave sensors and capacitive 
scusors as exemplified by Kith.il in U.S. Pat. No. 05,602,734 
(see a lso U.S. Pal. Nos. 06,275,146, 06,014,602, 05,844. 

40 
486, 05,802,479. 05,691.693 .:ind 05.366.241 ). 

Au electromagnetic field disrurbed or emined by a pas­
senger in the case of an electromagnetic wave sensor. for 
example, and Lhe electric fidd sensor of Kithil, for example. 
arc in many ways similar and equivalent for the purposes of 45 
this invention. 1be electromagnetic wave se1m)r is an actual 
clectrom.iguetk w<1vc sensor by definltion because it senses 
parameters of a wave. which is a coupled pair of continu­
ously cbangiug electric a11d magnetic fields. TI1e electric 
field here is not a static, potential one. lt is essentially a 50 
dynamic, rotational electric field c~rnpled with a changing 
magnetic one. that is. an electromagnetic wave. It cannot he 
produced by a steady distribution of electric charges. Ir is 
initially produced by movi11g electric cliarges iu a transmit-
ter. even if this lransmiller ts a passenger body for the case 55 
of a passive infrared se11sor. 

~ystc1u. Howcwr. ~uch a systcru is not work11blc 11J1d thus 
Kithil reverts to a dynamic system using time-varying 
electric fields. 

Tirns. although Ki1bil declares the coupling is dtte to a 
static electric field, such a situatfon is no1 realized in hls 
system because an alternating electrom!\gl)elic field (''quasi­
wave") exists in the system due to the oscillator. Thus. the 
sensor is actual ly a wave sensor, tlrnl is. it is se□sitive lo a 
chaugc of a wave field in the vebicle co11Jpartmen1. ]l1is 
change is measured by measuring the change of its capaci-
tance. The capacitance of the sensor system is determined by 
1be configuratio11 of its electrodes, oue of wbicb is a htuuru1 
body. that is, the passenger .inside of and the part which 
controls the electrode con figural ion and hence a sensor 
parameter. the capacitauce. 

Tbe physics definition of"wave·• from Webster's Ency-
clopedic Unabridged Dictionary is: ''l L Physics . A pro­
gressive disturbance propagated from point to point in a 
medium or space without progress or advance of the points 
themselves, ... '', In a capacitor, the time that it takes for the 
dismrbatJce (a change in voltage) to pmpagate through 
space, the dielt'l:lric and lo U1e opposite plate is gc.nemlly 
small ::md neglected but it is not zero. As U1e frequency 
driving the capacicor increases .incl rhc distance separating 
the plates increases, this transmissiort time as a percentage 
of the period of oscillation can become significant. Never-
1heless. au observer between the plates will see the rise and 
fall or the electric field much like o persotJ standing in the 

ln the Kirhil sensor, a static electric field is declared as an 
initial material agent cm1pliug .i passenger and a sensor (see 
Column 5, lines 5- 7 ): "'The proximity sensor 12 each 
function by creating an electrnstatic fidd between l)Scillator 
input loop 54 aod detector output loop 56, wbich is a lfcctcd 
by presence of a persou near by, as a res~1ll of capacitive 
coupling, ... ''. It is a poreurial. non-rotational electric field. 
It is n.oi- necessarily coupled with any magnetic field. It is the 
electric field of a capacitor. It can be produced with a steady 
distribution of elL>ctric charges. ·11lus. it is not au electro­
magnetic wave by definition but if the sensor is drive□ by a 

6<J water of an o~an in tbe presence of water waves. The 
prcsc-nce or u dielectric body betwc-cn the plates c,1uscs the 
waves 10 get bigger as more electroDs flow to and from Ille 
p lates or the capacitor. Tims, an occupant affects the mag­
nitude of tl1ese waves which is sensed by the capacitor 

65 circuit The electromagnetic field is a material agent that 
carries iDfonnation about a passenger's position in both 
)(jthil's and a beam-type electromagnetic wnvc sensor. 
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C'onsiclering now a general occtJpant sensOJ and its con­
nection lo the rest of the system, ,m alternate method as 
taught herein is to use au i111errogator to send 11 signal to the 
heac!Liner-mouoted ultrasonic sensor, for example. causing 
that sensor to transmit m1d receive ultrasonic waves. 171e 5 

sensor in this case could perfonn mathematical operations 
on the received wnves and create n vector of data containing 
perhaps twenty to forty values and transmit that vector 
wirelessly lo tbe ioterrogator. By means of this system. the 
ultrasooic sensor need ooJy be coo11ectcd to the vehicle ,o 
power system and the information can be n-ausfcrred to and 
from the sensor wirelessly (either by electromagnetic or 
ultrasonic waves or equivalent). Such a system significm1tly 
reduces tl1e wiring complexi ty especially when tl1ere may be 
multiple such sensors distributed in the passenger compart- 15 

men!. Then, only a power wire na'<is to be attached to the 
se11sor and tbcrc does oot need 10 be any direct connection 
betwee11 the seusor and the control module. 111e same 
philosophy appl ies to radar-based sensors, electromagnetic 
sensors of all kinds including camer<1s, capacitive or other ?(i 

electromagnetic Held change sensitive sensors etc. In some 
cases, the sensor itself can operate on power suppLied by the 
interrogator through rJdio frequency transmission. In this 
case, even the collJlectioo lo the power line can be omlttecl. 
This principle can be extended to the large number or 15 

sensors and acniators thac arc currently iu the vehicle where 
the only wires thnt arc needed are those to supply power to 

178 
Each year, a number of children and animals are killed 

when they are locked into a vehicle tm,ik. Since cltildre1i and 
auimals emit sip,nificm1t amounts of carbon dioxide, a car­
bon dioxide sensor connected to tl1e veh.icle system wi1~ 
Jcssly and powerlessly provides an economic way of detect­
ing the presence of a life fonn in the trunk. lfa life fom1 is 
detected. then a control-system can release a tnuik lock 
thereby opening the trunk. Alarms can also be sounded or 
r1ctivated when a life form is detected i.n the trunk. An 
iufrru·cd t1r other sensor can perform a sim.ila.r fimction. 

FIG. 90 illustrates a SAW strain gage as described above, 
where th!i.' tension in the seal belt 350 can be measured 
without the reqttircment of pow·er or signal w,ircs. FIG. 90 
ilh1stratcs a powerless aud wireless passive SAW strain 
gage-based device- 357 for this purpose. There are many 
other places thot such a device c::tn be mounted to measure 
the tension in the seatbelt at 1Jne pface or at multiple places, 
Addi tio11al.ly, a SAW-based accelerometer can be located on 
1J1e seatbelt adjacent the chest of an occup.int as a prefen-cd 
moasure of lhe stress placed on the occupant by tl1c seatbelt 
permitting that , tress to be oontmlled. 

1n FJG. 91. a boll 360 is used to attach a vehicle seat to 
a support stn1ct11re such as a slide mechanism as illustrated 
in FIGS. 21 and 22. among others, in U.S, Pat No. 06,242, 
701. The bolt 360 is attached 10 the seat or seat stmcrnrc (not 
shown) by inserting threaded section 361 contai11iog threads 

the sensors and actuators and tbe infomiation is supplied 
wirclcssly. 

Such wireless powerless sensors can also be used, for 
example. as close proximity sensors based oo measurement 
ol'thcnual r.idiation from an occupant. Such se.nsors can be 
mounted on auy of the surfaces in the passenger com part• 
mcnt, includi11g the seats. which are likely to receive such 
radia6on. 

J62 and then attaching a nut (not shown) to secure the bolt 
360 lo U1e seal or seat structure. Similarly. tl1e lower sectinn 
of the bolt 360 is secured to the slide mech.anism (not 

30 shown) by .lower boll portion 363 by me<1us of a nut (not 
shown) engaging threads 364. rour such bolls 360 are 
typically used to attnch tile seat to rhe vehicle. 

35 

A significant numberol' people arc suObcated each year in 
::n1tomobiJes due 10 excessive bent. carbou dioxide. carbon 
moooxidc. or other daugcrous fomcs. The SAW sensor 
technology is particularly applicable to solving Qiese kiods 40 
of problems. Tbe temperature measurement capabilities of 
SAW transducers have been discussed above. If Ille surface 
of a SAW device is covered with a mate1inl which captures 
carbon dioxide, for example, such that the mass. elastic 
eonsraots or other propcny of surface coating changes, tbe 45 
cl1aracteris1Jcs of the surfoce acoustic waves can be modified 
as described in detai l io U.S. Pat. No. 04.637.987 and 
e lsewhere hosed on the carbon dioxide content or the air. 
Once again. an interrogator can sense the coodilfon of these 
chemical-sensing se115ors withouL the need to supply power. 50 
The interrogator can therefore communicate with the sensors 
wlrclcssly. Jr power is supplied then this c:Omnnmication ca,i 
he through the wires. Jf a concentra tion of c.arb011 monoxide 

As the weight in the seat iucreases. the load is transferred 
to the vcl1icle floor by means or stresses in bolts 360. The 
stress in tbc bolt section 365 is not aAect by stresses in the 
boll sections 361 and 363 caused by thl! engagement of the 
mns that anach the bolts 360 to the seat and vehicle 
respectively, 

lbe siljcon strain gage :166 is attached, structured ,md 
arranged io measure the strain in bolt section 365 caused by 
loading from the- seat and its contents. Si.Licon strain gage 
366 is selccled for its high gage factor and low power 
requirements rdntive to othl!r strJin gage technologies. 
Associated electronics 367 are typically incorporated into a 
single chip and may contain connections/couplings for 
wires, not shown, or radio frequeucy circuits and an antenna 
for racLio frequency transfer of power and signals from the 
strain gage 366 to au interrogator mounted on the vehicle. 
not shown. ln this manner. the in1e1Tog_ator suppl ies power 
and receives the instantaneous strain value that is measured 
by the strain gage 366, 

Although a single strain element 366 bas boon illustrated, 
tbe bl)lt 360 m~y contain I, 2, or eveu as many as 4 such 
strain gage assemblies on various sides of bolt section 365. 
Other stain gage technologies can also be used. 

A.nother example ofa snid which is threaded on both ends 
and which c.an be used to measure the weight of an occupant 
seat is illustrated in FIGS. 92A~92D. The operation of lhis 

is sensed. for example, an alarm c-.in be sounded, the 
windows opened, aud/or the engiue cxtingllfshecl. Similarly, 55 
if the temperarure within Ille passenger compartment 
exceeds a certain level, the windows can be automatically 
opened a little to permit an exchange of air reducing the 
inside tempcrnttt.rc and thereby perhaps savin.g Ilic life or an 
i11fant or pe1 lefl in the vehicle unattended. 60 device is disclosed in U.S. Pat. No. 06,653.577 wherein the 

center section of stud 371 is solid. It bas been discovered that 
seusi tivity ,1f tl.ie device can he sig11.ificm1tly irnproved if a 
slorted member is used as described i11 U.S. Pat. No. 
05,539.236. FJG, 92A illustrates a SAW strain gage 372 

lo a similar maoucr. the coaling or t·he ~urface wave 
device c;cin contaiu a chemical which is responsive to the 
presence of alcohol. ln this case, the vehicle can be pre­
vented from 011erating when tbe concentration of alcohol 
vapors in the vehicle exceeds some predetertnined limit. 
Such a device can advantogeously be mounted ill the head­
Ii n.cr above the driver's seal. 

65 mounted on a substrate and attached ro span a slot 374 iu a 
ceuk·r section 375 of the stud 371. This technique can be 
used with nny 0U1er Mrain-mcusuring device. 
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FIG. 928 1s a side view of the device of FlG, 92A. 
FlG. 92C illustrates use of a single hole 376 drilled 

otf-center in the center section 375 of the st11d 371. The 
single hole .376 also serves 10 magnify tile strain as sensed 
hy the straill gage 372. It has the advantage in that strain s 
gage 372 does not need to span ,rn open spooe. The ru11otu1t 
of magr1ification obtained from this design. however. is 
sig.nificautly less than obtained wit-h the design of FIG. 92A. 

To improve the sensitivity of 1hc device s.hown in FlG. 
92C. multiple smaller holes 377 can be used as illustrated in 10 
FIG. 92D. FJG. 92E in an alternate con.figurarion showing 
\hree of four gages 372 for determining the bending 
moments as well as the nxiaJ stress in the support member. 

In operatio11, lhe SAW strain gage 372 receives radio 
frequency waves from an interrogator 378 and returns 15 

eleetromagnetic waves via a respective ai1tcnna 373 which 
are delayed basi:d uo tlie strain sens,xl by strain gagi: 372. 

Occupant weight sensors can give erroneous results iftbe 
seatbelt is pulled tight pushing the occupant into the seat. 
This is particularly a problem when the seatbelt is not 20 

anached lo the seal. For such cases. it has been. proposed to 
measure the tension in various parts oft.be seatbeh. Con­
vcnt.ional teclrnology requires that such devices be hard­
wired into the vehicle complicating the wire harness. 

Other components of tJ1e vehicle can also be wirelessly 25 

coupled to the processor or central control module for the 
purposes of data transmission and/or power 1ransmission. A 
discussion of some components foJJows. 

Seat Syslelll$ 
In more enhnucec-<l applications. it is envisioned that Clltn· 3C1 

poncnts of tJ1e seat will be integrated into the power tmos­
m.ission and comum,ucmioo i,ystc01. lo maoy luxury cars. 
the seal subsystem is becoming very complic~1ted. Seat 
manufacture.rs state that almost all warranty repairs are 
associated with the wiring and coJU\ectors associated wirh 35 

the seat. The reliability of seat systems c.an therefore be 
substantially improved and tile incidence of failures or 
wam1nty repnirs drnsticnlly reduced if tbe wires and COLl­

occtors can be eliminated from the seat subsystem. 
Today. there are switches located on the seat or i;it other 40 

locations in the vehicle for controlling the forward and 
backward motions. up and down motions, and rotation of the 
seat and sem back. TI1ese switches are connected to the 
appropriate motors by wfres. Addi tionally. many sems now 
contain un airbag that must communicflle with a sensor 45 

located, for example. iu the vebide, B-pillar, $ill or door. 
Many occupant presence sensors and weight seming sys­
tems are also appearing on vehicle seats. Finally, some seats 
contain be,1ters ru.1d cooling elerueots. vibrators, aud other 
comfort and convenience devices that requfre wires and so 
switches. 

As an e)(amplc. let us now look at weight sensing. Under 
tJ.1e teachings of an invention disclosed hereiJ:t_ silicon strain 
g;ige weight· sensors cau be placed on the bolts tha t secure 
each seal to tbe slide mechanism as shown in FIG. 91 . TI1ese 55 

strai11 gage subsystems can contain sufiicieut electronics -aud 
inductive picb.-up coils so as to receive their operational 
energy from a pair ofwfres appropriately placed beneath the 
seats. The seat weight measurements can Oien be superim­
posed on the power fi-equency llr transmitted wirelessly 6<J 

using RF or otber coovenient wireless technology. Other 
weight sensiog techJ1ologies such as bladders and pte$sttre 
sensors or two-dimensional resistive deflection sensing mats 
can also be handled in a similar manner. 

Other methods of seat weight sensing include measuring 65 

the deflection of a part of the seat or tJ1c deflection of the 
bolts that connect the scat to the seal slide. For example, the 

180 
strain in a bolt can be readily detennined using. for example, 
SAW, wire or silicon straiu gages. optical fiber strain gages, 
time of flight or pbaseof ultrasonic waves traveling through 
the strained bolt. or the capacitive change of two appiupri­
ately position capacitor plates. 

Using the loosely coupled inductive system described 
above, power in excess of a kilowatl can be readily trans­
ferred to operate sea1 position motors without the use of 
dir{'Clly connected wires. 111e switches can also be coupled 
into the inductive system without any direct wire couoec­
tions and the s,vitches, which now can be placed ou the door 
am1rcst or on the seat as desired, can provide the infommtion 
to control the seat motors. Addi tionally, ~incc microproces­
sors will now be present on every motor and switch. the 
classical problem of the four-way sear system to control 
three degrees of freedom can be easily solved. 

In current four-way scat systems. when an auen1pt is 
made to vertical1y rnise the se.at. rhe seat also rotates. 
Similarly, when an at1ernpt is made to rotate the seat. it also 
invariably moves either up or down, This is because there 
are four switches to control three degrees of freedom and 
thus there is an infinite combination oJ switch senings for 
each seal position setting. Th.is problem cai1 be easily solved 
with an algoritl.uu thm trnnslates the switch settingo IQ the 
proper motor positions. Thus only lhrec switches UJe necd.ed. 

·111e positions of the seal. seatback and headrest. can also 
be readi ly monitored without having direct wire coJ1nections 
tu lhe vehicle. This can be done in numemus ways beginning 
witJ1 the encoder system that is currently in use and ending 
with simple RFID radar reflective tags that can be interro­
gated by II remote RFID tag reader. Based 011 the time of 
□ig.l:11 ul'RF wavt:s. the positions or all of I.he dL-sired surfact:~ 
of tl1e seat can be instantly determined wirelessly. 

1.7 Vehicle or C'o01pOJ1ent Control 
At least 011e invention herein is also particularly useful in 

light of U1e rom;ccablc implementation of smart hig)1ways. 
Smart highways will result in vehicles traveling do\vn 
highways uoder partial or compJcle comrol of an automatic 
system, i.e., uot beiug controlled by the driver. lbe on-board 
diagnostk system will thus be able to detenniue failure of a 
componenr prior to 01· upon fa1lure thereof aud inform the 
vehicle's guidance system to cause the vehicle to move out 
of the stream oftrailic. i.e., onto u shoulder or the h.ighwny, 
in a safe irnd orderly maru1er. Moreover. tJ1c diagnostic 
system may be controlled or programmed 10 prevent the 
movemenl of l'he disabled vehicle back into the stremn of 
lraflic until the repair l1f' the component is satisfactorily 
completed. 

1n a method in accordance with this embodiment. the 
operation or the componcm would be monitored and ii' 
tibnom,al l1perntion of (he component is detected, e.g., by 
any ot'the meU1ods ru1d apparatus disclosed herein (although 
other component foilure systems may of course be used in 
this implementation), the guidance system of the vehicle 
wl1ich controls the movement of tl!e vel1icle would be 
J101ified, e.g., via a signal from U1e diagnostic moduJe lo the 
guidance system, and the guidance system wmild be pro­
grammed to move the vehicle out of the stream ol"millic, or 
off of the restricted roadway, possibly 10 a service station or 
dealer, upon reception of the particular signal from tbe 
diagnostic module. 

The automatic guidance systems for vehicles traveling on 
highways may be any existing system or system being 
developed, such as oue based on satellite positioning tech­
niqucs or ground-based positioning. tc.:cJ10iqut!S. It can also 
be based on vi~ion systems such a~ those u,e<l to provide 
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lane departure warning. Since the guidance system may be 
progr.uumetl to ascertain lb.e vcllicle's position on the high­
way, it can detennine the vehicle's currenf position. the 
nearest Joc:1tion out of the stream of lrafric. or ell' of the 
rc.~Lricted roadway. sucb as an appropriate shoulder or exit to 
which the vehicle may be movod, and the path of movement 
of the vehicle from the curre11t position to the locatinn out of 
the stream of traffic, or o:lf of the restricted roadway. Toe 
vehicle may thus be moved along this path tuider the control 
of the automatjc guidance system. In thea]ternarive, the path 
ruay be displayed to a driver (on a beads-up or oilier display 
for example) and the driver can follow t:he path. i.e .. manu­
ally control !he vehicle. lne diagnostic mndule and/or 
guidance system may be designed 10 prevent re-entry of the 
vehicle into the stream of u-ailic. or off of the restricted 
roadway, until 'lhe abnormal operation of the component is 
satisfactorily addressed. 

FIG. 93 is a flow chru1 of some of tbe methods for 
directing a vehicle o:IJ of a roadway if a component is 
operating abnormally. The component's operation is tnoni­
torcd 111 step 380 and a determination is made at step 381 
whether its operation is abnomial. If not. the operation of the 
component is monitored funber_ If tl1e operation of 1he 
component ls abnonnal. the vehicle can be directed off the 
roadway at step 382. More particularly. this can be accom­
plished by generatiJ1g a signal indicating the abnormal 
operation of the component at step 383, directing this signaJ 

182 
Initia.lly, sensing, of tile occupancy of the vehicle and the 

optional transmission or this iuformation, which 1uay 
include images. to remote locations will be discussed. This 
entails obtaining information from various sensors about the 

5 occupnnl(s) in the passenger comp.1Ilment of the vehicle, 
e.g., the number of occupnnts, their type and their amtion, if 
any. Tuerealkr, general vehicle diagnostic methods will be 
discussed with the d iagnosis being Lransmittable via a com­
munications device to the remote ]O(.·ations. Finally, a dis-

1 o cussiou of vaiivus sensors for use on tbe vebicle to sense 
different operating parameters aL1d c011ditions of the vehicle 
is provitletl. All of Lhe sensors discu&-sed herein can be 
coupled lo a communications device enabling transmission 
of data, signals and/or images to the remote loc,ations. and 

15 reception of the same Ji-om the remote locations. 
FIG. 95 shows :;cheu1atically tl1e interf::ice between a 

vellicle interior monitoring system in accordance wi th tbt: 
invenrion and the vehicle' s cellular or ot11er telematics 
communication system. An adttl t occupant 395 is shown 

21, sill ing on the f'n11Jt passenger seat 343 and four transducers 
344. 345, 347 and 348 are used to determiue the presence (or 
absence) of the occupant on that seat 343. One of the 
transducers 345 in tbis case acts as both a transm i ttcr ru1d 
receiver while transducer 344 can ::tel only as a n,-ceiver or 

15 as both a transmitter mid receiver. Alternately. transduct:r 
344 could serve as both a transl1litter and receiver or the 
tran~milling function could be alternated between !he two 
transducers 344, 345. Also. in many cases more than two 
transmitters mid receiver:; are used and in still otber cases, 

to a guidance system in tl1e vehicle at step 384 t11at guides 
movement of the vehicle- otT of the roadway at step 385. 
Also, if the component is operating abnonnally, the current 
position of the vehicle and the location of a site off of the 
roadway can be detennined at step 386. e.g .. using satellite­
based or gronnd-based location dete.nni.ning techniques. a 
path from U1e current location to the off-roadway location 

35 
determined al step 387 and then the vehicle directed along 
thi,; path at step 388. Periodically, a determination is made 

3c, other types of scnson,, such as electric field. capaciwnct·. 
self-tuning antennas (collectively represented by 347 and 
348), wcigh1. scatbdt, hctu1bcaL. motion and scat positi,~11 
sensors. arc also u~cd in combination with the radiation 
sensors. 

For a general object, transducers 344. 345. 347, 348 can 
also be used lo determine the type oJ object. determine the 
location of the object and/or determine anotl1er property or 
cl1arac1eristic oftbe object. A propcrty of the nbject could be 
the presence aud/or orientatiou of a child seat, the veloci ty 
of an adult and tbe like. For exa111ple, tbe transducers 344, 
345. 347. 348 c,\n be dcSigncd lo enttble a determination that 

at step 389 whether the cowponenL's ab11ormaJi1y bas bee11 
satisfactorily addressed and/or corrected aod if so, the 
vehicle can re-enter the roadway and operation of the 

40 couiponent begins again. If not, 1be re-entry or the vehicle 
onto the roadway is 11revemed al step 390. 

FIG. 94 schematically shows the ba.t;ic components for 
perfon11iog this mC'lhod, i.l' .. a component operation moni­
toriog system 391 (such as described above). an optional 45 
satellite-based or ground-based pos:itio11ing system 392 and 

an object is present' on the seat, that the object is a chiJd seat 
and that the child seat is rear-facing. 

The transducers 344 and ] 45 are anached to the vebicJe 
bLIIicd in U1e A-pillnr trim. where their presence c;m be 
disguised, aod ,rre con11ected 10 processor 340 that may also 
be hidden io the trim as shown (this being a non-limiting 
position for the processor 340)_ Other mounti11g locations 
can also be used, For example. transducers 344. 345 can be 

a vehicle guidance system ] 93. 

2,0 Tek!matics 
2. 1 Transm.ission of Vehicle and Occupant Jnfonnation 
Described herein i~ a system for detennining the status of 

occupa1i ts iu a vehicle. ::md/orofthe vehicle. and in tbe event 
ofan :iccident or at any otber appropriate time. trnnsmii-ting 
the status of the occ1.1paots and/or the vehicle. and optionaJly 
additional infonnalion, via a communications channel or 
link lo a remote mo11itori11g facility. In addition to the status 
oft he occupant, it is also important to be able to analyze the 
opcn1ti11g conditions of the vehic:lc Md detect when a 
component of the veh.ic:Je is abou1 to fai l. By notil'ying the 
driver. a dealer or other repair fociHty aud/or tbe vehicle 
manulacturer of tbe impending l'ailure of the component, 
appropriate corrective actilln caJ1 be takeu to avoid g~1ch 
failure. 

As noted above. at least one invention herein relates 
generally to telemarics and tl1e transmission of information 
from tt vehicle to one or more remote sitcs which can l'l'act 
to the position or status of the vehicle or occupant(s) therein. 

so mounted inside the seat (along with or in place of transduc­
ers 347 and 348\, in the ceiling ofthe vehjcle, in the 8 -pillru-, 
in the C-pillar and in the doorS. JndLx:d. the vehicle interior 
monitoring sy~tem i11 accordance with the invention may 
comprise a plurality of monitoring Lmjts. eacb arranged to 

55 monitor a partict~ar seating location. In this case. ror the rear 
seatfog locatio11s, transdocers might be momited io tl.Je 
8 -pillar or C-pillnr or in the rear of the front seat or i11 the 
re.1r side doors. Possible mounting locations for trnnsducers, 
transmilrers, receivers and other occup;JJJt sensing devices 

60 are disclosed in the above-referenced pateJ1ts and patent 
applications and all of these mouotiog locations are coo• 
templated for use witJJ tl1e tran,tluccrs described herein. 

The cellular phone or other communications system 396 
outputs to an ante011a 397. The tnrnsducers ] 44, 345. 347 

65 aud 348 in conjunction with the pattern recognition hard­
ware and soflw_are. which is impleiuented in proc:essor 340 
and is puckaged 011 a printed circuit bmu·d or flex circuit 
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along with the transducers 344 and 345, determine the 
presence Clf an 1)ccupan1 within a few seconds ::ifrer the 
vel1ide is started, or with.in a few seconds alter the door is 
closed. Similar systems located to monitor the remaining 
seats in the vehicle al~o detem1ine the presence of occupants 5 

at tl1e other seating locations aud thi~ result is $1ored in the 
computer memory which is part of eacl1 monitoring system 
processor 340. 

Periodic.11lly and in particular in the event of or in .mtici­
patiou of an accident. tile electronic system associated with 10 
the cellular phone or other telematics system 396 imerro­
gates the various interior monit(1ring system memories and 
arrives at a count of the number Qf occupants in the vehicle. 
and optionally. even makes a determination .is lo wllether 
each occupant was wearing a seatbelt and if he or slle is 15 

moving after ibe accident. ·111e phone or other conunuoica­
tions system then autonrntically diab or otherwise co01acts 
the EMS operator (such as 91 1 or 1J1tougb a teleruatics 
service such a~ OnStaf'(B)) and the information obtained l'rom 
the interior monitoring systems is furv.-arded so that a 2(1 

determination can be made as ro the number of ambulances 
and olber eqllipment to send to tile accident site, for 
example. Such vch.ic'Jes will also bave a ~ystem, such as the 
global positil1niug system, which penuits the vehicle 10 
determine its ex.ad location and to forw;u·d this informal ion 25 

to tJ1e EMS c1perator. for example. 
An ahemate preferred communications system is the use 

of satellite ii1ternet or Wi-Fi iuterueL such is expected to be 
operational on vehicles in a Jew years. lu this manner, tbe 
vehicle will always have-conuuunic::itions acC{>sS regardless Jc, 
of its location on tbc earth. This is based OJJ the premise lilltl 
Wi-Fi will be io place for all tbosc locations where salclliic 
communication 1s not :1V,1ilable such as in 111nnels. urban 
canyons and tl1e like. 

Thus. in basic embodiments of tbe invention, wave or 35 

other energy-receiving transducers are armnged in the 
vehicle at appropria1e locations. trained if necessary depend-
i11g on the pa11icufar embodime.nt, and functfrm to determine 
whether a life form is present in lbe vehicle und if so, bow 
many I iJe fonns are ]'(eseiit aJld where they are located etc. 40 
To this end, transducers can be ammged lo be operative al 
only a single seating locations or al multiple seating loca­
tions with a provision being made to eliminate repetitive 
c.ount of occupants. A determination can also be made using 
the 1ransducers as to whether the life forms nre bum-ans, or 45 

more specifically. adults, children in chjld seats. etc. As 
noted above, this is possible using pal1em recognition tecJ1-
11iques. Moreover. the processor or processors associated 
with the transducers can be tr.1ined to determine !he location 
or the life forms, either periodically or continuously or so 
possibly only immediately before, during and after a crasb. 
171e locariou of the life fonus can be as general or as specific 
as necessary dependiJ1g on the system requi.rements. i.e., that 
a h1.1man is shuated on tbe driver's seat iJJ a normal position 
(general) or a determination can he made tJ1a1 a human is 55 

situated on the drive.r's seat and is leaning forward aml/or i-o 
the side at a specific angle as well as the position of bis or 
her extremities and bead and chest (speccilkally). The degree 
of detai l is limited by several factors, including. for example, 
the number. type and po~itiou of transducers ,u1d training of 60 

tbc pattern recognition algoritlun. 
lo addition to the use or transducers to dete1JDiue the 

presence a11d locatioll of occupants in a vehicle, other 
sensors could also be used. For example, a heartbeat sensor 
which derennines the muuber and presence ofbeaiibeats can 65 

also be arranged in the vehicle, which would tlms also 
determine the number of otcupauts as tltc number of occu-

184 
pants would be equal to the number of heartbeats. Conven• 
tional he.'.lrtbeat se11sors can be adapted 10 di 1Jerenti111e 
between a heartbe.11 ofan adult, a hea11beat or a chi.Id and a 
hcanbeat of ao animol. As its oame implies, a heartbeat 
sensor dctecls a heartbeat, and the magnitude thereof. of a 
human occupant of Lhe seat. if such a luumm occupant is 
present. The output of the heartbeat sensor is input to the 
processor of t·be interior monitoring system. One heartbeat 
sensor for use in tlie invention may be of the types as 
disclosed in McUwa.n (U.S. Pat. No. 05.573,012 aud U.S. 
Pat. No. 05,766.208). The heartbeat se11sor cru.1 be positioned 
at any convenient position relative to these.its where occu­
pancy is being monitored. A preferred location is ,vithin the 
vehicle seat back. 

A.n alternative way to determine tbe number of occupants 
is to monitor the weight being applit.-d to the seats. i.e .. each 
seating lucatiun, by arr;m1911g weight sensors at each seating 
location which might also be able to provide a weight 
distribution or an object on the scat. Analysis or the weight 
ancl/or weight distributillll by a predetermined metl1od can 
provide au iudicatiOJJ of occupancy by a btunan, an adult or 
cbild, or au inanimate object. 

Another type of sensor which is not believed to have been 
used in au in1etior monitodup, system beretofon! is a 
micropowcr impulse radar (M]R) sensor which determines 
motion of' an occupru11 a.nd tJius can determine his or her 
heartbeat (as evidenced by motion t'f the chest). Such an 
MlR sensor can be arranged to detect motion in a particular 
area in which the occupant's cbest would most likely be 
situated or could be colrpled to an .'ltr..ingcmcut which 
determines the location of the occupant's chest and then 
adjusts tbc upc,B1ional field of the MlR scust,r based t1U the 
determined location of the occupant's chest. A motion 
sensor utilizing a micropower i111pulse radar (MlRJ system 
is disclosed. for example, in McEwan (U.S. Pat. No. 05.361. 
070), as well as ma11y olber patents by the same inventor. 
Motion sensing is accomplished by monitoring a particular 
rnuge from ihe sensor, as disclosed in that pmenr. M JR is one 
form or mdar which bas applicability to occupant sensing 
and can be 01ounted at various locations iu tl1e vehicle. II has 
an advantage over ultrasonic sensors 111 that data can be 
acquired at a h.igher speed and thus the mot.ion of an 
occupaut can be more easily t.rocked. 111e abibty ro obtain 
ron1rns over the entire occupancy range is somewhat more 
difficult 1hm1 with ultrasound resulting ii1 a more expensive 
system overall. MfR bas additional advruuages in lack or 
sensitivity to lempe.rnture variation aud bas a comparable 
reso.lutio11 tl1 about 40 k.l J7 tLllrasm111cL Resolution compa­
rable to higher frequency is also possible. Additiooally, 
multiple MlR sensors can be used when high speed tracking 
of the motion of an occupant during a crash is required since 
they can be indi Yidua lly pulsed without i11terforing_ with each 
throug.h time division multiplexing. 

An al ternative way 10 de1enniue motion of the 
occupant(s) is to monitor the weight distribution of the 
occupant whereby changes in weight distribution after au 
accident would be highly suggestive of movement of the 
occupant. A system for deterrnilll.1g the weight distribution 
of the occupru1t, could be integrated or otherwise am\Jlged 
in the right ceoter aud left. front and back vehicle scats such 
as 343 aod several patents and publications describe such 
systems, 

More generally. m1y sensor which delermines the pres­
ence and health state of an occupant can also be integrated 
into the vehicle in1erior monitoring system in accordance 
with the inveotion. For example. a SL'J1Sjti vc- motion sensor 
can determine whetl1cr 1111 occupant is breathing and a 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
185 

chemical sensor can detern:rine 1.he amount of carbon diox• 
ide. or the conceu1r:11ion of carbon dioxide. in tl1e air in the 
vebi<.:le wb.ich cm1 be correlated to the health stak or the 
occupam(s). The motion sensor and chemical sensor can be 
designed lo have a fixed operational 11eld situated where the 5 

occupant's mouth is most likely to be localed. fo this 
manner. detection of carbon dioxide in the fixed operational 
fi.eld could be used .is au incllcatioo of the presence of a 
lnumm occupant io order lo ennble the determination of 1l1e 
muuber of occupants in the vehicle. lo the alremative, the 10 
motion seL1sor and cbemical seusor cau be adjustable -and 
adopted to adjust their operation.al field in co1Jj w1c1ion with 
a dctem1im1tion by an occupant position and locarion sensor 
which would determine the location of specific pru-ts oJ the 
occupant's body, e.g .. his or her chest or rnouth. Further- 15 

more. an occupant position aod location sensor can be used 
to dercrmim: !he location of the oi.;cup,un's eyes and deter­
otiue whether the occupant is conscious. i.e .. whether his or 
her eyes are open or closed or moving. 

The use of chemical sensors c.-an a lso be used to detect 2 (1 

whetl1er there is blood present in the vehicle. for example. 
after an accident. Addjtional ly, microphones can detect 
whctl1er there is uoise in tl1e whicle caused by groaning, 
yelling. e1c .. and transmit any such noise thruug,b thecellofar 
or other communication connection to a remote listening 25 

fucility (such as operated by OnStar-Rl). 
FIG. 96 shows n schematic diagram of ,Ill embodiment of 

the invention includin.g a system for determining tbe pres­
ence and he;iJth state of any occupants of tl1e vehicle and a 
tclccommtnl.ications link. ·n1is embodimc-nt includes a sys- 3c, 
tern for determining the preseuce of any occupants 400 
which may lake the fonn of a hcar1bca1 sensor or inorion 
sensor as described above and a system for delcmtining the 
healtl1 state of ,my occupants 40\ . The healtJ1 state deter­
ntining system may be integrated into the system for deter- 35 

mining the presence oJ any oc:cupants, i.e., one and tbe same 
component. or separate therefrom, Purt11er. a system for 
determining the location, and l1p1ionally velocity. of the 
occupants or one or more parts thereof 402 are provided aud 
O1ay be ,lJly cooveotional occupant position sensor or pref~ 40 
erably, one of the occupant position sensors as described 
herein (e.g., those utilizing waves. eJectromaguet-ic radiation 
or e lecuic fields) or as described in the current assignee's 
patents and patent applic.~tions referenced above. 
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occupants are present, i.e .. adults or children. and the 
location detemuning system 402 detennines the occupant's 
location. The processor 403 receives sigllals representative 
of the prcseuce of occupants and their locatiClll and deteJ-
111ines whetl1er the vehicular system, component or sub• 
sy~\em 406 c@ be modified 10 optimiie its operation for the 
specific arrangement of occupants. For example, if the 
processor 403 determines that only the front seats in the 
vehicle are occupied, it could control the heating system to 
provide beat only through vents s ituated 10 provide heat for 
the fronr-seated occupants. 

Another pos~iblc vehicular system, component or sub-
system is a navigational aid. i.e., a route display or map. In 
this case. tl.Je posit:ion of the vehicle as detem1.i.n.ed by the 
positioni11g system 407 is conveyed 1hrougb processor 403 
to tllc ct1111.munications unit 404 to a i-e11.1llle facility and a 
map is tnrnsmilted fruro th.is fai.;ility to tbt: vehicle to bt: 
dispfayed on the route display. Ir d.irectiolls are needed, a 
request for the same could be entered into an input unit 408 
assl,ciated witl1 the processor 403 and transmitted to the 
facility. Data for tJ1e display map amVor vocal ins1n1ctions 
could be transmitted from this facility to the vehicle. 

Moreover, using this embodiment, it is possible to 
remotely 1U~11iitor the health state t1f 1be occupant~ in the 
vehicle and most in1portan1ly. the driver. The health state 
detenniuing system 401 may be used to detect whetl1er the 
driver's bre.athing is erratic or indicative of a stale in which 
tl1e driver is dozing olf. The heal th state determining system 
401 could also include a breatb-aualyzet to detennine 
whether the drivc-r·s breath contains alcohol. 111 this case, the 
health state of tl1e driver is relayed through the proi:essor 403 
and the conwnm.ications unit 404 to U1c remote facility aud 
nppmprialc actfon cnn be taken. For example, it would be 
pos~ible tQ transmit a command (i"rqn, 1he remote facility) to 
the vehicle to activate an alarm or illuminate a wanting light 
or if the vch.icle is equipped with an automatic guidance 
system and igni tion shut-off. to cause the velticle to come to 
u stop on the shonldcr of1hen1ndway or elsewhere NH l1fthe 
lr..iflic stream. Tile alru·~ waming light, uutomatic guidani:e 
system a.od iiylition shut-oJf are thus particular vehicular 
componenls or ,ubsystems represented by 406. 

1n use after a crash, the presence detenni.ni.og system 400, 
healtb state determining system 401 and location detem1i11-
ing system 402 can obtain readings from the passenger 
compartn)Cnt and direct such readi.ng1, to the processor 403. 
'l11e processor 4OJ aiialyz.es the inibmrntion and directs or 
controls the transrnissioo of the i11fomiation about tbe occu­
pant(s) to a remote, manned facility. Stich inJ'onrnHion 
would include the number and cype ofoccupants, i.e .. adults, 
children. infants, whether any of the occupmlts have stopped 
breathing or are breathing erratically, whether the occupants 
are consciotis (U6 evidenced by. e.g .. eye morion). whether 
blood is present (ns dett.-cted by a chemical sensor) and 
whether the oc.--cupants arc making noi,e. Moreover, the 
communications link through the comrnunicotions unit 404 
can be activated i1rnnediately al'ter the crash to enable 
personnel at the remote facility to initiate coi11J11unications 
witJ1 the vehicle. 

An occupant sensing system can also involve sensing lbr 
tl1e presCJ1ce of a Jivi11g occupant in a tn111k of a vehicle or 
in a closed vehicle. for example. wbeo a child is inadvert­
eutly tell io the vehicle or enteri, ll1e trunk aod lhe trunk 
closes. To this end. a SAW-based chemical sensor 410 is 
illustrated in FlG. 97A for mounting in a vehicle tnmk as 

A prm:essor 403 is coupled to the presence determining 45 

system 400, the ltN1lth state determining system 40 I and the 
location delermiaing system 402. A conununications u1tit 
404 is coupled to tl1e processor 40J. The processor 403 
mid/or conumutications unit 404 can a lso be coupled to 
microphones 405 tlwt can be distributed throughout the so 
vehicle and include voice-processing circuitry 10 enable the 
occupanl(S) to effect vocal con1rol of the processor 403. 
co111111Llllicntious unit 404 or any coupled component or oral 
com1mmications vi-a the communications unit 404, 111e 
processor 403 is also coupled to ,111other vehicular system, 55 

compon.ent or subsystem 406 and can i~sue comrol com­
mands to effect adjustment of the opemting conditions of the 
system. component or subsystem. Sucl1 a system. compo• 
neut or subsystem can be the heating or a.ir-co11di1ioning 
system. the entertaimne.nt system. ,111 occupaut restraint 60 

device such as an ,1irhag,. a glare prevention system. otc. 
Also, a positioning system 407 could be cm1pled 10 the 
processor 403 a11d provides an indication of 1be absolute 
position of the vehicle, preforably using satellite-based posi­
tioning technology (e.g .. a GPS receiver). 65 illustrated in FlG. 97. Tue chemical sensor 410 is designed 

10 measure carbon dioxide concenrrntion through the mass 
loading elfccts as described in U.S. Pat. No. 04,895.017 wi th 

In nonnal use (otlwr t.h.::in a.ftc-r a crash). the presence 
determiniug system 400 detenniues whether any hwnan 
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a polymer coating selected that is sensitive 10 carbon diox­
ide. The speed oft11e stitfacc acoustic wave is a function of 
the carbon diox.i<le level in the atmosphere. Section 412 of 
the chemical sensor 4 10 contains a coafo1g of such a 
polymer and the acoustic ve-locity in this section is a measure 
of the carbon dioxide conccntratio1J. Temperature elfeclS are 
eliminated through a comparison of the sonic velocities in 
sections 412 and 411 as described above. 

Tlrns. when 1l1e trunk li<l 409 is clm;ed a11d a source of 
carbon dioxide such ::is a child or animal is trapped within 
the trunk, the diemica.l sensor 410 will provide information 
indicating the preseuce of Ilic carbon dio1tide producing 
object tn the interrogator which can then release a trnnk lock 
pe.rm.it1111g the tnmk lid 409 to automatkally open. In this 
ma1u1er. the problem of children mid [IJ.limals suffocating in 
c losed trunks is eliminated. Alternately. information that a 
person or illlimal is Lmpped i11 a 1.n.ink can be senl by the 
tele,untics system to law enforcement authorities or other 
location or facility remote &om tl1e vehicle. 

A similar device cml be distributed at various locations 
within tile passenger compartmenr of vehicle along with a 
combined temperat11re sensor. lfthe c.ar bas been left with a 
child or other animal while owner is shopping. for example, 
and ii" the temperature rises within tl1e vehicle to an unsafe 
level or, al1.c.mately, if the temperature drops below an 
unsafe level. theu rbe vehicle can be signaled to take 
approprinte (lction which may involve opening the windows 
or starting the vehicle with eilher air conditioning or heating 
as appropriate. Alternately, information that a person or 
animal is lritpped within a vehicle can be set'l.l by the 
telematics system to Jaw enforcement authorities or other 
Jocatioo remote from the vehicle. ·n111s, throug.h these siJUplc 
wireless powerless sensors. the problem of suffocation either 
from Jack of oxygen or death from excessive heat or cold c:.in 
all be solved in a simple, low-cost mru.U1er tlu·ough using an 
interrog,1tor as disclosed in the current assignee's U.S. 
patent applicatiou Ser. No. 10/079.065. 

Additil)nally, a sen~itive fayer on a SAW can be made ro 
be sensitive to other chemicals such as water vapor for 
lrnwidity conirol or alcohol foJ d.rnnk-driving control. Simi­
larly. the sensitive layer can he designed to be scnsltlve to 
c.arbon monoxide thereby preventing carbo11 monoxide poi­
soning, Many other chemicals can be sensed for specific 
applications such as to check for chemical leaks in com­
mercial vehicle!,, for example. Whenever such a sensor 
system detennincs tbm a da11gerous situation is developing. 
ao alarm can be s011nded aod/or the sitm1tioo can be auto­
matically communicated to an off-vehicle locn1ion through 
the internet, telematics, a cell phone such as a 91 I call. the 
Internet or Umugh a subscriber service such as On.S1a~ID. 

The operating conditions of the vehicle c.au also be 
transmi11cd :ilong wiLh the status or the occupants to a 
remote monitoring faci.lity. ·111e operating conditions of the 
vehicle include whctlier the motor is nu1oi.ng and wbetber 
the vehicle is moving. 11rns. in a general embodiment in 
which infonuario11 011 both occupancy of U1e veblcle and the 
operating conditions of the vehicle are n-ansmitted, oue or 
more properties or characteristics or occupancy of the 
vehicle are determined. such constituting infonnation about 
U,e occui)ancy of the V'ehicle. and one or more states of the 
vehicle or of a component of' the vehicle is determined, such 
cons\ituliJ1g iuformaLion about the operation of the vehicle. 
The information about the occupancy of the vehicle and 
operation of the vehicle are selectively transmitted. possibly 
the infonnation about occupancy to an emergency response 
ceutcr and the i11fon11ation about the w hick- to a dispatcher. 
a dealer or repair facility and/or the vehicle mmrnfacturc.r. 

188 
Transmission of tile information abom the operation of the 

vehicle. i.e ., diag11os1ic infonltaliM, may be achitvcd via a 
satell.ite amVor via the Internet. Tbe veb.icle would Lhus 
include appropriate electronic hardware and/or sofiware to 

s enable- the transmission of a signal to a satellite. from where 
it could be re-tr.msmitted to a remote location (for example 
via the lnternet). m1d/or to enable the rransmission to a, web 
site or host computer. In the latter case. the vehicle could be 
nssigne<l a domain name or e-mail ad<lress for identification 

to o r lransmi$Sit)O origin::ition purposes. 
The diagnostic discussion above has centered 011 norifying 

the vehicle oper.:itor l1f it pending. problem witl1 a vehicle 
component. Today. there is great competition in the auto­
mobile marketplace a11d rhe ma1m.fuct11Iers and dealers who 

15 are most responsive to customers are Ukely to benefit by 
increased sales botl1 from repeat purchasers and new cus­
tomers. The di'agoostic module disclosed herein benefit-s tbe 
dealer by making hill) instantly aware. throug.h the cellular 
telephone system, or other conununication link, coupled to 

2(1 tl1e diagnostic module or system in accordance with the 
invention. when a component is likely to fail. As envisioned 
when the diagnostic module 33 detects a potential failure it 
not only notifies the <lriver through a tlisplay 34 (as shown 
in Pl GS. 3 and 4), but also automatically 11otifies the de,1ler 

15 through a vehicle cellular phone 32 or other telematics 
communication link such a~ the ioteniet via sutell ite or 
Wi-Fi. ·nic dealer can thus contact the vehicle owner and 
schedule an appointment to undertHke the necessary repair m 
each party's mumal convenience. Con.tact by the dealer to 

3c, the vehicle (,wncr can occtu· as the ownl'r is driving the 
vehicle. using a communications device. Thus, the dealer 
CWl contact the driver aud info11u him of lbcir mlllllal 
knowledge of the problem and discuss schedul ing mainte­
nru1ce Lo allend to the problem. The cu~tomcr is ple.ised 

35 since a potential vehicle breakdown has been avoided and 
the dealer ls pleased since he is likely to perform the repair 
work. 1l1e vehicle manufacturer also benefits by early and 
accurate statistics on the foilnre rate of vehicle component,. 
Th.is early warwng system can reduce the cost of a potent in! 

40 recall for compl)Deuts having design defects. Ir could even 
have saved lives if such a system had beon in place during 
1he Firestone tire failure problem mentioned above. The 
vehicle manufacturer wiJJ thus be g11ided toward producing 
higher quality vehicles thus improving bis competitiveness. 

45 Finally, expcrie11ce with this system will actually lea<l Lo a 
reduction in the number of sensors on the vehicle since only 
those sensors that are successful in predictiog tbtlures wi ll 
be necessary, 

For most cases. it is sullicienl to notify a driver that a 
so component is about to fai.l through a warning display. 1n 

some critical cases. action beyond warning the driver may be 
required. IC for example. the diagnostic lilodnll' dtitected 
that tbe alternator was beginning to fail. in addition lo 
warning the driver oftbis eventuality, the dfagnostjcsystem 

55 could send a signal to another vehicle system lo tum olJ all 
non-essential devices whicl1 use electricity U1ereby conserv­
ing electrical ei1ergy and maximizing the time and distance 
that the vehicle ca11 travel before exhausting U1e e11ergy in 
tl1e bHttery. Additionally. this system can be coupled lo a 

60 system such as OnSrarRJ or a vehicle rome guidance sy~lem, 
and the driver cao be guided to the nearest open repair 
facility or a facility of bis o r her choice. 

PIG. 98 shows a schematic of the i11tegtatio11 of the 
occupant sensing with a telematics link and Lhe vehicle 

65 diagnosis with a 1elematics l ink. As envisioned, the occupant 
sensiog .syslem 415 includes tbose components which deter­
mine the presence, position, health state, ru1d other iufor-
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ma1ion relating to the occupants. for example the transduc­
er; discussed above wi1h tefcrcnce to FIGS. 89 and 96 and 
the SAW device discussed above with relcrence1o F1G. 97. 
ln.fonnatiL10 relating to the occupants includes infor111ation 
as to what the driver is doing, talking on tJ1e phone. 5 

commtmica1ing with OnStar(I\:, the inteJTiet or other route 
guidance. listening to the radjo, sleeping. dntuk, drugged. 
having a heart attack, etc. The occupant sensing system may 
also be any of those systems and apparatus dest·tibed in any 
of the current assignee' s above-rderenced patents and 10 

patent applications or any other comparable occupant sens-
i1ig system which performs any 1.1r a ll of the same fonctioJ1s 
as they relate to occupant sensing, Exampks nf sensors 
which m.igbt be i.nsta1Jed 011 a vehicle ,md constitute the 
occupant sensing system include heal1beal sensors. motion 15 

sensors. weight senson;. uhrasl1nic sensor:;, MIR sensors. 
micropbuncs and optical sensors. 

190 
breathing., then a l1igher priority call with living survivors 
mig).lt receive assisrnnee first. As such. the in fonnation from 
tbe occupant sensing system 415 could be used to ptioritize 
the duties of the emergeucy response pcrsoJrnel. 

lnfomwtion from the vehicle sensors 417 and environ­
ment setJSOr$ 418 could also be transmitled to law enforce­
ment authorities 422 in rhe event of an occident so Hun the 
c~use(s) of the accident could be detenni.ned. Such infor­
mation can also include i11formation from the occupant 
sensing system 415, wh.ich m ight reveal that the driver was 
talking 011 U1e phone, ])titling on .make-up, o r another dis-
tracting activi ty, information from the vehicle sensors 417 
which might reveal ,, problem wi(h the vehicle, and iufor­
matiou from the environmetJt setJsors 418 which might 
reveal the existence of slippeiy roads. dense fog and the like, 

lnfonuation frotu the occupant sensing system 4JS. 
vehicle senson; 417 and envirollJJleLll sensors 418 could also 
be transmitted to the vehicle manufacturer 423 in the eve11t 
of an accident so that a detennination can be made as to 

A crasJ1 s<:1111or 416 is provided and determines when the 
vehicle experiences a crash. Crash sensor 416 may be any 
type of crash sensor. 21, whether fui lure of a component or the vehicle c-,msed or 

contribured to the cause of the accicletJt. Por example, the 
vehlcle sensors might determine that the tire pressure was 
too low so Uwt advice can be disseminated. to avoid ma.in-

Vehicle sensors 417 iuclude sensors whicb detect the 
operating conclitions of tJ1e vehicle such as those seusors 
discussed wiU1 reference to FlG . 97 and others above. Also 
11lclnded are tire sensors such as disclosed in U.S. Pat. Nl1. 
06.662,642. Other exrunples include velocily and accelern- 25 

tion sensors. and augular a1Jd imgular nlte pitcb. roll and yaw 
sensors or an !MU. Ofparticularimponaucc are sensors that 
tell what the cc1r is doing: s11eed. skidding, sUdi.ng, location, 
communicating with other cars or the in..frasrn1c111.re, etc_ 

Environment sensors 418 include sensl1rs which provide 3c, 
daia couceming the opemting environmenl of the vehjc]e, 
e.g .. the ins-idc aud out3ide tempernnircs. the time of day. tbc 
foca1ion ol"the sun and lig]lls. the locations ofother vehjcles, 
rain. snQw, sleet, visibility (fog), general road condition 
i11formation. pot boles. ice, snow cover, road visibility. 35 

assessment of trallic, video pictures of an accident either 
involving the velucle or another velucle, etc. Possible sen­
sors include optical sensors which ob111in images of the 
environmcn1 SLtrrouuding the vehicle, blind spot detectors 
which provide data on tbe blind spot of the driver. automatic 40 

cmisc control sensors that can provide images of vehicles in 
front of the host vehlcle, and various radar and lidar devices 
which provide the position of otber vehicles and objecrs 
relative to the su~jecr vehlcle. 

The occupant sen~ing system 415, cmsh sensors 416, 45 

vehicle sensors 417, and e11vi1~nmen1 senson, 41 8 can all be 
coupled lo a comornuicatioos device 419 which may contaiu 
a memory unit and appropriate electrical hardware to Cl1ll1-

muuicate with all of tbe sensors. process dnla from tbe 
sensors. and transmit data from the sensors. The memory so 
uuit could be usefi.11 to store data from the sensors. updated 
periodically. so that such information cottld be trMsmittedat 
set time intervals. 

The conuuunications device 4J9 cim be designed Lo 
tn111smit infonnation lo any number of different types of 55 

facilities. For example. tbe collllllwticatiotJs device 419 
could be designed to transmit information to an emergency 
response fac.ility 420 in the event of an accidetJt involving 
the vehicle. ·nie transmission or the in formHtion could be 
triggered by a signal from the crash sensor 41 (i that the 60 
vehicle was ex-perie-nciog a crash or h.::id ex-pcrieoce-d a crash. 
The iufonua1ioo transmjtted could come from Uw occupant 
sensing system 415 so that the emergency response could be 
tailored to the status of the occnpMls. For example, if the 
vehicle was derermi11ed to have ten occupallts, more am.bu- 65 
lances 1night be sttnt than i f the vehicle contained only a 
single otcupant. Also. if the occupants arc determined □ot be 

rnining the tire pressure too low ill order to avoid an 
accident. lnfonnrrtiou from U1e vehicle sensors 417 relating 
Lo component foi lure could be transmitted to a dealer/repair 
facility 421 whlch could schedule mainlennnce to correct the 
problem. 

The collll.Uttnications device 419 could be designed to 
rransmit particular infon11ation to c.e~ch si te. i.e., Only infor­
mation importtu1t to be considered by U1t! personnel at U10t 
site. Poi: cxa111ple, tbe emergency response person.oel have 
no need for the face tl1at the tire pressure was too low but 
such infonnation is important to tbe law et1forcement 
authorities 422 (for the possible pttrpose of issuing a recall 
of the tire ancVor vehicle) and the verucle manufacmrer 42-3. 

TI1e corrummication device can be a cellular phone, 
OSRC, OnStarw, or other subscriber-based telemacics sys­
tem. a peer-to-peer vehicle COU1lllllllicatiou system tlmt 
eveJH1.1ally cottunu.nicates to the iuJrastnicture atJd theo, 
perhaps, to the Internee with e.-mail or instant message to the 
dealer, manufacturer, vehi.de owner, law enforcement 
authorities or others. II can also be a ve[licle to LEO or 
Oeos1atiom11)' satelHte system such as SkyBit-z which can 
thetJ forward the informatioll 10 the appropriate facility 
ei tl1cr directly or 1J1roug,b the lntemet or a direct com1ection 
to the internet tbrougb a satellite or 802. lJ Wi-Fi link or 
equivalent. 

The communication may need to be sect-el so as not to 
violate the privacy of the occupants and thus encrypted 
con11muucatiou may, in many cases, be required. Other 
innovations describ{'(J herein include the-transmission of any 
video data from a vehicle to another velt.ic le or to a facility 
remote from the vcbicle by any means such 3s a lelema1ics 
connmmication system such as DSRC. OnStaM\ a cellular 
phone system, a co1J1J1nmicatfon via GEO. geocentric or 
other satelHte system and any co1rumu1icatioo that conum1-
rucates tbe results of a pattern recogniti011 system analysis. 
Also, any communication from a vehicle cru1 combine 
sensor ioformalioo ,vith locatio11 inform::ttion . 

When optical sensors arc provided as part of lhe occupant 
seusiug system 415. video Clmforeucing becomes a possi­
bility, whe1her or not the vehicle experiences a crash. 11ml 
is, the occupants of the vehicle can engage in a video 
conference with people at another location 424 via estab­
lishment of ;i conumuucations channel by 1he communica-
tions device 4111. 
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Tue vehicle diagnostic system described above using a 
telematics link cau transmit i11fonuati011 from any type of 
sensors on tlie vehicle. 

ln oue particular use of the invention. a wireless sensing 
and communication system is provided whereby the infor- s 
mation or dau1 obtained through processing or input from 
sensors of the wireless sensing and coll1JJluuication system 
is further tr.rnsrnitted for reception by a remo.-e facility. 
Thw;, in such a construction. tl1ere is an intra-vehicle com­
munications between the sensors on the vehicle and a 10 

processing system (control mod11le, computer or tlle like) 
and remote comnnuiications between the same or a coupled 
processing system (co111ml module, computer Or the like). 
The electronic components for the iDtrn-vehicle communi­
cation may be designed to -transmit irnd receive signals over 15 

sbort distances wber~1s 1hc electronic components which 
enable remote conmrunicalfons should be designed to trans-
otit aud receive signals over relatively long distMces. 

1l1ewireless sen~ing and communication system includes 
sensors tl1at are located 011 U1e vehicle o r iu the vicinity of 2(1 

the vehicle and wltieh provide information wllich is trans­
mitted to one or more interrogators in the vebicJe by wireless 
radio frequency means, using wircle$s radio frequency 
trausruission technology. In some cases, the power 10 oper-

192 
satellite internet, Wi-Pi or equivalent system which could be 
equally opemblc in a vehicle or on foot. The software data 
and programs can be kept updmed iucluding all of tbe 
software for diagnostic functions, for example, !or t11e 
vehicle through the in1cmer connectim1. 'Ilic vehicle could 
contain supplementa l displays (sucl1 as a licads-up display), 
input device.~ including touch pads, swirchcs. voice recog­
nition and cameras for occupam position de!ermioat.ion and 
gestwe recogitition .. and other output devices such as speak­
ers. waruiu_g lights etc .. for example. 

As computer hardware improves it c;;iu be au easy step for 
the owner to replace die PID with the lates1 version which 
may even be supplied to the owoeruuder subscriptiUll by the 
Cell Phone Company. car dealership, vehicle manufocturcr, 
computer manufacturer etc. Similarly, the same device cau 
be used lo opera.-e the home computer system or emerlain-
ment system. In other words, tbe owner would owo one 
device, the PlD, which would contain substantially all ofthe 
processing power. software a11d informatioll that .-be owDer 
reqt1ires to operate his vehicles, computer systems etc. 111e 
syskm c.,n also be periodically hach,d up (perbaps als\1 l1vcr 
t.he lote.rnet), automatically providing protection a$ainst loss 
or da10 in the event of a system fo1lure. The PJD can also 
have a biornetrics-bitsed identification system (fingerprint. 
voiceprint, face or iris recognition etc.) that preve11ts uuau-
1horized users from using the system and au automatic call 
back location system based oLJ GPS or other location tech­
nologies that permits the owner to immediately f1nd the 

ate a particular sensor is supplied by the interrogator while '.!5 

in other case~, the sensor is indepeudently connected to 
either a battery. genenitor (piezo elecrrlc, solar etc.). vehicle 
power source or some source of power external tu the 
vehicle. 

3, , k1catiou of th(' PIO in 1hc event of misplacement or theft. One particular syst<'m requires mentioning, which is (he 
use of higll speed satell ite or Wi-Fi internet service such as 
s,tpplicd by Wi-Fi hot spots or KVH Judusu-ics, Inc. for a,ly 
and all vehicle communications including vch1clc teloplmne, 
TV and radio services. With thou~ands of radio statiw1s 
avai lable over rhe internet, for example (see shoutcast.com). 35 

a high speed internet coru1ec1ion is clearly superior to 
satellite radio systems 1hat are now bei11g morketed. Simi­
larly. wi1b ubiqnitou~ imcruet access that KVJ J suppli.:s 
tlirougbout the coUJ1try, the lack of coverage probletns witll 
eel I phones disappears. Tb.is capability becomes particularly 40 
useful for emergency notification whon a vehicle has an 
accident or becomes disabled. 

2,2 Docking Stations and PDAs 
There is a serious problem developing with vehicles such 

as c.·ars, trucks. boats 1111d private planes a11d computer 4 5 

systems. The quality and lifetime of vebic!E.-s is increasing 
and oow many vehicles have a lifetime that exceeds teo or 
more years. On the other hand. computer and related elec­
tronic systems. which are proliferating oo such vehicles. 
have sh.orter and shorter lite spans as they are made obsolete so 
by the exponentja! advru1ces in technology. Owners do not 
want to dispose of their vehicles just because 1l1e clcc1n,uics 
have become obsolete. Therefore, a solution as proposed in 
this invention. whereby a substa11tial portion of the in.for­
mation. programs. processing power and memory are sepa- 55 

rate from the vehicle, will increasingly become Decessary. 
One implementation of such a system is for the information. 
programs, processing power and memory to be resident it1 a 
po11able device tnat can be removed from t.he vehicle. Once 
removed, the vehicle may still be operable but with reduced 61J 
fonctiooality. The navigation system. for example, may be 
resident OtJ the removuble device which hereinafter will be 
referred io as a Personal l11fonua1io11 Device (PlD) including 
a GPS subsystem and perhaps an IMU along with appro­
priiite maps allowiug a person to 1mvigate ou foot as well as 65 

in the vchicl<'. ·111e relepbonc system which can be citl1er 
internet or cell phone-based and if i ntemet-based, c~m be a 

'l11e PJD c,w a lso be tJ1e repository of c1·edit card inlor-
1nation permitting io.st.inl purchases wi1hou1 lhe physical 
scaon.iog of a separate credit card, home or car door iden­
tification system to eliminate keys aud couve111ional keyless 
entry systems, ~nd other infomiatio11 of !l medical nature to 
aid emergency services in the event ora medical emergency. 
The possibililie, are limitless for such a device. A Pm. for 
exmupfo. can be l?rovidcd with sensors to moni tor tbe vital 
functions of au elderly person and sigm1l if a problem 
occurs. The PID can be programmed and provided with 
sensors to sense fire. cold, hanu ii.11 chemicals or vapors, 
biological agents (such as smallpox or anthrax) for use in a 
vehicle or auy ctller envi.rorunent. An automatic phone call. 
or other communicatfon. can be initiated when a ha1..ardous 
substance (or any other dangerous or hazardous sinmtion or 
event) is detected to iufonu the aL1thorities along with the 
location of 'lbe. PlD. Since the PlD would have universal 
foat1.1res. it could be taken from vehicle to vehicle allmvi11g 
each person ro have personal leamres in wbatevervehicle he 
or she was operating. This would be useful for rental 
vehjcles, !or example, seats, mirrors, radio stations, I IVAC 
can be antomatically set for tl1e PlO owner. 'n,c same feat1ire 
can apply to o:flices, homes, e.-c. 

TI1e same PlD can also be used to signal the presence of 
a particular person in a room and thereby to set tJ1e appro­
priate TV or radio stal'ioJJs, room temperature. lighting, wall 
picmres etc. For example. the Pl D could also assume the 
fe.1tures of a remote when a perso11 is watclti11g TV. A pe.rson 
could of cOLt.rSC have more tlian one PID and a PID could be 
used by more than one person provided ::i mean~ ofide1,ti­
ficatioo is present sucb as a hiometrlc based ID or password 
system. Thu~, each iodividual would ueed to learn to operate 
one device. the PlD. instead of multiple devices. The PIO 
could even be used to automatically unlock and initiate some 
nctiou such as opeui11g a door or himing on lights in a 
vehicle. house. apartment or building. Naturally. the Pl!) cai1 
have a variety of associated sensors as discussed above 
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including cameras, microphones. accelerometers, an !MU. 
GPS receiver, Wi-1' i receiver etc. 

Oilier people could also tletennine the location of a person 
carrying 1J1e PlD. if such a service is m11horized by the PID 
owner. 111 this mauner. parents can locate their children or 5 

friends can locate each other in a crowded restauranl or 
airport. Ilic location or tracking informatiou can be made 
available on the Internet lhrough the Sk)'birz or similar low 
power u·ac.king system. AJso, U1e batteries that operate tl1e 
PID can be recharged in a variety of ways including fu~I 10 

cells and vibration-based power gener,nors, solar power, 
induction chai:ging systems etc. For Curther background., see 
N. Tredennick "031201 Go Reconfigure"'. fEGE. Speclrnm 
Magazine. p. 37--40. De,:ember 2003 alld D. Verkest 
''Machine Cameleon" ibid p. 41- 46, which describe some of 15 

the non-vehicle rel::Hed properties envisioned bere for the 
Pill. AJso for some automotive applicatiolls see P. Hansen 
·•Portable elecrrnnics threate11 embedckxl electronics' '. Auto­
motive lndustries Magazine. December 2004. Sud1 a device 
could also rely heavily on whatever network it had access to 21, 

when it is connected to a network such as 1he IJ1ternet. lt 
couJd use tbe conuected uetwor.k for many processi11g tasks 
which exceed Uie capability or the PJD or which require 
i11fonnation that is nM PIO-resident. In a sense. the 11erwork 
C."<lll become the computer for these more demaudillg tasks. 25 

Using Uie lntemet as the computer give~ the automobile 
companies more control over the soHwarc and permits a 
pricing model based on use nnher than a one time sale. Such 
a device can be based on microprocesso.rs, FPGA.s or 
programmable logical devices nr n combin,ltion thereof. 3C1 

This is the fin;t disclosure of vehicular uses of such a device 
to solve the mi~tna1chcd lifetimes of tbc vchjclc and its 
dectronic hardware and software as discussed above. 
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accide11ts, mud slides or fallen trees across the road, etc., any 
or all of this inl.bnuation can be automatically fed to the 
nppropriate IP ~idd.ress over the Jnternet providing for ubiq­
uitous information gathering and disseminatiou. lbe sau1e 
or similar system can be avai lable on other vehicles sucb as 
planes, trains, boats, trucks etc. 

Today. higb speed Lnternet access is available via GEO 
satellite to vehicles using the K\11-1 system. It is expected 
that more and more cities wiJI provide citywide internet 
services via 802.11 systems including Wi-Fi. Wi-Max aud 
Wi-Mobile or tbeir equivalems, EvetttnalJy. it is expected 
ll1at ~uch systems will be available in rural areas thus making 
the Internet available nationwide and eventually worldwide 
through one or a comblnalioll of satellite and terrestrial 
systems. Altho11gb the KVH system is based on GEO 
satellites, it ls expected that even111ctlly LEO satellites wil l 
offer a similar service at a lower price anti rcquiri:ng a 
smaller antenna. Such an anreona will probably be based on 
phase array technology. 

3.0 Wiring and Susses 
In the discussion above. the iliagnostie module of this 

invention assumes th:11 .:1 vel1icle data bus exists which is 
usetl by all of the relevant sensors Oil the vehicle. Most 
vehjcles today do not have a data bus although it is widely 
believed that most vehicles will bave one in the ruture. lo 
lieu of such a b11s, the relevant signals caJJ be transmitted to 
the diagnostic module through a variety of coupling systems 
olber than through a data bus and this invention is not 
limited to vehicles having a tlatn bus. For example. lhe data 
can be sent wirelessly to the diagnostic module using the 
BlueloothlM. ZJGBEE or 802.11 or simil:ir spccific~<lion. l.n 
some cases, even tl1e sensQrs ck1 uot have to be wired and con 
obtain their power via RF from the 1n1errogator as is well When brougJ1t iJito a vehicle, the PID can connect (either 

by a wire of wirelessly using Bluetootb. Zigbee or 802.ll 
protocols, for example) to the vehicle system and make use 

35 known in the RFID radio frequency identification field 
(either silicon or surface acoustic wave (SAW)-based)). 
Alternately, an inductive or capacitive p0Wl'r transfer system 
can be used. 

of resident displays. audio systems, antennas and input 
devices. 1n this case. tbe dispfay can be a hl'ads-up display 
(HUD) and the input devices can be by trndio, manual 
switches, toi,cllpad, joystick. or caU1eras <'IS djsc:]osed in 40 
section 4 and elsewhere herein. 

2.3 Satellite and Wi-Fi Internet 
Ultimately vehicles will be connected to the lnteruet witJ1 

a high speed connectioll. Such a collllection wil l still be too 
slow for vehicle-to-vehicle communi<..-.1tions for coUision 45 

avoidance purposes but it shonJd be adequate for most other 
vehicle conunrnt.icalion purposes. Such a system will prob­
ably obsolete current cell phone systems and sub~clibcr 
systems such as OnSwr™. Each ttser can have a single 
identification number (which could be bis or her phone so 
munber) which locates his or her address, phone munber. 
current location etc. "[lie vehicle navigru it)n system can 
guitle lbe vehicle to the location based 011 the identificalion 
number witholtt the need to input· the acn.u:il address. 

111e uhiqultous lntc.met system could be aclt.ieved by a 55 

(Ieet of low earth orbitillg satellites (LEOs) or transmission 
towers transmitting and receiving signals based on one of 
the 802. 11 prol'ocols having a radial range of 50 miles, for 
example. Thlls, approximately 500 such towers coultl cover 

Several teclwologie~ have been de~cribed above aJI of 
wbicb have the objective of improving the reliability and 
reducing the complexity of the wiring system in an auto­
mobile and partlcularly the safety system. Most importantly, 
the bus reclrnology described bas as its objective simplifi­
cation alld increase ill reliabil ity of the vehicle wirillg 
system. The safety system wiring was first conce.ived of as 
a method for pennitti11g. the loc111io11 or airbag crash senSt1rs 
at local-ions where they can most effectively sense ,l vehJcle 
crash and yet permit that information to be transmitted to the 
airbag control c ircuitry which may be located in a protected 
portion of lhe interior of the vehicle or may eve11 be located 
on tbe airbag module itself. Protecting this transmission 
requires .i wiring system that is for more reliable and 
resistant to being destroyed in 1he very crash that the sensor 
is sensing. Tb.is led to the realization that the data bus that 
carries the information from the crash sensor must be 
part'icuJarly reJfabJe. Upon desigttLng such a data bus. how-
ever, it was found that the capacity of that data bus far 
exceeded the needs oftbe crash sensor syslem. This then led 
to a .rc11li1.at ion that Ll1c c11paci ty, or bandwid th. or such a bus 

the continental United States. 60 would be su0icie11t to carry all of the vehicle iulbnuation 
requirements. ln some cases. Ibis requires tbc use of high 
bandwidth bus teclmok,gy such as twisted pair wires, 
slt.ielded twisted pair wires, or coax cable. If a subset of all 

A high speed l ntcruct couoection cnn be used lo r software 
upgrade tlownloading and for map downloadjng as needed. 
Each vehicle can become a probe vehicle that locates road 
detects such as potholes. monitors traffic and monitors 
weather and road conditio11s. Ir can also mo1t.itor for terrorist 65 
act ivitic-s such as tl1e rl'lease of chemical or biological agent~ 
as well as provide photogmphs of at1omalics such ns traffic 

of the vehicle devices is included Oil the bus. lben the 
bandwidth requiremeuts are less and simpler bus technolo­
gies can be used instead of a coax cable. for l'Xamplc. 'Jbc 
economics tliat accompany a data bns design which bas the 
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highest reliability, highest bandwidl11. is justified ifall of the 
vel1icle devices use the same system. Tbis is where the 
greatest ecc)noulics aud greatest reliability occur. As 
described above, th.is penuits. for example. the placement or 
the airbag firing electronics into or adj,1cen1 the housing that 5 

contains the airbag in0ator. O11ce tJ1e integrity of the data bus 
is assured. such tbat it will not be destroyed du.ring the crash 
itself. then the proper place for the airbag intelligence can be 
i.n, or adjacent lo. the airbag module itself. This fw1her 
improves the reliability of the system since the shorting, of 10 
t11e wires lo the airbag module wi 11 not inadvertently set off 
the airbag as has happened frequenlly in the past. 

When operating on the vehicle data bus, each device 
should have a unique address. For most situations. therefore, 
tl1is address must be predetermined and then assigned 15 

througll an agreed-uplm standard for all veh.icks. 111us. Lht-
left rear tail ligbt must bave a unique address so that when 
the rutu signal is mrued 10 flash that light, it does uot also 
flash the right tail light, for example, Similarly, the side 
impact crash sensor which will opemte on lhe same data bus 2(1 

as the frontal impact crash sensor. must issue a command. 
d irectJy or indirectly, ro the side impact airbag and not to the 
frontal impact airbag. 

One- of the key advantages or a single bus system con­
necting all sensors in the vehicle together is the possibility 25 

of using this data bus to diagnose tbe healtJ1 of the eotire 
safety system or of the entire vehicle. as described in the 
detail above. Thus, there are clear synergistic advantages lo 
a ll the disparate technologies described above. 

·n1e design, construction. installation. and maintenance a 3c, 
vehicle data bus network requires attention lo many issues, 
includiog; m1 appropriate communicati<io protocol. physical 
layer transceivers for the selected media, capable micropm· 
cessors for application and protocol execution. device con­
troller hardware ,llld software for the required sensors and 35 

actuators, etc. Such activities are known to those skilled in 
the an and will not be described i11 detail here. 

An intelligelll dfa1ribu1ed system as described above can 
be based ou the CAN Pmtocol, for example, whicb is a 
comruon protocol used in Uw autt,motive ind1,1s1ry. CAN is 40 
a full function network protocol that provides both message 
checking and correction to lnsure communication integrity. 
Many of the devices 011 the system will have their own 
speciaJ diagnostics. For iusrance, an iuflator control system 
L'<Ul send a warning message if its backup power supply has 45 

iMuflicient charge. ln order 10 assure the integrity and 
reliability of the bus system, 1110~1 devices will be equipped 
with bi-tlirt.'Ctional communication as described above. 
Tl.1t1s, when a message is sent to the rear right taillight to turn 
on. the light can retum a message that it has execmed the so 
instruction. 

In a refinement of this embodiment, 1i1orc of the electron-
ics associated with the airbag system can be dec..-entra lized 
aJ1d housed witJ1ju or closely adjacent to cuch of the airbag 
modules. Each module can have its own electronic package 55 
containing a power supply ~md d.iaguost"ic and sometimes 
also the occupant sensor electronics. One sensor system is 
still used to initiate deployment of all airbags associated 
with 1.he frontal impHcl. To avoid tl1e noise effects of all 
airbags deploying at the same time. each module sometimes 60 
has its own delay. Toe module,~ for tbe rear scat. for 
example, can have a several 1:u.i llisecood firing delay COll1· 

pared ,vith the module for the d.Ji ver and the front passenger 
module can have a lesser delay. Each oftbe modules can also 
have its own occupant positio11 sensor aud associated elec- 65 

tronfos. lu tlus configuration. then: is a minimum reliance on 
the trru1smission of power and data to and from the vehicle 
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electrical system wl1icb is the least reliable part of the airbag 
system. especially dw-ing a cmsb. On,·e each or the modules 
receives 1:1 siguijl from "the crash sensor system, it is ou its 
own and 110 long.er needs ei ther power o.r inJonnatiou from 
the other parts of the system. ·n1e main diagnostics for a 
module can also reside within the module which transmits 
eilher a ready or a fauh signal to the mai11 mooitoriug circuit 
which now needs 011ly to turn 011 a waming light. and 
perliaps record the fault. if any oftbe modules eit]KT fails to 
traosmit a ready signal or sends a fault signal. 

Thus, Lhe placement l'f e lectronic comrouen1s in or near 
the airbag module caJJ be 1mportn11t for safety and reliability 
reasons. Toe pfaceme.ut of the occupant sensing as well as 
t11e diagnustics electronics within or adjacent to the airbag 
module has 8dditiooal <1dvuotagCli lo solving several current 
important airbag problems. For example, there have been 
numerous inadverte111 airbag deployments caused by wires 
in tl1e system becoming shorted. TI10n. when the vehicle hits 
a pothole, wbic.h is sufficient to activate m.1 arming sensor or 
otherwise disttub the seusiug system. the airbag can deploy. 
Such an unwanted depluyment of course can djr~->etly injure 
an occupant who is out-of-position or cause an accident 
resulting in occupru11 injuries. l f the sensor were to send a 
coded sigoal to lhe airbag modnle .rather than a DC voltage 
with sufficient power to trigger the airbag. and if the airbag 
module bad stored within its electronic circuit suilicieut 
energy lo i.nitiale the i1.1.fiator. then these unwanted deploy­
ment$ could be prevented. A shorted wire crumQt send a 
cockd signal and the short can be dttected by 1be module 
resident· diagnostic circuitry. 

11us would require that the airbag module contain. or 
have adjacent to it, a power supply (formerly the backup 
power supply) wbich forther improves the reliability of the 
system since the electrical co1mectio11 to the sensor. or to the 
vehicle power. can now partially fail. as might happen 
during an occident. and (he system will still work properly. 
ll is well koown that the electrical resistance in the "clock­
spring" connect·ion system. which cow1ects lbe steering 
wbeel-mouJ1ted ai.rbag module to U1e sensor and diugn.ostic 
system. has been marginal in design and prone to failure. 
The resistance of this electrical connection must be very low 
or there will not be suflieient power to J"eliably initiate the 
inlfato-r squib. lb reduce the resistance to the lcvd rt.'quired, 
hjgh quality gold-plated ct;umcctors are prcfembly used and 
the wires should also be of lUlllSLmUy l1igh quality. Due to 
space constra1nls, however, these wires frequeolly bave ouly 
a marginally adequate resistance thereby reducing the reli­
ability of the driver airbag module and increasing its cost. If 
on the other hand. the power to initiate lhe airbag were 
ulready in the module. then only a coded sigmil needs LO be 
sent to the module rather ll1an sullicicnt poweno initiate the 
iuflator. Thus. the resistance problem djsappcars and the 
module reliabi lity is increased. Additionally. the require­
ments fo r the clockspring wirl-s become Jess severe and the 
design can be relaxed reducing 1be cost and comple.x.ity of 
the device. If may even be possible to retttrn to the slip ring 
system that existed prior to the implemc111ation of <1irbags. 

Under tl1is system, the power supply can be charged over 
a few second$. since tbe power does uot oeed to be sent to 
the module at the tUJ1e of the requi red airbag deployment 
because it is <1keady there. Thus, all of tbe elcctrouics 
associaied with the airbag system except the sensor and its 
associated electronics, ifauy, could be within or adj acent to 
the airbag module. Tb.is includes optionally the occupant 
sensor. tJ1c diagnostics and the (backup) power supply. 
which now becomes the primary power supply, and the need 



Hum
IPR2023-00538 

EX1038

US 7,089,099 B2 
197 

for a backl.1p disappeurs. Wilen a fault is detected. a message 
1s sent to a display uni1 located typically in the instmment 
panel. 

198 
periodically owr the vehicle bus 436 to the central diag­
nostic module. shown schematically at 437. to indicate that 
the module is ready, i.e .. there is suliiciellt power of inflate 
or deploy the airbag 43 J aud operate the occupant position Tue placemeut of tbe maiu electronics withiu each mod­

ule follows the development path that computers themselves 
have rollowed from a large centralized mainframe base to a 
network of microcomputers. The computing power required 
by an occupant position sensor, airbag system diagnostics 
and b.:ickup power supply can be greater th,m that required 

5 sensor transmiller/receiver ptlir 433. 434. or sends a fault 
code il"a failure in any component being monitored has been 
detected. A CnisbSwitch sensor is also shown schematically 
at 438, which can be the only discriminatjng semor in the 
system. Sensor 438 is coupled lo lhe vehic le bus 436 and can 

by a single pt1int seusor or of a seusM system employing 
satellite sensors. For th.is reason. it C[Ul be more logical to put 

10 transmit :i coded signal over the bus to tl1e electronics 
module 435 to cause the electronics module 435 to illitiate 
deployment of the airbag 431 via the innator assembly 432, 
The vehicle bus 436 connects the electronic package 435. 

this electronic package wi thin or adjacent to each 111odu.le. 1 n 
this manner, the advantages ()fa centrJlized single point 
sensor and diagnostic system fade s1nce most of the intel­
ligence will reside within or adjaceut to the iud.ividual 15 

moduks and 1101 the centralized system. A simple aud more 
e:fiective CnishSwitch sensor such as disclose\.t in U.S. Pat. 
No. 05.441,301. fi.1r example, now becomes more cost 
eHective than the single point sensor and diagnostic system 
which is now being widely adopted. Pinally, this also is in 
consistent with tile migratiou to a bus system where the 
power and information are transmitted around the vehlcle on 
a siDglc bus system Lhereby significantly reducing the mun-
bet of wires and the complexity of the vducle wiring 
system. The decision to deploy an airbag is sem to 1he airbag '.!5 

modttle sub-system as a signal nm as a burst or power. 
Although it has been assumed that the information. would he 
sent over a wire bus, it is aJso possible lo send the deploy 
coinmaud by a variety of wireless methods either using 
wires or wirelessly. 3(1 

A partial implementation ol' tl1e system as just tlescribcd 
is depicted schciua6cally itl PIG. 99 which shows a vkw of 
the combinmion of an occupant position sensor and airbag 
module desig.ncd to prevent the deployment or the airbag for 
a seat wh.icb is u11occup.ied or if rhe occupant is too close ro 35 

the airbag and therefore in dauger oJ deployment-induced 
injury. TI1e module. shown generally al 430, includes a 
housing which comprises ::m airbag 431. 1111 innatt1r assem-
bly 432 for ·Lile airbag 4.31. an occupant posi tion sensor 
co11Jprisi11g an ulu-asQ1\ic transmitter 433 and ao ultrasooic 40 

receiver 434. Other occupant position sensors can also be 
used instead of the ultrasonic transmitter/receiver pair to 
determine the position of the occupaut to be protected by the 
airbag 431. and also the occupant position seusor (433.434) 
may be located outside of lhe housing of the mo<luJe 430. A 45 

prelcrred al!em,uive occupant sensor system uses a camera 
as disclosed in several of the assigoee's patent~ such as U.S. 
Pat. Nos. 05,748,473. 05.835.6 13, 06.141,432. 06,270.116. 
06.324,453 and 06.,856,873. ln the ultrason.ic example, tbe 
housing of 1.he module 430 also can contain au electronic so 
module or package 435 coupled to each of tl1e iniiaror 
assembly 432. the transmitter 433 and the receiver 434 and 
which performs tbe functions of sending 1l1c ullrnsouic 
signal to the transmitter433 and processing thedat-a from tl1e 
occupant position sensor receiver 434. Electrnnics module 55 

435 may be arranged within the housiLJg oJ the module 430 
as shown or adjacent or proximaie the housing, of tl1e module 
430. ModuJe 430 can also contain a power supply (not 
shown) for supplying power upon conummd by 1he elec­
tronics modnle 4J5 to the i.nllalOr assembly 432 to cause 60 

1nflatioo of tbe airbag 43 l . Thus, electronics module 435 
coutJnls Uie i11fJatioJ1 or deployment of the airbag 431 aJ1d 
may sometimes herein be referred to as a cooiroller or 
control unit. In additi.oLJ. the electTonic module 435 can 
monitor the power supply voltage, to assure !hat su.tficient 65 

energy is stored to initiate the iul1ator aSSL'lllbly 432 when 
required, and power the other processes, and can report 

1he central sensor and diagnostic module 437 and tbe 
CrushSwitcb sensor 438. Bus 436 may be the single bus 
syS1em. i.e .. consists ofa pair of wires. on which power and 
information arc tra1:ismit1cd n.row1cl the vehicle as uoted 
inunedintely above. Instead or CmsbSwitch sensor 438. 
other crash sensors may be used. 

When several crash sensors ru1d airbag modules are 
present in the vehicle. they cau all be coupled to !he same 
bus or discrete portions of the airbag modules ,md crash 
sensors can be coupled to separate buses. Otl1er ways for 
connecting the cmsh sensors and airbag modules w an 
elect-rical bltS can also be implemented in accordance with 
the invention such as connecting some of the sensors and/or 
tm1dules iu parallel to a bus and others daisy-chained onto 
the bus. This type of bus archltecture is described in U.S. 
Pat. No. 06,.212,457. 

It should be understood that airb~g 1i1o<lule 430 is a 
schematic representation ooJy and thus, nrny represent any 
of the airbag modules described above i.u Et1ly of1J1c mou.01-
ing locations. For example, nlrbag module 4JO may be 
arranged in oom1ectilrn with the sent 525 as module 510 is 
iu PJG. JOO, as a side curtain airbag or as a passenger side 
airbi1g, or elsewhere. For tile seat example, the bus, which ls 
connected to lhe airbag module 510. would in.berernly 
C)..1end al least partially into and 1vitl1in tl1e :;t'<'.lt. 

Another implementalion of the invention incorporating 
U1e electronic components into and adjacen.t to the airbag 
module as illustrated in FIG. 101 which sl1ows tho interior 
front of the passenger comp:.utmenl generally at 445. Driver 
airbag module 446 is partially crnaway to show an electronic 
module 447 incorporated wi thlfl the airbag module 446. 
Electronic module 447 muy be comp11rable 10 electronic 
JUodule 435 in the embodiment of FIG. 99 in tbat il can 
cootrol the depk,ymeot of the airbag in airbag module 446. 
Blectronic airbag module 446 is connected to an electronic 
sensor illustrated generally as 451 by a wire 448. TI1e 
electronic s.ensor 451 c.an be, for example, an electronic 
single point crash sensor that initi:.1tes the deployment of the 
airbag when it senses ;;i crash. Passenger airbag module 450 
is illustrated with its associated electronic module 452 
outside of but adj.icenl or proximate to the airbag module. 
Electronic module 452 may be comp,m1ble to electronic 
module 439 in the embodiment of FIG. 99 in lhat it cau 
control tl1e deployment of the airbag in airbag module 450. 
Electronic module 452 is collllected by a wire 449. which 
cou Id also be p-art of-a bu.s, to ll1e electronic sensor 45 l. One 
or both of !lie electronic modules 447 and 452 can cMtain 
diagnostfo circuitry. power storage capability (dtbcr a bat-
te1y or a capacitor). occupm1t seusiJ1g. circuitry. as well as 
con1Jm1nication electronic circuitry for either wired or wire­
less commurucation. 

lt should be understood that although only two airbag 
modules 446.450 arc sl1own. it is envisioned th::i t an auto­
motive salety network may be designed witJ1 sever.ii ancl/or 
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different types of occupnnt protection devices. Such an 
automotive network c,m comprise one or more occupant 
protect.ion devices connected to 1he bus, each comprising n 
housing aud a component deployable to provide protection 
for the occupant, at least om.• sensor system for providing an 5 

output signal relevant to deployment of tl1e deployable 
component(s) (such as the r1ccupa11t sensing circuilly). a 
deployment determining system for generati11g a signal 
indicating for wl1ich of the deployable components deploy­
ment is desired (such .:is a crash sensor) and :m electronic 10 
,,ontroller arranged in, prox.imate or adjaccnl each housing 
and coupled lo 1be ~ensor system(s) and the depltJyme_nt 
determining system. The electrical bus ckclrically couples 
the sensor system(s), tl1e deployment determining system 
and the controllers so tllat the signals from one or more of 15 

1he sensor systems and 11lc dcploymeut dctenruniog system 
arc seol over the bus to the con1mllers. Each controller 
comwls deploymeut or 1be deployable component of the 
rci;pective occupanl protection device in consideration of the 
signals from the sensor syslem(s) and tl1e depluyment deter- ?!, 

mining sys1em. 111c crash sensor(s) may be arranged sepa­
rate and at a location apart from the llousings aud generate 
a coded signal when deployment of any one of the deploy­
able compo11e.nts is desired. Thus, the coded signal varies 
depending 011 which of deployment components are to be 25 

deployed. If the deployable componeoL is an airbag assoc:i­
ared with the housing, lhe occupant pro!ccliou devi;e would 
comprise an in.fl!llor assembly arranged in tl1e housing for 
inflating tile airbag. 

The safoty bus, or any other vehicle bus, may use a 3c, 
coaxial cable.A connector for joining two coaxial cables 457 
and 458 is iJlustnued iu FlGS. 102A. 10213, 102C and 102D 
generally at 455. A cover 456 can be h.ingably anacbed to a 
base 459. A connect(1r plate 461 can be slidably inserted into 
base 459 and can co11tain lWO abrasion and conncclion 35 

sections 463 and 464. A second connecting plate 465 can 
coutaiu two collllect:ing pins 462, one corresponding to each 
cable lo be coJ1J1ectcd. To com1cct the two cablc.s 457 aud 
458 together is tlus implcmculatiou. tl1ey are first inserted 
inco their respec1ive holes 466 and 467 in base 459 until they 40 

are engaged by pius 462_ Sliding connector plate 461 is then 
inscrled and cover 460 rotated pushing connector plate 461 
downward unlit th,.. cotch 468 snaps over mating catch 469. 
Other lalchi.ng devices are of course usable in accordance 
witl.1 the iuveutiou, Duriug this process; tile serrated part 463 45 

o f connectM plate 461 abrades 1be insulating cover off of the 
mlls ide or lhe respective cable exposing the outer conductor. 
·n1c particle coated ~ection 464 of ctmnec1l1r plate 461 then 
engages and makes ekc1ricaJ contact wi1h the ouler conduc-
tor of1.hc coaxial cable~ 457 and 458. Ln this manner, tlie two so 
coaxial cablii!S 457,458 are electrically cow1ected together in 
a very simple manner, 

200 
To partiaJly cope wiU1 this problem, there is a movement 

to co111\ec1 all ot'tbe safety systems onto a single bus (see for 
example U.S. Pat. No. 06.326,704). Once ngaia, the biggest 
pi-oblem with the reliability of airbag systems is rhe wiring 
and connectors. By pn1ctici11g the 1eachi11gs of 1his inven­
tion. one sing.le pair of wires can be used to cq1Joec1 all of 
tile airbag sensors and airbags togetller and. in one preferred 
impleme.i.1.tation, to do so witllout the use of connectors. 
Thus, the reliability oftl1e system is substantially improved 
aud the reduced iustaJ!mioo costs more than oflsets the 
added cost of bwi.1.1g a loosely coupled inductive network. 
for example, described elsewhere herein, 

With such a sys1em, more and more of 1Jie airbag elec­
tronics can res.ide wilhin o.r .:idjacelll to tbe airbag module 
with the crash sensor and occupant information Jed to the 
electronics 1uodnles for 1he deploy decision.11rns., all 1)fthe 
relevant informatiou c:an reside ou the vehicle saferv or 
general bus witl1 each airbag module making its own deploy 
decision locally. 

3.2 Steering Wheel 
Tue steering wheel of au automobile is becoming more 

complex as more f-unction.s are incorporated utilizing 
switches m1d/m a touch pad, for example, ou tlie steering 
wheel or other haptic or n11n-hapric lnplll or even outptlt 
devices. Many vehicles have controls for llertting and air 
condi tioning. cruise control. radio, etc. 

Al though previously not implemented. a steering can also 
be an output device by causing various locations on the 
steering wlleel to provide a vibration,, electrical shock or 
other OulpLll to the driver. 'l11is is in coi1trast to vibrating the 
entire steering wheel wllicb has been proposed for an 
artificial nimble strip application wbco a vcbiclc dcpa11s 
!tom i1s lane. Such a local feedback can be used 10 idenlil.y 
for the driver which but1~1n he or she should press to 
complete an action sucll as dial ing a phone 11u01ber, for 
example (see I-I Kajimoto et al. , SmartTouch: Electric Skin 
to Toucll the Uatoucllable'' IEEE Computer Graphics and 
Applicati11ns, pp 36-43_ Jmiuary Febrm1ry. 2004, lGEE). 

Additionally. tile rurbag must have a very high quality 
connec\iQn so tbat it reliably deploys even when an accident 
is underway. 

This llas resulted in tile use of dockspring ribbon cables 
tllat make all of the electrical coW1ections between the 
vehicle and the rotating steering wheel. The ribbon cable 
must at leasl able to car1y sullicicn1 cu1i-cut llJ reliably 
initiate airb::ig deploy111en1 evc11 at very cold temperatures. 
This requires 'lhat the ribbon cable contain at le11s1 1wo heavy 
conductors to bring power ro the airbag. Ui1der the airbag 
network concept. a capaci1or or battery C(lll be used with.in 
the airbag module and kept cllarged thereby significantly 
reducing Ille amount of current that must pass through the 
ribbon cable. ·nrns, the ribbon cable can be kept considcr­
nbly smaller, as discussed above. 

A.11 alternate and preferred solution uses- the teachings of Consider now vruiot1s uses of a bus system, 
3. 1 Airbag Sys1e111s 
Th.e airbag system currently involves a large nwnber of 

wires tliat carry information and power to and from the 
airbag central processing wlit. Some vehicles llave sensors 
moumed in I.he rront of the vehicle and many vehicles also 
have sensors motm1ed in lbe side stn1cture (1he door, B-PiJ­
lar. sill , or nny Olbcr location that is rigidly connected to the 
side crnsh wne of the ve!Jicle). Ju addition. 01erc are sensors 
and an electro,uc co11trol module mounted in U1e passenger 
compartment. A.11 cars now have passenger and driver air­
bags and some vellicles have as many as eigllt airbags 
considering U1e side impact torso airbag and head airbags a$ 
well as knee bolster a irbags. 

55 this invcnlion to inductively couple the steering wheel with 
the veh.icle t.lrns e lim.imning all wires a11d connectors. All of 
tile switcll functions. couu-ol functions. and airbag functions 
are multiplexed on top of tile inductive carrier frequency, 
This g.re.atly s implifies tl1e initial installation of the steering 

6/J Wbl-el onto U1e vehicle since a complicated ribbon cable is 
no loagt-r DCCC$sary. Similarly, ii reduces warranty repairs 
cat1scd by people cba11gi11g s1eering wheels witbl1ut makLng 
sure 1bat tbe ribbo.11 cable is properly positioned. 

As described elsewhere herein, an input device such as a 
65 mouse pad. joy stick or even one or more switelles can be 

plac~d 0.11 1hc- slcc"Cring. wl1eel and used to control a display 
such as a heads-up display thus permitting the vehicle 
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operntor to control many fimctions of a vehicle without 
taking his or her eyes off or the road. BMW recemly 
iutroduced 1he JPOD haptic interface whlcl1 anempts to 
permit tlte driver to conrrol many vehicle func1ions (HVAC. 
ere.) but it lacks the display feedback and thus has been 5 
found conftL~ing to vehicle operalors, This problem disap­
pears when such a device is coupled with a display and 
parlic11larly a hectds-up display as taught herein. Although a 
preferred location for the input device is the steering wheel, 

menu options and when pressed selects ll1e currently high­
lighted option. An a<lv,inlage to ti.tis is that it is a better 
interface for tempernture 1md volume controls in the car 
since ii CllJl be simply turned to adjust the parameter rnlher 
than pressed repeatedly. or pressed and held down as 
swi1ches would be. This con1inuously varying fonction can 
al~o be achieved with a scrt11l wheel. FIG. I 18 illustrates the 
addition of <1 mouse type scroll wheel 805 for the left band., 

A.notl1er solution would be a partial combioatioJl of the it can be placed a1 otller locatil)u~ iu tile vehicle as is Lbe 1 u 
JPOD. two. The mcou item sckct function could be implemcatcd as 

a wheel 805, siruilar to the scroll wheel on modern cnmputer 
mice. Op1io 11 select could be implemented w ith a wlleel 
press or wilh a separate switch. The menu select wbeel 

The use of a hapt.ic device con be extended to give 
feedback to the opera I Or. ff the phone rings. for example, a 
parti.cnlar portio11 of U1e steering wheel can. be made to 
vibmte indicatii1g where the operator should depress a 
switcb 10 answer the phone. The dispby can <1lso indicate to 
tht: driver that the phone is riuging and perh;:ips imlil:ate to 
him or her the location of the switch or that a oral conunand 
should he given to answer the phone. 

As one example of the implementation of tl1is concept 
consider the following description used in conjuuctiou with 
FIGS. 117- 118. FIG. 117A is a front view of a steering 
wheel having two generalized switches located at 3 m1<l 9 
o'clock ou tl1e steering, wbeel rim. FIG. 1178 is a view 
similar to FlG. 117A with the addition of a thumb switch 
option and FlG. l I 7C is a rear view of the ~1eering wheel t)f 
FIG. 117!3 with a linger trigger option. 

Start1J1g with the assumptions tbat: 
Tue dtiver shouJd be nble to control various systems in the 

aml,mobile withot11 looking away from the road 
The driver should be able to control these systems without 

1akin)l, bis/her hands away fwm tbc steering wheel 
A 11 system control intcrfact•s fundamenl'ally will be menu­

diiven 
Some sort of ct1rsor on a heads-up or other easily visible 

display coupled with a mouse pad or joystick. as 
discussed below. might be disu-actiog, it would be 
belier to simply highlig,llt and select fmm menu 
options. 

Menus c.10 eMily be traversed wi\11 three bu11ons, one Lo 
nHwe the selcclion up. one to move it down, and one to 
select. Since the driver should keep his/her hands on the 
steering wheel at all -times. these buttons. 801, 802 and 803 
should be plac~ so they can. be accessed at the standard 3 
o' clock m1<l 9 o'clock han<l positions. 

Bullons cot1ld be placed on the front ol'rhe s1eering wheel 
sucb 1'11al the driver's llnm1bs cao press them, or probably 
better, buttons could be placed on the rear of the stecri11g 
wheel such that fingers could use them as triggers. 

15 
would be thumb-accessible. and a select switch could be a 
Hoger !rigger ~witch. 

All or the steering wheel mounted switched discussed 
above and below can be wireless and powerless devices such 
as those discussed herein based of RFID and SAW tech-

20 11ologies. 
3.3 Door Subsystem 
More and more electric.al functions are also being placed 

into vehicle doors. Tlus includes window control switches 
rind motors as well as seat conl!l11 switches, airbag crash 

25 sensors, etc. As 11 result the bundle of wires that must pass 
tl1rougb the door edge and thn.1ugh tbe A-pillar has become 
a serious assembly and maintenance problem in 'the aulo­
motive io<lustry. Using the teachings of this invention. a 
loosely coupled inductive system cotild poss anywhere near 

3c, the door and au inductive picJ...7.lp system placed on the oilier 
side wl1cre it obtains power and exchanges inJormalion 
when 1Jle mating srn-(aces are aligned. If these surfaces are 
placed in the A-pillar. t.l.icu su:lfo.:icnt power ca11 be available 
even when the door is open, Alten1.a1ety, a battery or 

35 capaci1i.ve storage system can be pr◊Vlded in the door and 
the coupling can exist through the doorsill. for example. This 
eliminates tl1e need for wires to pass through the door 
interface a11d greatly simplifies the assembly and installatiOJ1 
of doors. It also g reatly reduces warramy repairs caused by 

40 the constant n1ovement of wires at the door aod car body 
interface. 

3.4 Blind Spot Monitor 
Many accidents are caused by a driver executing a lane 

45 
c~bange when there is another vehicle in hls blind spot. As a 
result., several firm.s ore developing blind spot monitors 
based oo radar. optics, or passive iufrnred, to detect the 
presence of a vc'hlcle in tbe driver's blind spot and to waro 
tile dtivei- should he attemp1 such a laue change. These bliud 

To preve11t accidental menu launch (which cc0uld be so 
distrncting), all three but1011s, 801. 802. and 803 could be 
pressed si111ulta1icously ro summou the ment1 on tile beads-

spot monitors ::ire typically placed on the outside of the 
vehicle near or on tl1c side rear view mirrors. Since the 
device is exposed to rain. salt, snow etc., there is a reliability 
problem resulling from the oeed lo seal 1hc seusor and to 
permit wires to enter the sensor and also the vehicle. Special 

up display. ur some similar scheme could be devised. 1 I' the 
driver presses on the brakes or makes a fast tum os .in 
evasive maneuver, tbe menu can be designed to disoppear so 55 

that the dtiver 1s not distracted when driviug requires his/her 

wire, for example, should be used 10 preveJlt water from 
wicking lhrougl1 ilie wire. These problems as well as similar 
problems iissociated with other devices which require elec­
tric power and which are oxpo~ed to the environment. such 
as forward-mounted airbag crash sensors, can be solved 

anentioo. 
In bol'h FIG. 117B an.cl FIG. 118. the two button cluster, 

801. 803 (accessed by the lofi hand in the im,1gcs, bu1 side 
does not matter) cau be. for example. uienu option up and 
menu option dowo. 'nie single button can he menu option 
selec1, 

A press-knob could also be a good solution, but it has tbe 
disadvantage that it can't be placed u1 the optimal steeru1g 
wheel driving position (3 or 9). This concept is likely similar 
10 the JPOD input device now fom1d ou some BMW's. 
namely, a rotary knob tliat wbeo turned highlights difJcrent 

60 
t1tilizi11g an inductive coupling tecllniqties ofihis invention, 

3.5 Tnick-to-Trailer Power and Jofonuatfoo Transfer 
A seiious source of safety aJ1d reliability problems results 

from the llexible wire connections 1hat are necessary 
between a truckaud a trailer. The need for these flexible wire 

65 connections and their associated connector problems can be 
eli1ninated usin~ the inductive coupling techniques of th:is 
invention. lu this case. the mere atlachment of the trailer tn 
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the tractor automatically aligus an inductive pick'"llp device 
on the trailer with the power lines imbedded in the fifth 
wheel. tor example. 

3.6 Wireless Switches 
Switche.~ in general do not consume pllwer and therefore 

they can be implemented wirelessly according to the teach­
ings of th.is invention in many different modes. For a simple 
on-of!" ,witch, a one bit RFID tag similar to what is com­
monly used for protecting against shoplilling in stores with 
a slight modification can be easily impku1eJ'l!ed. TI1e RFID 
tag switch would coutai11 its address aL1d a si11gle accessible 
bit pem1it1ing the device to be interrogated regardless of its 
location in the vehicle withmrt wires. A SAW-based switch 
as disclosed elsewhere herein can also be used and interro­
gmed wirelessly. 

As the switch fonction becomes more complicated. addi­
tional power may be reyuircd and lbc options for interro­
gation become more limited. Por a conrinuously varying 
switch, for ex:-unple !he volume control on a rndio, it may he 
desirable 10 use a more complicated design where ru1 induc­
tive trans for of i..iiformation is utilized.. 011 the other hand. by 
using mome11taryco11tacr switches that would set the one bit 
ou only while tJ1c switch is activated and by using the 
duration of activation. volmue ctmtrol type functions can 
still be performed even tJ10ugh I.ht." switch is remote from the 
int errll gator. 

111is concept then pem1its the placement ol' swilches at 
arbitrnry locations anywhere in the vehicle without regard to 
the placement of wires. Additio.oally, multiple switches can 

204 
coming over the inductive pickup Hue, or wirel1;1ssly, and 
when it recog.iu1.es its address. it activate~ an ill!e.rnal switcll 
which rums on the light. If the information is transferred 
wirelessly. the RFl D switch described in sectiOJl 1 .. 4.4 above 

5 c,,n be used. The light bulb becomes a totally sealed. 
sci f-contained u11it wil11 no electrical connectors or connec­
tions to the vehicle. lt is automatically connected by mount­
ing in a holder and by its proximity, whlch can be as far away 
r1s sevt:ml inches, to the inductivt: power lioe. It has been 

1u demonstrated that rower transfer eniciencies of up to about 
99 pen.cent c:.m !Je achieved by this system and power !eve.ls 
exceeding about I kW can be transferred to a device using, 
a loosely coupled indt,ctive system clescn'bed above. 

This invention therefore conside.rably simpliJjes the 
15 mounting of lights io a vehicle since the lights are totaUy 

scJl:contaioed Md not plugged into tJ1e vehicle power sys­
tem. ProblcLOs assodated with sealing the light socket from 
the enviro,unent disappear vastly simplifying the installation 
ofhe,1dlights, for example. into the vehicle. The skin of the 

?(1 vehicle need not contain any receptacles for a light plug and 
therefore there is uo need lo seal the Jight bulb edges to 
prevent warer from entering behind tile light bulb. Thus, the 
reliability of vehicle exterior light i.ng systems is significantly 
improved. Similarly. cbe ease with which light bulbs can be 

25 changed when they burn out is greatly simpJifie<l since U1e 
complicated mechanisms for sealing: the l ight bulb into the 
vehicle ar1e no longer necessary. Alcbough headlights were 
discussed, the same principles apply to all other lights 
moumed on a vehicle exterior. 

be easily used to conlrol the same device or a single switch 3c, 
c.-;,m control many devices. 

Since it is contemplated that the main power tr::msfcr wire 
p~tir will travel throughout the automobile in a single 
branched lo,>p. several light bulbs cat\ be inductively 
attached to the inductive wire power supplier by merely 
locating a h(ildei for the sealed light bulb within a lew inches 

For cxaiupk. a switch 10 conLn~I the forward 1111d rearward 
motion of the dnver scm can he placed on the driver 
door-mounted armrest and interrogated by an R.FID reader 
or SAW interrogator located in the headliner of the veh.icle. 
The interrogator pe1iodicaUy monitors aJI RFlD or SAW 
switches located io the vehicle which may munber over I 00. 
Jf tbe driver annrest switch is clepre;;scd aud tbe switch bit 
is changed from O to I. the reader knows based 011 the 
address or ideJJtification munbcr of the s~vitch that the driver 
intends to operate his seat in a forward o.r reverse manner. A 
signal can then be sent over theinductivepower transfer line 
to tile motor controlling the seat and tbe motor ca.o thus be 
c.ommanded to move the seat either forward based on one 
switch ID or backw,u-d based 0 11 another switch ID. Thu~. 
the swilch in the arnu-esc could acmally contain lW0 identi­
fication RF IDs or SAW switches. oocfor forw,1rd movement 
of scat and one for rcmward movement of tl1c seat, As soon 
the driver ceases operating the switch. the switch state 
returns to O and a colllllland is sent ro the momr to stop 
moving the seat. The RFID or SAW device can be passive 
or active. 

By this process as taug,1.tt by this invention, al l of the JOO 
or so switches and otl.ier simple sensors can become wireless 
devices and vastly reduce the number of wires in a vehicle 
and incl-ease the reJinbility and 1-ed11ce warramy repairs. One 
such example is the switch that determ.iues whether the 
se.1tbelt is fastened which can now be a wireless switch. 

3. 7 Wireless Lights 
l.n cootrnst lo switches, light~ require power. The power 

required generally exceeds t·bot which can be easily traos­
D1ittcd by RF or capocitive coupling. For lights to become 
,vireless. therefore. inductive coupling, or equivalent can be 
required. Now. however. it is 110 longer necessary to have 
ligh1 sockets. wires and counec1ors. Each light bulb could be 
out!lne<l with ::m inductive pickup device and a mictopro­
cessoi-. The microprocessor cun listen to the information 

35 of the wire. Ooce again. no electrical co1111ections are 
required. 

Cousider for example the activation of U1e right tum 
signal. ·n1e microprocessor associated with tbe tllm switch 
on tbe steering column is programmed to transmit tbe 

40 addresses of the right front und reUJ turn llght bulbs to 111m 

them on. A i'raction of a second later, the microprocessor 
sends a sig.na l over the i.ndt1ctive power transfer line, or 
wirelessly. ro tum the light bulbs off. This is repeated for as 
long as tbe turn signal switch is placed in the activation 

45 pos ition for a right turn. The r ight rear turn signal light bulb 
receives a mess,1ge with its address aud a bit set for the light 
to he h.1roed on and it responds by so doi11g and simllarly, 
when the signa l is received for turning the light off, Once 
again, all such transmissions occur over a single power and 

so information inductive line and no wire connections are made 
to 1he light bulb. 111 th.is example. all power and iofonuation 
is transfoned inductively. 

3.8 Keyless Entry 
1lle RPID technology is panicularly .ipplicable to keyless 

55 entry. lnstcad ol' depressing a button on a remote vehicle 
door opener, tile owner ofvel1icle need only carry an R.FID 
card in his pocket. Upou approaching, tJ1e vehicle door. the 
re.1der located irr the veb.ic.le door, activates the circuitry in 
the Rt'lD card and receives the identificHtion nw1;ber, 

ou checks it nud unlocks the vehicle irthe code ma1cbes. It can 
even open the door or trunk based 011 tbe time than-be driver 
st,mds near tbe door or 1nu1k. SimultanetJLISly, the vebicle 
now knows that this is driver No. 3. for example. and 
automatically sets the seat posit-ion. headrest posit.ion, mirror 

65 position. radio stations. temperature controls and a ll other 
d.rivcrspecific functions including the positions orthe petals 
to adapt tJ1e vehicle to I.be particular driver. When the driver 
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eleclrouically controllable (or tunable) d.ielectric constant 
phased array antetlnas arc also ccniteu1plated. For steerable 
ante11m1s, reference is made to U.S. Pat. No. 06,452,565 
''Steerable-beam multiple-teed dieleclfic resonator 

sits in the seat, 110 1gnitio11 key is 11ecessary ru1d by merely 
depressing a ~witch which ca11 be located anywhere in the 
vel1ide. on the annrest for example, the veh.icle motor starts. 
The .switch can be wireless aud rhe reader or interrogator 
which initially read the operator's c,trd c,,n be cmmectcd 
inductively to the vehicle power system. 

U.S. Pat. No. 05.790.043 describes the \llllocking of a 
door based on a transponder held by a person approaching 

s antenna". Also contemplated. in addition to those discu~sed 
above, arc variable slot antennas and Rotman lenses. All of 
these plus other technologies go under the heading of sman 
antennas and all such antellllas are contemplated herein. 

The antenna situation cru1 be improved as tl1e frequency the door. By adding the funclion of measuring the distance 
to the person. by use of the b,,ckscatler from tile trausponder 
ru1tenna for ex,unple, the distam:e from rbe vehicle-ba~ed 
tran~mitter and the person can be determined and the do~1r 
opened when the perstm is within 5 foci. for example, of the 
door as discussed elsewhere herein. 

10 increases. Currently, SAW devices ate dlilicult to make that 
operate much above abmlt 2.4 GHz. ll is expected that as 
lithography systems improve that eventually these devices 
will be made to operate in the higher GJ Iz range penuitting 
the use of antennas ti.lat are even more directional. 

Using the RPJD switcll discussed above, for example, the 15 

inregratiou of the keyless eutry syStt!rn with the tire mon.itor 
ru1d al I other similar devices cau be rcttdi ly achieved. 

3.9 Ju-Vehicle Mesh Network. Intra-Vehicle Commu11i-
cations 

The use of wireless networks within a vehicle has been 20 

discussed elsewhere llerein. Of panicular interest llere is the 
use of a mesh network (or mesh) wherein the various 
wiJ-eless elements arc corn1ectcd via o mesh such that each 
device ca11 com.muuicate wil11 each other 10 thereby add 
information that ,n.ighl aid a particular uotle. lu tile simplest 15 
case. nodes ou the mesb can merely aid in the transfer of 
information to a central controller. In more advanced cases, 
the terupemnue moo.itored by one node can be used by other 
nodes to compeusqte for the eflects of temperaJure on the 
node operation. In anotl1cr case, the fact that i, node has been 3c, 
damaged or is experiencing ·accele.ratiou can be used to 
determine U1c c-xtcnt or and 10 forecast the scvcc-ity of an 
accident. Such a mesh network can opemte i11 the discrete 
frequeDcy or in tJ1e ullrd wideband mode. 

3.12 Other Miscellaneous Sensors 
M,my new se11~ors are now being adapted to an automo­

bile tu incrt:ase the safety, comfort and conven.ience of 
vehicle occupants. Each of the sensors cLtrrently requires 
separate wiring for power and infonnation tr.msfer. Under 
the teachings nf this invention. these separate wires can 
become uooecessa,ry and sensors could be added at will to 
the automobile at any location with.in a few inches of the 
iuductive power liue system or, in some cases. wiU1in range 
or an RF- intem)gator. Bven sensors that were not contem­
plated by the vclticle manufacturer c1111 be added later with 
a sollware change lo tbe appmpriate vehicle CPU as dis-
cussed above. 

Such sensors illclude neat load sensors that measure the 
stuilight coming in through the wiudsh.ield and adjust the 
environmental cond.itions inside the vel1icle or darken the 
windsll.ield to compensate. Seatbelt sensors Lhat i.ndic.·ate that 
the ~catbclt is buckled and the Lcnsiou or accclcrati,~u 
eiq,erienced by the seatbelt can now also use RFlD ancl/or 
SAW technology ;;is can low power microphones. IJtXJr-open 

3.10 Road Conditioning Sensing- Black Jee Warning 
A frequent cause of accidents is the sudden freezing or 

roadways or bridge s11rfaces wb.eil tile roadway is wet and 
tempermures an: near freezing. Sensors exi~t th::ir can detecr 

35 or door-ajar sensors also cau use the RPID ancl/or SAW 
technology and would not need to be placed near an .induc­
tive power lfoe .. Gas tank foe] level and other fluid level 
sensors which do not n!qui re external power and are now 

the temperature of the road surface within less than one 
degree eitl1er by direct measiiremcnl or by pilss:ive IR- These 40 

sensors can be mounted in locations on the vd1icle where 
they have a clear view of tbe road and thus they are 
susceptible to assault from min. snow. ice, salt etc. The 

possible tbus eliminating filly bawrd of sp.trks igniting lbc 
fuel in tbe case of a rear io1pact accident wlticb niptwes \be 
fuel lank. for example. 

Capad1ive proximity sensors that measure the presence of 
a life form within a few meters of the automobile can be 

reliability of connectiug tllese sensors into the vehicle power coupled wirelessly to the vehicle. Cameras or other vision or 
ru1<l information system is thus compromisetl. Using the 45 md11r or lidar sensors that can be mounted external 10 the 
te;,chings of this invention, blatk ice warning. se11sors. for 
example, c,1n be mounted Oll the exterior of the vehicle and 
coupled imo the vehicle power and infonnation systcni 
inductively. thus remov111g a significant cause of failure of 
such sellSors. Also the use of appropriate cameras and so 
sensors along, wil11 multispectral analysis of road surfaces 
can he part.icularly useful to discover icing. 

vehicle and not require unreliable electrical cotrnections to 
the vehicle power system pennit1ing such sensors to be 
tL,wlly sealed from the environment are also now possible, 
Such sensors c::in be based on millimeter wave radar. passive 
or active infrared, or optic.11 or any other portion of the 
electromagnetic specmun that is su1table for tile task. Radar, 
passive Strn1id or t,hrnsl)nic backup sensors Ot rear imp.let 
anticipatory se1Jsors also are now feasible wil11 significa1Jtly 
greater reliabi lity. 

l11e use of passive audio requires ,1dditional discussion. 
One or more directional microphones aimed from the rear of 
the vehicle can determine from lire-produced audio signals. 
for exampJe. that a vehicle is approaching and might impact 
the ta.rget vehicle whic.:h contains the system. The ta.rge1 

Similar sensors can also used to dett:et the 1ype of 
roadw-ay on which tbe car is traveling. Gravel roads. for 
example, have typically a tower eftective coefficient of 55 

friction than do concrete roads. Knowledge of the road 
characteristics can provide useful in.formation (o the vehicle 
coutrol system and, for example, warn the driver when the 
speed driven is above what is safe for the roatl conditions. 
includiog tile particulM type l1f roadway. 6lJ vehicle'~ rires a~ well as those to the side or the 1a1-get 

vehicle will also produce sounds wbich need to be cancelled 
out of the sound from the directional micmphones using 
well-known noise c~111cel1a1ion techniques. By mouitoring 

3.J I A.ntenuas Including Steerable Antennas 
As discussed above, tbe aJ1tc1mas used in tbe systems 

disclosed herein cm1 contribute significantly to tbe opemtion 
oflhe systems. In one case, a siLico11 or gallium arsen.ide (for 
higher frequencies) element cau be placed ai au antenna to 65 
pruct.'Ss the rcrumed signal as ncet.lcd. lligh gain antennas 
such as tJ1e yagi anteruia or steemble antennas such as 

the inteL1sity of the souud in comparison with U1e inteusity of 
the s01111d from tile target vehicle's owu tires. a determina­
tion of the approximate distance berwo.ieo the two vehicles 
cau be made. Finally, a mc::isurcment of the rate of change 
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in sound intensity can be used to estimate the time to 
collision. ·n1is information can then be used to pre-position 
the headrest. for example, or other reslrni.nt device to prepru-e 

208 
that a collision will occur, the subject vehicle can automati­
cally hove its spt--ed altered so as tCl prcveut the collision. 
typical ly a rear end coHision. A.lteruntely. the front of th.e 
vehicle cao have two spaced-apai1 tags iu which case. a the occupants of the target vehicle for the rear end impact 

and thus reduce the injuries therefrom. A simik1r system can 
be used tel forecast impact$ fmm other direction.s. 1n some 
cases. the microphones will need to be protected in a manner 

5 single interrogator could suOfoe. 

so as to reduce noise from the wind such as with a foam 
protection layer. This system provides a very inexpensive 
anticipatory cr.:isb system. 10 

The following explanation is fr(1111 ProfG, Khlopov oftbe 
Institute ofRadioPhysics alld Eft1ctronics a/National Acad­
e111_1• of science q( Ukraine. 

General 
'l11e dihedral coruer rellector is widely used as a standard. 

target for cal.ibration of radar. Such reflecror consists oftwn 
planes by dime1t:Sk1ns axb tliot cross at rig.ht angles as shown 
in FIGS. 119 and 1l9A. 

ln the general case. the properties of such a target a.re 

Prcvim.1sly, the use of .radio frequency to interrogate an 
RFlO tag bns been discussed. Otber forms or electromag­
netic radiation are possible. Fl>r example, an infrared source 
can illumi.mlle an area inside the vehicle and a pin diode or 
CMOS camera can receive ref:lections from comer cube or 
dihedr::il coruer (as more folly descrilld bdow) reflectors 
locatt:d on objects that muve within the vehicle. These 
objects would include items such as the seat. seatback. and 
headrest. Thr011gh this technique, the time of flight, by pulse 

15 described by scat1ering pattern power (angle dependence of 
po,ver reOectocl\. value of radar cross section (RCS). which 
derermiues its rJdar visibility and dependence of RCS ou 
polarization of the incident wave. 

or phase lock lot1p technologies, can be measured nr modu- 2(1 

lated IR radiation and phase me~surements can be used to 
determine the distance to each oft he comer cube or dihedral 
corner reflectors. 

The above discussion has concentrated ou npplications 
primarily inside of U1e vehicle (although mention is often ]5 

made or exterior monitoring applicatil1ns). There are also a 
siguificant number of applications concerning the interac­
tion of a vehicle with its environment. Although th.is might 
be coll.Strued as a deviation from the primary premise of this 
invention. \-Vhich is that the device i6 either powerless in the 3C1 

sense illat no power is required oilier than perhaps that whid1 
ca11 be obiaiocd from 11 radio frequency signal <°lr a powered 
device and where the power is obi.lined through induction 
coupling. it is encompassed with.in tbe invention, 

Scattering Power Pattern 
ln tl1e a;,jmutl1 plane the RCS for horizontal -o,,,.(<I>) and 

vertical o ,..(q>) polaiizations is detennined by the express:ion 
(1 ). whicl.i is valid for a quite large reflector in comparison 
with 1hc radar wavelength a>>A 

(I I 

where (jJ is the azimuth angle 

When looking exterior to the vehicle. devices that i11ternct 35 

with the vehicle may be localed sullicieutly far away that 
they will require power and tlrnt power cannot be obtained 
from the automobile. ln the discussion below. two types of 
such device~ will be considered. the first type "1h.ich does not 
require infrastructure-supplied power and tbe second which 
does. 

40 in the boresigbt of scatleriug pallem (qi=O), 

A rule of thumb is that an RFID tag of normal size that is 
located more than about a meter away from the reader or 
interrogmor must have an internal power source. Exceptions 
to thi$ involve cases where the only information thm is 45 

transferred is due tc, !he reflection L1ff of a radar reOector­
lype device and for cases where tbc tag is physically larger. 
For those C8$CS, a puJely passive R.Fll) can be five and 
sometimes more meters away from tlie interrogator. Never­
theless. we shall assume that if the device is more than a few so 
meters away that the device must contain some kind of 
power Supply. 

.A.n iulercs1 ing application is a low-cost form of adaptive 
crui~e control or forward collision avoidance system. In this 
case. a purely passive RFID tag could be pl::iclld on every 55 

rear lice11se plate in a particular geographical area, such as 
a state. The subject vehicle wou ld contain two readers. one 
ou the forward lert side of the vehicle and one on the forward 
right side. Upon approaching the rear of a car having the 
RFllJ liceuse pl::ite. the intcrrl)gators in the vehicle would be 60 

able to dctennioe tbe distance. by way of reflected signal 
tin1e of flight, from each reader to the ljceuse plate tra.ns­
ducer. If the license plate RFID is passive. then the range is 
limited to about 5 meters depending on the size of the tag. 
Nevertheless, this will be su tlicient to determine that there is 65 

a vehicle i11 frunt of or to t.hc right or left side of the sub_jccr 
vehicle. u· the relative velocity of the two vehicles is such 

:!Jr 
i. = A - wave numbet. 

For example, the scattering pattern is sbowo for a=6.411. 011 

FIG. 120. which slightly depends on vaJue of a/), 
As shown, tbe scattering pattern is appmxi.ro.ately of 30 

degrees width al level -3 dB (independently of value alA. for 
a~A) ru1d has two side lobes at -3 dB level. 

ln tl1c vertical phme (aloug Y ax:is), the sca11ering pattern 
is detennint'd by tbe expression 

where 8 elevmion angle. 
The shape of scattering paltem in tl1e vertical plane is 

presented ou FIG. 121 and its width is approximately 25Vb 
degrees at level - 3 dB. 

Radar Cross Section 
The RCS oJ dihedral c.oroer reflector in boresight of 

scattering pattern power (6=<j>=O) is described by the for­
mulas when its dimensions are more than radar waveleugUi 
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a,b~A. When tJ1e iucidence field is polruized in the princi-pal 
pla11es (horizo1ll:'.ll aud vertical planes). the RCS is deter­
mined by the expression 

Polarization Properties. 

210 
As is well known for composite rargets. including a11tbro­

poge11.ic objects (bnildings. cons1n1ctions. background elul­
ters etL,.), the main reflected power is coucentrnted on 
co-pt~larized component, i.e. plaoc of polarization of which 

s is coincident witb the polarization of incident. wave. For this 
reason. it is po$sible 10 decrease their influence if tbe 
reflector provides rotation of polruization plane of scattered 
field at 90 degrees. In tl1at c;ise the radar receiver also must 
be turned on reception of cross-polarized component U101 

10 provides significant decreasing or clutter power. 
Such a property may be provided by usillg a dihedral 

comer re(k-ctor, which is oriented at 45 degree;; relative t('I 
the plane of polari,.-.ation of the incident field FIG. 114. 

When the UJcideot field E,-., is trausfo.rmed to 1he ort11ogo-
15 nal polarized reilected fieid-88. on wbicb the RCS of 

composite targets u~u.JJly does 001 exceed 0.01 0.015 ui2. 

When the plane of polarizatioo ofincidence field docs not 
coi11cide with the pri.t1c.,-ipal plan.es of dihedral comer and is 
inclined at the angle a - FJG. 122, then reflector scattered 
the incident .field also at the orthogonal polarization. lo other 
words tJ1e total power reflectcd can be represented as the 
sum of two components vcrticnl and horizontal. according 
to the following expresslon (for 0=0) There Ii.ire, the dihedral curoer reflector enables the sig11al­

to-cluttet rntio more tban 10 dB (a=30 min. b~9o nun) and 
is enough to provide reliable selection of signals from the t4l 

21, reflector~ on th~ clutter backgrmmd. As a result. the recep-

For this reason. the total vector of the retlected field is 
linear polarized rn1d its plane is rotated ~)fl angle ~=2c4 
relatively to the principal plane of d ihedral corner- PJG. 
122_ 

This property is widely used in microwave devices for 
rotating of linear polnri)Wtion on angle 90 deg. when the 
plane of polurizat.ion of incidence field is oriented at 45 deg. 
to the principal plane of the comer- FlG. 123. 

Nevertheless, it is not 01\ly the po~sibility of polarization 
ai1gles that are produced. There are no limits on the rotation 
angle and, for example. it is possible- to obtain the rotation. 
angle B==:t4S deg when Lhe angle a is L'qual to :t.22.5 deg. 

Application of Dihedrnl Comer RcflcL"lOr in Development 
of Radar Preci:;c Posirioni1tg System of Vehicles 

ln the project "Radar development for Precise Posi1jo11.ing 
System of Vehicles·- developed jointly with Orion Company 
(Kiev, Ukraine) in the interests of the current assignee, the 
principal problem is 10 select signals, scmtered from corner 
reflectors S1 and S2 (FIG. 123). which are located along the 
road in a special way. Actually. such signals usunlly are 
masked by clutter from terrain because any objects may 
appear withio the radar beam (builcliDg,s, coostrueti011s. trees 
etc.). 

The simplest way to solve tJ1e problem is lo pmvide a 
large sigual-to-clutrer ratio that is quite llard in U1e case 
under consideration. As the research shows. most anthropo­
genic objects (buildings, con.stmctions etc.) ure of spatia l 
di:;tributed type. their dimensions arc essentially larger tha1i 
the diameter of the radar beam and its RCS in millimeter 
wave baod is about tens of ni2. 11Je RCS of lraditional 
trihedral comer reflector is equal to CJii=4rra4/3)-2 (a--sizeof 
edge. A- waveJeDg111) and it is practically impossible to 
provide values of RCS more than 50--100 m2 in 4 mm 
millimNer wavelengths because of the following re.ist,ns: 

the nece~sary dimensions of corner rdlector are quite 
largc,.200x200x200 tnJJ1: 

the necessary accuriicy of producing, is too wgh- angle 
between tJ1e comer edges must be equal 90±0.J deg. 

That's why the application. of usual trihedral coroer 
reflectors cannot srand out over the background of the 
clutter. On the other hand, the application. of dihedral angle 
reflector can provide nu clfectivc polarization selec1io11 of 
such rellector 011 t11e b::ickgro1111d of clut!er from 1cm1i11. 

tion of reflected siguals on cross-polruized component also 
provides high isola1ion between tn1nsmitter and receiver that 
improves signal-to-noise ra1io for CW FM rndar. 

Titis leads to~ uovel addition or substitntio11 10 putting an 
15 RFJD tag onto a license plate is to emboss the license plate 

or o therwise attach Lo it or e lsewhere on lhe vehicle u corner 
cube or dihedral comer reflector which can yield a bright 
retloction from a rndar or ladar (laser radar) transmitter from 
a followfog vehicle, for example. Further, the ret]ector can 

3c, be designL-d to rotate the polarit.,iltion of a beam by 90 
degrees, thus t.he potential problem of the receiver being 
bliudcd by ano1bcr vehicle's sysktn is rcduccd.. Addition­
nlly. a reflector can be designed as described above to reflect 
a polari;,:ed beam from a non-polari1.cd beam or 'bctler to 

3_; rotate a polarized beam through an arbitrary angle. Ju this 
manner. some information about the vehicle such as it-s mass 
class can be conveyed to the inlerrogatiog vehicle. A polar­
ization on Nl.ly O degrees con s ignify a passenger car. only 
90 deg.rct!s an SUV or other large passenger vellide or 

40 picktip tnick. 45 degrees a s11.1all truck, botJ1 0 and 45 degrees 
(using two reflectors) a larger tn1ck, 45 and 90 degrees a 
larger truck etc. yielding 7 or more classifications. Thus 
11sing a very low cost reflector. a great deal of iufonnatioo 
can be conveyed including the range to the vehicle based on 

45 1jmc-of-flight o r phase angle comparison if the tnmsmitted 
be:cam is modulated. Noise or pseudo-noise modulated radar 
would also be applicable as a modulation based system for 
distance meMurement. 

Additions to ao RFJD-bascd system 01at can be used alone 
so or along with. the retlector syslem discussed above include 

the addition of fill energy harvesting system such as sok1r 
pO\ver or power from vibrntinus. ·nms thc tag can starl out 
as a pure passive tag providing up to about IO meters range 
and grow to aJ1 active tug providing a 30 or more meter 

55 range. With the- use of RFID, a great deal of additional 
informatioll call be transmitted such as U1e vehicle we.ight, 
license plate number, tolling ID etc. Once a tire pressure 
interrogator as discussed above is on tile vehicle, tile cost to 
add one or more license plate interrogating antennas is small 

60 and the cost addition to a license plate can be as low as I 5 
US dollars. Siocc no elcctric;al connection need be made to 
tl1e vehicle, the: installation cost is uo tl1t.1rc thau for au 
ordinary license plate. 

A.11 alternate approach is to visually scan license plates 
65 using au i.mager such as a camera. An iofrored imager and 

;,1 smtrcc of infrarccl illtunination can he used. Using such a 
system. the characters (nwubers and letters) can be read and 
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could be included in the device and replacement or recharge 
of the battery would be necessitated periodically. perhaps 
once every two years. 

An alternate approach to having a vehicle 1rausotit a pulse 

if the Iice11se plate-issuing, au1hority has coded the properties 
(type ofvebiclc, weight, etc.) into tbese cha.meters. a vehicle 
,.,u1 ideutily dmse properties of a vehicle that it may soon 
impuct and lhal information can be a factor .iu the veb.ide 
contml algorilbm or restraint deployment decision. 

Systems are under development that will pem1.it an aut,1-
mobik lo determine its absolute location on the surface of 

5 lo the tag and wait for a response. would be tn have the tag 
periodically broadca~t a few waves of i11fonuat.ion m precise 
timing incremei1ts. Then. the vehicle wi1b two receivers 
conld locate itseJr accurately relative to the earth-based 

the oXJrt11 . 111esc:- syslems are being developed in conjunction 
with iutelligeot transportatiou systems. Such location sys- 10 
terus are frequently based on clif-lerential OPS (DGPS). One 
problern with such systems is that tl1c appropriate number of 
GPS satellites is not always wii.biu view of tbe automobile. 
For sucb cases, it is necessary to bave au eartb-based system 
which will provide the inforuwtion to tbe vehicle permitting 

transmi1ter. 
Por exau1pk. iu dowurowu Mai.that tau it would be di.fficult 

to obtain i..11fom.1ation from satellites that are co11stm1tly 
blocked by tol l buildings, Nevertl1eless, inexpensive 1rans­
mittcrs could be placed on a variety oflampposts that would 
periodically tran.srnit a pulse to all vehicles In the vicinity. 

it 10 absolutely IC1cate itself within a lew centimeters. One 
such system cau involve tl1e use ofRFID tags placed above. 
adjacent or below the surfoce of tbe highway. 

15 Such a system could be based on a broadband nJ.icropower 
impulse radar system as disclosed in several "U.S. patents. 
.Alteruately, a narrow band signal can be used. 

For the cases where the RF1D tags are located more than 
a few meters from 1J1e vehicle. a battery or other poser source ?(i 

will probably be required and this will be discussed below. 
For the systems without batteries, such as placing the RFID 
tag in the concrete. with two readers located one 011 each side 
of the vehicle. the location of tlie tag embedded in the 
coucrete can be precisely determine based on tbc time of ::!5 

Oigl11 of the radar pulse from the reaJers to the tag and back. 
Using tl1is method, the precise location of the vehicle 
relative 10 u tag witbiu a few centimeters t.;,m be readily 
determined and since the position of the tag will be abso­
lutely known. by virtue of ao in-vehicle resjdeut digital map, 3C1 

the position of the veh.icle c:an be absolutely determined 
regardless or w11ere tbe veh.iclc is. For example, if the 
vehicle is iua mllllel, then ii will know precisely its location 
from the R.FID pavement embedded tags. Npte that the 
polari;,.atinn rotation rellector discussed above wi ll also 35 

perform lhis task excellently. 
It is also possible lo deten11iue the rela1ive velocity of the 

vehicle relative to tbc RFlD lag or rctlector using the 
Doppler E.flix:t based oo tbe reflected signaJs. For tags 
located on license plates or elsewhere on ilie rear of vehicles. 40 

the closing vclocicy of the two vehicles can be- determined 
and for tags located in or adjacent to the higJ1way pavement, 
the velocity of !be vehicle can be readily detcnui11ed. The 
velocity can i11 both cases be determined based on differeo-
tia1ing two distance measurements. 45 

lo many cases, it may be necessary to provide power to 
tbe RFID tag since the distance lo the vehlcle will exc-ecd a 
few meters. This is cun-ently being used in reverse for 
automatic tolliug siruations where the RFID tag is localed on 

50 
the vehicle and intcn-ogatcd using readers located at the toll 
both. 

Whco the RFJ D tag, to be i11terroga1ed by vcbjclc-mouuted 
readers is more than. a few meters from the vebicle, the tag 
in mauy cases must be supplied with power. TI1is power can 55 
come from a variety of sources including a banery which is 
part of the device. direct electrical connections to a ground 
wire systcu1, s,,lar batterius, gtnerators th.'.ll generate power 
from vehicle or component vibr,ition, otl1c r forms of energy 
harvesting or inductive energy trausJer from a powt.'f line. 60 

For example, if an RFID lag were to be placed on :i light 
post in d,1wutow11 Maubatta.u., suJlicient energy could be 
obwiued from an inductive pid.'ltp from the wires used ro 
power tbe light to recharge a battery in the RFID. Thus, 
wben the lights are ttirned 011 al night. the RFID battery 65 

could be rechargFd suflicicntly lo provide power for opcra­
tioo 24 hours a day. lo other cases, a battery or ltltracapacitor 

Once again. allhongh radar type microwave pulses have 
been discussed, o ther portions of the electromagnetic spec­
trum can be utilized_ For example, a vd1ic.le could send a 
beam of modulated infrared toward infrastroctwe-based 
devices such as poles which cootain corner or polariwtion 
modi ryi11g re'llcctors. The time or l"ligltt of JR ratlial ion from 
the vehicle to tl1e retkc1ors can be accnt::itely me.asured and 
since the vehicle would know. based on accmate maps, 
where 1he rdlettor is located. 01ere is the little opportunity 
for an error. 

The invention is also mJJcemed with wireless devices tbat 
co11tain transducers. An example is a tempewnire tram;dueer 
coupled with appropriate circuitry which is capable of 
receiving power ciU1er inductively or through radio fre-
quency CllCf}';Y trausfcr or even, and s,~mc C8$CS, capaci­
tively. Such tempcra11ire transducers may be used lo measure 
tl1e tenJpcr,;1tureinside tbe pas~engercompartment or outside 
or t11e vehicle. TI1ey also can be used to measure the 
temperature of some compoueot in the vehicle, e.g .. tbe tire. 
A distinctive leiiture of some em bodimeu1s oJ tbis ioventioo 
is that such temperature transducers are oor hard-wired inlo 
tbe vehicle and do uot rely solely ou butterie~. Sucb 1ern­
pera1 ure sensors huve been used in other envirownents sucb 
as the monitoring of the temperature of domestic and fom1 
animals for healtb monitoring purposes. 

Upou .receiviog power inductively or through the radio 
:frequency energy transfer, !be temperature transducer con­
ducts its temperature measurcmeot and u-ansm.its lbc 
detected tempemrnre 10 a precess or ce111ral control module 
in tbe vehicle. 

1l1e wireless communication within a vehicle can be 
accrunplished in several ways. The couunuuication can be 
through the same patb that supplies power to die device, or 
it can involve tbe transmission of waves tl1at are received by 
another device in the vehicle. 171ese waves can be either 
electroma11,netic (radio [requency. microwave, infrared. etc) 
or ultrasonic. If electromagnetic. Ibey ca11 be sent- using a 
variety of protocols such as CDMA, FDMA. TOMA or 
ultrawidebaud (see, e.g., Hiawatha Bray, "TI1e next big thing 
is actually ulrrawide", Boston Globe. Jtm. 25, 2004). 

Many oi-ber t11pes of transducers or sensors can be used in 
this manner. The distance to an object from H vehicle c-an be 
meaSLtred u~ing a r::idar reflector type RPJD (Radio fre­
quency Jdentificatioo) tag which pemJits the distaocc 'lo the 
wg to be determined by the \ilue of night of radio waves, 
Another metl1od of de!erruin.ing distance to an object can be 
through lhe nse of ultrasound wherein the device is com­
manded to eutit an ultroson.ic burst and the 1ime required for 
U1e waves to 1.ravcl to a receiver is an indication of ilie 
displaceruem of the device from U1e receiver. 
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reflector lo determine the distance to that reflector. Another 
example is a passive reflective RFID tog. 

As noted above. several U.S. patents describe arrange• 
mcnts for mon.iloriug the pressure inside a rotating tire and 

Although in most cases the oommun.ication will take place 
within the vehide, and some cases such as extetmil tem­
perature transducers or tire pressure tr-<111s<lucers, the source 
oftrnnsmission will bo located outside of the companment 
of the vehicle. 5 to transmit 1J1i$ in_fonualion 10 a display inside Lhe vehicle . 

A discussiou or RFID techuology i11clud.ing its use for 
distance measurement is included in the RFID 1/andbook. 
by Klaus Finkenzeller, John Wiley & Sons. New York 1999. 

A preferred approach for monitoring the pressure within a 
tire is to instead monitor the temperature of the tire using a 
temperature sensor and associated power supplying circuitry 
as discussed above aud ro compare that temperature It) the 111 one simple form, the invCJ1tiou crn1 involve a single 

transducer and system for provid.ing power and receiving 
informatio11. An example of such a devitoe would be an 
exterior tempernture monitor whjch is placed outside of the 
vehicle and receives its power and transmits ils lnfonnation 
th.rough the windshield glnss. At U1e other extreme. a pafr or 
parallel wires carrying high frequency alternating current 
can travel 10 all parts of the vehicle where electric power is 
needed. Ln this case, every device c-ould be located within a 

10 teruperarure ofotbertires ou 1be vehicle, as <liscussed above. 
When the pressure wit11ir1 a tire decreases, this generally 
results in the tire temperature rising if the vehicle load as 
being caaied by that tire. In the case where two tires are 
opemting together at the same locatio11 such as on a tmck 

15 trai ler. just the opposite occurs. That is. the temperature of 
the fully i11tlated tire can incre:ise since it is now carrying 
more load than the panially inflated tire. 

few inches or 1l1is wire pait and through an appropriately 
designed inductive pickup system .. each de-vice receives the 
power for operation inductively from the wire pair. A system 2(1 

of th.is type which is designed for use in powering velucles 
is described in several U.S. patents listed above. 

1n this case, a ll sensors and actuators l1LI tJ1e vehicle can 
be powered by tl1e inductive power rn111sfer sysrem. ·me 
co111municntion with these devices could either be over the 15 

same system. or. altematdy. could be take place via RP. 
ultrasound. infrared or other similar communication system. 
If the COllJJllun.icatiou takes place either by RF or over a 
modulated wire system. a protocol such as the Bluetootl1'fM 
or Zigbee protocol can be used. Other oprions inc;Jude the 3c, 
Ethernet and token ring protocols. 

The abov~ systcut technology js &cqucutly tclcrrcd lo as 
loosely coupled inductive systems. Such systems have been 
used for poweriug a vehicle down a track or roadway but 
have nm been used within the vehicle. The loosely coupled 35 

inductive system makes use oJ high frequency (typiC<11ly 
I 0.000 Hz) ond resono11t circuits to achieve a power transfer 
approaching 99 percent efficiency. The 1-esQmmt system is 
<lJ·iveu using a switching amplifier. As discussed berein. this 
is believed to be tbe first exau1ple of a high frequency power 40 
system for use within vehicles. 

Every device that utiJizes the loosely coupled inductive 
system wouJd contaiJ1 a m.icroprocessor and th.us would be 
considered a smart device. This includes every light, switcb, 
motor, transducer, se11sor etc. Each device coul<l have <.1J1 45 

address and would respond only to information containing 
its address. 

4.0 Displays and Inputs to Displays 
Touch screens based on surface acoustic waves are well 

known in the an. The use of this technology for a touch pad 
for use witl1 a heads-up display is disclosed in the current 
assignce·s U.S. patent application Ser. No. 09/645.709 filed 
Aug. L4. 2000. The use of surface acoustic waves in eitheT 
oue or two dimensional applications bas many other possible 
uses such as for pinch protection on wiodow and door 
closing systems, cms11 sensing crash sensors. occupant pres­
ence detector and bun print measurement systems, geneml­
izcd switches such as on tl1c circtunfcrence or center o r the 
stt!t'ring wheel. etc. Since tbese devices typically n .. 'C)uire 
sig.iuficantly more power 1han the micronmchine<l SAW 
devices discussed above. most of these applications wiJI 
requin: a power connection. On tbc.'other hand. the output of 
these devices cm1 go through a SAW micromacbined device 
or, in some o01er manner, be attached to an amenna and 
interrogated using a remule iutcrrogator tJ1us eliminating the 
need fo r a direct wire com1mu1ication link. Other wireless 
conmnuiications systems can also be used. 

One example is to place a surface acoustic wave device on 
tl1e circumference oftbe steering wheel. Upon depressing a 
section of this device. the SAW wave would be attennared. 
The interrogaror could noti(Y the acoustic wave device at 
one end of Ille device to launch an acoustic wave aud then 
monitor output from Q1e anteoua. O1ipcnding lln the pha~c, 
time delay, and/or amplitude or the output wave. the in1er­
mgator would kuow where the operator had depressed the 
steering wheel SAW swttcb and therefore know the functiou 
desired by the oper.itor. 

A section of the passenger compartment of an automobile 
II is now contemplated that the power systems for next 

gene.ration automobiles and trncks will change from the 
current staudard of 12 volts to a new standard of 42 volt·s. 
The power generator or alternator iu st1cb vehicles will 
produce alteniating current and thus will be compatible with 
the system desl-ribcd herein wherein all power within the 
vehicle will be tnmsmitted u:sing AC. 

so is shown generally as 473 i.u FIG. 103. A driver 476 ofthe 
automobile sits on a sear 477 behind a steering wheel 478 
that co01airts au .iirbag assembly 479 with a touch pad data 
entry device. not shl1w11. A heads.up display (HUD) 489 is 
positioned in connection with instnunent panel 488 and 

II is contemplated that some devices will requi re more 
power than can be obtai11ed instantaneously from 1he induc­
tive. capacitive or mdio frequency smu-ce. Ju such c.ises. 
batteries. capacitors or ultra-c.-,paciturs may be used dirt'Ctly 
associated with a parti.:ular device to handle peak power 
requirements. Such a system can 1Jlso be lilied when the 
device is safety critical aod there is a daoger of disrnptioo of 
the power supply dtu-i.ng a vehicle crJsh. for example, lo 
general. the battery or capacitor would be charged when the 
device is not being powered. 

55 reflec ts off of windshield 490. Tiu-ee transmiller ,mcl/or 
receiver assemblies (transducers) 481, 482, 483 are posi­
tioned at various places in the passenger comportmenr to 
de1mnine the height and location of the head of the driver 
rclatiw 10 1bc heads-up <lisplay 489. Only tJ1ree such 1rans-

6<J ducer., arc illu~trnted iil FIG. I 03. 111 general. four such 
transducers are use.cl for ult-rasooic i1oplement,1tion, how­
ever, in some implementations as few us two and as mauy as 
six are used for a panicular vewcle seat. For optical imple-
me□tations, a single camera can be used. 

In some cases, the sensing device may be pmely passive 65 

and t~-quin: no power. One such example- is when an infrared 
PIG. J 03 iJhistrates sever.tl of the possible locations of 

such occupant position devices. Fur example. trani,millet 
1rnd receiver 481 cm.its ultrasonic or infrarc<l waves which nr op1icul beam of energy i~ reflected off of u passive 
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IL)cntiou of tile occupant can be calculated. TI1e third mode 
is to use a single beam in a man11er so that it scans back and 
forth and/or up and down. or in some otheJ' pattern. across 
the occupant. In th.is manner, an iJ.uage of the t1ccupant cmi 

illuminate the bead of the driver. In the case of ultrasonic 
transducers, periodically a burst or ul!rllsonic waves at 
typically 40-50 kilohertz is enuned by the transmitter of the 
tmusducer and 111en the or reflected signal. is detected by the 
receiver of the same transducer (or a receiver of a different 
device). An associated cleclrt)IJic circuit measures the time 
between the tmnsmissiou and the receptio11 of the ultrasonic 
w;wes and thereby determines the distance in the Z direction 
from the 1rdllsducer Lo t11c driver based on the velocity of 
souud. When au infrared ~yStem is used. the receiver is a 10 
CCD, CMOS or similar device and measures the position of 

5 be obtained using a single receptor nnd panem recognition 
software can be used to locate 1he head, chest. eyes and/or 
mouth of the occupaut. The beruu approach is most appli­
cable to electromagnetic energy but high frequency ultn1-

the occupant's head in 1heX ;;ind Y directions. The X, Yand 
Z directions make up an orthogonal coordinate system with 

s0tmd can also be fom1ed into a beam. Tbe above-referenced 
parents provide ;:i more complete description of thi~ tech­
nology. One aclvamage of the beam tecruiology is l'hat ii' can 
be detected even in the presence of bright sunlight at a 
particular frequency. 

Z lyi11g along the ax.is of the transducer a11d X and Y lying 
in the plane of the front smface of the transducer. 

II is contemplated t11at devices which use any pan of the 
elec1ro111ag11clic spectrnm can be U$ed lo locate the head of 

Eacho rtJ1ese methods of transmission or reception can be 
15 used. for example. at any of tl1e preferred mol!llling loca-

1ions shown in FIG. 103. 

an occupalll and here-in a CCD will be defined as any device 
that is capable of converting electromagnetic energy or any 
frequency. including infrared. ultraviolet. visible, radar. and 2(1 

lower frequency radiation capacitive devices. iuto au elec­
trical signal having information concerning the location of 
,m object within 1.he passenger compartment of a vehjclc. In 
some applicMious. an electric field occupant sensing system 
can locate the bead of the driver. 

The infom1ation fonn lhe transducers is then sent lo a11 
electronics control module tl1at cletennines ift.he eyes or the 
driver are posi1foued at or near to the eye ellipse for proper 
viewing of the I-IUD 489. Jf .uor, either the I-IUD 489 is 
adjl1Stcd or the position of the driver is adjusted to better 3c, 
position the eyes of the dJiver !'elative to the HUD 489, as 
described iu more detail below. AhJ1ough a dri vcr sys(Clll has 
ht-en illustrated, a system for the passenger wollld he iden­
tical for those inst;;illations where a passenger J JUD is 
provided. TI1e details of the operatio11 of t11e occupant 35 

position system can be found in U.S. Pat. Nos. 05,653,462, 
05.829.782. 05.845.000, 05.822.707. 05,748,473, 05.835. 

Directional microphone 485 is mounted onto mirror 
assembly 484 or at another convenient location. TI1e sensi­
tive dlrection of the m.icrophone 485 can also be controlled 
by the occupant head location system so thaL lh1· voice data 
input to the system. 1hc nucrnpl1C>ne 485 is aimed i11 the 
approximate direction of the mouth or the driver. A descrip­
tion of various technologies that are used in constructing 
directional microphones can be found in U.S. Pat. Nos. 

25 04,528,426. 04.802,227. 05.2 I 6,711. 05,381 .473. 05,226, 
076. 05.526,433. 05.673.325. 05.692,060. 05.703.957, 
05, 715.319. O5.825.898and 05,848, 172. A preferred design 
will be discussed in detai I below. 

PIG. 104 is n view of the frout or a passenger compart-
ment 493 of a11 automobile with portions cut away and 
removed, having duol oiibags 494, 495 and ao e!ec1ronic 
control module 498 containing a HUD control system com­
pris.iJ.1g various electrouic circuit components shown ge11er-
ally as 499. 500. 501. 502 and microprocessor 503. The 
ci.."acl selection of the circuit components depends on the 
particular technology chosen and functions performed by the 
occupant seusornnd HUDs 491.492. Wires 505 and 506 lead 
l'rom the control module 498 10 the Hrm projection un.its, 

G 13. 05.943,295, and O5,848,RO2 au1ong ot!Jers. Although. a 
1-fUD is disclosed herein.. other displays nre also applicublc 
a11d this invention is uot li1J1.ited to l!UD displays. 

In addition to clelenn1ning the location of the eyes o !' the 
driver. bis or her mouth can also be simultaneously found. 
This permits. as described more detail below, the adjustment 
ofa directional microphone 10 facilitate accurate voice input 
to the system. 

40 not shown. which projects the i11fonuation outo tl1e IJUDs 
491 and 492 fortJ>1e driver and passenger. respectively. Wire 
497 connects a tonch pad 496 localed on the driver steering 
wheel to the control modttle 498. A similar wire an<l touch 
pad are provided for the passen,ger but are not illustrated in 

45 
FIG. 104. 

8Jectr01ui1gi1t'lic or ultrasonic energy can be transmilled 
io three modes in determining the position of the h~1d of au 
occupant. In most of the cases discll)sed in the above 
referenced patents. it is ass\lmed that tile energy wiU be 
transmitted in a broad diverging beam which imeract;; with so 
a substantial portiou of the occt1pant. This method bas the 
disadvantage that i1 1vill reflect first off the nearest objt'Ct 
ru1d. especially i flhal object is dose to the tnuis11litter, ·ii may 
mask the tnie position of the occupant, Generally. reflections 
Crom multiple points are used and tJ1is is the prererrcd 55 

ultra$011ic implementation. The second mode uses several 
narrow beams tllat are aimed in different directions toward 
the occupant from a position sufticiently away from the 
occupant t11at intcr!i::rence is unlikely. A single receptor can 
he used provided 111e beams are either cycled ou at different 60 
times or arc of different frcquoucies. However. multiple 
receptors are in general used to eliminate tbe effects or sig.rial 
blockage by newspapers etc. J\nother approach is to use a 
siagle beam emanating, from a location that has au unim­
peded view of tbe occupant such as the winclslueld header or 65 

h1:c,adliner. If two ~paced-apart CCJJ array receivers t1J"e used. 
the angle or the reflected beam can be detem1ine<l a11d the 

TI1e microprocessor 503 may i11clude a determi11ing sys­
tem for determining the location of the he-ad ol' lhe driver 
aod/or passenger for tbe purpose of adjusting. the seat to 
position either occupant so that llis or lle.r eyes are iu the eye 
ellipse or to adjust the HUD 491,492 for optimal viewing by 
Ilic occLtpant, whct11er lbe driver or pas~c.nger. The deter­
mining system would use infonnation from ihc occupant 
position sensors such as 481. 482, 483 OJ' other lo:fonm1tion 
such as the position of the vehicle scat 01Jd seal back. 171e 
particular technology used to dctemune tl1e location of an 
occupant and particularly of his or her head is preferably 
based on pattern recogn.itioo teclmiqnes soch as neural 
networks, combination neun1l netwmks or noural fuzzy 
systems, aJt.houg).1 other probabilistic, computulional inte lli­
gence or deterministic systems can be used. iJ.1cludi11g. for 
example, pattern recognition tcclmiqucs based on sensor 
1i.1sion. When a )leu.ral uelWl)rk is used, tbe electronic circuit 
may comprise a nemal 11etwork. processor. Other compo­
nents on the circui1 include analog to digital converters, 
display driving circuits. etc. 

FIG. J 05A is a view or a heads-up display shown 011 :i 

windshield but ~ecn by a driver pl'ojccted in front of the 
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windsh1eld and PlGS. 105B- 10SG show various represen­
tative interactive displays that can be projected onto the 
heads-up display. 

Tue beads-up display projection system 510 projects light 
through a lens system 511 through lmlogrnphic combiner or 5 

screen S 12, whicb also provides columniation, which 
reflects the light into the eyes 515 of driver. The focal point 
ofthe display makes it appear th.it it is located in front of the 
vehicle at 5 l3. An 111lcrnate, preferred and equivalent tech­
nology that is now emet-ging is to use a display made from LU 

orga11ic Light emjni.ug diodes (OLEDs). Such a display can 
be s,;rndwichcd between tl1e layers of glass tl1a1 u1ake up the 
windshield and dOcS not require a projection system. 

1he informational content viewed by the driver at 513 can 
take ou the vruiety of ditlerent fonus examples of which are 15 

showo in FIGS. 10513 105G. Naturally. tminyotherdisplays 
and types of displays cau be projected ooto the holographic 
scr~c,en 5 12 in addjt:ion co those shown in FIGS. IOSB- JOSG. 
·111e displays that are generally on chc tnstnimenl panel sucl1 
as the fi.iel and oil levels, engine teinpemttu-e. battery con- 21, 
dition, the status of seatbelts. doors, brakes, lights, rugh 
beams. and tum signals as well as fuel economy, distance 
traveled.. average ~pt.-ed, distance to empty, etc. can be 
optionally displayed. Othe.r conve.ntioual I IUD examples 
iJJC;Jude exception messages such as shut otr engine. over- 15 

heating. e tc. 
FIG. 10513 illustrates the simplest or the types or displays 

that are contemplated by lhis iovention. In this ilisplay, the 
driver can select between 1he telephone system (Tele). 
henting system (! !cal). navigation syste1i1 (Nav) or lutcrnct 3C1 

(lntnl). This selection can be made by eitJ1cr pressing the 
appropriate sccrioo or the 1oucb pad or by using a finger 10 
move the cursor to where tr is pointing to one or the 
selections (see FIU. l0SR). theJ1 by tapping on the touch pad 
at any location or by pushing a deilicated bunou at the side 35 
of the touch pad. or at some other convenient location. 
Allemalely. a voice or gesture input can be used to select 
among the four options. 'l11e switch systeu1 can be localed on 
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(Tele) from the first screen. The operator can either depress 
1he numbers ll' 1he dial a phone outuber. iu which case, the 
keypad or toucl1 pad, or steering wheel rim, may be pre-
1exn11-ed 10 provide a tactile feel for where tl1e buttons are 
located. or the driver can orally enunciated the numbers. In 
either case, ,1s tlie numbers are selected they would appe,tr 
in the top porlion of the djsplay. Once the operator is 
satisfied that the number is correct, he or she can push SEND 
to initiate the ca.II. 1 r tl1c line is busy. a push of the STOP 
buuoo slop, the call aii.d later a push ofthe REDIAL button 
can rein.itiate tl1e call. An automatic redial feature c1111 also 
be included. A directory feature is also rrovidt-d in U1is 
example permitting the opcrntor to dial a number by select­
ing or saying a r.ipid-dial code number or by a mode such as 
the first name of the perso11. Depressing the directory button, 
or by saying "director/'. would ollow· the directory tl) appear 
on the screen. 

In congested tra!l"ic, bad weather, or other poor visibility 
conditions. a driver. especially in an unknown are.1, may fail 
to ob~erve important road signs along the side of the road.. 
A..lso. such sig11s may be so iu.freq111mt that the driver may not 
remember what tbe speed limit is 011 a particular road, for 
example. Additinnally. eme11?,cncy situations can arise where 
the driver should be alerted to the situation such as "icy rOad 
a.head". "accideut nhead". "construction zoJJe ,ihead", etc. 
There have been many propos:i ls by the lnlelligenl TraM-
portation Systems community to provide signs on the sides 
of roads ihat automatically 1ransrut information to a c.ar 
equipped wj1h the appropriate reception equipment. 111 otht:r 
cases. a vehicle which is eq11ippe-d with a route guidance 
system would h.ave certain uJJchanging information avail-
able from the in-vcb.iclc map database. When 1bc driver 
missed reading a particular sign. the capability can exist for 
ll1e driver 10 review pr.eviou, sign displays (see FIG. J 05D)_ 
Similarly, when the driver wants lo become aware of 
approaching sign:;, he or she can view the contents of sig,ns 
ahead provided that in.formation is in the route guidance 
database within tbe vehicle. This system pem1its the vehicle 
operator to observe signs with m uch greater flexibi lity, and 
wit)ll)Llt concem of whether a tn1ck is blocking lhc view of 
signs on a heads-up display that can be observed withonl 
interfering withth.e driver's ability to drive the vehicle. This 
in-vehicle sigJ1age system can get irs in:fonnation from 
transmissions from road signs or from vehicle resident maps 

the steering wheel rim, 01· at some other cooveu.ieot place, as 
described above with .reforeuce 10 FJGS. U 7/\- 118, 111e 40 
operation o r the- voice system will be described in more 
detajl below. Iftbe voic:.e system is selected. then the cursor 
may automatically move to the selection and a momentary 
high.lighting of the selection can take place indic.Hing to the 
operator what fw1ctioo was selected. 45 or even from an Internet co1111cction if tl1e vehicle is 

equipped with a Gf>S system so that it l<i1ows its locafa,n. If 
necessary. the signs can be translated into any conveaient 
language. 

For this elementary appl ication of' the heads-up display. a 
choice of one ofrbe buttons may tbeo rc.,ult io a new display 
having additional option~. If the heating opliL111 is selected. 
for example, a new screen perhaps having four new buttons 
would appear. These bunons could .represent the desired so 
temperat11re, desired fan level. tbe front wi11dow-defrost and 
the R'ar windo\, defrost. 'll1e tc1uper-anu,:: bunon could be 
divided into two halves one for increasing tJ1c tempcmture 
a11d the other lw lf for decre<1sing the temperature. Similarly. 
the fan button can be set so that one side incrcascis the fan 55 

speed and the other side decreases ii-. Similar options can 
also be available for the defrost button, Once again, the 
operntor could merely push at the proper point on the touch 
pad or could move the cursor to the proper point and tap 
atiywhere on Ule touch pad or pres$ a pre-assig,ned button on 60 

the steeriDg wheel hub or rim. ;inn resl or other cooven.ieot 
location, Wbcu a coutinuous liinctioo is provided, for 
example, the temperature of the vehicle, each tap could 
represent one degree increase or decrease oftbe lemperamre. 

A more advanced application is shown in PIG. 105C 65 
where the-operator is presented with a touch p::id for diaJing 
phone numbers aller he or she has selected the telephone 

FIG. JOSE is a more soph.islicaled application of the 
system. In this case, the driver desires route guidanc:.e 
informatiouwhicbcau be provided in many forms.A map of 
the area where- the- driver is drivi11g appears on the heads-up 
or other display Along with various options sL1ch as zoom-u.1 
(+) and zoom-out(-). With the map at bis ready view. the 
driver can direct himself fol lowing the map and. if the 
vehicle bas a OPS system or preferably a dilforential GPS 
system, he can watch ltis progress displayed on the map as 
be drives. Wheu the driver needs assistance. he or sh.e can 
Hctivatc the assistance button which will notify an operator, 
such as an OnSt::u'fM operator. and send the vehicle location 
as well as the map inJonnation to the operator. The opcr.rtor 
tl_1eu ca11 have the c.MJpability of taking control of tbe map 
being displayed to the driver :111d ii.1d icate on that map. the 
route that the driver is to take to get to his or her desired 
destination. The operator cou ld also have the capability of 
momentarily displaying pictures of key landmarks U1at the 
driver should look for and additionally be able to warn the 
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driver of any approaching tums, constrnction zones, etc. 
There are route guidance programs that cau perfonn some of 
these l'w1ctions and it is anficipated that in genera.I. these 
programs would be used in coojtmction with the heads-tip 
display map system as t.1ught herein. For drivers who prefer 
the assistance of an individual, the capability described 
above can be provided. 

A.II of t·he oorrummds that are provided with the cursor 
movement and buttons that would be entered Lhrough the 
touch pad can also be entered as voice or gest11rc conum1nds. 
In this case. the selections could be bigl.1.lig,l:rted rnome111arily 
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are generally called haptic devices and st1cb devices can also 
provide feedback to the operator. Such devices can be 
located at other co11vc11ient locations i.11 association with the 
steering wheel and cau be in the foru1 or general switcl.!es 

s th,1t derive their fonction from the particular display that lws 
been selected by the operator. In general. for tl1e purposes 
herein. all devices tl.!in can have changing functions and 
generally work in conjunction with a display are contem­
plated. One example would be a joystick located at a 

10 convenient place 011 tbe steering wbcel. for example. in the 
form of a small tip such as is commouJy fmmd of varions 
laptop computers, Another example is a series of switches 
that reside on the steering wheel rim. Also contemplated is 

so that the opcri.ltor has the choice of canceling the command 
be-fore it is executed. Another mouse pad or voice or gesture 
input c.ao cause ao e-mail to be read aloud to the vehicle 
occupant (see the discussion of rIG. I0SP below). The 15 

b~-ads-up display thus gives v,1luablc feedback to lbe voice 
systt::m again without 11ect::ssitating the driver to look away 
from the road. 

a voice input in conJunc.tion with n HUD. 
A..11 audio feedback can be used along with or in place of 

a IIUO display. As a person presst-'S the S\Vitcl.!es on the 
steering wheel to diaJ ;:i phone uumber, the audio tcedback 
could announce the numbers that were dialed. 

If the Internet option was chosen, the vehicle operator 
would have a virtually unlimited number of choices as to 
wl.!at fonctions to perfonn as he surfs the Internet. One 
example is shown in FIG. lOSF where the operator bas been 
informed that he has e-mail. It is possible. for eX'!lluple, to 
have as one of the intermpr display fi.loctioris on tl.!e he,,ds­
up display at all times, an iodkator that an e-runil has 
atTived. Thus. for example. if the driver was driviog without 
tl1e heads-up di,play activated. the receipt of the e-mail 
cou.ld cause activation of the beads-up display and a small 
message indicating to the driver that he or she had received 
u-rilail. This is an ex,imple of a ~i,umion intcrmpt. Other 
such examples include U1e emergency in-vehicle signage 
described nbcwc. Another vehicle resident ~ysrcm can cm1se 
the HUD or other d isplay to he suspended if the vehicle is 
in a cri tical situation such as braking. lane changing etc. 
wl.lere the foll attention of the driver is required to minimize 
driver distraction. 

Once the opera1or has selected e-1m1il ,is an option. he or 
she would then have tbc typical cl.!oices available on the 
lnternet e-mail programs. Some of these options are shown 
OU tbe displi.ly in rro. 1osr, "Diere lll3Y be concern that 
drivers should not be reading e-mail while driving a vehicle. 
On 1he other hand, drivers l.!ave no problem reading signs as 
they drive down rhe llighway including large numbers of 
advertisements. If the e-mail is properly fonnatted so that it 
is easy to read, a normal driver should have no problem 
reading e-1u,1i1 ::iny more tha11 reading: billboards as he or she 
ope.rates the vehicle in a safe manner. l l could also be read 
aloud to the driver using text-to-speech sotlware. I le or she 
can even respond to an e-mail message by orally dictating an 
answe.r into a speech to text program. 

ln the fitture when vel.licles are autonomously guided. a 
ve11icle operator may wisl.l to watch his favorite television 
show or a movie while U1e trip is progressing. This is showu 
generally in FIG. 1050. 

111e above arc just a few example~ of the incredible 
capability lhal becomes available to the vehicle operator, 
and also to a vehicle passenger. through the use of an 
interacllve heads-up display along with a device to pennit 
interaction with heads-up display. The interactive device can 
be a touch pad or switches as described above or a similar 
device or a voice or gesture input system that will he 
described in more detail below. 

A.1111ougb the touch pad described above primarily relates 
to a device ilia! resides in 1he center of the steering whee.I. 
This need not be tl.!e case aud a toucl.! pad is generally pru1 
oJ a class of devices that rdy on touch to tTansfcr iuJonua­
tion to and from the vehicle 1md the opcmlor. 1besc devices 

Many other capabilities and displ,1ys can be provided a 
?(1 fow c,r which will now be discussed. In-vehicle television 

reception was discussed above which could come :from 
either satellite transmissions or through the J.memet. Simi­
larly. vitlco conferencing becomes a distinct possibility in 
which ca$e. a miniatnre camera would be added to the 

::!5 system. Route guidance can be facilitated by variot1s levels 
or photographs which depict loc,11 scenes as seen J'rQm the 
road. Additionally. tourist spots can be highlighted with 
pictures that i1re nearby as the driver proceeds down the 
highway. The driver could have the capability of choosing 

3c, whether or not he 0i' she ,vis11es to hc.i1r or sec a description 
of upcoming tm1rist attractions. 

Various fo:tictioos tbat enhance vch.icle safrty can also 
make use of the heads-up display. lncse include. for 
exaniple, images of or icons representing objects which 

35 occupy the blind spots which can be supplemented by 
warning messa2es should the driver attempt to change lanes 
when the blind spot is occupied. Many types of collision 
wamiog aids cau be provided including images or icons 
which <l.llll be enhanced a.long with projected trajectories of 

40 vehicles on a poteotial collision path witl1 1he cu.rrent 
vehicle. Warnings can be displayed based on vehicle­
mounted radar systems. for example, those whl,,h are used 
with intelligent cruise conrrol systems, when the vehicle is 
approaching another vehicle at loo hlgl.! a velocity. Addi-

45 t.ionaJly. when passive inlrared sensors are available. images 
of or ico11s representing, animals that may have strayed Mio 
the highway io from of the vehicle can be projected oa the 
heads-up display along wiU1 warning messages. In more 
sophisticated irnplemcntatio!lS of the system, as described 

so above, the position of1heeyes ofU1e occupant will be kllown 
and therefore the image or icon or st1cl1 animals or other 
objects v, hich can be sensed by the vehicle's radar or 
in !'rared sensors, can be projected in tl1e proper size and nt 
the proper location on the heads-up display so that .the object 

55 appears to the driver approximately where ii is located on thu 
hjg.l1way ahead. Tllis capability is dil:licolt to accomplisl.1 
without an accurate knowledge of the locatioll oftbe eyes of 
the driver. 

In U.S. Pat. No. 05,845.000, and other related patents on 
61J occupaut sensing. the detection of a drt1wsy or otJ1envise 

impaired or i.ncapacit,1tcd driver is discussed. If such a 
system de11;.-cts that (be driver may be iu such a condition. the 
l1eads-up display c:rn be used to test the reaction rime of the 
driver by displaying a message such as "Toucb tbe touch 

65 pad'' or "sound the l.!orn' '. II the driver fails to respond within 
a predt·tcnuined time. a warning sigmil can be sounded and 
the vehidc slowly brought lo a stop wiU1 the hazard lights 
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Hashing. Additionally, the cellular phone or other telematics 
system can be used 10 summon ::issistance, 

Tbere are a variety of other services that can be enhanced 
with the heads-up display coupled with the data i11put 
Syfitems described herein. "fbese include the ability using 5 

either steering wheel switches, the touch pad or the voice or 
gesture input system to coJUmand a garage door to be 
opened. Similarly, lights in a house can be commanded 
either orally, through gestures or through the Louch pad or 
switches 10 bt> tumed Oil or off as the driver approaches or 10 
leaves the house. When the driver operates multiple com­
ptfter systems, one at his or ber house. another i11 the 
automobile. and perhaps a third al a vacalion home or oflice. 
upon app.roach.ing 011e of these i11Sta.Uatiolls, the heads-up 
displny can interrogate the computer at the new location. 15 

perhaps through 131ttctooth1 " or other 1virclcss system m 
determine which. computer has lhe laiest files and lhen 
automatically synchronize the files. A system of this type 
wou1d be under H security system that could be based on 
recognition of the driver·s voiceprint, or other biometric 20 
measure for example. A file transfer would be utitiated then 
eitheJ orally, by gesture or throllgb the touch pad or switches 
prior to the driver leaving t11c vehicle lhat would synchro­
nize the complller at the 11ewty arrived locatio11 with the 
computer in 1hc vehkle. Ln th.is manner, as the driver travels ]5 

from location to location, wherever he or she visits as long 
as the location has a compatible computer. tl1c files on the 
computers ca.11 all be automatically synchronized. 

There are many ways that rhe information entered into tbe 
touch pad or switches con be transmitted 10 the in-vehicle 3c, 
control system or iJ1-vehicle computer. All such ruetl1ods 
including multiple wire, ll)L!ltiplcx ~ignals ou a single wire 
pair, infrared or radio frequency nrc contemplated by this 
invention, Similarly, it is contemplated that this infom1ation 
system will be part of a vehicle dara bus that coMects many 35 
different vehlcie systems into a single communication sys­
tem, 
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switches to be located and could assign difforent functions to 
1hat touch pad or swircb and thereby totally customize the 
it1terior or the passenger compartment of tbe vehicle to the 
particular sensing needs of tbe individual. This could be 
especially uscfltl tbr people with disabilities. 

The communication of the touch pad with the control 
systems in general can take place using wires. As mentioned 
above, however. otl1er technologies such as \Vireless tech­
nologies using. infrared or radio frequet1cy c;u1 also be used 
tt1 transm.i1 i1lfonuatit1u from the touch pad or switches to the 
control module (both tl1e \Ouch pad aud control module 
tl1ereby incJuc:liog a wireless transmissio1.lreception unit 
which is known in !he art). In the extreme. the touch pad Or 
switches can in fact be totaJly passive devices tbat receive 
euergy to operate from n radio frequeucy or other power 
lransmissiou nwthod ft-0111 ao antenna withi11 the ,mtomobile. 
hi this manner. touch p.ids or switches 1.:,m be l1Jca1ed at 
maoy locations in the vehicle without llecessitating wires. 1f 
a touch pad were energized for the am1rest, for example. the 
annrest can have an antenna that operates very much like an 
RFJD or SAW tag system as described in U.S. Pm. No. 
06,662,642. It \VooJd receive sufficient power from the radio 
waves broadcast witltin the vehicle, or by some olhcr 
wireless method. 10 ene~ize lhe drcuits, charge a capacitor 
and power the transmission of a code represented by press­
ing the touch pad switch back to the control uwdule. In some 
cases. a cable can be placed so that ii encircles the vehicle 
and used to activate many wireless input devices such as tire 
gages. occupau.1 seat weight.sensors, seal position sensors. 
temperature sensor:;. switches etc. IJl 1hc most advanced 
cases, 11,e loop L'<Ul even provide power lo motors that nm the 
door locks and scnts.. for cx,.unplc. lu this case. au cm:rery 
sloragc device such as a rechargeable battery or ultra­
capacitor could, in g:eneml. be associated with each device, 

Wilen wireless transmission reclrnologies are used. many 
protocols exist for such information transmission systems 
with BluetootJ1TM or Wi-Pi as prelerred examples. TI1e 
1rnnsmissioll ofi11formorion cao be at a single frequency. iu 
which case, it could be frequency modulated or amplitude 

In 1he discussion above, it has been assumed 1ha1 the 
touch pad or switches would be locnted on the steering 
wheel, at least for the driver, aud that the heads-up display 
would show the f"unclions of the steering wheel touch pad 
areas, which could be switches, for example. With the 
beads-11p display and touch pad tech11ology it is also now 
possible to put touch pads or appropriate switches at other 
local ions in the vehicle and still have their fw1c1ions display 
oil the he.ads-up display. For example. areas of the perimeter 
of steering wheel could be designed to act as touch p;1ds or 

40 modulated. or it could be th,ough a p\1lse sysiern ·using very 
wide spread speclrnm technology or any other technology 
between these two extremes. 

as switches and those switches can be displayed on the 
beads-up display and tl1e functions of those switcJ1es can be 
dynamic.ally assigned. Therefore. for some applications, it 
would be possible to have a few switches oh the periphery 
of steering wheel and tl1e func6ons of those swit.,;hcs could 
be changed dependi11g upon the display of t11e beads-up 
display and of course the switches tbemselvei; can be used 
to change content~ of llwt display. 111rough tl1is type of a 
system, the total .number of switches in the vehicle can be 
dramatically reduced si11ce a Jew swi!d1es can now perfonn 
many functio.11S. Similarly. if for some reason one of the 
switches becomes inopcr.ible. ,mother switch can be reas­
signed to execute tbe fnnctioos lli.at were executed by 1.he 
1noperahle switch. Furthermore. since the touch p;1d tech• 
uology is relaLively simple and w1obtrusive, practically any 
surface in the vehicle can be t1.m1ed into H toucl1 pad. ln 1he 
extreme. many if not most of the surfaces of the interior of 
the velticle could become switches as a sort of active skin for 
the paSSl'ngc.r compartment. In tllis manner. the operator 
could choose at will where he would like the touch pad or 

When muJrjple individuals are operators of the same 
vehicle. it 111ay be necessary 10 have some kind of password 

45 or security system such thm the vehicle computer system 
kno\VS or recognizes the operator. ·n1e occupant sensing 
system. especially if it uses clectmorngaetic radiation near 
the optical parl of spectrnm. can probably be taught to 
recognize the particular operators of tl1e vebicle. Alteruately. 

so a simple meas111ement of rn.orphological characteristics such 
as weight. height, fingerprint. voiceprint and other such 
characteristics, could be used to ide11tify the opera1or. Altcr­
nately, the operator cun orally cmmciate tile password or use 
tbe touch pad or switches to enter a password. More con-

55 ventional systems, such as a coded ignition key or a personal 
RFID card. cm1ld serve tile same purpose. By whatever 
means, once 1he occupant is positively identified. then all of 
the normal features tliat accompany a personal computer can 
become available such as bookmarks L1r favorites for opcrd-

6/J tion oftbe lu1enie1 ::ind persooalized phouebooks. calendars, 
agendas etc . Then, by the computer syncbro1tizatioo system 
described above, (I] ] computers used by a partic11Jar indi­
vidual can contain the same data. Updating 011e has the effect 
of updating them all, Oue could even imagine that p.rogres-

65 sive lmteJs would have a system to ofter the option to 
syuchroni1.:c a PC in a guest' s room to the onefo his or her 
vehicle. 
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One preferred heads-up projection system will now be 
described. This sys1cm is partially described in U.S. Pat. No. 
05.473.466 and U.S. Par. No. 05,051.738. A schematic of a 
preferred small heads-up display projectio11 system 5 10 is 
shown in FlG. 106. A ligl1t source such as a high-power s 
mo11oclmmiatic coherent laser is shQwn at 520. Output frolll 
this laser 520 is passed 1brough a crystal 521 of a material 
having a high index oJ refraction such as the .-icoustic-optical 
material pru-atellurite. An ultrasonic material 522 su<:h as 
Ji11J.ium 11.iobate i~ atlacb.ed 10 two sides of 1be pamtellu.rite 10 

cryslal. or alternately two in se1ies cryslals. When the 
lithium uiobate 522 is caused ll} vibrate, Lhe ultrasonic waves 
arc introduced into the paratelh1rile 521 causing. the laser 
beam to be diJfmcted. With a properly chosen set oJ mate­
rials, the laser beam can be c:iused to diffract by as much as 15 

about 3 10 4 degrees in two dimeJ1sious. 111c light from the 
paratellu.rii-e crystal 521 then euters Jens 523 wb.ich expands 
the scanning augle to typically 10 degrees where il is used 
to illuminate a 1 cm squa·re gamcl crystal 524. The garnet 
crystal 524 contains the display to be projected onto the ?<, 
heads-up display as described in tbe aforememioued patents. 
The laser light modulated by the garnei- crystal 524 now 
enters lens 525 where the sciuuung ;mg.le is increased to 
about 60 deg1·ees. 111e resulting light 11-:ivds to the wind­
slueld tbat contains a layer or hologrnpb.ic and collimati11g 15 

materiaJ 512 tha t has lhe property tbal il totally reflects the 
monochromatic \,1sor light while passing light of all other 
frequencies. The light thus reflects o_fl' lhe holographic 
material iuto tbe eyes of the driver 515 (see FIG. 105A). 

·111e inlen~ity Mlight cmillcd by light source 520 can he 3c, 
d1ru1ged by PJantmlly 11djusuuent using ft brigbtuess control 
knob. 001 sh,,wn. or can be set au101ua1ically to maintau1 a 
fixed display contr.isl ratio hctwccn the display brightness 
and the out$ide world br ightness independent of ambient 
brighmess. T11e automatic adjustment 01'1:he display contrast 35 

ratio is accomplished by one or more ambient light sensors, 
not shown. whose output current is proportional lo the 
ambient Jigbt intensity. J\pprop1iate elt:ctn.mic circuitry i~ 
used to oonven the sensor output lo couLrol the light source 
520, In addition, io sOIJle cases it may be necessary 10 40 

control the amount of light passing through the comhiner, or 
the windshield for that matter. to maintain the proper con­
trast ratio. TIJ.is can be ,1ccomplisbed thrm1gh the use of 
electrochro1nic glass or a liquid crystal filter. both of wb.ich 
have the capability of reducing ti1e transrui;siou of light 45 

through the windshield either generally or at speci!lc loca­
tions. Another technology that is sio1ilar to liquid crystals is 
•·smart glass'' manufactured by Frontier Industries. 

NamraUy. corrections ruust be made for optical aberra­
tions resulting from the complex aspheric windshield c.n.r- so 
vntme and to adjust for the djf:forent distances that the light 
rays travel from tl1e projection system tL) the combiner so 
ti.wt the observer secs a distortion free image. Methods and 
apparatus for accomplishing these functions are described in 
assignee's patents mentioned above. ·m us.,, suitahle optical 55 

assembly can be designed i11 view of the rusclosure above 
ai1d iu accordance with couventioual techniques by those 
having ordinary skill in the a.rt. 

Most of the heads-up displ11y systems described in the 
prior art patents can be Ltsed with tl1e invention de,Scribed 6/J 

herein. The particular lwads-up dlsplay system illustrated io 
PJG. 106 ha$ advaotages when applied to automobiles, rirst. 
the design has no moving parts such as rotming mirrors. to 
create tbe laser sca.uniug pattern. Second, it is considerably 
smaller and more compact thau all other heads-up display 65 

systems maldng it parJicuforly applicable for automobile 
instnuueut panel instaJl11lio11 where space is at a premiwu. 
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The gamet crystal 524 and all other parts of tl1e optics are no1 
significantly affected by heat alid tb.erefore suliJigJ.1t which 
happens to impinge on the garnet crystal 524. lor example, 
will not damage it. A filter (not shown) can be placed over 
the entire system to eliminate all light except tJiat of the laser 
frequency. The garnet crystal display system has a furti1er 
advantage tbal when 1he power is n1roed off. the rusplay 
remafos. Tbus, when the power is turned on tbe next lime the 
vehicle is started. the display wil l be in tJ1e same state as it 
was wbeo the vehicle was stopped (Uld the ignition turued 
off. 

U.S. Pal. No, 05,414,439 states thut conveutiuual heads-
11p displays have been qui le small relative to the roadway 
scene due to the limited space available for the req11ired 
image source and projection mirrors. Tbe use of 01e garuet 
cryswl display as dt1Scribed herein per1ni ts <1 sub~tantial 
increase in the image size solving n ma jor problem of 
previous desig.llS. 111ere a.re additional articles and patents 
that relate lo the use ot'OLEDs for display purposes. The use 
(lf OLEDs for autonwtive wind,hield displ<1ys is unique tCl 
tbe invention herein and coo1emplated for use with any ~ind 
aU vehicle windows. 

An airbag-equipped sLceri11g wheel 52-8 containing a 
ll)uch p:.d 529 according to the te:tchings of this invention is 
shown in FJG. 107. A vru-iety of di fferenl touch pad tech­
nologies will now be described. 

A touch pad based on the principle of reflection of 
ultrasonic waves is shown in FIG. 108 where onceagaiuthe 
steering wheel is repJ"esented by reterence DL\Uleral 528 and 
the touch pad in gencml is reprc~ented by n:fcrcnce numer:'11 
529 . Ju FJG. l08A, a cross-section or the touch pad is 
illustrated. TI1c touch pad 529 cotnp1~scs a scou-r:igid n.i<1tC· 

rial SJO having acoustic c.:ivitics SJl and a film of PVDF 533 
containing conductors, i.e., strip, o(" conductive material 
with oue set of strips 532 nmili11g in one direction on one 
side of Lhe film 533 and the other set of strips 534 running 
iu an orthogonal direction on tl1e opposite side of the film 
5J3. Foam 535 is altached 10 the film 533. \1/hcn a volt<1ge 
rutTerence is applied across the ftlm 533 by applying a 
v~1J1age drop acro$s an orthogonal p1;1ir of conductors, tbe 
area of the film 53.1 ,yhere the conductors 532,534 cross is 
energized. If a JOO kHz signal is applied across that piece of 
film. it is caused to vibrate at 100 kHz emittiug ultrasound 
into the foam 535. lf lhe film 533 is depressed by a linger, 
for cxau1plc. the ti.me of night of the ultrasotwd in the foam 
535 changes, wbich also causes tbe impedance of the filn; 
5.B to chaogc al tbat location. This impedance change cao 
be measured across the two exciti11g tennim1ls and the foct 
tbat tl1e foam 535 was depressed can thereby be determined. 
A similar touch pad geometry is described in U.S. Pat. No. 
04,964,302. The basic principles of operation of such a 
touch pad are d,-scribcd in detail in thtlt patent and therefore 
wil I not be repeated here. FIG. 108A also shows a portion of 
tbe film and cooductivestrips ol"thetouch pad iocludiJ1g the 
film 533 and conductive strips 532 mid 534. TI1e film 5.H is 
optionally intentionally mechanically weakened at 536 to 
facilitate opeiuog during the deployment of tbe airbag. 

Another louch pad design based on ultrasound in a tube as 
&,closed in U.S. Pat. No. 05.629,681 is shown generally at 
529 in the center of sr~riug wheel 528 in PIG. 109. lo FIG. 
109. the cover oflhe touch pad 529 !ms been removed 'lo 
permit a view of tbe serpentine tube 537. TIJ.e tube 537 is 
manufocrured from rubber or another elastomeric material. 
The tube 537 typically has an internal ruametcr between 
about 1/4 and about J/ 4 inches. Two ultrasonic transducers 538 
and 539 an.? placed at the c,nds oft11e lube 537 such as Murata 
40 kHz tr.1nsdm:er part mm1ber MA40S4R/S. Pcrio<li(:ally 
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ruid alternately, each transducer 538,539 will send a few 
cycles o ft1ltrasmn1d dowu the tube 537 to be received by the 
utber 1nmsducer if the tube 537 is no-r blocked. I f a driver 
places a finger on the touch pad 529 and depresses the cover 
suflkiently lo began collapsing one or mClreofthe tubes 537, 5 
the receiving transducer will receive a degraded sigoal or 11(1 

sigual at all at the expected time. Similarly, the depression 
will cause a retlection of tbe ullrasoruc waves back to the 
sending transducer. By measuring tl1e time of flight of the 
ulu-asound to the deptession aud back, the location on the 10 
tube 537 where tlie depression occurs can be determined. 
P uring the ne.,t h;;ilfcycle, the other tntnsd\1cer wi ll aaempt 
to send ultrasound to the first transducer. Ift110rc is a partial 
depression, a reduced signal will be received at the second 
transducer and if the tube 537 is coUapsed, 1l1en no sound 15 

will be heard by the second transducer. With this ratber 
simple structure, lhc fact thm ot small depression takes place 
anywhere iu the tube labyrintb can be detected sufficiently 10 
accivace the heads-up display. Then. when the operator has 
chosen a function Lo be perfon11ed and depressed the cover 2 (1 

of the rouch pad st1fficiemly ro substantially OJ" completely 
close one or more tubes 537, indicating a selection of a 
particular service. the service may be performed as 
described in more deta il above. TI1is particular implemen­
tation of the invention does not readily provide for control 25 

of a cursor on the heads-up display. ror tJ1is implementation. 
tl1ercfore, only the simpler heads-up display's involving a 
selection of diJfereni- switching functions can be readily 
performed. 

In FlGS. 110 and JJ0A. a force sensitive LOHcb p,-id is 3C1 

illustrated generally at 529 and comprises a relatively rigid 
plate wbich bas been p rc-aco.rcd al 540 so tbat it opens easily 
when the airbag is deployed. Load or force seosing pads 541 
arc provided at the fottr comers of the touch pad 529 (FlG. 
110A) . Pressing on the touch pad 529 causes a force to be 35 

exe11ed on tlie four load sensing pads 541 and by comparing 
the mag.n.in1des of the force. the position and force ofa finger 
on tbe touch pad 529 can be determined as described in U.S. 
Pal. No. 05,673,066. 

lo PJG. 111. a tl1i11 capaci1ivc mounted Louch p1;1cl is 40 
lllustrated and is similar to lhe touch pad described in FlG. 
3AofU.S. Pat. No. 05,565,658. Steering wheel 528 contains 
the touch pad assembly 529. Tbe touch pad assembly 529 
c.omp1·ises a g,rollild c.onductor 547, a first insulating area 
546, which can be in the form of a thin coating ofvailll or 45 

i1ik, a first condt1c1ing layer or member 545, which can be a 
scree.n printed conch1cting ink a second iosulaliog area of 
544 which also can be in tl1e fonn of a paint or ink and a 
secoud conducting layer or member 543. which again can be 
a screen printed ink. Tl1e two conducting layers 543. 545 are so 
actually strips of conducting material and are placed 
orthogonal to each o ther. hnally. there is an insulating 
overlay 542 whid1 forms the cover of lhe touch pad assem-
bly 529. Although the assembly 529 is very thin. typically 
measuring less U1an about 0. I inches !hick, one area of the 55 

assembly at 548 is devoid of all of Ute layers ex.cept the 
conductive layer 545. In this manner, when the airbag 
(mounted under the tough pad 529) deploys, the assembly 
529 will C'dsily split (at 548) pcrmilling the airbag cover to 
open and the airbag 10 be deployed. 111e operation of 60 

cap,1citive touch pads of Ibis type is adequately described io 
the above refere.oced p,llent and will not be repeated here, 

FIGS. 112 and 112A show an alternate touch pad design 
similar 10 PlG. 12 of U.S. Pat. No. 04,198,539. Thls touch 
pad design 529 comprises au insulating area 549. a conduc- 65 

tive nr~ 550. a semi-condt1ctivc or pressure scnsitiVl' resis­
tive lnyer 551. a thin conducting foi l 552 ru1d an insulating 
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cover 553, which fon11s the cover of the airbag assembly 
'Diet)peration oftoucl1 pads ofthis type is disclosed in dctnil 
in the above referenced patent and wil l not be repeated here. 

'lbe interior of a passenger vehicle is shown generally at 
560 in FIGS. 113Aand 113B. -n1esc figures illustrate two of 
the many alternate posilions for touch pads. in this case for 
the convenience of the passenger. One tou.ch p;:id 561 is 
shown mounted oo the armrest within easy reach of tbe right 
hand of (he passenger (P1G. 113A). The second installation 
562 is showJJ projecred out from the in~tnimenr panel 563. 
When nm io use, t llis assembly c,in be stowed in tbe 
instn1111en1 panel 563 oul of sight. Wheu the passenger 
intends on using the toucl1 pad 562, he or she will pull the 
touch pad assembly 562 by handle 564 bringing the touch 
pad 562 toward 11.im or her. For prolonged use of the touch 
pad 562. the pam:-nger cau remove the touch pad 562 frolll 
1be cnidle and even stow the cradle bnck ioto the instrumelll 
panel 563. The touch pad 562 can then be operated from the 
lap or the passe11ger. Tn this case. the com11111nication of the 
touch pad 562 to tl1e vehicle is done by either infranxl or 
.radio frequency transmission or by some 01l1er convenient 
wireless method or with wires. 

Referring now to FIG. 114. an a11tomatic scat adjusuncnt 
system is shown genemlly at 570 with a movable headrest 
572 and ultrasonic sensor 573 and ultrnsooic receiver 574 
for meastiring the beight of U1e occupant of the seat as taught 
iu U.S. Pat. No. 05,822,707. Mo1ors 592, 593. and 594 
connected to the seat for moving tbe seat. a control circuit 
or module 577 connected to the motors and a he!ldrest 
actuation mccl1anis111 using motors 578 and 586. which may 
be servo-motors, are also illustrated. The seat 57L and 
head.rest 572 arc shown iu pban1011.1. Vertical UNl'ion or the 
headrest 572 is accomplished when .i sig.n::il is sent from 
control module 577 t~1 servo motor 57R lhrt1ugl1 a wire 575. 
Servo motor 578 rotates lead screw 580 which et1gag,es with 
a threaded hole in member 581 causing .it to move up or 
down depending on tbe directio11 of rota1ioo of the lead 
screw 580. I leadres1 support rods 582 and 583 arc attached 
to member 581 and c..·aLise ihe bead.rest 572 to translate up or 
down witb 01ember SR I . h11his manner, the vertical positioo 
of the headrest can be controlled as depic ted by arrow A - A. 

Wire 576 leads from control module 577 to servo motor 
586 wbich rotates lead screw 588. Lead screw 588 engages 
with a th.readed hole in shaf1 589 whlch is anacbed to 
supporting stnictures wi thin the seat shown in phamom. T11e 
rotation of lead screw 588 rowtes servo motor supp<>n 579, 
upoo which servo-motor 578 is sil1mted, which in turn 
rotates headrest ;;upport rods 582 and 58] in ~lols 584 and 
585 in the seat 571. Rotation of the servo motur suppon 579 
is facilitated by a rod 587 upon which the servo molor 
support 579 is positioned. In this maimer. the headrest 572 
is caused 10 move in the fore and aft directiQn as depictc."CI by 
arrow B- B. ·111erc are o\her designs wl:tich accomp'lish tbe 
saJue effect i11 moving the l1eadrest tip and down and fore 
~nd aft. 

The operation of the system is as fo llows. When m1 

occupaill is seated ou a seat containing the headrest and 
control system described above. the ultrasonic transmitter 
573 emits ultrasonic energy which re.fleets oJfofthe hc-dd or 
I.be occupant and is received by receiwr 574. An elccu·ouic 
circuit io control module 577 comains a microprocessor 
wbicb detcm1inc~ (he distance from the bead o flbe occupant 
based 011 the time between the u·ansmission and reception of 
an ultrasonic pulse. The headrest 572 moves up and clown 
until it finds tl1e top oft be head and theu the vertical position 
closes! to the head of the occupant and then remains at that 
position. Based on the time delay between transmission and 
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reception of an ullraSl)flic pulse, the system cau also deter­
miue the Jo11gitudinal dista11ce from tbe heodrcsl ll) the 
occupant's head. Since the head may not be located pre­
cisely in line with the nltrasouic sensors. or the occupant 
rnay be wearing a hat, coal with ,1 h.igh colk,r, or may have 5 

a lai:ge hairdo, there may be some error in this longitudinal 
measurement. 

When an occupanl sits on ~eat 571, the headrest 572 
moves to find the top of the occupant's head as discussed 
above. llus is accomplished using an algori tlun and a 10 

microprocessor which is part of control circuit 577. The 
headrest 572 then moves to tJ1e optimum location for rear 
impact protection as described in U.S. Pat. No. 05.694.320. 
Once the height of the occupant has been measured. another 
algoritlun i.n the microprocessor in control circuit 577 com- 15 

pares the l)CCtJpanl's meosured hcigbt with ;1 111hle repre­
sentini 1bc population As ;:i whole ru1d from this table, the 
appropriate position.s for tl1e seat corresponding 10 rbe 
occupant's l1eight is selected. For example, if the occupant 
measured 33 inches from 1he top of the seal bottom. this 20 

might correspond to a 85% human, depending on the par­
ticular seat and statistical tables of human measurements. 

Careful study of each particular veh.icle model provides 
the darn for tl1e table of the location of the seat ro properly 
position the eyes of the occupant within the "eye-ellipse·•, ::!5 

the steering wheel within a comfortable reuch of the occu­
pant's hands and the pedals within a comforlable read1 of 
lhe occupant's feet, based on his or her size, as well as a 
good view of the HUD. 

Once the proper posirion has been determined by control 3C1 

circuit 577, sigimls nre sent Lo motors 592. 593. and 594 to 
tmwc the sct1l to that position. The scat 571 also contains two 
control swilch assemblies 590 nnd 591 for mauunlly con­
trolling the position or t:be ~eat 571 and headrest 572. The 
seat control switches 590 permits the occupanl to adjusl the 35 

position of the seat u· he or she is dissatisfied with the 
position selected by tl1e algorithm. 

U.S. P~,1. No. 05.329,272 mentions tlwt by the method~ 
ru1d appamtus thereof, the size of the driver's binocular or 
eye box is 13 cm hori700Ll:I] by 7 cm vertical. llowever, the 40 
chances of the eyes of the drivor being in such an area are 
small. therefOJe. for proper viewing, either the driver will 
need to be moved or the heads-up djsplay adjusted. 

As an alternative to adjusting the seat to properly position 
the eyes of the driver or passenger with respect to the 45 

hends-ltp display, the heads-up display i1selfcan be adjusted 
as shown in FIG. 115. Toe heads-up display nssernhly 595 
is adapted to rotate about it~ attachment to an upper surlitce 
of the insn-tunent panel 596 through any of a variety of 
hinging or pivoting mechanisms. Toe bottom of the beads- so 
up display nssembly 595 is altached ro ru1 actmnor 597 by 
mcMS of activating rod 598 and an appropriate onachmenl 
fastener. Control module 486. in addition lo cotltrolli.J1g the­
content of the heads-up display. also contains cin,,1itry 
which adjusts Ilic angle of pmjcclion of the heads-up display 55 
assembly 595 based OJl the detem1i.ued location of the 
occupant's eyes. Other means for enabling displacement of 
the heads-up display assembly 59:- are also within the scope 
or tl1e iovcmion. 

Tiiere are 01auy cases in n vehicle where it is desirable to 60 

have a sen~or capable of rcceiviog ill\ information signal 
D-001 a particular signal sotJrce wb.ere the environment 
includes sources of interference signals at locations different 
from tbal of the signal source. The view through a HUD is 
one example and another is use of a microphone for bands- 65 

free telephoning or LO is.sue comJ11ands to various vchide 
systems. 

228 
If the exact characteristics of the interference are known .. 

then a fixed-weight filtef can be used 10 suppress it. Such 
clmracteiistics are u~ually not known si11ce tl1ey may V,U)' 

accC1tdiug to changes in t11e iuterfereuce sources, the back­
ground noise, acoustic enviromnent, L1rient.1tion of the 
microphone with respect to lhe driver'11 m(11ttl1. the trans­
mission paths from the signal source to the microphone, and 
1m1ny other factors. Therefore. in order to suppress such 
interteretlce, an adaptive system that can ch,u1ge its own 
parameters in respouse to a changing envirotu11en1 is needed. 
Theconceprof:u.1 adaptive fiHer is d iscussed i11 detail in U.S. 
Pat. No. 05,825,898. 

·111e use or adaptive ffiterS for reducing interference in .1 
received signal, as taught in the prior art. is known as 
adaptive noise canceling. Jt is accomplished by sampling the 
noise indepeod11ntly oft11e source signal and modifying the 
sampled nuise 10 approximate Lhe noise corupunem in tbe 
received signal usiJ1g an adaptive filter. Por an important 
discussion on adap!ivc noisecancding, sec B. Widrow ct al.. 
Adaptive Noise Canceling; Principles and Applications, 
Proc. IEEE 63: 1692- 1716. 1975. 

1n a typical con.figurntion, a primary input is received by 
11 uucrophone direL:ted to or oriented tow,u·d 11 desired signal 
soLUCe and a reference input is received i11dcpe1ide111ly by 
another microphone- oriented in a different direction. The 
p1imary signal C01Jtains botl1 a source component an<l a noise 
component. 

The independent microphone. due to its anguJar orienta­
tion, is Jess sensitive to the source sigm1I. The noise com­
ponents in both microphones arc Correlated and of similar 
mag,utude si.J1ce both originate from tl1e s,u11e noise sou.rec. 
'D1us. a filtc,r cau be used t,) filter tJ)c reference input 10 

generate n canceling signal approximating tl1c noise com­
roneut. The adaptive filler does this dynamically by gener­
ating an output signal that is the difference between the 
primary input and the canceling signal, and by ,1djusti.ng its 
filter weights 10 minimize the mean-square value of the 
ou1put signal. When the fil ter weights conve~e, rhe output 
signal effectively replicates the source s ignal substantially 
free of the noise component. 

What is presented here, as part of this invention. is nn 
alternative but similar approach to the adaptive filter !hat is 
particularly applicable to vehicles such as automobiles and 
trncks. The preferred approach takeo here will be to locate 
Lhe mout.h of the driver and physically aim tl1e directional 
microphone to~ard t11e driver's mouth. Alremately. a multi• 
microphone technique known in the literature .is '"beam­
forming''. which is related lO phase army tl1eory. can be 
used. Since the arnouu1 of motion required by the micro­
phone is in general small. and for some vehicle applications 
it can be eliminated altogether, this is the preferred 
approach. 11he bMm-fomung microphone array can clfoc­
tively be poillte<l iJ1 many direct ions wilho111 it being physi­
cally moved and thus it may have applicability for some 
implementations. 

The sources or the backgrorn1d noise i11 au automobi.le 
envirorunent are known and invariant over short time peri­
ods. For example wind blowing by the edge of the wind­
shield at high speed is known to cause subsrantial noise 
witlu11 most vehicles. ·nus uoise is q11J1e directional and 
varies significantly depending OD vehicle speed. l11crcforc 
tl1e noise ca1Jcel1:.itioo systems or U.S, Pat. No, 05.673.325 
crumot be used in its simplest fonu but the adaptive filter 
with varying coefficients that take into account the directiv­
ity of soUlld cm1 be used. as described in U.S. Pat. No. 
05.825.898. nm is. a 1uicrophone placed on au angle may 
hear u substantially different backgrotmd noise 1hcn the 
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primary microphone becm1se of the direc1ionality of the 
sources of 1he noise. When the speaker js not speaki11g and 
the veb.icle is traveling at a constaJll veloci1y. these coelli­
cieu1s perhaps can be determined. Therefore. oue approach 
is ICI charac1erize lhe speech of Lhe spe.:iker so !hat it is 
known when he or she i$ speaking or uot. Since most or the 
time he or she will not be speaking. mosl of the time, tl1e 
correlation coe:flicieots for an adaptive tilter can be formed 
and the noise can be subs1antially eliminated. 

230 
By looking al lhe phases of each of the frequencies. the 

dir~>ction or 1bc sound at that frequc11cy can be detcm1ined. 
The signals Cilll then be processed to eLiminAte All sound that 
is not at U1e exact proper phase relationship iud.icating that 

s it comes from the desired particular direction. With such a 
microphone arrnngemcnt, it dues nM in general require more 
1han two microphones to de1en11ioe the rnd.ial direc1ion of 
the sound source. 

If two or more microphones have differenl directional 10 

responses. U1en 1he direction of souud can be determjned by 
comparlng the signals frnm the diJlercnt microphones. 
Therefore, ii is tbe1.1re1ically possible to eliminate all sound 
cxccpl 1hat from a particular direction. If six microphones 

A directional microphnoe constructed in accordance with 
1his invention is shown generally at 600 in FIG. 116. Two 
microphones 601 and 602 :ire displaced au oppropriaie 
disiance apart which can vary from ahoul 0.5 to about 9 
inches depending on the applica tion and the space available, 
with a preferred spacing of about 3 inches. The two micro­
phones 601, 602 are surrounded by acoustic transparent 
foam 603 and the assembly is held by a holder 604, Wire 605 
coJ1Uecls the microphones to the appropii::ite electronic cir­
cuitry (not shown). 

are used on fue six faces of a cube, ii is theoreticaJly possible 15 

to eliminate all sound except that wh.icll is coming from a 
particular direclion. 1bi~ can now be accomplished i11 a very 
small package using modern silicon microphones. 

An alternate approach. and ilie preferred approach herein, 
is to use two microphones that are in line and separated by 
a known amount sucl1 as abou! 6 inches. 'l11is is similar 10 
bu1 simpler than 1ht< ;ipproach described in U.S. Pat No. 
05.715.319, 

U,S. Pat. No. 05.715.319 describes a directional micrn­
phone atrny including a primary microphone and two or 
more secondary microphones arranged in line and spaced 
predetermined distances froJn the primary microphone. Two 
ur more sewndary m1Cr1Jphones are each ftequency l'lltered 
with 1l1e r~sponse of each secondary microphone limited Lo 
a predetermined band of frequencies. 111e frequency filtered 
scco.udary microphone ompnts arc combined and u1purtcd 
iuro a second nualog-10-digi lal C'onverter. Further aspects of 
th.is invention involve the use of a ring of primary micro­
phrmes which arc used to steer the direclionality of the 
microphones syslem toward a desired snurce of Sl1w1d. This 
patent is primarily concerned with developing a s1eerabk 
array of microphones that allow electronics to determine the 
directfon of tl1e preferred signal source and theo Lo aim tl1e 
microphones in 1hal general direction. The microphone 
sig,onls in Ibis patent are linearly combined together with 
complex weights selected ro maximize the signal 1t1 noise 
ratio. 

Jncou1rast to U.S. Pat. No. 05.715,319, tl1c microphone of 
tile present inverrtion merely subtracts all signals received by 
both the first and the secoud microphoues which are not at 
tbe precise ca lculatcd phase iudicating tbat the sound is 
coming from a diJfereut direction, rawer than a rurection in 
li11e with the microphones. Allhoug)1 in both cases the 
1nicrophone8 are pfoced on an nxis, the method of processing 
U1e information is fundamcn1ally cliflcrent as described iJ1 
more detail below. 

If it is known 1hat the microphone assembly is pointing al 
the desired source, then both microphones will receive the 
same signals with a slight delay. TI1is delay will introduce a 
known phase shift at each freq11ency. ALI signals that do not 
have the expected phase shift can tllen be e liminated result­
ing in !he cancellation of all s<)und !hat does not come fmm 
the direclio□ or 1he speaker. 

For lbe plltpl1Ses of telephoning and voice recogni1ion 
commaods. the range of freq11cocies considered can he 
reduced to approximately 800 Ilz to 2000 I Tz. Thjs further 
serves to elirninate much of 1he noise created by tile sound 
of ti.res on the road and wind noise that occurs mainly at 
lower and higher frequencies. If further noise reduction is 
dt-sired .• 1 Slochastic approach baSL'd on a sampling of U1e 
noise when Ute occupant is not talking can be effective. 

21, 5. Summary 
Among tile inventions disclosed above is an arrru1gemenl 

for obtain.ing and conveying.information about occupancy of 
H pHssengcr con1paru11eut of a vehicle comprises al lenst one 
wave-receiving se11sor for receiviug waves from the passen-

::!5 ger compartment. a generating system coupled to the wave­
receiviog seo~t1r(s) for generating informatioo about the 
occupancy of 1he pa~scnger compartment based on the 
waves received by the wave-receiving sensor(s) and a com­
mu.n.iCl.ltions system coupled ro tile generating system for 

30 transmi11ing the infom1a1:ion ::ibout the occupancy of the 
passenger compartment. As sndi. response pers~muel can 
receive tbc information abotll 1J1c occt1p .. ucy of Ole pa~scn­
ger compartment and respond appropriately. if necessary. 
There muy be sevc1<1I wave-receiving sensors and they may 

35 be. e.g., ultrasonic wave-receiving sel1sors, electromagnetic 
wave-receiving sensors, capacitance or electric field sensors. 
or combinations thereof. Tile information about tile occ11-
pal1cy of the passenger comparuuent can include lhe oumbe.r 
of occuprulls in the passenger compartment. as well as 

40 whether each occupaur is 111oviog 11011-reflexively and 
breathing. A transmitter may be provided for trnnsmi11ing 
waves into the passenger compartment such tllat each wave­
receiving sensor receives waves transmitted ·from the trans­
miner and modified by passing intu and at le<1st partially 

45 throug,b the pas,;enger compartment. One or more memory 
units may be coupled to the generating system for storing the 
information about the occupancy or the passenger compart­
menl and to lhe communications system. ·n1e communica­
t.ions system then can interrogate the memory u.n.il(s) upon a 

so crasll of U1e vehicle to !"hereby obtain the information about 
the occupancy ,)f 1he passenger compartment. In one par­
ricularly ttsefi.JI ei1lbodiment, 1he health stiM ofat least one 
occupant is determined by a sensor or sensor system. e.g., by 
a heartbeat sensor, a motion sensor such as a micropowet 

55 impulse radar sensor for detecting mmiL1n of the at least one 
occupant and motion sensor for determining wlletber the 
oecupant(s) is/are bi-eatl1ing, and provided to 1he cotnmuni­
c;;itions system. Toe communications system c.1n interrogate 
the health state delermining sensor(s) upoJ1 a crash of the 

60 vehicle lo thereby obtain aod transmit the health state of U1e 
occupant(s). The health stme detenuin.ing sensor(s) can also 
comprise a chemical sensor for anaJy;tjng the aiuou11t of 
carbon diox.ide m the passenger compartment or around the 
at least one occupant or for detecting the presence of blood 

65 in the passenger compartment. Movement of the occupant 
can be determined by monitoring the weight distribution of 
the oc:cupa111(s), or an analysis of wnves from the space 
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occupied by the occupnut(s). Each wave-receiving sensor 
ge11emtes a signal rcprt>sentative of the waves received 
thereby and the genemriug system may comprise a processor 
for receiving and analyzing the signal from the wave­
receiving sensor in order to gcneratt> the infurmation about s 
the occupancy of' the passenger compartment. The processor 
can comprise p::me111 recog.nition means for clnssifyiJ1g nn 
occupant of the seat so 1hat the information <1bout the 
occupancy of' the passenger comparunent includes the clas­
sification of the occupant. The wave-receiving se.i1st1r may 10 
be a micropower impulse radar sensor adapted to detect 
motion of an occupant whereby the motion of the occupant 
or ,1bsencc of nwt io11 t1 ft.he occupant is indicative of whether 
the occupant· is breatlling. As such, the infor:rnatiou .ibout the 
occupancy of the passeuger compartme11t generated by the 15 

generating me.:ins is m1 indicatjon of whether the occupant i~ 
breatlling. AJso, the wave-receiving sc11sor may gencnlle a 
sigual representative or the waves received thereby and the 
genemting means receive this signal over time and deter­
mine whether any occuprults in the passenger compartment 2<, 
are moving. As such. 1he inform.ition about the occupancy of 
the passenger compartmeut generated by the generating 
system includes the otuuber of moving and non-moving 
occupants in tfa'l passenger compa11meut. 

A related metbo<l for obtaining and conveying infonnn- 15 

tion about ,1ccupancy of a pusset1ger compartmeu1 or a 
vehicle comprises the steps of receiving waves from the 
passenger compartment, generating information about the 
occupancy of the passeuger compartment based on the 
tccCiVl'd waves, and ttansmining rhe infor1na1ion about the 3c, 
occupancy oftbe passenger compartment whereby response 
rcrsonocl can n:ccivc 1hc iufonnatfon abo1n 1bc occupancy 
of the passenger compartment. Wavcr, may be transmitted 
into the passenger compartment whereby the transmitted 
waves are modified by passing into and at least partially 35 

through the passenger compartment and then received. The 
information about the occupancy of the passenger compart­
ment may be stored in ar le.ast one memory unit which i~ 
subsequently interrogated upon u crash of the vehicle to 
thereby obtain the infor.matioo about the occupancy of tl1e 40 
passenger compartmonl. A signal representative of the 
received waves can be geuerated by sensors and analyzed in 
order to generate 11le information abot11 tile stme of health of 
at least one occupaut of the passenger compartment and/or 
to generate the in.formation about the occupancy or the 45 

passenger compartment (i.e., detem1ine non-reflexive move­
ment aocVor breatbing iodicat111g life). Panem recognition 
techniques, e.g .. a trained neural network. can be applied Lo 
analyze the sigual mld thereby recognize and identify any 
occupants of the passenger compartment. lu lb.is case, the so 
identification of the occupants of the passenger compartment 
can be included into the infonnatil)n about the occupancy of 
ihe passenger compartment. 

:\ II of the above-described methods and apparatus. as well 
as those further described below, may be used in conjunction 55 

with one another and in c.ombination with the methods aild 
apparatus for optimizing the miving condi\ions for the 
occupants of the vehicle described herein. 

Also described above is an embodiment of a component 
diagnostic system for di:igoosiJ1g the component in accor- uo 
dance with tbc iuve111ioo which comprises .i p lurali ty or 
s<msors not directly as~t1ciated with the component., i.e .. 
independent therefrom, such that the componenr does not 
directly affect the sensors. each sensor detecting a signal 
containing informatiou as to whether the component is 65 
operating nonnally or abnonnally and outpulliug a corre­
sponding electrical signal. a processor coupled to the sensors 

232 
for receiving and processing the electriciil signals and for 
derermiuing if the component is operating abnom1,11ly based 
on the electrica l signals, and output means coupled to tile 
processor for alfecting another system williio the vehicle if 
the component is operating ,1bnonnally. The processor pref­
erably comprises pattern recognition means such as a tr.iined 
pattern recogni1ion algorithm. a neurnl uetwork. modular 
neural networks, an ensemble of neural networks. a cellular 
neural network, or a support vector machine. ln some cuses, 
fuzzy logic will be used which can be corubiucd with o 
J1eural network to form a neural fuzzy algorithm. The 
anl1ther systell) n.wy be a display for jndjc::iting tl1c abnomwl 
state of operation of the component arr.mgcd in ii position in 
the vehicle to enable a driver of the vehicle lo view the 
display and thus the indicated abnormal operation of the 
component. At le::ttit one source of additional infonnation, 
e.g .. the lime and date, may be provided and tl1c atlditional 
information input into tl1e )'lrocessor. "f11e anot11er system 
may alsl1 be ti warning device including a transmitter for 
transmilling infnmiation related to tl1e component abnom1al 
opemting state to a site remote from the vehicle. e.g .. a 
vehicle repair facility. 

In another embodiment of the component diagnost ic 
system di.scusst'd above, at le.:ist one seusot detects a signal 
containing infonnation as lo whether the component is 
operating normally or abnnrmally and 011tputs a correspond­
ing electrical signal. A processor or other computing device 
is coupled to the sensor(s) for receivillg aud processing the 
electrical sig.nal(s) ruld for detenni1uug if the compooenr is 
opemting abnonm11ly based thercl)n. 111e processor prefer­
ably comprise, or embodjes a p-anern rt-cognition algorithm 
for aualyzi11g, a pattcnl withiu the signal detected by each 
sensor. An output device (or mulliplc output dcvict•s) is 
coupled to the processor for affec1ing another sys1em with ill 
the vehicle if the colUpouent is operating abnormally. The 
other system may be a display as mentioned r,bove or a 
warning device. 

A roetl1od for m11omatically monitoring one or more 
compoueuts of a vehicle during operation of the vehicle on 
a rm1dway entails, as discussed above, tbe steps or mooi­
Loring operation of the component in order lo detect abnor­
mal opera Liou of the component, e .g., in one or the ways 
described above, and if abuonual operation of the compo­
nent is detected, automatically dim::tiug the vehlcle off of 
the restricted roadway, For example, in order to automati­
cally direct the vehicle off oftbe restricted roadway, a signal 
representative of tbc abnormal operation of the component 
may be generated a nd directed 10 a guidance system of the 
vehicle that guides the movement of the vehicle. Possibly 
the direc1iJ1g the vehicle olf of the restricted roadway may 
entail applying satellite positioning teclrniques or grouud­
based positionh1g teclmiques to enable the c11rten1 pOsition 
of the vehicle to be determined and a locfttiou olf of tile 
restricted highway to be detennioed ;,ind th11S a pl.lib for the 
movement of the vehicle. Re-entry of the vehicle onto the 
restricted roadway may be prevented until the abnormal 
operation of the component is satisfactorily addressed. 

lu other embodiments disclosed above, the state of tJ1e 
entire vehicle is diagnosed whereby two or more sensors, 
p refombly acceleration sensors and gyro~copes. detect the 
state or tbe vehicle and if the stnte is abnormal, au output 
system is coupled to tl1e processor for atfecting another 
system in the vehicle. The ,U1other system may be the 
steering control system, U1e bmke system, the accelemtor or 
the frontal or side occupant protection system. An exempli­
fying control system for con1rolliug a part of the vehicle in 
accordance wiU1 the invention thus comprises a p lurality of 
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sensor systems mou11ted at differelll locations on the vehicle. 
each sensor systetu prtWiding a measureme1\t related to a 
state oftbe sensor system or a measurement related to a state 

234 
vehicle. The state of tl1e sensor system may be any one or 
more of the acccleraiion. angular acceleration, angular 
velocity or ru1gular orientation of the se.usor system. Diag­
nosis of the state of the vehicle may email detenuining of 1l1e lDL)UOling locaiiou. aud a processor coL1pled to the 

sensor systems and arranged to diag11ose the stale of the 
vehicle bnsed on tbc measurement~ of the sensor system, 

5 whether the vehicle is stable or is about to rollover or skid 

e.g .. by the applicariOJ1 of a pattem recognition techuique. 
The processor controls the part based at least in part on the 
diagnosed state oJ the vehicle. At least one of tl1e sensor 
syi;tems may be a high dyn;.Hn.ic range accelen)meler or a to 

sensor selected from a group consisting of a single ax.is 
acceleration sensor, a double axis accelerat ion sensor, a 
triaxial accelerntion sensl1r and a gyroscope. and may 
option.ally include aa RFID response unit. The gyroscope 
may be a MEMS-JOT gyroscope including a surface acous- 15 

tic wave re.sonntor whicb opplies staudiog waws on :J 

piezoelectric substrate. [ fan RFID response u.oil is presenl, 
the contml system would then comprise an RFJD interro­
gator device which c.iuscs Lhc RFlD response unii(s) t·o 
transmit a signal representative of the meastt,cmeut of the 2(, 

sensor system associated 1herewith to the pmcessor. 
1l1e state of the vehicle diagnosed by the processor may 

be the vehic-le's angular motion, trngular acceleration w1<l/or 
angular velocity. As such, the steering system, braking 
systelll orthronle system may be controlled by the processor 25 

in order to maintain the stability of the vehicle. The proces-
sor can also be arranged to control an occupant restraint or 
proteclioa device in an anerupt to minimize injury to an 
occupant. 

·me st::ne l)f the vcl1icle dia~uoscd by the pr1.1cessor may 3c, 
also be a detennination of a location of an impact between 
the vehicle and auotbcr object. lu thi~ c11se, the proccssl>r can 
forecast the severity of the impact using the force/crush 
properties of t ile vehicle al tbe impuct location and control 
ai1 occupant restraint or pmlection device based at least in 35 

part on the severity of the impact". 
The system can also include a weight sensing system 

eonpled to a seat in 1he vehicle for sensing the weight t1f nn 
occupying item of the seal. The weight seasi.ng system is 
coupled to lhe processor whereby the processor controls 40 
deployment or aciuation oftl1e occupant restrnint or protec­
tion device based on the state of the vehicle aad the weight 
of the occupying item of the seat sensed by the weight 
sensing system. 

A display may be coupled to the proces~or for displaying 45 

an indication of the state oftl1c vehicle as diagnosed by (he 
processor. A warning device may be coupled to tbe processor 
for relaying a warning to an occupant of the vehicle relating 
to the state of the vehicle as diagnosed by the processor. 
Further, a transmission device may be coupled 10 the pro- so 
cessor for transmitting a sigual to a rem01e site refating to (he 
state of the velucle M diagnosed by the processor. 

The state of tl1e vehic:Je diagnosed by lbe processor may 
include angular acceleration of the vehicle wbereby angular 
velocity and angular position or orientation is derivable from 55 

the angular acceleration. The processor can then be arranged 
to control the vehicle's uavigation system based on the 
angufar acceleration of the veh.icle. 

A metl1od !or controll ing a part of the vehicle in accor­
dance with tile invention comprises the step or mounting a 60 

plur,1lity of sensor systems a t dilforent locations on the 
vehicle, measuring a state 9f the sensor ~ystem or a state of 
tl1e respective motmting location of the sensor system. 
diagaosing the state of the veh.icle based on the measure­
ments of the state of the sensor systems or the st11te of the 65 

mounting k1cntions of the scmor sysl<'rnS. aud controlling 
the parl based at least in part on the diagnosed state of the 

an<l/or determining a location o[ an imp;1ct between tbe 
vehicle and another object. Diagnosis of the slate of the 
vehicle may also entail detennining angufor acceleratfoa of 
the vehic:Je based on the accelemtion measurt.'ll by acct:ler­
ome1ers if multiple accelernmeters are present as Q1e sensor 
~ystcms. 

Another co111rol system for controJling a pan 9f tbe 
vehicle lll ,1ccnrdance wi th the invention comprises n plu­
rality of sensor systems mounted on the vehicle. eacb 
providing a measuremem of 11 state of the sensor system or 
a state of the mounting loc,1tion of the sensor systetn and 
generating a sig1.1al represe1.1tativc of tbe measmemem, and 
a pattern recog11.ition system for receiving the signals fi-om 
the sensor systems and diagnosing the state of the vehicle 
ba~ed on the measurements of the sensor systems. ·.1111:! 
patleru recogn.i1ion system generates a control signal for 
controlling t·he part based at least in part on the diagaosed 
state of the vehicle. ·n1c patient recognition system may 
comprise one or more ueLu·al networks. The fe~1rttres of the 
coutroJ system described above may also be incorporated 
into !his control system to the exte11t feasible. 

'Ilic state of the vehicle diagnosed by the pattern recog­
nition system may include a swte of an abnormally opemting 
component whereby the palteru recognition system is 
designed to identify a pOtl'ntially malfllnctioning ct)mponent 
bused on the state of the component measured by the sensor 
systems and dctcn·1.tinc whether the idcn(ificd c~>mporn:ut is 
operaling abnormally based on the slate of the component 
measLu·ed by the sensor systems. 

Ia one preferred embodiment, the pattern recog11ition 
system may comprise a neural network system a.nd the state 
of tile vehicle cU::ignosed by the ne11ral uerwmk system 
includes a state of an abnormally operatiug component. 171e 
neurnJ network system includes a first neural .network lbr 
identifying a potentially malfunctiQning component b.isc:d 
on 1he state or the component measured by the sensor 
systems and a second neural aelwork for determio.ing 
whether tile identified component is operating abnormally 
based on. the state of the c:.omponent measured by the seasor 
systems. 

Modular or combi11ation neural netw,1rks ca,1 also be used 
whereby the neural network system includes a first neural 
network arranged to identify a potential ly malli.Jnctinni11g 
component based on the state of the componeat measured by 
the sensor systems and a plurality of additional ncun1l 
networks. Each of the additionnl neural nel\vorks is trained 
to dctennine v.beihcr a specific crnuponent is opert1ting 
<1bnor111allv so that the meusmemeats of the state of the 
con:rpoueni from the sensor systems are ioput iot,l tl1at one 
of tl1c additional neural networks trained on a component 
wh.ich is substantfally identical to the identified component. 

Another method for controlling a part of the vehicle 
comprises the steps of mounting a plural ity of sensor sys­
tems on the vehicle, meHsuring a state of lhe sensor system 
or a state ofth.: respective mollnling location of 1he sensor 
system, generating signals representative of tbc measure­
ments of tl1e sensor systems, ioputfo1g the signals into a 
pattern recognition system to obtaio a diagnosis of the state 
of the vehicle aad controllfog the part based at least in part 
on the cliag,nosis of the state of the vehicle. 

ln one notable embodinmllt. a potcmt"i:illy 111nlfi.111clion.iog 
component is identified by the pattern recogni tion system 
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based ou the st::ites measured by the sensor systems and the 
pattern recogni1io1i system detcmune wbetl1er the identified 
component is opernting abnomrnlly bRsed on the states 
measured by the sensor 8ystems. lf tl1e pattern recognition 
system comprises ti neural network system, identification of 5 

the component entails inputting the states measured by the 
sensor systems into a first neural network of the neurnl 
network system and the determination of whether lbe iden­
tified component is operating abnormally entails inpuning 
the states measured by the sensor systems intt) a second 10 

neural network of the neuraJ network system. A modular 
neural network system can a l~o be applied in which the 
states measured by tJ1e sensor systems arc input into a first 
neural network and a plurality of additional neural networks 
al'e provided, eacb being trained to determine whether a 15 

specific component is opernring abnom1ally, whereby tJw 
states measured by the st:nsor systems are input tnto 11lal t1nc 
of the additional neural networks trained on a component 
which is sul:istantially identical to tho identified component. 

Another cont.ml system for controlling a part of the 20 

veb.icle based 011 occupancy of the sea1 iu accmdance with 
the iuventio.n comprises a plurality of st.rain gages mounted 
in connection with the seat. each measLLring st.mill of a 
re~pective n1ot111ting loca1fo11 caused by occupancy of the 
scat. and a processor coupled to the strain gagt:s and 25 
an-anged k1 determine tJ1e weight of' an occupying item 
based on the strain measurements from rhe strain gages over 
a peiiod of time, i.e., dynamic measurements. The processor 
controls the part based at leasf in part ou the determined 
weight of the occupying item of the seat. "!111: processor can 3c, 
also determine motion of the occupying item of the seat 
based on tbc sl(ain mc::isu.rcmcnts from tbc s1.raiu gage~ over 
the period ol' time. One or more acceleromt>tcrs may he 
mourned on tbe vehicle for mea~uring accelerati9n in which 
case, the processor may control the part based at least in part 35 

on the determined weight of the occupying item o.f tbe seat 
and lhe acceleration measured by the accelerometer(s). 

By compariug tbe Olitput of various sensors in tbe vehicle. 
it is possible lo detenuine activities that are aflecti.ug parts 
of tbe vehicle wbile not atfccti.11g other pans. Por ex.imple. 40 

by monitoring the vertical accelerat ions of various parts of 
the vehicle and comparing these accelerations with the 
output of strain gage load cells placed 011 the seat support 
structure, a characte.riz.ation can be made oJ the occupancy 
of the seat. Not only can the weight or an object occupying 45 

the scat be detem1i11ed, but also the gross 1t101ion of such an 
object can be ascertained and thereby an assessment can he 
made as to whetJ1er the object is a life fonn such us a human 
being. Strain gage weight sensors are disclosed in lJ.S. Pat. 
No. 06,242.701 (corresponding to lnlernaliooal Publication 50 
No. WO 00/29257). In particular. the iuventors contemplate 
the combinati01i of all of the ideas expressed iu tfos patent 
application witb those expressed in the current inveotions. 

:\Jso disclosed above is a vehick including a diagnostic 
system arranged to diagnose the stale of the vehicle or the 55 
state of a component of the vehicle and generate an output 
indicative or representative tl1eroof and a coiruuunications 
device coupled tn the diagnostic system and arranged to 
transmit tl1c ou1pul oftlie diag.nos1ic system. The diagnostic 
system 1m1y compdse a plumlily of velucle sensors mounted 61J 
on the vehicle, each se.osor providing a measurement related 
to a state of the sensor l)r a i:nensurcment related to a state 
of tl1e mowuing location, and a processor coupled to the 
sensors and arranged to receive dal'a from the sensors and 
process lbe data to generate the output indicative or repre- 65 

sen1u1ivc of the state of tJ1c vehicle or the state of a 
component of the vehicle. The sensors may be "irclessly 
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coupled to the processor and arranged at different locations 
on 1be vehicle. The processor may e11.1body a pattem recog-
11.itiou algorithm trained lo generate tJ1e output from the data 
received from the se11sors. such as a neural oerwork. fuzzy 
logic. sensor ft1sion n11d !lie like. and be .irranged lo conl1_;l 
one or more pans of the vehicle based on the output 
indicative or representative of the state of the vehicle or the 
state of a component oflhe vel1icle. The st11te ofti1e vehicle 
can include angular motion of the vehicle. A display muy be 
armuged in tbe vehicle in a positit1U 10 be visi.ble from the 
passenger compartment. Such as display is coupled to U1e 
diagnost.ic syste111 and arranged to display the diagnosis of 
the $(ate of the vehicle or the state of a component of the 
vehlcle. A waming device may also be c.oupled to the 
diagnostjc system for relaying a warning to an occupant of 
the vehicle relating 1l1 the state of tbe vehick or U1c state of 
1be compouenl of the vehicle as diagnosed by 1be tliagnos1i1.: 
system. The co1mm1ruca1ions device may comprise a cellu­
lar tclephono system including an antenna as well as other 
similar or different electronic equipment capable of trans­
mitting a signal to a remote location, optioDl:llly via o 
satellite. Transmission via the Intemet, i.e., to <1 web site or 
host compute r assot·iated with the remote location i$ also a 
possibility for the invention. If 1he vehicle is considered its 
own site, !"hen the tr.i.11Smission would be A site-to-site 
transmission vin rbe Internet. 

An occupant sen$11ll!, system can be provided to detenninc 
at least ane property or characteristic of occupru1cy of the 
vehicle. Iu this case, 11.J.e COOlillLl.nications device is coupled 
to the occupant sensing system and transmits the detertnioed 
property or characteristic of occupancy ot' U1e vehicle. In a 
similar !llanncr. ot k,'ISI oue cnviro1101cm scusor cau be 
provided, each sensiuga st.:ite of the environment around the 
vehjcle. In this case, the communications device is coupled 
to the environment sensor(s) and transmits tile sensed state 
of the environment around 1he vebicJe. Moreover. a Jocalion 
determining system. optionally incorporating GPS teclu1ol­
ogy. could be provided on rbe vehicle to determine the 
location oft he vehicle and transmilled to the remote location 
along with 01e diagnosis of the st.ate of (he vehjcle ()r its 
component. A memory unit maybe coupled to the diagnost ic 
system and the communications device. The memory unit 
receives the diagnosis of the state of the vehicle or the stnte 
of a component of the vehicle from tbe diagnostic system 
aud stores the diagnosis. The co111Jnu1ucations device d1e11 
imerrogates the memory unit to obtain tbe stored di,1gnos1s 
to enable lr,msmission tfa:rcof, e.g., al periodic intervals. 

TI1e sensors may be any known type of sensor including_, 
but not Limited to. a single axis acceleration sensor, a double 
axis acceleration sensor. a triaxial acceleration sensor. an 
IMU and a gyroscope. The sensors may include au RFID 
response w1i1 and an Rl11D interrogator devict' wl1ich causes 
the RFJD response tmits to transmit a signal representative 
of the measurement of the associated sensor to the processor. 
In addit ion to or instead or an RPID-based system. one or 
more SAW sensors can be arranged 011 the vehicle, each 
receiviug a signal and rerumiug a sig11al modified by virtue 
of the state of the sensor or the state of the mounting location 
of fl1e sensor. For t.-xample, U1e SAW sensor can measure 
1erupera11.11-e ancVor pressure of a component of the vclucle or 
iu a certain location or sp,1ce oo. tbe vehicle. or the coocco• 
tration andfor presence of a cbemical. 

A method for mo11itoring a vehicle comprises diagnosing 
the state of tl1e vehicle or the stale of a component of the 
vehicle by means of a diagnostic sysretn arranged on the 
vehicle. generating an output .indicative or representa tive of 
the diagnosed slate oJ the vehicle or the diagnosed state of 
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the component of the vehicle, and transmitting the output to 
a remote locatiM. Transmission of the ot11pt11 to a retnote 
localion may eutail lll'rang.ing a communications device 
comprising a ce!Jnlar telephone system inclndin_g an antenna 
on the vehicle. 111e output may be lo a satellite for I.Tans- 5 
miss.ion from the satellite to tl1e remote location. Tbe output 
could also be transmitted via the Internet to a web site or host 
compuler associated with !he remote location. 

It is important to note Linn mw sensor data is not generally 
transmitted from tbe vehicle tbc remote location for analysis 10 

ru1d processing by rhe devices ancVor personnel at the remote 
location. Rather, in accoJdance with LJ1e invention, a diag­
nosis or the vehicle OT the vehicle component is perfonned 
on the vellicle itself and this resultant diagnosis is transmit-
ted. TI1e diag,oosis of1he state of the vel1icle may encompass 15 

de1ermining whether the vehicle is stable- or is abou1 to 
rollover or skid aud/ur dercrmiui1.1g <1 locntion of at1 irnpacr 
between the vehicle aod another object. A display may be 
arranged in the vehicle in a position to be visible from the 
passenger crn11par1ment in which case, lhe state of the 20 

vel.J.icle or the slate of a component of 11.J.e vehicle is 
displayed thereon. Further. a warning can be relayed to an 
occupant of I.he vehicle J"elating 10 the state of the vehicle. In 
addition 10 the 1-ransmission of vehicle ding,nostic infcmua­
tion oblained by aoaJysis of dala from sensors performed on 25 

the vehic.le . at lea~t one property or characteristic of occu­
pancy oflhe vehicle may be de1em1ined (such :is the number 
of oc.cupams. the status of the occupants-breathing o r uot, 
injured or not, etc.) and transmitted to a remote location, tbe 
same Or a diffcrenl rc1i1ote location 10 which 'lhe diagnos1ic 3C1 

informntion is sent. Tite iJ1.[orrna1ion CllJl also be sent in a 
di.ffcrcrit manner tban tl1c iufo:rmati,~n relatiog to the diag­
nosis of rhe vehicle. 

Additional information for transmission by the compo­
nen1s on the vehicle may include a state of the environment 35 

around lhe vehicle. for example, tbe ternpemtme, pressure, 
brnnidity, etc, in the vicinity of1he vehicle, mid the location 
of 1he vehicle. A memory unit may be provided in the 
vehicle. possibly as part of a microprocessor. and arranged 
to receive tbe diagnosis of the state o f tbe vehicle or the state 40 
of the component of tl1c vehicle and store the diagnosis. As 
such, th.is memory unit can be periodicaUy interrogated l'o 
obtain the stored diagnosis to enable transmission thereof. 

Diagnosis of rhe state oflhe vellicle or the state of the 
component or the vehicle may entai l mmmting a plumlity of 45 

sensors on the vehicle, 111east1ring a state or each sensor or 
a state of the rnouoliog location. of each sensor and diag­
nosing the slate of the vehicle or the s1ak of a componenl of 
the vehicle based on the measurelllents of the swte of the 
seJ1Sors or the state oJthe mom1ting locations of the sensors. 50 

These timctions can be achieved by a processor which is 
wirclcssly coupled 10 the sensors. The sensN1; can Optionally 
be provided with R.FID technolol0'. i.e., an RflD response 
unit. whereby an RflD interrogator device is mounted on the 
vehicle and signals transmitted via the RFID interrogator 55 

device causes the Rf]]) response muts of any properly 
equipped sensors to transmit a signal representative of rhe 
measurements of that sensor to the processor. SAW sensors 
<.'an also be used. in addition ro or instead or RFlD-bnsed 
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cmsh earlier than would otherwise occttr if the diagnostic 
module was not milized. If ii.illy implemented. this invention 
is a total diagnostic system of lhe vehicle. 1n most imple-
memations. the module is attacl.J.ed to 1he vehicle and elec-
1rically connected lo lhe vel1icle data bus where it analyzes 
data appearing. on tl1e bus tQ diag110se components o f the 
vehicle. 1n some implemelllotions, multiple distributed 
accelerometers and/or microphones are present on the 
vehicle and, in some cases, some of the sensor~ will com­
Jmulicate using win"'less teclu10logy ll1 1J1e vehicle bus or 
directly to 1·be diag1Jostic module. 

One embodim.ent of the vehicle electrical system in 
accordance with lhc invention discussed above includes a 
plurality of electrical devices used in tl1e operation of the 
vehicle. a si11glecmrummication bus, all oftbe devices being 
co1U1ected 10 1l1c conunuuication bu~ and a. single power bu~, 
all of the devi<.:cs beiug connected to !be power bus (which 
may be one and the same as the conuuunjcation bus). 'll1e 
devlces arc prcfernbly provided with individut1l device 
addresses such that each device will respond only to its 
device address. Eacl1 bus may comprise a pair of wires 
connected to all of the devices. The devices are, e.g .. 
Hctumors, sensors, airbng modules, seatbelt retractors. lights 
and switches. lf eacl.J. device is assigned a unique adciress. the 
communication hos arny be arrruiged to transfer data in the 
form of 01essages each having au address of a respective 
device such thal only lhe respeclive device assigned lo that 
address is responsive to the message having the address. 
Each device thus includes meaw Joe determini11g whether 
1he messages of tl1e comnm11icatio11 bus include the addrt·ss 
nssigned to the device, e.g., a microprocessor. The commu-
n.icatic,o bus may 11lso iuch,dc a token ring rh!two:rt to 
provide a protocol for the transfor of me.~sagc.~ through the 
com111t1J1ication bus. Each device may be :u-ranged to 
acknowledge receipt of a conm1wtication via the communi­
cation b11s and indicate operability or the device upon 
ignition of 1he vehicle. 

Another elecuicaJ sys1em for a vehicle in ~1ccordance wiU1 
the iuve111ion comprises a plurulity of devices used in the 
operation of the veb.icle, .ind a single uetwork cous1i1u1ing 
botl1 a power dis1ribution and a commuuication/i11fonm1tion 
bus. The netwmkmay be a time multiplex network or a code 
division multiple access or other sl.J.ared nerwork and con­
sists oJa single wire, or a pair of wires, conoeclingaU of the 
devices. For 'I.he sin,gle wire case, each device is grounded to 
an adjacent pari of the velliclc. 

Still another electr1c,1l system for a vehicle in accordance 
with the iiwention comprises a plumlity of sensors. each 
de1ec1i11g a physical characteristic. property or state of the 
vehicle. and a d1ta bus, all of the sensors being coJmecled to 
1he data bus, A module is also preferably connected 10 the 
data bus 11nd arranged to receive sig11als frol'U 1hc sensors and 
process the signaJs lo provide information derived from tile 
-physic.il cl1aracteristics. properties or slates detected by the 
sensors. The module may be arranged to process the physi­
cal charJcteristics, properties or states detected by tl1e sen-
sors to detem1i11e whether a component in tl1e vehicle is 
operating normaUy or abnormally. A display, e.g .. a light on 
1.hc vehicle dashboard. may be coupled to the module for 

sensors. 
One embodiment oftbc diagnostic module ln accordance 

with the invention utili7es iofonnatiou which already ellists 
in signals emanating from various vehicle colnponents along 
with sensors which sense these signals and, using p.Htem 
recognition teclmiqnes. compares these signals with patten1S 
chan~cteristic of nom1al :md abnormal component pe1for-
111ance ro predict component fai lure, vehicle instability or a 

6(J displaying 1he inlorma1ion derived from the physical chur­
acteristics. properties or stales delecJcd by the sensors. A 
telecommw1i<.-atious device may also be coupled 10 tue 
module for com1mrnicatiog with a remote station to provide 
the remote station with the infarmation derived from the 

65 physical eharaderistics, properties or states detected by the 
sensors. e.g .. impending failure of a specific vehicle corn­
po11e11t or a vehicle crash. More specifically, the sensors may 
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generote signals contaioing i11fonuatio11 as to whether the 
compo11ent is ope1<t1ing normally or abuonni'llly whereby the 
module comprises pattern recognition means for receiving 
the signals and ascertaining whether the signals contain 
p<1llems representatiVe of nom1al or abnormal operation of 5 
the component. 

Wi1h a single pair of wires in a twisred pair or coaxial 
configuration for the communication bus. and perhaps 
m10tJ1cr for the power bus. the coum:ctor problem can now 
be addressed as a single design can be used for all conoec- 1u 
tio11s on the bus a11d each connector wil l only be co1111ecting 
at most two wires. A great deal ~1f effort can tll\lS be applied 
to substantially impnwc the reliability of such a connector. 

In another embodiment of a vehicle electrical wiring 
system in accordance with the invention. substantially all of 15 

the devices, <llld ei.1Jeciully :,ubstan1ia1Jy all of the safety 
devices. are connected together with a single communica­
tion bus and a singJe power bus. ln the preforred case. a 
single wire pair will serve as both the power and conunu­
nicaLion buses. When completely implemenled .-ach device 21, 
011 the vehicle will be coupled to the power and coU1Jm11ri­
catiou buses so that they will now have an intelligent 
cow1ection and respond only 10 data that is intended for that 
device. that is, only that data with the proper device ;iddress. 

The benefits to be tleri vcd from the vehicle electrical '.!5 

system described herein include at lea~t at 50% cost saving 
when fully implemented compared w1Lh current wire har­
nesses. A weight· savings of at least 50% is also eirpected. 
Most im_portMtly, a multi-fold iruprovemem in reliability 
will result. ·111e assembly or the system into the vehicle is 3c, 
greatly simplified flS is (he repair of the system i11 the event 
tha1 thetc iij a foiiltre in the wiring barucss. Most of tbc 
connectors are eliminated nnd the rema ining ones are con­
siderably more reli:;ible. Diagnostics on :;ill devices on key-
on crui now be accomplished over the network with :1 single 35 

connection from the diagnostic circuit, 
l11 co111.ras1 to other multiplexing systems based on zone 

modnles. the couu11unica1ion 10 and from each device in the 
iJ1sUU1t iuveutiou is bi-<lirectional. 
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mtique, -individualized address and be capable of responding 
tC> a message sent with its address. A S1::md~1rd protocol will 
be implemented such as SAE ] 1850 where applicab'le. The 
rerurn can be throng,h vehicle g,rmrnd comprising the vehicle 
sheet metal and chassis or through a wire. 

The advan.tages of such H system when fully implemented 
are uumerous, among which the following should be men­
tioned: 

1. The amount of wire in U1e vehicle wiJI be substamially 
reduced. There is currently about 500 or more mc1en, of wire 
in a vehicle. 

2. The nul}lber and co111plexi1y of connectors will be 
substantially reduced. ·111ere are currently typically about 
l 000 pin collllections in a vehicle. When disc01mection is 
1101 req11ired. a sealed permauem connector will be used to 
join wires in. for t:X,mlple. a T co1uwc11on. On the other 
h~111d, w·hcu disco1111ec1iuu is required, fl single m dual 
conductor connector is al l that is required aud the same 
connector can he used throughout the vehicle. 1lrns. there 
will be only one or two universal connector designs on the 
vehicle. 

3. The number of electronic modules will be subS1;intially 
reduced aud maybe even be completely c liruimned. SiJ1ce 
each device wilt have its own microprocessor. zone mod­
ules. for example, will be Ulllleccssary. 

4. Installation i_n tl1e vehicle will be substantially easier 
since a single CClnduclor. with branches where required. will 
replace the mul1i-conduc1or wire harnesses cuffently used. 
Wire "choke points' ' wjl) be eliminated . 

5. Reliability will be increased based on system simplic­
ity. 

6. Twu way t1r bi-directional couunuuication is enabled 
between all devices. 111,s simplifies OBD-11 (On Board 
Diagnostic Level 11 now required by !lie US Governmet1t for 
pollutio11 control) installation. for example. 

7. A.II devices on the veb.icle are diagnosed on key-on. The 
driver is made oware of all burned out lamps. for example 
before he or she starts the vehicle. 

8. Devices '-'<W be located at optimum places. A side 
ll is now believed tbat for side impacts, the airbag cra~h 

sensor should be pl<1ced in tl1c door. 1liere is reluctance to do 
so by the automobile manufact11rers since in a crash into the 
A-pillar of the vehicle, for example, the wires leading to and 
fmm the door may be severed before the crilsh sensor 
activates. By using the two wire network as tlescribed 
herein. 011ly two, or possibly four if a ~eparate pair is used 
for power. of wires will pass from the dom into the A-pillar 
instead of the typically fifty or more wires. [n this case. the 
wires can be protected so that they are snouger tbao tbe 
vehicle metal and therefore will not sever during the early 
stages of the accident and 1hus the door mou11ted sensor ca11 
t1ow commuuicatu wi th the airbag. in the seal. for example. 

40 impact sensor can be placed within the vehicle door and still 
communicate with an airbag module located in the st-at, for 
example, with high relfability and wi1hout iostanation of 
separate wiring. lll fact. only a single or dual wire is required 
lo connect all of the switches, sensors, acruato.rs and mber 

45 devices in the vehicle door with the rcruRinder oftl1e vehicle 
electrical system. 

9. Elcctro-01agnetfo interference (EM1) Problems are 
eliminated. The driver airbag system, for ex.ample wmild 
have Lhe final circuir that deploys the airbag_ located inside 

50 the airbag module and activated when the proper addressed 
signal is received. Stich a circuit would have an address 
recognition as well as di,1gnostic capabilities ::md might be 
known as a ·'sman in.flator''. EMI. which can now cause 011 In the preJerrcd system tl1eo. tl1e power li11e or tlislribu1io11 

network in the vehjcle is used 10 sinrnltaneously carry both 
power and data to all swit·clies, senso1o. lights. motors, 55 

actuators ru1d all other electrical a11d electronic devices 
(hereinafter called devices) within tl1e vehicle and especially 

inadvertent airbag deploymeat. ceases to be a problem, 
J 0. Vehicle ropair is simplified and made more reliable. 
It is important tl.1at any wire 11sed in th.is embodiment of 

the invention be designed so rhat it won't break even in ru1 
accident since if the single bus breaks the results can be 
catastrophic. AdditionaUy. the main bus wire or pair of wires 

all devices related to deployable restraints. The same system 
will also work for vehicles having different volrages such as 
48 volts. Also a subset of all vehicle devices c~ut be ou a i,et. 

luitially, for example, an automotive manufacturer may elect 
to use the system oftbis ioveution for the automobile s-afeLy 
system and l,1ter expand ii to include other devices. l11e data. 

6(J can be in the form of a loop around the vehicle with each 
device reccivlog its messages from either direction such that 
a siJ1gle major break ~ui be tQleratcd. Alternately, a tree or 
o ther convenient stmcmre can be used and configured so 

111 digital form. is c.-arried on a carrier frequency, o r as pulse 
data as in the Etl1emet protocol, and is separated al each 65 
device using either a microproccs,sor. "high-side driver" or 
other similar electronic circuit. Each device will have a 

that at most n single branch of the network is disabled. 
It should be understood that with all devices having 

access to tl1e network. there is an is~ue of ,.-hat happens if 
mauy tlevices arc fll1cmpting to tmn~mit data and a critical 
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eveut occurs. such as a crosh of the vehicle, where time is 
critical, i.e .. will the deploymelll ofau tiirbag be delayed by 
iliis process. However. it is emphasized that although the 
precise prntocol has uot yet been determined pending. con­
sultation with a customor. protocols do exist which solve this 
problem. For example, a tl1ken ring or token slot net'w~1rk 
where certain critical fonctions nre given the token more 
frequently tbau non-critical fonctions and where the critical 
device can retain the token when a critical evem is in 
progress is one solution. A cmsb sensor. for example, knows 
thal a crash is i11 progress before it determines that the crash 
severity require, airbag deployment. ·11rn1 inronnatiou can 
then be used to allocate the b3ndWidth to the crnsh sensor. 
An aJtemate npproach is to use a spre-ad spectrnru system 
whereby each device sends :md is responsive t~1 a pattern of 
d::ita tJmr is sorted out using corrdarion reehniques pennir­
tiug any device to St!lld and receive at a11y1imt: regardless of 
the activity of any other device on the network. 

Another issue of concern is the imp,1cl ofvel1icle noise on 
the nerwork. [n this regard. since every device will be 
capable of bi-directional c01l1llltmication. standard error 
checking and correction algorithms are employed. Each 
device is designed to acknowledge receipt of a co111Jmuti­
cacion or the coou1nmicati~1n will be seu1 again uuril such 
time as receipt tl.iereof by the devke is acknowledged. 
Calculations !;how that the bandwidiJ1 available ou a ~iogle 
or dual conductor is n111ch grca1cr than required to c,,rry all 
oftbe foreseeable communication required within an auto­
mobile. Thus. many communication. failures can be toler­
ated. 

Furthermore. ,u1 airbag deployment system for a vehicle 
i,1 acc~>rdancc with the invention disclosed above c<:>mpriscs 
a module housing. au airbag associat·cd with the housing. an 
i110at~1r or inllator assembly arranged in the housing for 
inflating 1he airbag, and an illllation detenuining system for 
generating, a signal indicative of whether deployment or the 
<1irbag is desired. Tiie inifation detem1i11ing system prefer­
nbly comprise one 01· more crasb senson;, at least one of 
which is an,rnged separate and at a locatio11 apart from the 
housing. An electrouic controller is a.rrMged iu or adjacent 
the housing and coupled to the inflailon detem1ining means. 
The controller controls inflation of the airbag by the in.flator 
<1ssembly iu response ro the signal generated by the inflation 
detennining system. Au electrical bus electrically couples 
the coutroller and tbe inflation determining system whereby 
the signal from the inlfation determining system is sent over 
tbc bus to the controller to enable inJ1aiion of the r1irbag. TI1e 
bus may consist of a siugle pair of wires over which power 
and iufonnation is conveyed. A sensor and diagnostic mod­
ule is also coupled to the bus for monitoring 1he co11troJJer. 
The inflation determining system, e.g.. cmsh sensor, is 
designed to preferably generate a coded sign:11 when deploy­
ment oft be airbag is desired wltich coded signal is cooveycd 
over the bus lo the controller lo enable tJ1e controller Lo 
contml inflation ofthe airbag by the inflator assembly based 
tl1ereon. Tbe c011troller will preferably include a power 
supply for enabliog initfation of the -iutlator assembly. A.n 
occupant position sensor. e.g .. au uli-rason:ic transmitter/ 
receiver pair, may be a.n-::mged to detect the position of the 
occupant 10 he protec1ed by the airbag in which case. the 
co111roller would cootrol inflation of the airbag by the 
inOator assembly iu cousidera\ion of the detected position of 
the occupant. The occupant position sensor may be arranged 
in tbe same housing as the inflator assembly. airbag and 
controller. 

An embodiment of an occupant prott..-ction system m 
accordance with 1he invention comprises ;:i plurality or 

242 
occupant protection devices, each comprising a housing and 
a compone1\I deployable 10 provide protection for the occu­
pant (such as an ai.rbag). and a deployment determining 
device for generating J signal i.ndicariug for which of the 

s deployable compcincnls dep1L1ymcnt is desired. e.g., one or 
more crash sensors which may be located around the vehicle 
aud preferably separate and at locations ap,m from the same 
hous:iJlgs as tl1e deployable componeots. An electronic con­
trnllcr is armnged in. proximate or adjacent each housing 

1.0 and coupled 10 t11e deployment detenuiniog device. Each 
controller controls deploymeut oftbe dep.loyable component 
or the respective occupant pr(llection device in resJ1<.)11se to 
the signal generated by the deployment dttcrminii)g device. 
Au electrical bus electiically couples tbe contI-ollers a11d 

15 deployment determining device so that the signal froll.1 the 
deployment deti?rmining device i~ seut over 1be l)us 10 the 
controllcn; to en.able dt:ployrnent of tbe deployable compl1-
ne11ts. A sensor and diagnostic module may be coupled to the 
bus for monitoring the controllers. TI1e deployment detcr-

21, 01i11ing device prefenibly gene.rates a coded signal when 
deployment of one or more of the deployable components is 
desired so that since each controller initiates deployment of 
the respective deployable componcllt 011Jy ir the coded 
signal contains a specific ini1iati,111 code associated with the 

25 cootroJler. An occupant position sensor could also be pro­
vided to detect the position of the oc<-'1.lpaot to be proteckd 
by the deployable components so Iha! tJ1c controller or any 
of the deployable components would conti·ol deploymeut 
tb,:reof in cowideration of !he detected position of tbe 

3c, occupant. 
One embodiment of an occupant protection system, for a 

vehicle in accorda,lce with tl1c i.Jwcution comprises an 
occupant protection device for protect·ing an occupant" in the 
event of a crash involving tbe vehicle, an initiation system 

35 for iititiating deployment of the occupant protection device, 
a power device for storiug sutlicie11t energy to em1bJe the 
ini1iatinn system to initiate deploytnen1 of the occupant 
protection dcvic:e. an electronic controller cormec1ed to the 
power means for monitoring voltage of lhc power device 

40 and contr,llliug the initiation system, a diagnostic ruodt1le 
amrnged lo receive a signal from 1l1e conlrolle.r as ro whether 
lbe voltage of the power device is sufficient to enable tbe 
initiarion system to initiate deployment of the occupant 
protection device, and an electrical bus electrically coupling 

45 the controller and the diagnostic module. The controller is 
arranged. to generate a fault code in the event of a failure or 
the power means or tJJe initiation system, wh1ch fault code 
is sent to the diagnostic module over the bus. One or more 
crash sensors 01 other deployment determining devices are 

so prefornbJy coupled to tJ1e bus for generating a (coded) sigoal 
iudicative of whether deployment of the occupant protection 
device is desired. the signal being sent from 1he deployment 
dercrmiL1ing devices over the bus to the controller. Tbe 
controller may be arranged in the housiJ1g or adjacent the 

55 housing. 
Another embodiment of an occupant _protection system iJ.1 

accordance with the invention comprises a deployable occu­
pant protection device, one or more deploy meat determining 
devices for generating a coded signal inrucative of whetJ1er 

6/J deployment of the occupant pn)tcct.iondevice is desired. and 
an clcctricnl bus electrically coupling the occupant protec­
tion device and tj1e deployment detennining device(s). The 
coded signal from the deploymeur detcrmi11iog device(s) is 
sent over the bus to lhe occupant protection device to enable 

65 deployment of the occupant protection device. TI1e deploy­
ment dclem1ining device(s) may comptise one or more crash 
sensors arranged separate and a1 lo(:ations 11part from the 
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occupimt protectio11 device. A controller may be coupled Lo 
244 

3. The sensor assembly of claim 1, wherein sajd switch is 
extemal or said RFID device <1od i1Herposed between said 
RFJD device and said sensor. 

the deployment dccennining dc-vicc(s). tile occupant protec­
tio11 device amJ tbe bus, and controls deployment of the 
occupant protection device in respnose to tl1e coded signal 
gener,1ted by lhe deployment detemiining devfre(s). 111e 
coded signal from the deployment determining device(~) is 
sent over the bus to the controller ro enable deployment of 

4. The sensor assembly ~,r claim I. wherein said RFID 
s device has a prognmu11a·b1e address. 

the occupant protection device. 
A method for controlling deployment of an occupant 

protection system for protecting. an occupant in a vehicle 1 o 
comprises the steps of arranging a deployable occupant 
protection device in the vehicle, generating a coded signal 
indicative-of whether deployment of the occupant protection 
device is desired, electric.ally coupling the occupant protec­
tion device and the crash seusor by means of au eleclrical 15 

bus. ond directing the coded signal from 1l1e cmsh sensor 
over the bus to the uccuprun prolection device 10 enable 
deployment of the occuprn1t protection device. The coded 
signal may be generated by a cmsh sensor in response to ,i 
cr.ish of the vehicle for wbid1 deployment llf' the occupant 2(1 

protection device might be required. 
Note as stated at the beginning 1his npplicatfou is one in 

a series of :ipplicatious covering salety and otbcr systems for 
vehicles and other uses. The disclosure 11erein goes beyMd 
that m:eded tu support the claims of the particular invention ::!5 

that is being claimed herein. This is oot to be con~tnicd that 
1l1e inventor,; are thereby relc,1sing the unclaimed disclosure 
and subject mutter into Lhe public domain. Rather, it is 
intended thar patent applications have bee11 or will be filed 
to cover all of the subject matter disclosed above. 

The inventions described above are, of cmu·se, susceptible 
10 01any variations. coiubi1l8tions of di~closcd components. 
modifications and change.~, all of which are within the sklll 

3 (1 

l)f the art. It should be understood 1.hat all such variations, 
modifications and changes are within the spirit and scope of 35 

the inventions and of the appended claims. Similarly, it will 
be tmderstood that applicant intends to cover and claim all 
clwogcs. J11Qdificatious and variatjons Qf(he ex:amples of the 
preterred embodiments of tbe invention herein disclosed for 
the purpose of ilh,stration which do uot co11stitute departures 40 
from the spirit and scope of the present invention as claimed. 

,\]though several preferred embodiments are illustrated 
imd described above, there are possible combinations using 
other geometries, sensors, materials and difl:erent dimen­
sions for the compo11ents t.hat perform the same function~. 45 

This invention is not limited to the above embodiments and 
should be doterouued by t-he following claims. 

We claim; 

5 . The sensor assembly of claim 1, wherein said sen$Or 
generates a meas1Lrement of the physical quantity when ru1 
interrogation signal Is received while said sensor is in said 
circuit with said ante,rna. 

6. ' lbe sensor assembly of claim 1, wherein said sensor 
comprises a SAW device. 

7. A method ror obtaining a measurement of al least OJJe 
physical quantity fn.1111 a remote sensor assembly on a 
vehicle. comprising: 

amu1gi.1.1g au interrogator on the vehicle: 
arranging at least one sensor assembly on the vellick, 

each sensor assembly it1cluding an ,unenm1 for rt-ceiv­
ing a radio frequency signal. a tadio frequency identi­
fication (R.FID) device coupled lo the antenna, a sensor 
coupled 10 the RFII) device and arranged ln generate a 

measurement of at least one physical quantity and a 
switch coupled to the RFID device and arranged to 
connect or discow1ect the sensor from a c ircuit with the 
antenna. dt.'peudeM on whetllet tile ante11na receives a 
particular sigi.rnl associated with the RFlD device: 

transmitting via the interrogator the particular signal 
associmed with Oie RFII) device to cause the RF11J 
device to close the switch and connect the sensor in the 
circuit with the auteuoa: 

subsequently trnnsmitling a sensor interrogation signal to 
cause the sensor to generate the meas!U'emcnl of tile 
physical ql'mnt:ity: and 

directing the measurement generated by the sensor ,to the 
antenna to be transmitled thereby back 10 the i111erro­
gator. 

8. The melhod of clai.rn 7. wherein the RFID device 
includes the switch. 

9. 111e method of claiiu 7. wherein the :;witch is external 
oftbe RFID device and interposed between Lhe R.FlD device 
and tbe sensor. 

I 0. The method of claim 7, wheJ·ein the RFID device has 
a programmable address. 

l J. l11e method of claim 7. wherein a plumlity of sensor 
assemblies are arranged on the vehicle. the RFlD devices of 
the sensor assemblies each huviug a ltnique sigmtl to which 
the RFTD device reacts. 

J 2. The metllod of clait11 JJ , further comprisiog obtaining 
tl1e meastJiement from each of the sensor assemblies by 
separately transmitting the particular signal associated with 1. A sensor assembly for obtaining and providing a 

measurement oJ a physical quantity, comprising: 
an antenna for receiving a radio frequency signal: 
a radio fn:quency identification (RFID) device coupled 10 

said antenna: 

so each sensor assembly. transmitting a signal to cause the 
sensor of all of the sensor assemblies to be disconnected 
from tJ1e circuit after each transmission. and spacing the 
transmission to allow eacb transmission lo dissipate .Prior to 

a sensor coupled to said RfTD device arranged to generate 
,1 measurement of tlie physical quantity: and 

a swilch coupled to said R.FlD device and arr.mged 1·0 

connect or discouuect said sensor from a circuit with 
said antenna dependent on whether said antenna 
receiw, a particular signal as~ociatcd wilh said RFII) 
device. such tbm wbeo said anteona receives the par­
ticular signal associated with said RFID device, s,1id 
RFJO device causes said s,vitcb to close and co1.UJa-t 
said sensor in said circuit with said antenna to enable 
the rne;1suremeut geo.ernted by said sensor to be 
direc1ed to and transmitted by said antenna. 

2. ·n1e sc1u;or assembly of claim 1. wher~·in said RFJD 
device includes said switch. 

55 

1ta11smissioo of a stibsequeut signal. 
lJ. ·nie method or claim 7. furtl1er comprising discon­

nectlt1g the se11so.r from lhe amenna when the power reach­
ing the seusor is below a threshold... 

14. The method of claim 7, fnrther comprising coupling 
an RFJ D tag 10 each of tlic at least one sensor and trans-

60 mitting an interrogation signal 10 ascertain the presence of 
any sensors oo tbe vehicle. 

ts. The mctJ1od of claim 7, wherein the sensor comprises 
a SAW device_ 

16. A method for obtaining a measurement of multiple 
65 physical quantities of components 011 a vehicle from remote 

sensor assemblies on the vehicle, comp11siog: 
arranging an iutei-rogator on the vehicle: 
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arranging a pluraHty of sensor assemblies on the vehicle. 
each se1\sor assembly i11cludi11g an anreuna for receiv-

246 
17. The metl1od of claim 16, wherein the RPID devices 

e;icb have a unique programmable address. 

LS. Tbe method of claim 16. further comprising obtaining 
1he measlU'eme111 from each of the sensor assemblies by 
separately transminiJ.Jg the particular signal associated with 
each sensor assembly. trruismitting n signal to cause the 
sensor of all of the sensor assemblies to be disconnecled 

ing a radio frequeucy signal. a mclio frequency identi­
fication (RFI D) device coupled to the antenm1, a sensor 
coupled to the RFU) device and arranged to generate a s 
measurement ol' a physical quantity and a switch 
arranged to connect or disconi1ect the sensor from a 
circujt with the ante.una dependent on whether the 
antenna receives a particular s ignal associ,1ted with tl1e 
RF ID device: 

from the ein:uit a fter each transmission, and spacing the 
10 transmission to al low each transmi~siou to dissipate prior to 

transmission of a subsequent signal. lrdl1Smini11g via the interrogator the particular sigmtls 
associa ted with tJ1e R.F[I) devices a t different ti.mes LO 

cause each of the RFII) devices tt1 cJQsc the respective 
switch and connect the respective sensor in the respec­
tive circuit with the respective antenna: 

trnnsrnit1ing sensor 111rc-rrt1gatiQn signals to c,,usc the 
sensors to generate the measurements of the physical 
qt1antity: and 

directing the measurements generated by the sensors to 

15 

the respective an1ennas to be transmitted 1l1ereby back ?<, 
to the interrogator, 

19. The method of claw 16, fi.1rilier comprising discon­
nec1ing each of the sensors from the respective antenna 
when the power reaching tl1c sensor is bcluw a threshold. 

20. The mclbod of claim 16. further comprising coupling 
aJ1 RFlD tag to each of the sensors and t.rans.mi1ti.ug an 
interrogation signal to ascertain lbc presence of auy sensors 
on the vehicle. 


