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Control system for controlling at least one part of a vehicle
includes sensor systems mounted on the vehicle, each pro-
viding a measurement of a state of the sensor system or a
state of the mounting location of the sensor system and
generating a signal representative of the measurement, and
a pattern recognition system for receiving the signals and
diagnosing the condition of the vehicle with respect to its
stability based on the measurements of the sensor systems.
The pattern recognition system generates a control signal for
controlling the part(s) based on the diagnosed condition of
the vehicle. The control signal is directed to each part to
cause it to vary its operation, for example, to cause the part
to attempt to correct for any instability of the vehicle. The
controlled part may be a steering, braking or throttle system.
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VEHICLE COMPONENT CONTROL METHODS
AND SYSTEMS BASED ON VEHICLE STABILITY
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[0034] All of the references, patents and patent applica-
tions that are referred to herein and in the parent applications
are incorporated by reference in their entirety as if they had
each been set forth herein in full. Note that this application
is one in a series of applications covering safety and other
systems for vehicles and other uses. The disclosure herein
goes beyond that needed to support the claims of the
particular invention set forth herein. This is not to be
construed that the inventor is releasing the unclaimed dis-
closure and subject matter into the public domain. Rather, it
is intended that patent applications have been or will be filed
to cover all of the subject matter disclosed below and in the
current assignee’s granted patents and pending applications.
Also please note that the terms frequently used below “the
invention” or “this invention” is not meant to be construed
that there is only one invention being discussed. Instead,
when the terms “the invention” or “this invention™ are used,
it is referring to the particular invention being discussed in
the paragraph where the term is used.

FIELD OF THE INVENTION

[0035] The present invention relates generally to methods
and systems for controlling components in a vehicle based
on the stability of the vehicle.

[0036] There are numerous apparatus, systems and meth-
ods described and disclosed herein. Many combinations of
these are described but in order to conserve space the
inventor has not described all combinations and permuta-
tions of these apparatus, systems and methods, however, the
inventor intends that each and every such combination and
permutation is an invention to be considered disclosed by
this disclosure. The inventor further intends to file divi-
sional, continuation and continuation-in-part applications to
cover many of these combinations and permutations, if
necessary.

BACKGROUND OF THE INVENTION

[0037] A detailed background of the invention is found in
the parent applications, e.g., U.S. patent application Ser. No.
08/476,077 and U.S. patent application Ser. No. 09/753,186,
incorporated by reference herein.

OBIECTS AND SUMMARY OF THE
INVENTION

[0038] It is an object of the present invention to provide
new and improved methods and systems for controlling
components in a vehicle based on the stability of the vehicle.

[0039] In order to achieve this object and others, a control
system for controlling at least one part of a vehicle in
accordance with the invention includes a plurality of sensor
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systems mounted on the vehicle, each providing a measure-
ment of a state of the sensor system or a state of the
mounting location of the sensor system and generating a
signal representative of the measurement, and a pattern
recognition system for receiving the signals from the sensor
systems and diagnosing the condition of the vehicle with
respect to its stability based on the measurements of the
sensor systems. The pattern recognition system generates a
control signal for controlling the part(s) based at least in part
on the diagnosed condition of the vehicle. The control signal
is directed to each part of the vehicle to cause it to vary its
operation, for example, to cause the part to attempt to correct
for any instability of the vehicle.

[0040] The pattern recognition system may include one or
more neural networks.

[0041] The condition of the vehicle diagnosed by the
pattern recognition system may be, include or be derived
from angular motion of the vehicle and/or angular accelera-
tion. In the latter case, one or more of the sensor systems
may be an accelerometer such that the pattern recognition
system determines the angular acceleration of the vehicle
based on acceleration measured by the accelerometer(s).
Also, in the latter case, angular velocity and angular position
or orientation is derivable from the angular acceleration.
Thus, when a navigation system is being controlled, the
pattern recognition system can control it based on the
angular acceleration of the vehicle.

[0042] The controlled part may be a steering system, a
braking system or a throttle system, all of which can be
controlled in an attempt to maintain stability of the vehicle.
Additionally or alternatively, the controlled part may be an
occupant restraint device which is controlled in an attempt
to minimize injury to an occupant.

[0043] A display may be coupled to the pattern recognition
system for displaying an indication of the condition of the
vehicle as diagnosed by the pattern recognition system, i.e.,
to a vehicle occupant. Similarly, a warning device may be
coupled to the pattern recognition system for relaying a
warning to an occupant of the vehicle relating to the con-
dition of the vehicle as diagnosed by the pattern recognition
system. On the other hand, the diagnosis of the condition of
the vehicle can be transmitted to a remote site by a trans-
mission or communications device coupled to the pattern
recognition system, which transmits a signal to the remote
site relating to the condition of the vehicle as diagnosed by
the pattern recognition system.

[0044] The sensor systems may be mounted at different
location on the vehicle and/or separate and apart from the
part being controlled by the pattern recognition system.
Also, the sensor systems may be selected and arranged such
that the measurements from the sensor systems are mea-
surements of different physical characteristics.

[0045] A method for controlling at least one part of the
vehicle in accordance with the invention includes mounting
a plurality of sensor systems on the vehicle, measuring a
state of the sensor system or a state of the respective
mounting location of the sensor system, generating signals
representative of the measurements of the sensor systems,
diagnosing the condition of the vehicle with respect to its
stability by inputting the signals into a pattern recognition
system which converts the signals into an output indicative
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of the condition of the vehicle with respect to its stability,
and controlling each part based at least in part on the
diagnosis of the condition of the vehicle. The pattern rec-
ognition system may include one or more neural networks.

[0046] The controlled part may be a steering system, a
braking system or a throttle system, all of which can be
controlled in an attempt to maintain stability of the vehicle.
Additionally or alternatively, the controlled part may be an
occupant restraint device which is controlled in an attempt
to minimize injury to an occupant. The sensor systems may
be mounted at different location on the vehicle and/or
separate and apart from the part being controlled. Also, the
sensor systems may be selected and arranged such that the
measurements from the sensor systems are measurements of
different physical characteristics.

[0047] The state of the sensor system may be, include or
be derived from the acceleration, angular acceleration, angu-
lar velocity or angular orientation of the sensor system.

[0048] Diagnosis of the condition of the vehicle may entail
determining whether the vehicle is about to rollover or skid.

[0049] In some embodiments, an indication of the condi-
tion of the vehicle is displayed to an occupant of the vehicle,
a warning is relayed to an occupant of the vehicle relating to
the condition of the vehicle, and/or a signal is transmitted to
a remote site relating to the condition of the vehicle.

[0050] When the sensor systems include one or more
accelerometers, diagnosis of the condition of the vehicle
may include determining angular acceleration of the vehicle
based on the acceleration measured by the accelerometers.
Angular velocity and angular position or orientation is
derivable from the angular acceleration. As such, when the
controlled part is a navigation system, it can be controlled
based on the angular acceleration of the vehicle.

[0051] As used herein, a diagnosis of the “state of the
vehicle” means a diagnosis of the condition of the vehicle
with respect to its stability and proper running and operating
condition. Thus, the state of the vehicle could be normal
when the vehicle is operating properly on a highway or
abnormal when, for example, the vehicle is experiencing
excessive angular inclination (e.g., two wheels are off the
ground and the vehicle is about to rollover), the vehicle is
experiencing a crash, the vehicle is skidding, and other
similar situations. A diagnosis of the state of the vehicle
could also be an indication that one of the parts of the
vehicle, e.g., a component, system or subsystem, is operat-
ing abnormally.

[0052] As used herein, an “occupant restraint device”
includes any type of device which is deployable in the event
of a crash involving the vehicle for the purpose of protecting
an occupant from the effects of the crash and/or minimizing
the potential injury to the occupant. Occupant restraint
devices thus include frontal airbags, side airbags, seatbelt
tensioners, knee bolsters, side curtain airbags, externally
deployable airbags and the like.

[0053] As used herein, a “part” of the vehicle includes any
component, sensor, system or subsystem of the vehicle such
as the steering system, braking system, throttle system,
navigation system, airbag system, seatbelt retractor, air bag
inflation valve, air bag inflation controller and airbag vent
valve, as well as those listed below in the definitions of
“component” and “sensor”.
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[0054] As used herein, a “sensor system” includes any of
the sensors listed below in the definition of “sensor” as well
as any type of component or assembly of components which
detect, sense and/or measure something.

[0055] Other objects and advantages of the present
claimed invention and inventions disclosed below are set
forth in the *186 application and others will become appar-
ent from the following description of preferred embodiments
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The following drawings are illustrative of embodi-
ments of the systems developed or adapted using the teach-
ings of these inventions and are not meant to limit the scope
of the invention as encompassed by the claims.

[0057] FIG. 1 is a schematic illustration of a generalized
component with several signals being emitted and transmit-
ted along a variety of paths, 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.

[0058] FIG. 2 is a schematic of one pattern recognition
methodology known as a neural network which may be used
in a method in accordance with the invention.

[0059] FIG. 3 is a schematic of a vehicle with several
components and several sensors and a total vehicle diag-
nostic system in accordance with the invention utilizing a
diagnostic module in accordance with the invention and
which may be used in a method in accordance with the
invention.

[0060] FIG. 4 is a flow diagram of information flowing
from various sensors onto the vehicle data bus and thereby
into the diagnostic module in accordance with the invention
with outputs to a display for notifying the driver, and to the
vehicle cellular phone for notifying another person, of a
potential component failure.

[0061] FIG. 5 is an overhead view of a roadway with
vehicles and a SAW road temperature and humidity moni-
toring sensor.

[0062] FIG. 5A is a detail drawing of the monitoring
sensor of FIG. 5.

[0063] FIG. 6 is a perspective view of a SAW system for
locating a vehicle on a roadway, and on the earth surface if
accurate maps are available, and also illustrates the use of a
SAW transponder in the license plate for the location of
preceding vehicles and preventing rear end impacts.

[0064] FIG. 7 is a partial cutaway view of a section of a
fluid reservoir with a SAW fluid pressure and temperature
sensor for monitoring oil, water, or other fluid pressure.

[0065] FIG. 8 is a perspective view of a vehicle suspension
system with SAW load sensors.

[0066] FIG. 8A is a cross section detail view of a vehicle
spring and shock absorber system with a SAW torque sensor
system mounted for measuring the stress in the vehicle
spring of the suspension system of FIG. 8.

[0067] FIG. 8B is a detail view of a SAW torque sensor
and shaft compression sensor arrangement for use with the
arrangement of FIG. 8.
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[0068] FIG. 9 is a cutaway view of a vehicle showing
possible mounting locations for vehicle interior temperature,
humidity, carbon dioxide, carbon monoxide, alcohol or other
chemical or physical property measuring sensors.

[0069] FIG. 10A is a perspective view of a SAW tilt sensor
using four SAW assemblies for tilt measurement and one for
temperature.

[0070] FIG. 10B is a top view of a SAW tilt sensor using
three SAW assemblies for tilt measurement each one of
which can also measure temperature.

[0071] FIG. 11 is a perspective exploded view of a SAW
crash sensor for sensing frontal, side or rear crashes.

[0072] FIG. 12 is a perspective view with portions cut-
away of a SAW based vehicle gas gage.

[0073] FIG. 12A is a top detailed view of a SAW pressure
and temperature monitor for use in the system of FIG. 12.

[0074] FIG. 13A is a schematic of a prior art deployment
scheme for an airbag module.

[0075] FIG. 13B is a schematic of a deployment scheme
for an airbag module in accordance with the invention.

[0076] FIG. 14 is a schematic of a vehicle with several
accelerometers and/or gyroscopes at preferred locations in
the vehicle.

[0077] FIG. 15A illustrates a driver with a timed RFID
standing with groceries by a closed trunk.

[0078] FIG. 15B illustrates the driver with the timed RFID
5 seconds after the trunk has been opened.

[0079] FIG. 15C illustrates a trunk opening arrangement
for a vehicle in accordance with the invention.

[0080] FIG. 16A is a view of a view of a SAW switch
sensor for mounting on or within a surface such as a vehicle
armrest.

[0081] FIG. 16B is a detailed perspective view of the
device of FIG. 16A with the force-transmitting member
rendered transparent.

[0082] FIG. 16C is a detailed perspective view of an
alternate SAW device for use in FIGS. 16A and 16B
showing the use of one of two possible switches, one that
activates the SAW and the other that suppresses the SAW.

[0083] FIG. 17A is a detailed perspective view of a
polymer and mass on SAW accelerometer for use in crash
sensors, vehicle navigation, etc.

[0084] FIG.17B is a detailed perspective view of a normal
mass on SAW accelerometer for use in crash sensors, vehicle
navigation, etc.

[0085] FIG. 18 is a view of a prior art SAW gyroscope that
can be used with this invention.

[0086] FIGS. 19A, 19B and 19C are block diagrams of
three interrogators that can be used with this invention to
interrogate several different devices.

[0087] FIG. 20A is a top view of a system for obtaining
information about a vehicle or a component therein, spe-
cifically information about the tires, such as pressure and/or
temperature thereof.
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[0088] FIG. 20B is a side view of the vehicle shown in
FIG. 20A.

[0089] FIG. 20C is a schematic of the system shown in
FIGS. 20A and 20B.

[0090] FIG. 21 is a top view of an alternate system for
obtaining information about the tires of a vehicle.

[0091] FIG. 22 is a plot which is useful to illustrate the
interrogator burst pulse determination for interrogating
SAW devices.

[0092] FIG. 23 illustrates the shape of an echo pulse on
input to the quadrature demodulator from a SAW device.

[0093] FIG. 24 illustrates the relationship between the
burst and echo pulses for a 4 echo pulse SAW sensor.

[0094] FIG. 25 illustrates the paths taken by various
surface waves on a tire temperature and pressure monitoring
device of one or more of the inventions disclosed herein.

[0095] FIG. 26 is an illustration of a SAW tire temperature
and pressure monitoring device.

[0096] FIG. 27 is a side view of the SAW device of FIG.
26.

[0097] FIG. 28 is a side view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a rear facing child seat on the front passenger seat
and a mounting location for an occupant and rear facing
child seat presence detector.

[0098] FIG. 29 is a flow chart of the methods for auto-
matically monitoring a vehicular component in accordance
with the invention.

[0099] FIG. 30 is a schematic illustration of the compo-
nents used in the methods for automatically monitoring a
vehicular component.

[0100] FIG. 31 is a side view with parts cutaway and
removed showing schematically the interface between the
vehicle interior monitoring system of this invention and the
vehicle cellular communication system.

[0101] FIG. 32 is a diagram of one exemplifying embodi-
ment of the invention.

[0102] FIG. 33 is a perspective view of a carbon dioxide
SAW sensor for mounting in the trunk lid for monitoring the
inside of the trunk for detecting trapped children or animals.

[0103] FIG. 33A is a detailed view of the SAW carbon
dioxide sensor of FIG. 33.

[0104] FIG. 34 is a schematic view of overall telematics
system in accordance with the invention.

DETAILED DESCRIPTION OF THE
INVENTION

1.1 General Diagnostics and Prognostics

[0105] The output of a diagnostic system is generally the
present condition of the vehicle or component. However, the
vehicle operator wants to repair the vehicle or replace the
component before it fails, but a diagnosis system in general
does not specify when that will occur. Prognostics is the
process of determining when the vehicle or a component
will fail, i.e., predicting an impending or likely failure. At
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least one of the inventions disclosed herein in concerned
with prognostics. Prognostics can be based on models of
vehicle or component degradation and the effects of envi-
ronment and usage. In this regard, it is useful to have a
quantitative formulation of how the component degradation
depends on environment, usage and current component
condition. This formulation may be obtained by monitoring
condition, environment and usage level, and by modeling
the relationships with statistical techniques or pattern rec-
ognition techniques such as neural networks, combination
neural networks and fuzzy logic. In some cases, it can also
be obtained by theoretical methods or from laboratory
experiments.

[0106] One embodiment of the vehicle diagnostic and
prognostic unit described below performs the diagnosis and
prognostics, i.e., processes input from the various sensors,
on the vehicle using, for example, a processor embodying a
pattern recognition technique such as a neural network. The
processor thus receives data or signals from the sensors and
generates an output indicative or representative of the oper-
ating conditions of the vehicle or its component. A signal
could thus be generated indicative of an under-inflated tire,
or an overheating engine, or other component-fault condi-
tions.

[0107] For the discussion below, the following terms are
defined as follows:

[0108] The term “component” as used herein generally
refers to any part or assembly of parts which is mounted to
or a part of a motor vehicle and which is capable of emitting
a signal representative of its operating state. The following
is a partial list of general automobile and truck components,
the list not being exhaustive:

[0109] Engine; transmission; brakes and associated brake
assembly; tires; wheel; steering wheel and steering column
assembly; water pump; alternator; shock absorber; wheel
mounting assembly; radiator; battery; oil pump; fuel pump;
air conditioner compressor; differential gear assembly;
exhaust system; fan belts; engine valves; steering assembly;
vehicle suspension including shock absorbers; vehicle wir-
ing system; and engine cooling fan assembly.

[0110] The term “sensor” as used herein generally refers to
any measuring, detecting or sensing device mounted on a
vehicle or any of its components including new sensors
mounted in conjunction with the diagnostic module in
accordance with the invention. A partial, non-exhaustive list
of sensors that are or can be mounted on an automobile or
truck includes:

[0111] Airbag crash sensor; microphone; camera; chemi-
cal sensor; vapor sensor; antenna, capacitance or other
electric field sensor or other electromagnetic wave sensor;
stress or strain sensor; pressure sensor; weight sensor;
magnetic field sensor; coolant thermometer; oil pressure
sensor; oil level sensor; air flow meter; voltmeter; ammeter;
humidity sensor; engine knock sensor; oil turbidity sensor;
throttle position sensor; steering wheel torque sensor; wheel
speed sensor; tachometer; speedometer; other velocity sen-
sors; other position or displacement sensors; oxygen or other
gas sensor; yaw, pitch and roll angular sensors; clock;
odometer; power steering pressure sensor; pollution sensor;
fuel gauge; cabin thermometer; transmission fluid level
sensor; gyroscopes or other angular rate sensors including
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yaw, pitch and roll rate sensors; accelerometers including
single axis, dual axis and triaxial accelerometers; an inertial
measurement unit; coolant level sensor; transmission fluid
turbidity sensor; brake pressure sensor; tire pressure sensor;
tire temperature sensor, tire acceleration sensor; GPS
receiver; DGPS receiver; and coolant pressure sensor.

[0112] The term “signal” as used herein generally refers to
any time-varying output from a component including elec-
trical, acoustic, thermal, electromagnetic radiation or
mechanical vibration.

[0113] Sensors on a vehicle are generally designed to
measure particular parameters of particular vehicle compo-
nents. However, frequently these sensors also measure out-
puts from other vehicle components. For example, electronic
airbag crash sensors currently in use contain one or more
accelerometers for determining the accelerations of the
vehicle structure so that the associated electronic circuitry of
the airbag crash sensor can determine whether a vehicle is
experiencing a crash of sufficient magnitude so as to require
deployment of the airbag. Each accelerometer continuously
monitors the vibrations in the vehicle structure regardless of
the source of these vibrations. If a wheel is out of balance,
or if there is extensive wear of the parts of the front wheel
mounting assembly, or wear in the shock absorbers, the
resulting abnormal vibrations or accelerations can, in many
cases, be sensed by a crash sensor accelerometer. There are
other cases, however, where the sensitivity or location of an
airbag crash sensor accelerometer is not appropriate and one
or more additional accelerometers or gyroscopes may be
mounted onto a vehicle for the purposes of this invention.
Some airbag crash sensors are not sufficiently sensitive
accelerometers or have sufficient dynamic range for the
purposes herein.

[0114] For example, a technique for some implementa-
tions of an invention disclosed herein is the use of multiple
accelerometers and/or microphones that will allow the sys-
tem to locate the source of any measured vibrations based on
the time of flight, time of arrival, direction of arrival and/or
triangulation techniques. Once a distributed accelerometer
installation, or one or more IMUs, has been implemented to
permit this source location, the same sensors can be used for
smarter crash sensing as it can permit the determination of
the location of the impact on the vehicle. Once the impact
location is known, a highly tailored algorithm can be used to
accurately forecast the crash severity making use of knowl-
edge of the force vs. crush properties of the vehicle at the
impact location.

[0115] Every component of a vehicle can emit various
signals during its life. These signals can take the form of
electromagnetic radiation, acoustic radiation, thermal radia-
tion, vibrations transmitted through the vehicle structure and
voltage or current fluctuations, depending on the particular
component. When a component is functioning normally, it
may not emit a perceptible signal. In that case, the normal
signal is no signal, i.e., the absence of a signal. In most cases,
a component will emit signals that change over its life and
it is these changes which typically contain information as to
the state of the component, e.g., whether failure of the
component is impending, or has actually occurred. Usually
components do not fail without warning. However, most
such warnings are either not perceived or if perceived, are
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not understood by the vehicle operator until the component
actually fails and, in some cases, a breakdown of the vehicle
occurs.

[0116] An important system and method as disclosed
herein for acquiring data for performing the diagnostics,
prognostics and health monitoring functions makes use of
the acoustic transmissions from various components. This
can involve the placement of one or more microphones,
accelerometers, or other vibration sensors onto and/or at a
variety of locations within the vehicle where the sound or
vibrations are most effectively sensed. In addition to acquir-
ing data relative to a particular component, the same sensors
can also obtain data that permits analysis of the vehicle
environment. A pothole, for example, can be sensed and
located for possible notification to a road authority if a
location determining apparatus is also resident on the
vehicle.

[0117] 1Inafew years, it is expected that various roadways
will have systems for automatically guiding vehicles oper-
ating thereon. Such systems have been called “smart high-
ways” and are part of the field of intelligent transportation
systems (ITS). If a vehicle operating on such a smart
highway were to breakdown due to the failure of a compo-
nent, serious disruption of the system could result and the
safety of other users of the smart highway could be endan-
gered.

[0118] When a vehicle component begins to change its
operating behavior, it is not always apparent from the
particular sensors which are monitoring that component, if
any. The output from any one of these sensors can be normal
even though the component is failing. By analyzing the
output of a variety of sensors, however, the pending failure
can frequently be diagnosed. For example, the rate of
temperature rise in the vehicle coolant, if it were monitored,
might appear normal unless it were known that the vehicle
was idling and not traveling down a highway at a high speed.
Even the level of coolant temperature which is in the normal
range could be in fact abnormal in some situations signify-
ing a failing coolant pump, for example, but not detectable
from the coolant thermometer alone.

[0119] The pending failure of some components is difficult
to diagnose and sometimes the design of the component
requires modification so that the diagnosis can be more
readily made. A fan belt, for example, frequently begins
failing as a result of a crack of the inner surface. The belt can
be designed to provide a sonic or electrical signal when this
cracking begins in a variety of ways. Similarly, coolant
hoses can be designed with an intentional weak spot where
failure will occur first in a controlled manner that can also
cause a whistle sound as a small amount of steam exits from
the hose. This whistle sound can then be sensed by a general
purpose microphone, for example.

[0120] In FIG. 1, a generalized component 35 emitting
several signals which are transmitted along a variety of
paths, sensed by a variety of sensors and analyzed by the
diagnostic device in accordance with the invention is illus-
trated schematically. Component 35 is mounted to a vehicle
52 and during operation it emits a variety of signals such as
acoustic 36, electromagnetic radiation 37, thermal radiation
38, current and voltage fluctuations in conductor 39 and
mechanical vibrations 40. Various sensors are mounted in
the vehicle to detect the signals emitted by the component
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35. These include one or more vibration sensors (acceler-
ometers) 44, 46 and/or gyroscopes or one or more IMUs, one
or more acoustic sensors 41, 47, electromagnetic radiation
sensors 42, heat radiation sensors 43 and voltage or current
sensors 45.

[0121] In addition, various other sensors 48, 49 measure
other parameters of other components that in some manner
provide information directly or indirectly on the operation of
component 35. Each of the sensors illustrated in FIG. 1 can
be connected to a data bus 50. A diagnostic module 51, in
accordance with the invention, can also be attached to the
vehicle data bus 50 and it can receive the signals generated
by the various sensors. The sensors may however be wire-
lessly connected to the diagnostic module 51 and be inte-
grated into a wireless power and communications system or
a combination of wired and wireless connections. The
wireless connection of one or more sensors to a receiver,
controller or diagnostic module is an important teaching of
one or more of the inventions disclosed herein.

[0122] The diagnostic module 51 will analyze the received
data in light of the data values or patterns itself either
statically or over time. In some cases, a pattern recognition
algorithm as discussed below will be used and in others, a
deterministic algorithm may also be used either alone or in
combination with the pattern recognition algorithm. Addi-
tionally, when a new data value or sequence is discovered
the information can be sent to an off-vehicle location,
perhaps a dealer or manufacturer site, and a search can be
made for other similar cases and the results reported back to
the vehicle. Also additionally as more and more vehicles are
reporting cases that perhaps are also examined by engineers
or mechanics, the results can be sent to the subject vehicle
or to all similar vehicles and the diagnostic software updated
automatically. Thus, all vehicles can have the benefit from
information relative to performing the diagnostic function.
Similarly, the vehicle dealers and manufacturers can also
have up-to-date information as to how a particular class or
model of vehicle is performing. This telematics function is
discussed in more detail elsewhere herein. By means of this
system, a vehicle diagnostic system can predict component
failures long before they occur and thus prevent on-road
problems.

[0123] The invention therefore contemplates a variety of
automatic communications from a vehicle to an interested
party remote from the vehicle whether it is a dealer or
manufacturer. In addition to the communication of diagnos-
tic or prognostic information, derived for example by one of
the techniques described above, the same telecommunica-
tions link can be used by the remote-situated interested party
to provide a response to the message from the vehicle. For
example, the message could be as simple as an automatic
notification of receipt of information from the vehicle. If the
remote party is a dealer, the response might be that the
analysis of the diagnostic or prognostic problem has been
received and is being reviewed. The response could also be
a manually generated message by the dealer or manufactur-
er’s personnel. One such responsive message might provide
a time for a scheduled service appointment or a block of
available times to schedule an appointment.

[0124] An important function that can be performed by the
diagnostic system herein is to substantially diagnose the
vehicle’s own problems rather then forwarding raw data to



US 2008/0040005 A1

a central site for diagnosis. Eventually, a prediction as to the
failure point of all significant components can be made and
the owner can have a prediction that the fan belt will last
another 20,000 miles, or that the tires should be rotated in
2,000 miles or replaced in 20,000 miles. This information
can be displayed or reported orally or sent to the dealer, or
other service center, who can then schedule a time for the
customer to visit the dealership or for the dealer to visit the
vehicle wherever it is located. If it is displayed, it can be
automatically displayed periodically or when there is
urgency or whenever the operator desires. The display can
be located at any convenient place such as the dashboard or
it can be a heads-up display. The display can be any
convenient technology such as an LCD display or an OLED
based display. This can permit the vehicle manufacturer to
guarantee that the owner will never experience a vehicle
breakdown provided he or she permits the dealer to service
the vehicle at appropriate times based on the output of the
prognostics system.

[0125] Tt is worth emphasizing that in many cases, it is the
rate that a parameter is changing that can be as or more
important than the actual value in predicting when a com-
ponent is likely to fail. In a simple case when a tire is losing
pressure, for example, it is a quite different situation if it is
losing one psi per day or one psi per minute. Similarly for
the tire case, if the tire is heating up at one degree per hour
or 100 degrees per hour may be more important in predicting
failure due to delamination or overloading than the particu-
lar temperature of the tire.

[0126] The diagnostic module, or other component, can
also consider situation awareness factors such as the age or
driving habits of the operator, the location of the vehicle
(e.g., is it in the desert, in the arctic in winter), the season,
the weather forecast, the length of a proposed trip, the
number and location of occupants of the vehicle etc. The
system may even put limits on the operation of the vehicle
such as turning off unnecessary power consuming compo-
nents if the alternator is failing or limiting the speed of the
vehicle if the driver is an elderly woman sitting close to the
steering wheel, for example. Furthermore, the system may
change the operational parameters of the vehicle such as the
engine RPM or the fuel mixture if doing so will prolong
vehicle operation. In some cases where there is doubt
whether a component is failing, the vehicle operating param-
eters may be temporarily varied by the system in order to
accentuate the signal from the component to permit more
accurate diagnosis.

[0127] In addition to the above discussion there are some
diagnostic features already available on some vehicles some
of which are related to the federally mandated OBD-II and
can be included in the general diagnostics and health moni-
toring features of this invention. In typical applications, the
set of diagnostic data includes at least one of the following:
diagnostic trouble codes, vehicle speed, fuel level, fuel
pressure, miles per gallon, engine RPM, mileage, oil pres-
sure, oil temperature, tire pressure, tire temperature, engine
coolant temperature, intake-manifold pressure, engine-per-
formance tuning parameters, alarm status, accelerometer
status, cruise-control status, fuel-injector performance,
spark-plug timing, and a status of an anti-lock braking
system.
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[0128] The data parameters within the set describe a
variety of electrical, mechanical, and emissions-related
functions in the vehicle. Several of the more significant
parameters from the set are:

[0129] Pending DTCs (Diagnostic Trouble Codes)
[0130] Ignition Timing Advance

[0131] Calculated Load Value

[0132] Air Flow Rate MAF Sensor

[0133] Engine RPM

[0134] Engine Coolant Temperature

[0135] Intake Air Temperature

[0136] Absolute Throttle Position Sensor

[0137] Vehicle Speed

[0138] Short-Term Fuel Trim

[0139] Long-Term Fuel Trim

[0140] MIL Light Status

[0141] Oxygen Sensor Voltage

[0142] Oxygen Sensor Location

[0143] Delta Pressure Feedback EGR Pressure Sensor
[0144] Evaporative Purge Solenoid Duty cycle
[0145] Fuel Level Input Sensor

[0146] Fuel Tank Pressure Voltage

[0147] Engine Load at the Time of Misfire

[0148] Engine RPM at the Time of Misfire

[0149] Throttle Position at the Time of Misfire
[0150] Vehicle Speed at the Time of Misfire

[0151] Number of Misfires

[0152] Transmission Fluid Temperature

[0153] PRNDL position (1,2,3,4,5=neutral, 6=reverse)
[0154] Number of Completed OBDII Trips, and
[0155] Battery Voltage.

[0156] When the diagnostic system determines that the

operator is operating the vehicle in such a manner that the
failure of a component is accelerated, then a warning can be
issued to the operator. For example, the driver may have
inadvertently placed the automatic gear shift lever in a lower
gear and be driving at a higher speed than he or she should
for that gear. In such a case, the driver can be notified to
change gears.

[0157] Managing the diagnostics and prognostics of a
complex system has been termed “System Health Manage-
ment” and has not been applied to over the road vehicles
such as trucks and automobiles. Such systems are used for
fault detection and identification, failure prediction (estimat-
ing the time to failure), tracking degradation, maintenance
scheduling, error correction in the various measurements
which have been corrupted and these same tasks are appli-
cable here.



US 2008/0040005 A1

[0158] Various sensors, both wired and wireless, will be
discussed below. Representative of such sensors are those
available from Honeywell which are MEMS-based sensors
for measuring temperature, pressure, acoustic emission,
strain, and acceleration. The devices are based on resonant
microbeam force sensing technology. Coupled with a pre-
cision silicon microstructure, the resonant microbeams pro-
vide a high sensitivity for measuring inertial acceleration,
inclination, and vibrations. Alternate designs based on SAW
technology lend themselves more readily to wireless and
powerless operation as discussed below. The Honeywell
sensors can be networked wirelessly but still require power.

[0159] Since this 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 erratic or
inaccurate operation of a sensor even if this is intermittent
(such as may be caused by a lose wire) thus essentially
eliminating many of the problems reported in the above-
referenced article “What’s Bugging the High-Tech Car”.
Furthermore, the software can be independent of the vehicle
specific software for a particular sensor and system and can
further be based on pattern recognition, to be discussed next,
rendering it even less likely to provide the wrong diagnostic.
Since the output from the diagnostic and prognostic system
herein described can be sent via telematics to the dealer and
vehicle manufacturer, the occurrence of a sensor or system
failure can be immediately logged to form a frequency of
failure log for a particular new vehicle model allowing the
manufacturer to more quickly schedule a recall if a previ-
ously unknown problem surfaces in the field.

1.2 Pattern Recognition

[0160] In accordance with at least one invention, each of
the signals emitted by the sensors can be converted into
electrical signals and then digitized (i.e., the analog signal is
converted into a digital signal) to create numerical time
series data which is entered into a processor. Pattern recog-
nition algorithms can be applied by the processor to attempt
to identify and classify patterns in this time series data. For
a particular component, such as a tire for example, the
algorithm attempts to determine from the relevant digital
data whether the tire is functioning properly or whether it
requires balancing, additional air, or perhaps replacement.

[0161] Frequently, the data entered into the pattern recog-
nition algorithm needs to be preprocessed before being
analyzed. The data from a wheel speed sensor, for example,
might be used “as is” for determining whether a particular
tire is operating abnormally in the event it is unbalanced,
whereas the integral of the wheel speed data over a long time
period (a preprocessing step), when compared to such sen-
sors on different wheels, might be more useful in determin-
ing whether a particular tire is going flat and therefore needs
air. This is the basis of some tire monitors now on the
market. Such indirect systems are not permitted as a means
for satisfying federal safety requirements. These systems
generally depend on the comparison of the integral of the
wheel speed to determine the distance traveled by the wheel
surface and that system is then compared with other wheels
on the vehicle to determine that one tire has relatively less
air than another. Of course this system fails if all of the tires
have low pressure. One solution is to compare the distance
traveled by a wheel with the distance that it should have
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traveled. If the angular motion (displacement and/or veloc-
ity) of the wheel axle is known, than this comparison can be
made directly. Alternately, if the position of the vehicle is
accurately monitored so that the actual travel along its path
can be determined through a combination of GPS and an
IMU, for example, then again the pressure within a vehicle
tire can be determined.

[0162] In some cases, the frequencies present in a set of
data are a better predictor of component failures than the
data itself. For example, when a motor begins to fail due to
worn bearings, certain characteristic frequencies began to
appear. In most cases, the vibrations arising from rotating
components, such as the engine, will be normalized based on
the rotational frequency. Moreover, the identification of
which component is causing vibrations present in the vehicle
structure can frequently be accomplished through a fre-
quency analysis of the data. For these cases, a Fourier
transformation of the data can be made prior to entry of the
data into a pattern recognition algorithm. Wavelet trans-
forms and other mathematical transformations are also made
for particular pattern recognition purposes in practicing the
teachings of this invention. Some of these include shifting
and combining data to determine phase changes for
example, differentiating the data, filtering the data and
sampling the data. Also, there exist certain more sophisti-
cated mathematical operations that attempt to extract or
highlight specific features of the data. The 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 designing a particular diag-
nostic and prognostic module. Note, whenever diagnostics is
used below it will be assumed to also include prognostics.

[0163] As shown in FIG. 1, the diagnostic module 51 has
access to the output data of each of the sensors that are
known to have or potentially may have information relative
to or concerning the component 35. This data appears as a
series of numerical values each corresponding to a measured
value at a specific point in time. The cumulative data from
a particular sensor is called a time series of individual data
points. The diagnostic module 51 compares the patterns of
data received from each sensor individually, or in combina-
tion with data from other sensors, with patterns for which the
diagnostic module has been programmed or trained to
determine whether the component is functioning normally or
abnormally.

[0164] Important to some embodiments of the inventions
herein is the manner in which the diagnostic module 51
determines a normal pattern from an abnormal pattern and
the manner in which it decides what data to use from the vast
amount of data available. This can be accomplished using
pattern recognition technologies such as artificial neural
networks and training and in particular, combination neural
networks as described in U.S. patent application Ser. No.
10/413,426 (Publication 20030209893). The theory of neu-
ral networks including many examples can be found in
several books on the subject including: (1) Techniques And
Application Of Neural Networks, edited by Taylor, M. and
Lisboa, P., Ellis Horwood, West Sussex, England, 1993; (2)
Naturally Intelligent Systems, by Caudill, M. and Butler, C.,
MIT Press, Cambridge Mass., 1990; (3) J. M. Zaruda,
Introduction to Artificial Neural Systems, West Publishing
Co., N.Y., 1992, (4) Digital Neural Networks, by Kung, S.
Y., PTR Prentice Hall, Englewood Cliffs, N.J., 1993, Eber-
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hart, R., Simpson, P., (5) Dobbins, R., Computational Intel-
ligence PC Tools, Academic Press, Inc., 1996, Orlando, Fla.,
(6) Cristianini, N. and Shawe-Taylor, J. An Introduction to
Support Vector Machines and other kernal-based learning
methods, Cambridge University Press, Cambridge England,
2000; (7) Proceedings of the 2000 6 IEEE International
Workshop on Cellular Neural Networks and their Applica-
tions (CNNA 2000), IEEE, Piscataway N.J.; and (8) Sinha,
N. K. and Gupta, M. M. Soft Computing & Intelligent
Systems, Academic Press 2000 San Diego, Calif. The neural
network pattern recognition technology is one of the most
developed of pattern recognition technologies. The inven-
tion described herein frequently uses combinations of neural
networks to improve the pattern recognition process, as
discussed in U.S. patent application Ser. No. 10/413,426.

[0165] The neural network pattern recognition technology
is one of the most developed of pattern recognition tech-
nologies. The neural network will be used here to illustrate
one example of a pattern recognition technology but it is
emphasized that this invention is not limited to neural
networks. Rather, the invention may apply any known
pattern recognition technology including various segmenta-
tion techniques, sensor fusion and various correlation tech-
nologies. In some cases, the pattern recognition algorithm is
generated by an algorithm-generating program and in other
cases, it is created by, e.g., an engineer, scientist or pro-
grammer. A brief description of a particular simple example
of a neural network pattern recognition technology is set
forth below.

[0166] Neural networks are constructed of processing ele-
ments known as neurons that are interconnected using
information channels called interconnects and are arranged
in a plurality of layers. Each neuron can have multiple inputs
but generally only one output. Each output however is
usually connected to many, frequently all, other neurons in
the next layer. The neurons in the first layer operate collec-
tively on the input data as described below. Neural networks
learn by extracting relational information from the data and
the desired output. Neural networks have been applied to a
wide variety of pattern recognition problems including auto-
mobile occupant sensing, speech recognition, optical char-
acter recognition and handwriting analysis.

[0167] To train a neural network, data is provided in the
form of one or more time series, from the sensors, that
represents the condition to be diagnosed, which can be
induced to artificially create an abnormally operating com-
ponent, as well as normal operation. Thus, data from the
sensors obtained during normal operation of each compo-
nent, as well as during abnormal operation of each compo-
nent, is provided to the neural network during the training
stage. In the training stage of the neural network or other
type of pattern recognition algorithm, the time series data for
both normal and abnormal component operation is entered
into a processor which applies a neural network-generating
program to output a neural network capable of determining
abnormal operation of a component. The pattern recognition
algorithm thereby detects trends or patterns in the time series
received from the sensors. Once the trained pattern recog-
nition algorithm is installed on a vehicle, during operation of
the vehicle, data in the form of time series from sensors will
be input to the pattern recognition algorithm to enable a
determination of the actual or impending failure of a com-
ponent. This determination is thereby achieved through use

Feb. 14, 2008

of the patterns in the time series which have been used to
create the pattern recognition algorithm.

[0168] As an example, the simple case of an out-of-
balance tire will be used. Various sensors on the vehicle can
be used to extract information from signals emitted by the
tire such as an accelerometer, a torque sensor on the steering
wheel, the pressure output of the power steering system, a
tire pressure monitor or tire temperature monitor. Since the
vehicle components differ from vehicle to vehicle, data from
sensors on one vehicle cannot be used to train a pattern
recognition algorithm for installation on another vehicle and
therefore, vehicle model-specific data must be provided for
each vehicle. Other sensors that might not have an obvious
relationship to tire unbalance (or imbalance) are also
included such as, for example, the vehicle speed or 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 under a variety of operating
conditions also for cases where varying amounts of tire
unbalance was intentionally introduced. Once the data had
been collected, some degree of pre-processing (e.g., time or
frequency modification) and/or feature extraction is usually
performed to reduce the total amount of data fed to the
neural network-generating program. In the case of the unbal-
anced tire, the time period between data points might be
selected such that there are at least ten data points per
revolution of the wheel. For some other application, the time
period might be one minute or one millisecond.

[0169] Once the data has been collected, it is processed by
the neural network-generating program, for example, if a
neural network pattern recognition system is to be used.
Such programs are available commercially, e.g., from Neu-
ralWare of Pittsburgh, Pa. or from International Scientific
Research, Inc., of Panama for modular neural networks. The
program proceeds in a trial and error manner until it suc-
cessfully associates the various patterns representative of
abnormal behavior, an unbalanced tire in this case, with that
condition. The resulting neural network can be tested to
determine if some of the input data from some of the sensors,
for example, can be eliminated. In this manner, the engineer
can determine what sensor data is relevant to a particular
diagnostic problem. The program then generates an algo-
rithm that is programmed onto a microprocessor, microcon-
troller, neural processor, FPGA, or DSP (herein collectively
referred to as a microprocessor or processor). Such a micro-
processor appears inside the diagnostic module 51 in FIG. 1.

[0170] Once trained, the neural network, as represented by
the algorithm, is installed in a processor unit of a motor
vehicle and will now recognize an unbalanced tire on the
vehicle when this event occurs. At that time, when the tire
is unbalanced, the diagnostic module 51 will receive output
from the sensors, determine whether the output is indicative
of abnormal operation of the tire, e.g., lack of tire balance,
and instruct or direct another vehicular system to respond to
the unbalanced tire situation. Such an instruction may be a
message to the driver indicating that the tire should now be
balanced, as described below. The message to the driver is
provided by an output device coupled to or incorporated
within the module 51, e.g., an icon or text display, and may
be a light on the dashboard, a vocal tone or any other
recognizable indication apparatus. A similar message may
also be sent to the dealer, vehicle manufacturer or other
repair facility or remote facility via a communications
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channel between the vehicle and the dealer or repair facility
which is established by a suitable transmission device.

[0171] Tt is important to note that there may be many
neural networks involved in a total vehicle diagnostic sys-
tem. These can be organized either in parallel, series, as an
ensemble, cellular neural network or as a modular neural
network system. In one implementation of a modular neural
network, a primary neural network identifies that there is an
abnormality and tries to identify the likely source. Once a
choice has been made as to the likely source of the abnor-
mality, another, specific neural network of a group of neural
networks can be called upon to determine the exact cause of
the abnormality. In this manner, the neural networks are
arranged in a tree pattern with each neural network trained
to perform a particular pattern recognition task. Of course,
one or more combination neural networks can be used.

[0172] Discussions on the operation of a neural network
can be found in the above references on the subject and are
understood by those skilled in the art. Neural networks are
the most well-known of the pattern recognition technologies
based on training, although neural networks have only
recently received widespread attention and have been
applied to only very limited and specialized problems in
motor vehicles such as occupant sensing (by the current
assignee) and engine control (by Ford Motor Company).
Other non-training based pattern recognition technologies
exist, such as fuzzy logic. However, the programming
required to use fuzzy logic, where the patterns must be
determine by the programmer, usually render these systems
impractical for general vehicle diagnostic problems such as
described herein (although their use is not impossible in
accordance with the teachings of the invention). Therefore,
preferably the pattern recognition systems that learn by
training are used herein. It should be noted that neural
networks are frequently combined with fuzzy logic and such
a combination is contemplated herein. The neural network is
the first highly successful of what will be a variety of pattern
recognition techniques based on training. There is nothing
that suggests that it is the only or even the best technology.
The characteristics of all of these technologies which render
them applicable to this general diagnostic problem include
the use of time- of frequency-based input data and that they
are trainable. In most cases, the pattern recognition technol-
ogy learns from examples of data characteristic of normal
and abnormal component operation.

[0173] A diagram of one example of a neural network used
for diagnosing an unbalanced tire, for example, based on the
teachings of this invention is shown in FIG. 2. The process
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 diagnostic problems.
When the particular diagnostic test is run, data from the
previously determined relevant sensor(s) is preprocessed
and analyzed with the neural network algorithm. For the
unbalanced tire, using the data from an accelerometer for
example, the digital acceleration values from the analog-to-
digital converter in the accelerometer are entered into nodes
1 through n and the neural network algorithm compares the
pattern of values on nodes 1 through n with patterns for
which it has been trained as follows.

[0174] Each of the input nodes is usually connected to
each of the second layer nodes, h-1,h-2, . . . , h-n, called the
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hidden layer, either electrically as in the case of a neural
computer, or through mathematical functions containing
multiplying coeflicients called weights, in the manner
described in more detail in the above references. At each
hidden layer node, a summation occurs of the values from
each of the input layer nodes, which have been operated on
by functions containing the weights, to create a node value.
Similarly, the hidden layer nodes are, in a like manner,
connected to the output layer node(s), which in this example
is only a single node 0 representing the decision to notify the
driver, and/or a remote facility, of the unbalanced tire.
During the training phase, an output node value of 1, for
example, is assigned to indicate that the driver should be
notified and a value of 0 is assigned to not notifying the
driver.

[0175] In the example above, twenty input nodes were
used, five hidden layer nodes and one output layer node. In
this example, only one sensor was considered and accelera-
tions from only one direction were used. If other data from
other sensors such as accelerations from the vertical or
lateral directions were also used, then the number of input
layer nodes would increase. Again, the theory for determin-
ing the complexity of a neural network for a particular
application has been the subject of many technical papers
and will not be presented in detail here. Determining the
requisite complexity for the example presented here can be
accomplished by those skilled in the art of neural network
design. Also one particular preferred type of neural network
has been discussed. Many other types exist as discussed in
the above references and the inventions herein is not limited
to the particular type discussed here.

[0176] Briefly, the neural network described above defines
a method, using a pattern recognition system, of sensing an
unbalanced tire and determining whether to notify the driver,
and/or a remote facility, and comprises the steps of:

[0177] (a) obtaining an acceleration signal from an accel-
erometer mounted on a vehicle;

[0178] (b) converting the acceleration signal into a digital
time series;

[0179] (c) entering the digital time series data into the
input nodes of the neural network;

[0180] (d) performing a mathematical operation on the
data from each of the input nodes and inputting the operated
on data into a second series of nodes wherein the operation
performed on each of the input node data prior to inputting
the operated-on value to a second series node is different
from that operation performed on some other input node
data (e.g., a different weight value can be used);

[0181] (e) combining the operated-on data from most or
all of the input nodes into each second series node to form
a value at each second series node;

[0182] (f) performing a mathematical operation on each of
the values on the second series of nodes and inputting this
operated-on data into an output series of nodes wherein the
operation performed on each of the second series node data
prior to inputting the operated-on value to an output series
node is different from that operation performed on some
other second series node data;

[0183] (g) combining the operated-on data from most or
all of the second series nodes into each output series node to
form a value at each output series node; and,
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[0184] (h) notifying a driver if the value on one output
series node is within a selected range signifying that a tire
requires balancing.

[0185] This method can be generalized to a method of
predicting that a component of a vehicle will fail comprising
the steps of:

[0186] (a) sensing a signal emitted from the component;

[0187] (b) converting the sensed signal into a digital time
series;

[0188] (c) entering the digital time series data into a
pattern recognition algorithm;

[0189] (d) executing the pattern recognition algorithm to
determine if there exists within the digital time series data a
pattern characteristic of abnormal operation of the compo-
nent; and

[0190] (e) notifying a driver and/or a remote facility if the
abnormal pattern is recognized.

[0191] The analysis above is based on time series data.
Sometimes the signals from a failing component are distrib-
uted in space and thus a spatial data distribution may be
appropriate for use alone or in conjunction with a temporal
data distribution. Neural networks and other pattern recog-
nition systems are adept at spatial as well as temporal data
analysis. The segmentation and identification of objects in
an image is an example. Spatial data an frequently be
represented as time series data as when a scanner is used and
temporal data can be represented as spatial data as when an
oscilloscope is used.

[0192] The particular neural network described and illus-
trated above contains a single series of hidden layer nodes.
In some network designs, more than one hidden layer is
used, although only rarely will more than two such layers
appear. There are of course many other variations of the
neural network architecture illustrated above which appear
in the referenced literature. For the purposes herein, there-
fore, “neural network™ can be defined as a system wherein
the data to be processed is separated into discrete values
which are then operated on and combined in at least a two
stage process and where the operation performed on the data
at each stage is in general different for each discrete value
and where the operation performed is at least determined
through a training process. A different operation here is
meant any difference in the way that the output of a neuron
is treated before it is inputted into another neuron such as
multiplying it by a different weight or constant.

[0193] The implementation of neural networks can take on
at least two forms, an algorithm programmed on a digital
microprocessor, FPGA, DSP or in a neural computer
(including a cellular neural network or support vector
machine). In this regard, it is noted that neural computer
chips are now becoming available.

[0194] In the example above, only a single component
failure was discussed using only a single sensor since the
data from the single sensor contains a pattern which the
neural network was trained to recognize as either normal
operation of the component or abnormal operation of the
component. The diagnostic module 51 contains preprocess-
ing and neural network algorithms for a number of compo-
nent failures. The neural network algorithms are generally

Feb. 14, 2008

relatively simple, requiring only a relatively small number
of lines of computer code. A single general neural network
program can be used for multiple pattern recognition cases
by specifying different coeflicients for the various node
inputs, one set for each application. Thus, adding different
diagnostic checks has only a small affect on the cost of the
system. Also, the system can have available to it all of the
information available on the data bus.

[0195] During the training process, the pattern recognition
program sorts out from the available vehicle data on the data
bus or from other sources, those patterns that predict failure
of a particular component. If more than one sensor is used
to sense the output from a component, such as two spaced-
apart microphones or acceleration sensors, then the location
of the component can sometimes be determined by triangu-
lation based on the phase difference, time of arrival and/or
angle of arrival of the signals to the different sensors. In this
manner, a particular vibrating tire can be identified, for
example. Since each tire on a vehicle does not always make
the same number of revolutions in a given time period, a tire
can be identified by comparing the wheel sensor output with
the vibration or other signal from the tire to identify the
failing tire. The phase of the failing tire will change relative
to the other tires, for example. This technique can also be
used to associate a tire pressure monitor RF signal with a
particular tire. An alternate method for tire identification
makes use of an RFID tag or an RFID switch as discussed
below.

[0196] In view of the foregoing, a method for diagnosing
whether one or more components of a vehicle are operating
abnormally would entail in a training stage, obtaining output
from the sensors during normal operation of the compo-
nents, adjusting each component to induce abnormal opera-
tion thereof and obtaining output from the sensors during the
induced abnormal operation, and determining which sensors
provide data about abnormal operation of each component
based on analysis of the output from the sensors during
normal operation and during induced abnormal operation of
the component, e.g., differences between signals output from
the sensors during normal and abnormal operation. The
output from the sensors can be processed and pre-processed
as described above. When obtaining output from the sensors
during abnormal component operation, different abnormali-
ties can be induced in the components, one abnormality in
one component at each time and/or multiple abnormalities in
multiple components at one time.

[0197] During operation of the vehicle, output from the
sensors is received and a determination is made whether any
of the components are operating abnormally by analyzing
the output from those sensors which have been determined
to provide data about abnormal operation of that component.
This determination is used to alert a driver of the vehicle, a
vehicle manufacturer, a vehicle dealer or a vehicle repair
facility about the abnormal operation of a component. As
mentioned above, the determination of whether any of the
components are operating abnormally may involve consid-
ering output from only those sensors which have been
determined to provide data about abnormal operation of that
component. This could be a subset of the sensors, although
it is possible when using a neural network to input all of the
sensor data with the neural network being designed to
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disregard output from sensors which have no bearing on the
determination of abnormal operation of the component
operating abnormally.

[0198] When a combination neural network 810 is used,
its training can involve multiple steps (see the description of
FIGS. 92 and 93 in the parent *240 application).

[0199] In FIG. 3, a schematic of a vehicle with several
components and several sensors is shown in their approxi-
mate locations on a vehicle along with a total vehicle
diagnostic system in accordance with the invention utilizing
a diagnostic module in accordance with the invention. A
flow diagram of information passing from the various sen-
sors shown in FIG. 3 onto the vehicle data bus, wireless
communication system, wire harness or a combination
thereof, and thereby into the diagnostic device in accordance
with the invention is shown in FIG. 4 along with outputs to
a display for notifying the driver and to the vehicle cellular
phone, or other communication device, for notifying the
dealer, vehicle manufacturer or other entity concerned with
the failure of a component in the vehicle. If the vehicle is
operating on a smart highway, for example, the pending
component failure information may also be communicated
to a highway control system and/or to other vehicles in the
vicinity so that an orderly exiting of the vehicle from the
smart highway can be facilitated. FIG. 4 also contains the
names of the sensors shown numbered in FIG. 3.

[0200] Note, where applicable in one or more of the
inventions disclosed herein, any form of wireless commu-
nication is contemplated for intra vehicle communications
between various sensors and components including ampli-
tude modulation, frequency modulation, TDMA, CDMA,
spread spectrum, ultra wideband and all variations. Simi-
larly, all such methods are also contemplated for vehicle-
to-vehicle or vehicle-to-infrastructure communication.

[0201] Sensor 1 is a crash sensor having an accelerometer
(alternately one or more dedicated accelerometers or IMUs
31 can be used), sensor 2 is represents one or more micro-
phones, sensor 3 is a coolant thermometer, sensor 4 is an oil
pressure sensor, sensor 5 is an oil level sensor, sensor 6 is an
air flow meter, sensor 7 is a voltmeter, sensor 8 is a ammeter,
sensor 9 is a humidity sensor, sensor 10 is an engine knock
sensor, sensor 11 is an oil turbidity sensor, sensor 12 is a
throttle position sensor, sensor 13 is a steering torque sensor,
sensor 14 is a wheel speed sensor, sensor 15 is a tachometer,
sensor 16 is a speedometer, sensor 17 is an oxygen sensor,
sensor 18 is a pitch/roll sensor, sensor 19 is a clock, sensor
20 is an odometer, sensor 21 is a power steering pressure
sensor, sensor 22 is a pollution sensor, sensor 23 is a fuel
gauge, sensor 24 is a cabin thermometer, sensor 25 is a
transmission fluid level sensor, sensor 26 is a yaw sensor,
sensor 27 is a coolant level sensor, sensor 28 is a transmis-
sion fluid turbidity sensor, sensor 29 is brake pressure sensor
and sensor 30 is a coolant pressure sensor. Other possible
sensors include a temperature transducer, a pressure trans-
ducer, a liquid level sensor, a flow meter, a position sensor,
a velocity sensor, a RPM sensor, a chemical sensor and an
angle sensor, angular rate sensor or gyroscope.

[0202] If a distributed group of acceleration sensors or
accelerometers are used to permit a determination of the
location of a vibration source, the same group can, in some
cases, also be used to measure the pitch, yaw and/or roll of
the vehicle eliminating the need for dedicated angular rate
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sensors. In addition, as mentioned above, such a suite of
sensors can also be used to determine the location and
severity of a vehicle crash and additionally to determine that
the vehicle is on the verge of rolling over. Thus, the same
suite of accelerometers optimally performs a variety of
functions including inertial navigation, crash sensing,
vehicle diagnostics, roll-over sensing etc.

[0203] Consider now some examples. The following is a
partial list of potential component failures and the sensors
from the list in FIG. 4 that might provide information to
predict the failure of the component:

Out of balance tires 1, 13, 14, 15, 20, 21

Front end out of alignment 1, 13, 21, 26
Tune up required 1, 3, 10, 12, 15, 17, 20, 22
Oil change needed 3,4,5,11

Motor failure

Low tire pressure
Front end looseness
Cooling system failure
Alternator problems
Transmission problems

1,2,3,4,5,6,10, 12,15, 17, 22
1, 13, 14, 15, 20, 21

1,13, 16, 21, 26

3,15, 24, 27, 30

1,2,7, 8,15, 19, 20

1,3, 12,15, 16, 20, 25, 28

Differential problems 1,12, 14

Brakes 1, 2, 14, 18, 20, 26, 29
Catalytic converter and muffler 1,2,12,15,22

Ignition 1,2,7,8,9,10,12,17, 23
Tire wear 1, 13, 14, 15, 18, 20, 21, 26
Fuel leakage 20, 23

Fan belt slippage 1,2,3,7,8,12,15,19, 20
Alternator deterioration 1,2,7,8,15,19

Coolant pump failure 1,2, 3, 24, 27, 30

Coolant hose failure 1,2,3,27,30

Starter failure 1,2,7,8,9,12,15

Dirty air filter 2,3,6,11,12,17, 22

[0204] Several interesting facts can be deduced from a
review of the above list. First, all of the failure modes listed
can be at least partially sensed by multiple sensors. In many
cases, some of the sensors merely add information to aid in
the interpretation of signals received from other sensors. In
today’s automobile, there are few if any cases where mul-
tiple sensors are used to diagnose or predict a problem. In
fact, there is virtually no failure prediction (prognostics)
undertaken at all. Second, many of the failure modes listed
require information from more than one sensor. Third,
information for many of the failure modes listed cannot be
obtained by observing one data point in time as is now done
by most vehicle sensors. Usually an analysis of the variation
in a parameter as a function of time is necessary. In fact, the
association of data with time to create a temporal pattern for
use in diagnosing component failures in automobile is
believed to be unique to the inventions herein as is the
combination of several such temporal patterns. Fourth, the
vibration measuring capability of the airbag crash sensor, or
other accelerometer or IMU, is useful 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 of the vehicle. Fifth, the second most used sensor in
the above list, a microphone, does not currently appear on
any automobiles, yet sound is the signal most often used by
vehicle operators and mechanics to diagnose vehicle prob-
lems. Another sensor that is listed above which also does not
currently appear on automobiles is a pollution sensor. This
is typically a chemical sensor mounted in the exhaust system
for detecting emissions from the vehicle. It is expected that
this and other chemical and biological sensors will be used
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more in the future. Such a sensor can be used to monitor the
intake of air from outside the vehicle to permit such a flow
to be cut off when it is polluted. Similarly, if the interior air
is polluted, the exchange with the outside air can be initiated.

[0205] In addition, from the foregoing depiction of differ-
ent sensors which receive signals from a plurality of com-
ponents, it is possible for a single sensor to receive and
output signals from a plurality of components which are then
analyzed by the processor to determine if any one of the
components for which the received signals were obtained by
that sensor is operating in an abnormal state. Likewise, it is
also possible to provide for a plurality of sensors each
receiving a different signal related to a specific component
which are then analyzed by the processor to determine if that
component is operating in an abnormal state. Neural net-
works can simultaneously analyze data from multiple sen-
sors of the same type or different types (a form of sensor
fusion).

[0206] As can be appreciated from the above discussion,
an invention described herein brings several new improve-
ments to vehicles including, but not limited to, the use of
pattern recognition technologies to diagnose potential
vehicle component failures, the use of trainable systems
thereby eliminating the need of complex and extensive
programming, the simultaneous use of multiple sensors to
monitor a particular component, the use of a single sensor to
monitor the operation of many vehicle components, the
monitoring of vehicle components which have no dedicated
sensors, and the notification of both the driver and possibly
an outside entity of a potential component failure prior to
failure so that the expected failure can be averted and vehicle
breakdowns  substantially eliminated.  Additionally,
improvements to the vehicle stability, crash avoidance, crash
anticipation and occupant protection are available.

[0207] To implement a component diagnostic system for
diagnosing the component utilizing a plurality of sensors not
directly associated with the component, i.e., independent of
the component, a series of tests are conducted. For each test,
the signals received from the sensors are input into a pattern
recognition training algorithm with an indication of whether
the component is operating normally or abnormally (the
component being intentionally altered to provide for abnor-
mal operation). The data from the test are used to generate
the pattern recognition algorithm, e.g., neural network, so
that in use, the data from the sensors is input into the
algorithm and the algorithm provides an indication of abnor-
mal or normal operation of the component. Also, to provide
a more versatile diagnostic module for use in conjunction
with diagnosing abnormal operation of multiple compo-
nents, tests may be conducted in which each component is
operated abnormally while the other components are oper-
ating normally, as well as tests in which two or more
components are operating abnormally. In this manner, the
diagnostic module may be able to determine based on one
set of signals from the sensors during use that either a single
component or multiple components are operating abnor-
mally. 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 data and later make it available to the
vehicle manufacturer for inclusion into the pattern recogni-
tion training database. Also, it is not necessary that a neural
network system that is on a vehicle be a static system and
some amount of learning can, in some cases, be permitted.
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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 wire-
lessly via a cellular network or by satellite.

[0208] Furthermore, the pattern recognition algorithm
may be trained based on patterns within the signals from the
sensors. Thus, by means of a single sensor, it would be
possible to determine whether one or more components are
operating abnormally. To obtain such a pattern recognition
algorithm, tests are conducted using a single sensor, such as
a microphone, and causing abnormal operation of one or
more components, each component operating abnormally
while the other components operate normally and multiple
components operating abnormally. In this manner, in use,
the pattern recognition algorithm may analyze a signal from
a single sensor and determine abnormal operation of one or
more components. Note that in some cases, simulations can
be used to analytically generate the relevant data.

[0209] The discussion above has centered mainly on the
blind training of a pattern recognition system, such as a
neural network, so that faults can be discovered and failures
forecast before they happen. Naturally, the diagnostic algo-
rithms do not have to start out being totally dumb and in fact,
the physics or structure of the systems being monitored can
be appropriately used to help structure or derive the diag-
nostic algorithms. Such a system is described in a recent
article “Immobots Take Control”, MIT Technology Review
December, 2002. Also, of course, it is contemplated that
once a potential failure has been diagnosed, the diagnostic
system can in some cases act to change the operation of
various systems in the vehicle to prolong the time of a failing
component before the failure or in some rare cases, the
situation causing the failure might be corrected. An example
of the first case is where the alternator is failing and various
systems or components can be turned off to conserve battery
power and an example of the second case is rollover of a
vehicle may be preventable through the proper application
of steering torque and wheel braking force. Such algorithms
can be based on pattern recognition or on models, as
described in the Immobot article referenced above, or a
combination thereof and all such systems are contemplated
by the invention described herein.

1.3 SAW and Other Wireless Sensors

[0210] Many sensors are now in vehicles and many more
will be installed in vehicles. The following disclosure is
primarily concerned with wireless sensors which can be
based on MEMS, SAW and/or RFID technologies. Vehicle
sensors include tire pressure, temperature and acceleration
monitoring sensors; weight or load measuring sensors;
switches; vehicle temperature, acceleration, angular posi-
tion, angular rate, angular acceleration sensors; proximity;
rollover; occupant presence; humidity; presence of fluids or
gases; strain; road condition and friction, chemical sensors
and other similar sensors providing information to a vehicle
system, vehicle operator or external site. The sensors can
provide information about the vehicle and/or its interior or
exterior environment, about individual components, sys-
tems, vehicle occupants, subsystems, and/or about the road-
way, ambient atmosphere, travel conditions and external
objects.

[0211] For wireless sensors, one or more interrogators can
be used each having one or more antennas that transmit



US 2008/0040005 A1

energy at radio frequency, or other electromagnetic frequen-
cies, to the sensors and receive modulated frequency signals
from the sensors containing sensor and/or identification
information. One interrogator can be used for sensing mul-
tiple switches or other devices. For example, an interrogator
may transmit a chirp form of energy at 905 MHz to 925 MHz
to a variety of sensors located within and/or in the vicinity
of the vehicle. These sensors may be of the RFID electronic
type and/or of the surface acoustic wave (SAW) type or a
combination thereof. In the electronic type, information can
be returned immediately to the interrogator in the form of a
modulated backscatter RF signal. In the case of SAW
devices, the information can be returned after a delay. RFID
tags may also exhibit a delay due to the charging of the
energy storage device. Naturally, one sensor can respond in
both the electronic (either RFID or backscatter) and SAW
delayed modes.

[0212] When multiple sensors are interrogated using the
same technology, the returned signals from the various
sensors can be time, code, space or frequency multiplexed.
For example, for the case of the SAW technology, each
sensor can be provided with a different delay or a different
code. Alternately, each sensor can be designed to respond
only to a single frequency or several frequencies. The radio
frequency can be amplitude, code or frequency modulated.
Space multiplexing can be achieved through the use of two
or more antennas and correlating the received signals to
isolate signals based on direction.

[0213] In many cases, the sensors will respond with an
identification signal followed by or preceded by information
relating to the sensed value, state and/or property. In the case
of a SAW-based or RFID-based switch, for example, the
returned signal may indicate that the switch is either on or
off or, in some cases, an intermediate state can be provided
signifying that a light should be dimmed, rather than or on
or off, for example. Alternately or additionally, an RFID
based switch can be associated with a sensor and turned on
or off based on an identification code or a frequency sent
from the interrogator permitting a particular sensor or class
of sensors to be selected.

[0214] SAW devices have been used for sensing many
parameters including devices for chemical and biological
sensing and materials characterization in both the gas and
liquid phase. They also are used for measuring pressure,
strain, temperature, acceleration, angular rate and other
physical states of the environment.

[0215] Economies are achieved by using a single interro-
gator or even a small number of interrogators to interrogate
many types of devices. For example, a single interrogator
may monitor tire pressure and temperature, the weight of an
occupying item of the seat, the position of the seat and
seatback, as well as a variety of switches controlling win-
dows, door locks, seat position, etc. in a vehicle. Such an
interrogator may use one or multiple antennas and when
multiple antennas are used, may switch between the anten-
nas depending on what is being monitored.

[0216] Similarly, the same or a different interrogator can
be used to monitor various components of the vehicle’s
safety system including occupant position sensors, vehicle
acceleration sensors, vehicle angular position, velocity and
acceleration sensors, related to both frontal, side or rear
impacts as well as rollover conditions. The interrogator
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could also be used in conjunction with other detection
devices such as weight sensors, temperature sensors, accel-
erometers which are associated with various systems in the
vehicle to enable such systems to be controlled or affected
based on the measured state.

[0217] Some specific examples of the use of interrogators
and responsive devices will now be described.

[0218] The antennas used for interrogating the vehicle tire
pressure transducers can be located outside of the vehicle
passenger compartment. For many other transducers to be
sensed the antennas can be located at various positions
within passenger compartment. At least one invention herein
contemplates, therefore, a series of different antenna sys-
tems, which can be electronically switched by the interro-
gator circuitry. Alternately, in some cases, all of the antennas
can be left connected and total transmitted power increased.

[0219] There are several applications for weight or load
measuring devices in a vehicle including the vehicle sus-
pension system and seat weight sensors for use with auto-
mobile safety systems. As described in U.S. Pat. No. 4,096,
740, U.S. Pat. No. 4,623,813, U.S. Pat. No. 5,585,571, U.S.
Pat. No. 5,663,531, U.S. Pat. No. 5,821,425 and U.S. Pat.
No. 5,910,647 and International Publication No. WO
00/65320(A1), SAW devices are appropriate candidates for
such weight measurement systems, although in some cases
RFID systems can also be used with an associated sensor
such as a strain gage. In this case, the surface acoustic wave
on the lithium niobate, or other piezoelectric material, is
modified in delay time, resonant frequency, amplitude and/
or phase based on strain of the member upon which the SAW
device is mounted. For example, the conventional bolt that
is typically used to connect the passenger seat to the seat
adjustment slide mechanism can be replaced with a stud
which is threaded on both ends. A SAW or other strain
device can be mounted to the center unthreaded section of
the stud and the stud can be attached to both the seat and the
slide mechanism using appropriate threaded nuts. Based on
the particular geometry of the SAW device used, the stud can
result in as little as a 3 mm upward displacement of the seat
compared to a normal bolt mounting system. No wires are
required to attach the SAW device to the stud other than for
an antenna.

[0220] In use, the interrogator transmits a radio frequency
pulse at, for example, 925 MHz that excites antenna on the
SAW strain measuring system. After a delay caused by the
time required for the wave to travel the length of the SAW
device, a modified wave is re-transmitted to the interrogator
providing an indication of the strain of the stud with the
weight of an object occupying the seat corresponding to the
strain. For a seat that is normally bolted to the slide
mechanism with four bolts, at least four SAW strain sensors
could be used. Since the individual SAW devices are very
small, multiple devices can be placed on a stud to provide
multiple redundant measurements, or permit bending and
twisting strains to be determined, and/or to permit the stud
to be arbitrarily located with at least one SAW device always
within direct view of the interrogator antenna. In some
cases, the bolt or stud will be made on non-conductive
material to limit the blockage of the RF signal. In other
cases, it will be insulated from the slide (mechanism) and
used as an antenna.

[0221] If two longitudinally spaced apart antennas are
used to receive the SAW or RFID transmissions from the
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seat weight sensors, one antenna in front of the seat and the
other behind the seat, then the position of the seat can be
determined eliminating the need for current seat position
sensors. A similar system can be used for other seat and
seatback position measurements.

[0222] For strain gage weight sensing, the frequency of
interrogation can be considerably higher than that of the tire
monitor, for example. However, if the seat is unoccupied,
then the frequency of interrogation can be substantially
reduced. For an occupied seat, information as to the identity
and/or category and position of an occupying item of the seat
can be obtained through the multiple weight sensors
described. For this reason, and due to the fact that during the
pre-crash event, the position of an occupying item of the seat
may be changing rapidly, interrogations as frequently as
once every 10 milliseconds or faster can be desirable. This
would also enable a distribution of the weight being applied
to the seat to be obtained which provides an estimation of the
center of pressure and thus the position of the object
occupying the seat. Using pattern recognition technology,
e.g., a trained neural network, sensor fusion, fuzzy logic,
etc., an identification of the object can be ascertained based
on the determined weight and/or determined weight distri-
bution.

[0223] There are many other methods by which SAW
devices can be used to determine the weight and/or weight
distribution of an occupying item other than the method
described above and all such uses of SAW strain sensors for
determining the weight and weight distribution of an occu-
pant are contemplated. For example, SAW devices with
appropriate straps can be used to measure the deflection of
the seat cushion top or bottom caused by an occupying item,
or if placed on the seat belts, the load on the belts can
determined wirelessly and powerlessly. Geometries similar
to those disclosed in U.S. Pat. No. 6,242,701 (which dis-
closes multiple strain gage geometries) using SAW strain-
measuring devices can also be constructed, e.g., any of the
multiple strain gage geometries shown therein.

[0224] Generally there is an RFID implementation that
corresponds to each SAW implementation. Therefore, where
SAW is used herein the equivalent RFID design will also be
meant where appropriate.

[0225] Although one method for using the invention is to
interrogate each of the SAW devices using wireless mecha-
nisms, in some cases, it may be desirable to supply power to
and/or obtain information from one or more of the SAW
devices using wires. As such, the wires would be an optional
feature.

[0226] One advantage of the weight sensors of this inven-
tion along with the geometries disclosed in the *701 patent
and herein below, is that in addition to the axial stress in the
seat support, the bending moments in the structure can be
readily determined. For example, if a seat is supported by
four “legs™, it is possible to determine the state of stress,
assuming that axial twisting can be ignored, using four strain
gages on each leg support for a total of 16 such gages. If the
seat is supported by three legs, then this can be reduced to
12 gages. Naturally, a three-legged support is preferable to
four since with four legs, the seat support is over-determined
which severely complicates the determination of the stress
caused by an object on the seat. Even with three supports,
stresses can be introduced depending on the nature of the
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support at the seat rails or other floor-mounted supporting
structure. If simple supports are used that do not introduce
bending moments into the structure, then the number of
gages per seat can be reduced to three, which is advanta-
geous provided a good model of the seat structure is avail-
able. Unfortunately, this is usually not the case and most
seats have four supports and the attachments to the vehicle
not only introduce bending moments into the structure but
these moments vary from one position to another and with
temperature. The SAW strain gages of this invention lend
themselves to the placement of multiple gages onto each
support as needed to approximately determine the state of
stress and thus the weight of the occupant depending on the
particular vehicle application. Furthermore, the wireless
nature of these gages greatly simplifies the placement of
such gages at those locations that are most appropriate. Note
that a strain gage here can be a bridge configuration con-
sisting of either 2 or 4 strain sensing elements or a single
strain gage element in a non-bridge or bridge configuration.

[0227] An additional point should be mentioned. In many
cases, the determination of the weight of an occupant from
the static strain gage readings yields inaccurate results due
to the indeterminate stress state in the support structure.
However, the dynamic stresses to a first order are indepen-
dent of the residual stress state. Thus, the change in stress
that occurs as a vehicle travels down a roadway caused by
dips in the roadway can provide an accurate measurement of
the weight of an object in a seat. This is especially true if an
accelerometer is used to measure the vertical excitation
provided to the seat.

[0228] Some vehicle models provide load leveling and
ride control functions that depend on the magnitude and
distribution of load carried by the vehicle suspension. Fre-
quently, wire strain gage technology is used for these
functions. That is, the wire strain gages are used to sense the
load and/or load distribution of the vehicle on the vehicle
suspension system. Such strain gages can be advantageously
replaced with strain gages based on SAW technology with
the significant advantages in terms of cost, wireless moni-
toring, dynamic range, and signal level. In addition, SAW
strain gage systems can be more accurate than wire strain
gage systems.

[0229] A strain detector in accordance with this invention
can convert mechanical strain to variations in electrical
signal frequency with a large dynamic range and high
accuracy even for very small displacements. The frequency
variation is produced through use of a surface acoustic wave
(SAW) delay line as the frequency control element of an
oscillator. A SAW delay line comprises a transducer depos-
ited on a piezoelectric material such as quartz or lithium
niobate which is arranged so as to be deformed by strain in
the member which is to be monitored. Deformation of the
piezoelectric substrate changes the frequency control char-
acteristics of the surface acoustic wave delay line, thereby
changing the frequency of the oscillator. Consequently, the
oscillator frequency change is a measure of the strain in the
member being monitored and thus the weight applied to the
seat. A SAW strain transducer can be more accurate than a
conventional resistive strain gage.

[0230] Other applications of weight measuring systems
for an automobile include measuring the weight of the fuel
tank or other containers of fluid to determine the quantity of
fluid contained therein as described below.
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[0231] One problem with SAW devices is that if they are
designed to operate at the GHz frequency, the feature sizes
become exceeding small and the devices are difficult to
manufacture, although techniques are now available for
making SAW devices in the tens of GHz range. On the other
hand, if the frequencies are considerably lower, for example,
in the tens of megahertz range, then the antenna sizes
become excessive. It is also more difficult to obtain antenna
gain at the lower frequencies. This is also related to antenna
size. One method of solving this problem is to transmit an
interrogation signal in the high GHz range which is modu-
lated at the hundred MHz range. At the SAW transducer, the
transducer is tuned to the modulated frequency. Using a
nonlinear device such as a Shocky diode, the modified signal
can be mixed with the incoming high frequency signal and
re-transmitted through the same antenna. For this case, the
interrogator can continuously broadcast the carrier fre-
quency.

[0232] Devices based on RFID or SAW technology can be
used as switches in a vehicle as described in U.S. Pat. No.
6,078,252, U.S. Pat. No. 6,144,288 and U.S. Pat. No.
6,748,797. There are many ways that this can be accom-
plished. A switch can be used to connect an antenna to either
an RFID electronic device or to a SAW device. This of
course requires contacts to be closed by the switch activa-
tion. An alternate approach is to use pressure from an
occupant’s finger, for example, to alter the properties of the
acoustic wave on the SAW material much as in a SAW touch
screen. The properties that can be modified include the
amplitude of the acoustic wave, and its phase, and/or the
time delay or an external impedance connected to one of the
SAW reflectors as disclosed in U.S. Pat. No. 6,084,503. In
this implementation, the SAW transducer can contain two
sections, one which is modified by the occupant and the
other which serves as a reference. A combined signal is sent
to the interrogator that decodes the signal to determine that
the switch has been activated. By any of these technologies,
switches can be arbitrarily placed within the interior of an
automobile, for example, without the need for wires. Since
wires and connectors are the cause of most warranty repairs
in an automobile, not only is the cost of switches substan-
tially reduced but also the reliability of the vehicle electrical
system is substantially improved.

[0233] The interrogation of switches can take place with
moderate frequency such as once every 100 milliseconds.
Either through the use of different frequencies or different
delays, a large number of switches can be time, code, space
and/or frequency multiplexed to permit separation of the
signals obtained by the interrogator. Alternately, an RF
activated switch on some or all of the sensors can be used as
discussed below.

[0234] Another approach is to attach a variable impedance
device across one of the reflectors on the SAW device. The
impedance can therefore be used to determine the relative
reflection from the reflector compared to other reflectors on
the SAW device. In this manner, the magnitude as well as the
presence of a force exerted by an occupant’s finger, for
example, can be used to provide a rate sensitivity to the
desired function. In an alternate design, as shown U.S. Pat.
No. 6,144,288, the switch is used to connect the antenna to
the SAW device. Of course, in this case, the interrogator will
not get a return from the SAW switch unless it is depressed.
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[0235] Temperature measurement is another field in which
SAW technology can be applied and the invention encom-
passes several embodiments of SAW temperature sensors.

[0236] U.S. Pat. No. 4,249,418 is one of many examples
of prior art SAW temperature sensors. Temperature sensors
are commonly used within vehicles and many more appli-
cations might exist if a low cost wireless temperature sensor
is available such as disclosed herein. The SAW technology
can be used for such temperature sensing tasks. These tasks
include measuring the vehicle coolant temperature, air tem-
perature within passenger compartment at multiple loca-
tions, seat temperature for use in conjunction with seat
warming and cooling systems, outside temperatures and
perhaps tire surface temperatures to provide early warning to
operators of road freezing conditions. One example, is to
provide air temperature sensors in the passenger compart-
ment in the vicinity of ultrasonic transducers used in occu-
pant sensing systems as described in U.S. Pat. No. 5,943,
205, since the speed of sound in the air varies by
approximately 20% from -40° C. to 85° C. Current ultra-
sonic occupant sensor systems do not measure or compen-
sate for this change in the speed of sound with the effect of
reducing the accuracy of the systems at the temperature
extremes. Through the judicious placement of SAW tem-
perature sensors in the vehicle, the passenger compartment
air temperature can be accurately estimated and the infor-
mation provided wirelessly to the ultrasonic occupant sensor
system thereby permitting corrections to be made for the
change in the speed of sound.

[0237] Since the road can be either a source or a sink of
thermal energy, strategically placed sensors that measure the
surface temperature of a tire can also be used to provide an
estimate of road temperature.

[0238] Acceleration sensing is another field in which SAW
technology can be applied and the invention encompasses
several embodiments of SAW accelerometers.

[0239] U.S. Pat. No. 4,199,990, U.S. Pat. No. 4,306,456
and U.S. Pat. No. 4,549,436 are examples of prior art SAW
accelerometers. Most airbag crash sensors for determining
whether the vehicle is experiencing a frontal or side impact
currently use micromachined accelerometers. These accel-
erometers are usually based on the deflection of a mass
which is sensed using either capacitive or piezoresistive
technologies. SAW technology has previously not been used
as a vehicle accelerometer or for vehicle crash sensing. Due
to the importance of this function, at least one interrogator
could be dedicated to this critical function. Acceleration
signals from the crash sensors should be reported at least
preferably every 100 microseconds. In this case, the dedi-
cated interrogator would send an interrogation pulse to all
crash sensor accelerometers every 100 microseconds and
receive staggered acceleration responses from each of the
SAW accelerometers wirelessly. This technology permits the
placement of multiple low-cost accelerometers at ideal loca-
tions for crash sensing including inside the vehicle side
doors, in the passenger compartment and in the frontal crush
zone. Additionally, crash sensors can now be located in the
rear of the vehicle in the crush zone to sense rear impacts.
Since the acceleration data is transmitted wirelessly, concern
about the detachment or cutting of wires from the sensors
disappears. One of the main concerns, for example, of
placing crash sensors in the vehicle doors where they most
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appropriately can sense vehicle side impacts, is the fear that
an impact into the A-pillar of the automobile would sever the
wires from the door-mounted crash sensor before the crash
was sensed. This problem disappears with the current wire-
less technology of this invention. If two accelerometers are
placed at some distance from each other, the roll acceleration
of'the vehicle can 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 or other
airbag(s). Other types of sensors such as crash sensors based
on pressure measurements, such as supplied by Siemens, can
also now be wireless.

[0240] Although the sensitivity of measurement is consid-
erably greater than that obtained with conventional piezo-
electric or micromachined accelerometers, the frequency
deviation of SAW devices remains low (in absolute value).
Accordingly, the frequency drift of thermal origin should be
made as low as possible by selecting a suitable cut of the
piezoelectric material. The resulting accuracy is impressive
as presented in U.S. Pat. No. 4,549,436, which discloses an
angular accelerometer with a dynamic a range of 1 million,
temperature coefficient of 0.005%/deg F., an accuracy of 1
microradian/sec®, a power consumption of 1 milliwatt, a
drift of 0.01% per year, a volume of 1 cc/axis and a
frequency response of 0 to 1000 Hz. The subject matter of
the ’436 patent is hereby included in the invention to
constitute a part of the invention. A similar design can be
used for acceleration sensing.

[0241] In a similar manner as the polymer-coated SAW
device is used to measure pressure, a device wherein a
seismic mass is attached to a SAW device through a polymer
interface can be made to sense acceleration. This geometry
has a particular advantage for sensing accelerations below 1
G, which has proved to be very difficult for conventional
micro-machined accelerometers due to their inability to both
measure low accelerations and withstand high acceleration
shocks.

[0242] Gyroscopes are another field in which SAW tech-
nology can be applied and the inventions herein encompass
several embodiments of SAW gyroscopes.

[0243] SAW technology is particularly applicable for
gyroscopes as described in International Publication No.
WO 00/79217A2 to Varadan et al. The output of such
gyroscopes can be determined with an interrogator that is
also used for the crash sensor accelerometers, or a dedicated
interrogator can be used. Gyroscopes having an accuracy of
approximately 1 degree per second have many applications
in a vehicle including skid control and other dynamic
stability functions. Additionally, gyroscopes of similar accu-
racy can be used to sense impending vehicle rollover situ-
ations in time to take corrective action.

[0244] SAW gyroscopes of the type described in WO
00/79217A2 have the capability of achieving accuracies
approaching about 3 degrees per hour. This high accuracy
permits use of such gyroscopes in an inertial measuring unit
(IMU) that can be used with accurate vehicle navigation
systems and autonomous vehicle control based on differen-
tial GPS corrections. Such a system is described in U.S. Pat.
No. 6,370,475. An alternate preferred technology for an
IMU is described in U.S. Pat. No. 4,711,125 to Morrison
discussed below. Such navigation systems depend on the
availability of four or more GPS satellites and an accurate
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differential correction signal such as provided by the Omni-
Star Corporation, NASA or through the National Differential
GPS system now being deployed. The availability of these
signals degrades in urban canyon environments, in tunnels
and on highways when the vehicle is in the vicinity of large
trucks. For this application, an IMU system should be able
to accurately control the vehicle for perhaps 15 seconds and
preferably for up to five minutes. IMUs based on SAW
technology, the technology of U.S. Pat. No. 4,549,436
discussed above or of the U.S. Pat. No. 4,711,125 are the
best-known devices capable of providing sufficient accura-
cies for this application at a reasonable cost. Other accurate
gyroscope technologies such as fiber optic systems are more
accurate but can be cost-prohibitive, although recent analy-
sis by the current assignee indicates that such gyroscopes
can eventually be made cost-competitive. In high volume
production, an IMU of the required accuracy based on SAW
technology is estimated to cost less than about $100. A cost
competing technology is that disclosed in U.S. Pat. No.
4,711,125 which does not use SAW technology.

[0245] A discussion of typical problems with the Morrison
Cube of U.S. Pat. No. 4,711,125, known as the QUBIK™,
that are encountered with sensors that try to measure mul-
tiple physical quantities at the same time and the manner in
which the QUBIK solves these problems is set forth in U.S.
Pat. No. 7,103,460.

[0246] Once an IMU of the accuracy described above is
available in the vehicle, this same device can be used to
provide significant improvements to vehicle stability control
and rollover prediction systems.

[0247] Keyless entry systems are another field in which
SAW technology can be applied and the invention encom-
passes several embodiments of access control systems using
SAW devices.

[0248] A common use of SAW or RFID technology is for
access control to buildings however, the range of electronic
unpowered RFID technology is usually limited to one meter
or less. In contrast, the SAW technology, when powered or
boosted, can permit sensing up to about 30 meters. As a
keyless entry system, an automobile can be configured such
that the doors unlock as the holder of a card containing the
SAW ID system approaches the vehicle and similarly, the
vehicle doors can be automatically locked when the occu-
pant with the card travels beyond a certain distance from the
vehicle. When the occupant enters the vehicle, the doors can
again automatically lock either through logic or through a
current system wherein doors automatically lock when the
vehicle is placed in gear. An occupant with such a card
would also not need to have an ignition key. The vehicle
would recognize that the SAW-based card was inside vehicle
and then permit the vehicle to be started by issuing an oral
command if a voice recognition system is present or by
depressing a button, for example, without the need for an
ignition key.

[0249] SAW sensors operating in the wireless mode can
also be used to sense for ice on the windshield or other
exterior surfaces of the vehicle, condensation on the inside
of the windshield or other interior surfaces, rain sensing,
heat-load sensing and many other automotive sensing func-
tions. They can also be used to sense outside environmental
properties and states including temperature, humidity, etc.

[0250] SAW sensors can be economically used to measure
the temperature and humidity at numerous places both inside
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and outside of a vehicle. When used to measure humidity
inside the vehicle, a source of water vapor can be activated
to increase the humidity when desirable and the air condi-
tioning system can be activated to reduce the humidity when
necessary or desirable. Temperature and humidity measure-
ments outside of the vehicle can be an indication of potential
road icing problems. Such information can be used to
provide early warning to a driver of potentially dangerous
conditions. Although the invention described herein is
related to land vehicles, many of these advances are equally
applicable to other vehicles such as airplanes and even, in
some cases, homes and buildings. The invention disclosed
herein, therefore, is not limited to automobiles or other land
vehicles.

[0251] Road condition sensing is another field in which
SAW technology can be applied and the invention encom-
passes several embodiments of SAW road condition sensors.

[0252] The temperature and moisture content of the sur-
face of a roadway are critical parameters in determining the
icing state of the roadway. Attempts have been made to
measure the coefficient of friction between a tire and the
roadway by placing strain gages in the tire tread. Naturally,
such strain gages are ideal for the application of SAW
technology especially since they can be interrogated wire-
lessly from a distance and they require no power for opera-
tion. As discussed herein, SAW accelerometers can also
perform this function. The measurement of the friction
coeflicient, however, is not predictive and the vehicle opera-
tor is only able to ascertain the condition after the fact.
Boosted SAW or RFID based transducers have the capability
of being interrogated as much as 100 feet from the interro-
gator. Therefore, the judicious placement of low-cost pow-
erless SAW or RFID temperature and humidity sensors in
and/or on the roadway at critical positions can provide an
advance warning to vehicle operators that the road ahead is
slippery. Such devices are very inexpensive and therefore
could be placed at frequent intervals along a highway.

[0253] An infrared sensor that looks down the highway in
front of the vehicle can actually measure the road tempera-
ture prior to the vehicle traveling on that part of the roadway.
This system also would not give sufficient warning if the
operator waited for the occurrence of a frozen roadway. The
probability of the roadway becoming frozen, on the other
hand, can be predicted long before it occurs, in most cases,
by watching the trend in the temperature. Once vehicle-to-
vehicle communications are common, roadway icing con-
ditions can be communicated between vehicles.

[0254] Some lateral control of the vehicle can also be
obtained from SAW transducers or electronic RFID tags
placed down the center of the lane, either above the vehicles
and/or in the roadway, for example. A vehicle having two
receiving antennas, for example, approaching such devices,
through triangulation or direct proportion, is able to deter-
mine the lateral location of the vehicle relative to these 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 obtain highly accurate longitu-
dinal position determinations. Ultimately, the SAW devices
can be placed on structures beside the road and perhaps on
every mile or tenth of a mile marker. If three antennas are
used, as discussed herein, the distances from the vehicle to
the SAW device can be determined. These SAW devices can
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be powered in order to stay below current FCC power
transmission limits. Such power can be supplied by a
photocell, energy harvesting where applicable, by a battery
or power connection.

[0255] Electronic RFID tags are also suitable for lateral
and longitudinal positioning purposes, however, the range
available for current electronic RFID systems can be less
than that of SAW-based systems unless either are powered.
On the other hand, as disclosed in U.S. Pat. No. 6,748,797,
the time-of-flight of the RFID system can be used to
determine the distance from the vehicle to the RFID tag.
Because of the inherent delay in the SAW devices and its
variation with temperature, accurate distance measurement
is probably not practical based on time-of-flight but some-
what less accurate distance measurements based on relative
time-of-arrival can be made. Even if the exact delay imposed
by the SAW device was accurately known at one tempera-
ture, such devices are usually reasonably sensitive to
changes in temperature, hence they make good temperature
sensors, and thus the accuracy of the delay in the SAW
device is more difficult to maintain. An interesting variation
of an electronic RFID that is particularly applicable to this
and other applications of this invention is described in A.
Pohl, L. Reindl, “New passive sensors”, Proc. 16th IEEE
Instrumentation and Measurement Technology Conf.,
IMTC/99, 1999, pp. 1251-1255.

[0256] Many SAW devices are based on lithium niobate or
similar strong piezoelectric materials. Such materials have
high thermal expansion coefficients. An alternate material is
quartz that has a very low thermal expansion coefficient.
However, its piezoelectric properties are inferior to lithium
niobate. One solution to this problem is to use lithium
niobate as the coupling system between the antenna and the
material or substrate upon which the surface acoustic wave
travels. In this manner, the advantages of a low thermal
expansion coefficient material can be obtained while using
the lithium niobate for its strong piezoelectric properties.
Other useful materials such as Langasite™ have properties
that are intermediate between lithium niobate and quartz.

[0257] The use of SAW tags as an accurate precise posi-
tioning system as described above would be applicable for
accurate vehicle location, as discussed in U.S. Pat. No.
6,370,475, for lanes in tunnels, for example, or other cases
where loss of satellite lock, and thus the primary vehicle
location system, is common.

[0258] The various technologies discussed above can be
used in combination. The electronic RFID tag can be incor-
porated into a SAW tag providing a single device that
provides both a quick reflection of the radio frequency
waves as well as a re-transmission at a later time. This
marriage of the two technologies permits the strengths of
each technology to be exploited in the same device. For most
of the applications described herein, the cost of mounting
such a tag in a vehicle or on the roadway far exceeds the cost
of the tag itself. Therefore, combining the two technologies
does not significantly affect the cost of implementing tags
onto vehicles or roadways or side highway structures.

[0259] A variation of this design is to use an RF circuit
such as in an RFID to serve as an energy source. One design
could be for the RFID to operate with directional antennas
at a relatively high frequency such as 2.4 GHz. This can be
primarily used to charge a capacitor to provide the energy
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for boosting the signal from the SAW sensor using circuitry
such as a circulator discussed below. The SAW sensor can
operate at a lower frequency, such as 400 MHz, permitting
it to not interfere with the energy transfer to the RF circuit
and also permit the signal to travel better to the receiver
since it will be difficult to align the antenna at all times with
the interrogator. Also, by monitoring the reception of the RF
signal, the angular position of the tire can be determined and
the SAW circuit designed so that it only transmits when the
antennas are aligned or when the vehicle is stationary. Many
other opportunities now present themselves with the RF
circuit operating at a different frequency from the SAW
circuit which will now be obvious to one skilled in the art.

[0260] An alternate method to the electronic RFID tag is
to simply use a radar or lidar reflector and measure the
time-of-flight to the reflector and back. The reflector can
even be made of a series of reflecting surfaces displaced
from each other to achieve some simple coding. It should be
understood that RFID antennas can be similarly configured.
An improvement would be to polarize the radiation and use
a reflector that rotates the polarization angle allowing the
reflector to be more easily found among other reflecting
objects.

[0261] Another field in which SAW technology can be
applied is for “ultrasound-on-a-surface” type of devices.
U.S. Pat. No. 5,629,681, assigned to the current assignee
herein and incorporated by reference herein, describes many
uses of ultrasound in a tube. Many of the applications are
also candidates for ultrasound-on-a-surface devices. In this
case, a micro-machined SAW device will in general be
replaced by a much larger structure.

[0262] Based on the frequency and power available, and
on FCC limitations, SAW or RFID or similar devices can be
designed to permit 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 monitoring road conditions in front
of and around a vehicle. Thus, a properly equipped vehicle
can determine the road conditions prior to entering a par-
ticular road section if such SAW devices are embedded in
the road surface or on mounting structures close to the road
surface as shown at 60 in FIG. 5. Such devices could provide
advance warning of freezing conditions, for example.
Although at 60 miles per hour such devices may only
provide a one second warning if powered or if the FCC
revises permitted power levels, this can be sufficient to
provide information to a driver to prevent dangerous skid-
ding. Additionally, since the actual temperature and humid-
ity can be reported, the driver will be warned prior to
freezing of the road surface. SAW device 60 is shown in
detail in FIG. 5A. With vehicle-to-vehicle communication,
the road conditions can be communicated as needed.

[0263] If a SAW device 63 is placed in a roadway, as
illustrated in FIG. 6, and if a vehicle 68 has two receiving
antennas 61 and 62, an interrogator can transmit a signal
from either of the two antennas and at a later time, the two
antennas will receive the transmitted signal from the SAW
device 63. By comparing the arrival time of the two received
pulses, the position of vehicle 68 on a lane of the roadway
can precisely calculated. If the SAW device 63 has an
identification code encoded into the returned signal gener-
ated thereby, then a processor in the vehicle 68 can deter-
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mine its position on the surface of the earth, provided a
precise map is available such as by being stored in the
processor’s memory. If another antenna 66 is provided, for
example, at the rear of the vehicle 68, then the longitudinal
position of the vehicle 68 can also be accurately determined
as the vehicle 68 passes the SAW device 63.

[0264] The SAW device 63 does not have to be in the
center of the road. Alternate locations for positioning of the
SAW device 63 are on overpasses above the road and on
poles such as 64 and 65 on the roadside. For such cases, a
source of power may be required. Such a system has an
advantage over a competing system using radar and reflec-
tors in that it is easier to measure the relative time between
the two received pulses than it is to measure time-of-flight
of a radar signal to a reflector and back. Such a system
operates in all weather conditions and is known as a precise
location system. Eventually, such a SAW device 63 can be
placed every tenth of a mile along the roadway or at some
other appropriate spacing. For the radar or laser radar
reflection system, the reflectors can be active devices that
provide environmental information in addition to location
information to the interrogating vehicle.

[0265] 1If a vehicle is being guided by a DGPS and an
accurate map system such as disclosed in U.S. Pat. No.
6,405,132 is used, a problem arises when the GPS receiver
system looses satellite lock as would happen when the
vehicle enters a tunnel, for example. If a precise location
system as described above is placed at the exit of the tunnel,
then the vehicle will know exactly where it is and can
re-establish satellite lock in as little as one second rather than
typically 15 seconds as might otherwise be required. Other
methods making use of the cell phone system can be used to
establish an approximate location of the vehicle suitable for
rapid acquisition of satellite lock as described in G. M.
Djuknic, R. E. Richton “Geolocation and Assisted GPS”,
Computer Magazine, February 2001, IEEE Computer Soci-
ety, which is incorporated by reference herein in its entirety.
An alternate location system is described in U.S. Pat. No.
6,480,788.

[0266] More particularly, geolocation technologies that
rely exclusively on wireless networks such as time of arrival,
time difference of arrival, angle of arrival, timing advance,
and multipath fingerprinting, as is known to those skilled in
the art, offer a shorter time-to-first-fix (ITFF) than GPS.
They also offer quick deployment and continuous tracking
capability for navigation applications, without the added
complexity and cost of upgrading or replacing any existing
GPS receiver in vehicles. Compared to either mobile-sta-
tion-based, stand-alone GPS or network-based geolocation,
assisted-GPS (AGPS) technology offers superior accuracy,
availability and coverage at a reasonable cost. AGPS for use
with vehicles can comprise a communications unit with a
minimal capability GPS receiver arranged in the vehicle, an
AGPS server with a reference GPS receiver that can simul-
taneously “see” the same satellites as the communications
unit and a wireless network infrastructure consisting at least
of base stations and a mobile switching center. The network
can accurately predict the GPS signal the communication
unit will receive and convey that information to the mobile
unit such as a vehicle, greatly reducing search space size and
shortening the TTFF from minutes to a second or less. In
addition, an AGPS receiver in the communication unit can
detect and demodulate weaker signals than those that con-
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ventional GPS receivers require. Because the network per-
forms the location calculations, the communication unit only
needs to contain a scaled-down GPS receiver. It is accurate
within about 15 meters when they are outdoors, an order of
magnitude more sensitive than conventional GPS. Of course
with the additional of differential corrections and carrier
phase corrections, the location accuracy can be improved to
centimeters.

[0267] Since an AGPS server can obtain the vehicle’s
position from the mobile switching center, at least to the
level of cell and sector, and at the same time monitor signals
from GPS satellites seen by mobile stations, it can predict
the signals received by the vehicle for any given time.
Specifically, the server can predict the Doppler shift due to
satellite motion of GPS signals received by the vehicle, as
well as other signal parameters that are a function of the
vehicle’s location. In a typical sector, uncertainty in a
satellite signal’s predicted time of arrival at the vehicle is
about x5 ps, which corresponds to +5 chips of the GPS
coarse acquisition (C/A) code. Therefore, an AGPS server
can predict the phase of the pseudorandom noise (PRN)
sequence that the receiver should use to despread the C/A
signal from a particular satellite (each GPS satellite trans-
mits a unique PRN sequence used for range measurements)
and communicate that prediction to the vehicle. The search
space for the actual Doppler shift and PRN phase is thus
greatly reduced, and the AGPS receiver can accomplish the
task in a fraction of the time required by conventional GPS
receivers. Further, the AGPS server maintains a connection
with the vehicle receiver over the wireless link, so the
requirement of asking the communication unit to make
specific measurements, collect the results and communicate
them back is easily met. After despreading and some addi-
tional signal processing, an AGPS receiver returns back
“pseudoranges™ (that is, ranges measured without taking
into account the discrepancy between satellite and receiver
clocks) to the AGPS server, which then calculates the
vehicle’s location. The vehicle can even complete the loca-
tion fix itself without returning any data to the server.
Further discussion of cellular location-based systems can be
found in Caffery, I. I. Wireless Location in CDMA Cellular
Radio Systems, Kluwer Academic Publishers, 1999, ISBN:
0792377036.

[0268] Sensitivity assistance, also known as modulation
wipe-off, provides another enhancement to detection of GPS
signals in the vehicle’s receiver. The sensitivity-assistance
message contains predicted data bits of the GPS navigation
message, which are expected to modulate the GPS signal of
specific satellites at specified times. The mobile station
receiver can therefore remove bit modulation in the received
GPS signal prior to coherent integration. By extending
coherent integration beyond the 20-ms GPS data-bit period
(to a second or more when the receiver is stationary and to
400 ms when it is fast-moving) this approach improves
receiver sensitivity. Sensitivity assistance provides an addi-
tional 3-to-4-dB improvement in receiver sensitivity.
Because some of the gain provided by the basic assistance
(code phases and Doppler shift values) is lost when inte-
grating the GPS receiver chain into a mobile system, this can
prove crucial to making a practical receiver.

[0269] Achieving optimal performance of sensitivity
assistance in TIA/EIA-95 CDMA systems is relatively
straightforward because base stations and mobiles synchro-
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nize with GPS time. Given that global system for mobile
communication (GSM), time division multiple access
(TDMA), or advanced mobile phone service (AMPS) sys-
tems do not maintain such stringent synchronization, imple-
mentation of sensitivity assistance and AGPS technology in
general will require novel approaches to satisty the timing
requirement. The standardized solution for GSM and TDMA
adds time calibration receivers in the field (location mea-
surement units) that can monitor both the wireless-system
timing and GPS signals used as a timing reference.

[0270] Many factors affect the accuracy of geolocation
technologies, especially terrain variations such as hilly ver-
sus flat and environmental differences such as urban versus
suburban versus rural. Other factors, like cell size and
interference, have smaller but noticeable effects. Hybrid
approaches that use multiple geolocation technologies
appear to be the most robust solution to problems of accu-
racy and coverage.

[0271] AGPS provides a natural fit for hybrid solutions
since it uses the wireless network to supply assistance data
to GPS receivers in vehicles. This feature makes it easy to
augment the assistance-data message with low-accuracy
distances from receiver to base stations measured by the
network equipment. Such hybrid solutions benefit from the
high density of base stations in dense urban environments,
which are hostile to GPS signals. Conversely, rural environ-
ments, where base stations are too scarce for network-based
solutions to achieve high accuracy, provide ideal operating
conditions for AGPS because GPS works well there.

[0272] From the above discussion, AGPS can be a signifi-
cant part of the location determining system on a vehicle and
can be used to augment other more accurate systems such as
DGPS and a precise positioning system based on road
markers or signature matching as discussed above and in
patents assigned to Intelligent Technologies International.

[0273] SAW transponders can also be placed in the license
plates 67 (FIG. 6) of all vehicles at nominal cost. An
appropriately equipped automobile can then determine the
angular location of vehicles in its vicinity. If a third antenna
66 is placed at the center of the vehicle front, then a more
accurate indication of the distance to a license plate of a
preceding vehicle can also be obtained as described above.
Thus, once again, a single interrogator coupled with multiple
antenna systems can be used for many functions. Alter-
nately, if more than one SAW transponder is placed spaced
apart on a vehicle and if two antennas are on the other
vehicle, then the direction and position of the SAW-
equipped vehicle can be determined by the receiving
vehicle. The vehicle-mounted SAW or RFID device can also
transmit information about the vehicle on which it is
mounted such as the type of vehicle (car, van, SUV, truck,
emergency vehicle etc.) as well as its weight and/or mass.
One problem with many of the systems disclosed above
results from the low power levels permitted by the FCC.
Thus changes in FCC regulations may be required before
some of them can be implemented in a powerless mode.

[0274] A general SAW temperature 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 FIG.
7. A pressure sensor 71 is located on the inside of the
container 74, where it measures deflection of the container
wall, and the fluid temperature sensor 72 on the outside. The
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temperature measuring SAW 70 can be covered with an
insulating material to avoid the influence of the ambient
temperature outside of the container 74.

[0275] A SAW load sensor can also be used to measure
load in the vehicle suspension system powerless and wire-
lessly as shown in FIG. 8. FIG. 8A illustrates a strut 75 such
as either of the rear struts of the vehicle of FIG. 8. A coil
spring 80 stresses in torsion as the vehicle encounters
disturbances from the road and this torsion can be measured
using SAW strain gages as described in U.S. Pat. No.
5,585,571 for measuring the torque in shafts. This concept is
also described in U.S. Pat. No. 5,714,695. Use of SAW strain
gages to measure the torsional stresses in a spring, as shown
in FIG. 8B, and in particular in an automobile suspension
spring, is believed to have been first disclosed by the
inventor herein, or other of the assignee’s employees or
agents. In FIG. 8B, the strain measured by SAW strain gage
78 is subtracted from the strain measured by SAW strain
gage 77 to get the temperature compensated strain in spring
76.

[0276] Since a portion of the dynamic load is also carried
by the shock absorber, the SAW strain gages 77 and 78 will
only measure the steady or average load on the vehicle.
However, additional SAW strain gages 79 can be placed on
a piston rod 81 of the shock absorber to obtain the dynamic
load. These load measurements can then be used for active
or passive vehicle damping or other stability control pur-
poses. Knowing the dynamic load on the vehicle coupled
with measuring the response of the vehicle or of the load of
an occupant on a seat also permits a determination of the
vehicle’s inertial properties and, in the case of the seat
weight sensor, of the mass of an occupant and the state of the
seat belt (is it buckled and what load is it adding to the seat
load sensors).

[0277] FIG. 9 illustrates a vehicle passenger compartment,
and the engine compartment, with multiple SAW or RFID
temperature sensors 85. SAW temperature sensors can be
distributed throughout the passenger compartment, such as
on the A-pillar, on the B-pillar, on the steering wheel, on the
seat, on the ceiling, on the headliner, and on the windshield,
rear and side windows and generally in the engine compart-
ment. These sensors, which can be independently coded
with different IDs and/or different delays, can provide an
accurate measurement of the temperature distribution within
the vehicle interior. RFID switches as discussed below can
also be used to isolate one device from another. Such a
system can be used to tailor the heating and air conditioning
system based on the temperature at a particular location in
the passenger compartment. If this system is augmented
with occupant sensors, then the temperature can be con-
trolled based on seat occupancy and the temperature at that
location. If the occupant sensor system is based on ultra-
sonics, then the temperature measurement system can be
used to correct the ultrasonic occupant sensor system for the
speed of sound within the passenger compartment. Without
such a correction, the error in the sensing system can be as
large as about 20 percent.

[0278] In one implementation, SAW temperature and
other sensors can be made from PVDF film and incorporated
within the ultrasonic transducer assembly. For the 40 kHz
ultrasonic transducer case, for example, the SAW tempera-
ture sensor would return the several pulses sent to drive the
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ultrasonic transducer to the control circuitry using the same
wires used to transmit the pulses to the transducer after a
delay that is proportional to the temperature within the
transducer housing. Thus, a very economical device can add
this temperature sensing function using much of the same
hardware that is already present for the occupant sensing
system. Since the frequency is low, PVDF could be fabri-
cated into a very low cost temperature sensor for this
purpose. Other piezoelectric materials can of course also be
used.

[0279] Note, the use of PVDF as a piezoelectric material
for wired and wireless SAW transducers or sensors is an
important disclosure of at least one of the inventions dis-
closed herein. Such PVDF SAW devices can be used as
chemical, biological, temperature, pressure and other SAW
sensors as well as for switches. Such devices are very
inexpensive to manufacture and are suitable for many
vehicle-mounted devices as well as for other non-vehicle-
mounted sensors. Disadvantages of PVDF stem from the
lower piezoelectric constant (compared with lithium nio-
bate) and the low acoustic wave velocity thus limiting the
operating frequency. The key advantage is very low cost.
When coupled with plastic electronics (plastic chips), it now
becomes very economical to place sensors throughout the
vehicle for monitoring a wide range of parameters such as
temperature, pressure, chemical concentration etc. In par-
ticular implementations, an electronic nose based on SAW
or RFID technology and neural networks can be imple-
mented in either a wired or wireless manner for the moni-
toring of cargo containers or other vehicle interiors (or
building interiors) for anti-terrorist or security purposes.
See, for example, Reznik, A. M. “Associative Memories for
Chemical Sensing”, IEEE 2002 ICONIP, p. 2630-2634, vol.
5. In this manner, other sensors can be combined with the
temperature sensors 85, or used separately, to measure
carbon dioxide, carbon monoxide, alcohol, biological
agents, radiation, humidity or other desired chemicals or
agents as discussed above. Note, although the examples
generally used herein are from the automotive industry,
many of the devices disclosed herein can be advantageously
used with other vehicles including trucks, boats, airplanes
and shipping containers.

[0280] The SAW temperature sensors 85 provide the tem-
perature at their mounting location to a processor unit 83 via
an interrogator with the processor unit 83 including appro-
priate control algorithms for controlling the heating and air
conditioning system based on the detected temperatures.
The processor unit 83 can control, e.g., which vents in the
vehicle are open and closed, the flow rate through vents and
the temperature of air passing through the vents. In general,
the processor unit 83 can control whatever adjustable com-
ponents are present or form part of the heating and air
conditioning system.

[0281] In FIG. 9 a child seat 84 is illustrated on the rear
vehicle seat. The child seat 84 can be fabricated with one or
more RFID tags or SAW tags (not shown). The RFID and
SAW tag(s) can be constructed to provide information on the
occupancy of the child seat, i.e., whether a child is present,
based on the weight, temperature, and/or any other measur-
able parameter. Also, the mere transmission of waves from
the RFID or SAW tag(s) on the child seat 84 would be
indicative of the presence of a child seat. The RFID and
SAW tag(s) can also be constructed to provide information



US 2008/0040005 A1

about the orientation of the child seat 84, i.e., whether it is
facing rearward or forward. Such information about the
presence and occupancy of the child seat and its orientation
can be used in the control of vehicular systems, such as the
vehicle airbag system or heating or air conditioning system,
especially useful when a child is left in a vehicle. In this
case, a processor would control the airbag or HVAC system
and would receive information from the RFID and SAW
tag(s) via an interrogator.

[0282] There are many applications for which knowledge
of the pitch and/or roll orientation of a vehicle or other
object is desired. An accurate tilt sensor can be constructed
using SAW devices. Such a sensor is illustrated in FIG. 10A
and designated 86. This sensor 86 can utilize a substantially
planar and rectangular mass 87 and four supporting SAW
devices 88 which are sensitive to gravity. For example, the
mass 87 acts to deflect a membrane on which the SAW
device 88 resides thereby straining the SAW device 88.
Other properties can also be used for a tilt sensor such as the
direction of the earth’s magnetic field. SAW devices 88 are
shown arranged at the corners of the planar mass 87, but it
must be understood that this arrangement is an exemplary
embodiment only and not intended to limit the invention. A
fifth SAW device 89 can be provided to measure tempera-
ture. By comparing the outputs of the four SAW devices 88,
the pitch and roll of the automobile can be measured. This
sensor 86 can be used to correct errors in the SAW rate gyros
described above. If the vehicle has been stationary for a
period of time, the yaw SAW rate gyro can initialized to 0
and the pitch and roll SAW gyros initialized to a value
determined by the tilt sensor of FIG. 10A. Many other
geometries of tilt sensors utilizing one or more SAW devices
can now be envisioned for automotive and other applica-
tions.

[0283] In particular, an alternate preferred configuration is
illustrated in FIG. 10B where a triangular geometry is used.
In this embodiment, the planar mass is triangular and the
SAW devices 88 are arranged at the corners, although as
with FIG. 10A, this is a non-limiting, preferred embodiment.

[0284] Either of the SAW accelerometers described above
can be utilized for crash sensors as shown in FIG. 11. These
accelerometers have a substantially higher dynamic range
than competing accelerometers now used for crash sensors
such as those based on MEMS silicon springs and masses
and others based on MEMS 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 range.
Additionally, many conventional accelerometers that are
designed for low acceleration ranges are unable to withstand
high acceleration shocks without breaking. This places prac-
tical limitations on many accelerometer designs so that the
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.

[0285] The SAW accelerometer for this particular crash
sensor design is housed in a container 96 which is assembled
into a housing 97 and covered with a cover 98. This
particular implementation shows a connector 99 indicating
that this sensor would require power and the response would
be provided through wires. Alternately, as discussed for
other devices above, the connector 99 can be eliminated and
the information and power to operate the device transmitted
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wirelessly. Also, power can be supplied thorough a connec-
tor and stored in a capacitor while the information is
transmitted wirelessly thus protecting the system from a
wire failure during a crash when the sensor is mounted in the
crush zone. Such sensors can be used as frontal, side or rear
impact sensors. They can be used in the crush zone, in the
passenger compartment or any other appropriate vehicle
location. If two such sensors are separated and have appro-
priate sensitive axes, then the angular acceleration of the
vehicle can also be determined. Thus, for example, forward-
facing accelerometers mounted in the vehicle side doors can
be used to measure the yaw acceleration of the vehicle.
Alternately, two vertical sensitive axis accelerometers in the
side doors can be used to measure the roll acceleration of
vehicle, which would be useful for rollover sensing.

[0286] U.S. Pat. No. 6,615,656 and the description below
provides multiple apparatus for determining the amount of
liquid in a tank. Using the SAW pressure devices of this
invention, multiple pressure sensors can be placed at appro-
priate locations within a fuel tank to measure the fluid
pressure and thereby determine the quantity of fuel remain-
ing in the tank. This can be done both statically and
dynamically. This is 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 the top of the fuel tank to eliminate the effects of
vapor pressure within tank. Using neural networks, or other
pattern recognition techniques, the quantity of fuel in the
tank can be accurately determined from these pressure
readings in a manner similar to that described the *656 patent
and below. The SAW measuring device illustrated in FIG.
12A combines temperature and pressure measurements in a
single unit using parallel paths 102 and 103 in the same
manner as described above.

[0287] FIG. 13A shows a schematic of a prior art airbag
module deployment scheme in which sensors, which detect
data for use in determining whether to deploy an airbag in
the airbag module, are wired to an electronic control unit
(ECU) and a command to initiate deployment of the airbag
in the airbag module is sent wirelessly. By contrast, as
shown in FIG. 13B, in accordance with an invention herein,
the sensors are wirelessly connected to the electronic control
unit and thus transmit data wirelessly. The ECU is however
wired to the airbag module. The ECU could also be con-
nected wirelessly to the airbag module. Alternately, a safety
bus can be used in place of the wireless connection.

[0288] SAW sensors also have applicability to various
other sectors of the vehicle, including the powertrain, chas-
sis, and occupant comfort and convenience. For example,
SAW and RFID sensors have applicability to sensors for the
powertrain area including oxygen sensors, gear-tooth Hall
effect sensors, variable reluctance sensors, digital speed and
position sensors, oil condition sensors, rotary position sen-
sors, low pressure sensors, manifold absolute pressure/
manifold air temperature (MAP/MAT) sensors, medium
pressure sensors, turbo pressure sensors, knock sensors,
coolant/fluid temperature sensors, and transmission tem-
perature sensors.

[0289] SAW sensors for chassis applications include gear-
tooth Hall effect sensors, variable reluctance sensors, digital
speed and position sensors, rotary position sensors, non-
contact steering position sensors, and digital ABS (anti-lock
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braking system) sensors. In one implementation, a Hall
Effect tire pressure monitor comprises a magnet that rotates
with a vehicle wheel and is sensed by a Hall Effect device
which is attached to a SAW or RFID device that is wirelessly
interrogated. This arrangement eliminates the need to run a
wire into each wheel well.

[0290] SAW sensors for the occupant comfort and conve-
nience field include low tire pressure sensors, HVAC tem-
perature and humidity sensors, air temperature sensors, and
oil condition sensors.

[0291] SAW sensors also have applicability such areas as
controlling evaporative emissions, transmission shifting,
mass air flow meters, oxygen, NOx and hydrocarbon sen-
sors. SAW based sensors are particularly useful in high
temperature environments where many other technologies
fail.

[0292] SAW sensors can facilitate compliance with U.S.
regulations concerning evaporative system monitoring in
vehicles, through a SAW fuel vapor pressure and tempera-
ture sensors that measure fuel vapor pressure within the fuel
tank as well as temperature. If vapors leak into the atmo-
sphere, the pressure within the tank drops. The sensor
notifies the system of a fuel vapor leak, resulting in a
warning signal to the driver and/or notification to a repair
facility, vehicle manufacturer and/or compliance monitoring
facility. This application is particularly important since the
condition within the fuel tank can be ascertained wirelessly
reducing the chance of a fuel fire in an accident. The same
interrogator that monitors the tire pressure SAW sensors can
also monitor the fuel vapor pressure and temperature sensors
resulting in significant economies.

[0293] A SAW humidity sensor can be used for measuring
the relative humidity and the resulting information can be
input to the engine management system or the heating,
ventilation and air conditioning (HVAC) system for more
efficient operation. The relative humidity of the air entering
an automotive engine impacts the engine’s combustion
efficiency; i.e., the ability of the spark plugs to ignite the
fuel/air mixture in the combustion chamber at the proper
time. A SAW humidity sensor in this case can measure the
humidity level of the incoming engine air, helping to cal-
culate a more precise fuel/air ratio for improved fuel
economy and reduced emissions.

[0294] Dew point conditions are reached when the air is
fully saturated with water. When the cabin dew point tem-
perature matches the windshield glass temperature, water
from the air condenses quickly, creating frost or fog. A SAW
humidity sensor with a temperature-sensing element and a
window glass-temperature-sensing element can prevent the
formation of visible fog formation by automatically control-
ling the HVAC system.

[0295] FIG. 14 illustrates the placement of a variety of
sensors, primarily accelerometers and/or gyroscopes, which
can be used to diagnose the state of the vehicle itself. Sensor
105 can be located in the headliner or attached to the vehicle
roof above the side door. Typically, there can be two such
sensors one on either side of the vehicle. Sensor 106 is
shown-in a typical mounting location midway between the
sides of the vehicle attached to or near the vehicle roof above
the rear window. Sensor 109 is shown in a typical mounting
location in the vehicle trunk adjacent the rear of the vehicle.
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One, two or three such sensors can be used depending on the
application. If three such sensors are used, preferably one
would be adjacent each side of vehicle and one in the center.
Sensor 107 is shown in a typical mounting location in the
vehicle door and sensor 108 is shown in a typical mounting
location on the sill or floor below the door. Sensor 110,
which can be also multiple sensors, is shown in a typical
mounting location forward in the crush zone of the vehicle.
Finally, sensor 1 can measure the acceleration of the firewall
or instrument panel and is located thereon generally midway
between the two sides of the vehicle. If three such sensors
are used, one would be adjacent each vehicle side and one
in the center. An IMU would serve basically the same
functions.

[0296] In general, sensors 105-111 provide a measurement
of the state of the vehicle, such as its velocity, acceleration,
angular orientation or temperature, or a state of the location
at which the sensor is mounted. Thus, measurements related
to the state of the sensor would include measurements of the
acceleration of the sensor, measurements of the temperature
of the mounting location as well as changes in the state of
the sensor and rates of changes of the state of the sensor. As
such, any described use or function of the sensors 105-111
above is merely exemplary and is not intended to limit the
form of the sensor or its function. Thus, these sensors may
or may not be SAW or RFID sensors and may be powered
or unpowered and may transmit their information through a
wire harness, a safety or other bus or wirelessly.

[0297] Each of the sensors 105-111 may be single axis,
double axis or triaxial accelerometers and/or gyroscopes
typically of the MEMS type. One or more can be IMUs.
These sensors 105-111 can either be wired to the central
control module or processor directly wherein they would
receive power and transmit information, or they could be
connected onto the vehicle bus or, in some cases, using
RFID, SAW or similar technology, the sensors can be
wireless and would receive their power through RF from one
or more interrogators located in the vehicle. In this case, the
interrogators can be connected either to the vehicle bus or
directly to control module. Alternately, an inductive or
capacitive power and/or information transfer system can be
used.

[0298] One particular implementation will now be
described. In this case, each of the sensors 105-111 is a
single or dual axis accelerometer. They are made using
silicon micromachined technology such as described in U.S.
Pat. No. 5,121,180 and U.S. Pat. No. 5,894,090. These are
only representative patents of these devices and there exist
more than 100 other relevant U.S. patents describing this
technology. Commercially available MEMS gyroscopes
such as from Systron Doner have accuracies of approxi-
mately one degree per second. In contrast, optical gyro-
scopes typically have accuracies of approximately one
degree per hour. Unfortunately, the optical gyroscopes are
believed to be expensive for automotive applications. How-
ever, new developments by the current assignee are reducing
this cost and such gyroscopes are likely to become cost
effective in a few years. On the other hand, typical MEMS
gyroscopes are not sufficiently accurate for many control
applications unless corrected using location technology such
as precise positioning or GPS-based systems as described
elsewhere herein.
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[0299] The angular rate function can be obtained by
placing accelerometers at two separated, non-co-located
points in a vehicle and using the differential acceleration to
obtain an indication of angular motion and angular accel-
eration. From the variety of accelerometers shown in FIG.
14, it can be appreciated that not only will all accelerations
of key parts of the vehicle be determined, but the pitch, yaw
and roll angular rates can also be determined based on 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 accurate than
uncorrected conventional MEMS gyroscopes. Alternately, it
has been found that from a single package containing up to
three low cost MEMS gyroscopes and three low cost MEMS
accelerometers, when carefully calibrated, an accurate iner-
tial measurement unit (IMU) can be constructed that per-
forms as well as units costing a great deal more. Such a
package is sold by Crossbow Technology, Inc. 41 Daggett
Dr., San Jose, Calif. 95134. If this IMU is combined with a
GPS system and sometimes other vehicle sensor inputs
using a Kalman filter, accuracy approaching that of expen-
sive military units can be achieved. One IMU that uses a
single device to sense both accelerations in three directions
and angular rates about three axis is described in U.S. Pat.
No. 4,711,125. Although this device has been available for
many years, it has not been applied to vehicle sensing and
in particular automobile vehicle sensing for location and
navigational purposes.

[0300] Instead of using two accelerometers at separate
locations on the vehicle, a single conformal MEMS-IDT
gyroscope may be used. Such a conformal MEMS-IDT
gyroscope is described in a paper by V. K. Varadan, “Con-
formal MEMS-IDT Gyroscopes and Their Comparison With
Fiber Optic Gyro”, Proceedings of SPIE Vol. 3990 (2000).
The MEMS-IDT gyroscope is based on the principle of
surface acoustic wave (SAW) standing waves on a piezo-
electric substrate. A surface acoustic wave resonator is used
to create standing waves inside a cavity and the particles at
the anti-nodes of the standing waves experience large ampli-
tude of vibrations, which serves as the reference vibrating
motion for the gyroscope. Arrays of metallic dots are posi-
tioned at the anti-node locations so that the effect of Coriolis
force due to rotation will acoustically amplify the magnitude
of the waves. Unlike other MEMS gyroscopes, the MEMS-
IDT gyroscope has a planar configuration with no suspended
resonating mechanical structures. Other SAW-based gyro-
scopes are also now under development.

[0301] The system of FIG. 14 using dual axis accelerom-
eters, or the IMU Kalman filter system, therefore provides a
complete diagnostic system of the vehicle itself and its
dynamic motion. Such a system is far more accurate than
any system currently available in the automotive market.
This system provides very accurate crash discrimination
since the exact location of the crash can be determined and,
coupled with knowledge of the force deflection character-
istics of the vehicle at the accident impact 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 can be predicted in advance
and signals sent to the vehicle steering, braking and throttle
systems to attempt to ameliorate the rollover situation or
prevent it. In the event that it cannot be prevented, the
deployment side curtain airbags can be initiated in a timely
manner. Additionally, the tendency of the vehicle to the slide
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or skid can be considerably more accurately determined and
again the steering, braking and throttle systems commanded
to minimize the unstable vehicle behavior. Thus, through the
deployment of inexpensive accelerometers at a variety of
locations in the 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.

[0302] As mentioned above, the combination of the out-
puts from these accelerometer sensors and the output of
strain gage weight sensors in a vehicle seat, or in or on a
support structure of the seat, can be used to make an accurate
assessment of the occupancy of the seat and differentiate
between animate and inanimate occupants as well as deter-
mining where in the seat the occupants are sitting. This can
be done by observing the acceleration signals from the
sensors of FIG. 14 and simultaneously the dynamic strain
gage measurements from seat-mounted strain gages. The
accelerometers provide the input function to the seat and the
strain gages measure the reaction of the occupying item to
the vehicle acceleration and thereby provide a method of
determining dynamically the mass of the occupying item
and its location. This is particularly important during occu-
pant position sensing during a crash event. By combining the
outputs of the accelerometers and the strain gages and
appropriately processing the same, the mass and weight of
an object occupying 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 life form such as a human
being.

[0303] For this embodiment, a sensor, not shown, that can
be one or more strain gage weight sensors, is mounted on the
seat or in connection with the seat or its support structure.
Suitable mounting locations and forms of weight sensors are
discussed in U.S. Pat. No. 6,242,701 and contemplated for
use in the inventions disclosed herein as well. The mass or
weight of the occupying item of the seat can thus be
measured based on the dynamic measurement of the strain
gages with optional consideration of the measurements of
accelerometers on the vehicle, which are represented by any
of sensors 105-111.

[0304] A SAW Pressure Sensor can also be used with
bladder weight sensors permitting that device to be interro-
gated wirelessly and without the need to supply power.
Similarly, a SAW device can be used as a general switch in
a vehicle and in particular as a seatbelt buckle switch
indicative of seatbelt use. SAW devices can also be used to
measure seatbelt tension or the acceleration of the seatbelt
adjacent to the chest or other part of the occupant and used
to control the occupant’s acceleration during a crash. Such
systems can be boosted as disclosed herein or not as required
by the application. These inventions are disclosed in patents
and patent applications of the current assignee.

[0305] The operating frequency of SAW devices has
hereto for been limited to less that about 500 MHz due to
problems in lithography resolution, which of course is
constantly improving and currently SAW devices based on
lithium niobate are available that operate at 2.4 GHz. This
lithography problem is related to the speed of sound in the
SAW material. Diamond has the highest speed of sound and
thus would be an ideal SAW material. However, diamond is
not piezoelectric. This problem can be solved partially by
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using a combination or laminate of diamond and a piezo-
electric material. Recent advances in the manufacture of
diamond films that can be combined with a piezoelectric
material such as lithium niobate promise to permit higher
frequencies to be used since the spacing between the inter-
digital transducer (IDT) fingers can be increased for a given
frequency. A particularly attractive frequency is 2.4 GHz or
Wi-Fi as the potential exists for the use of more sophisti-
cated antennas such as the Yagi antenna or the Motia smart
antenna that have more gain and directionality. In a different
development, SAW devices have been demonstrated that
operate in the tens of GHz range using a novel stacking
method to achieve the close spacing of the IDTs.

[0306] In a related invention, the driver can be provided
with a keyless entry device, other RFID tag, smart card or
cell phone with an RF transponder that can be powerless in
the form of an RFID or similar device, which can also be
boosted as described herein. The interrogator determines the
proximity of the driver to the vehicle door or other similar
object such as a building or house door or vehicle trunk. As
shown in FIG. 15A, if a driver 18 remains within 1 meter,
for example, from the door or trunk lid 116, for example, for
a time period such as 5 seconds, then the door or trunk lid
116 can automatically unlock and ever open in some imple-
mentations. Thus, as the driver 118 approaches the trunk
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. Naturally, this
system can also be used for other systems in addition to
vehicle doors and trunk lids.

[0307] As shown in FIG. 15C, an interrogator 115 is
placed on the vehicle, e.g., in the trunk 112 as shown, and
transmits waves. When the keyless entry device 113, which
contains an antenna 114 and a circuit including a circulator
135 and a memory containing a unique ID code 136, is a set
distance from the interrogator 115 for a certain duration of
time, the interrogator 115 directs a trunk opening device 137
to open the trunk lid 116

[0308] A SAW device can also be used as a wireless switch
as shown in FIGS. 16A and 16B. FIG. 16A illustrates a
surface 120 containing a projection 122 on top of a SAW
device 121. Surface material 120 could be, for example, the
armrest of an automobile, the steering wheel airbag cover, or
any other surface within the passenger compartment of an
automobile or elsewhere. Projection 122 will typically be a
material capable of transmitting force to the surface of SAW
device 121. As shown in FIG. 20B, a projection 123 may be
placed on top of the SAW device 124. This projection 123
permits force exerted on the projection 122 to create a
pressure on the SAW device 124. This increased pressure
changes the time delay or natural frequency of the SAW
wave traveling on the surface of material. Alternately, it can
affect the magnitude of the returned signal. The projection
123 is typically held slightly out of contact with the surface
until forced into contact with it.

[0309] An alternate approach is to place a switch across
the IDT 127 as shown in FIG. 16C. If switch 125 is open,
then the device will not return a signal to the interrogator. If
it is closed, than the IDT 127 will act as a reflector sending
a signal back to IDT 128 and thus to the interrogator.
Alternately, a switch 126 can be placed across the SAW
device. In this case, a switch closure shorts the SAW device
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and no signal is returned to the interrogator. For the embodi-
ment of FIG. 16C, using switch 126 instead of switch 125,
a standard reflector IDT would be used in place of the IDT
127.

[0310] Most SAW-based accelerometers work on the prin-
ciple of straining the SAW surface and thereby changing
either the time delay or natural frequency of the system. An
alternate novel accelerometer is illustrated FIG. 17A
wherein a mass 130 is attached to a silicone rubber coating
131 which has been applied the SAW device. Acceleration
of'the mass in FIG. 17A in the direction of arrow X changes
the amount of rubber in contact with the surface of the SAW
device and thereby changes the damping, natural frequency
or the time delay of the device. By this method, accurate
measurements of acceleration below 1 G are readily
obtained. Furthermore, this device can withstand high decel-
eration shocks without damage. FI1G. 17B illustrates a more
conventional approach where the strain in a beam 132
caused by the acceleration acting on a mass 133 is measured
with a SAW strain sensor 134.

[0311] TItis important to note that all of these devices have
a high dynamic range compared with most competitive
technologies. In some cases, this dynamic range can exceed
100,000 and up to 1,000,000 has been reported. This is the
direct result of the ease with which frequency and phase can
be accurately measured.

[0312] A gyroscope, which is suitable for automotive
applications, is illustrated in FIG. 18 and described in U.S.
Pat. No. 6,516,665. This SAW-based gyroscope has appli-
cability for the vehicle navigation, dynamic control, and
rollover sensing among others.

[0313] Note that any of the disclosed applications can be
interrogated by the central interrogator of this invention and
can either be powered or operated powerlessly as described
in general above. Block diagrams of three interrogators
suitable for use in this invention are illustrated in FIGS.
19A-19C. FIG. 19A illustrates a super heterodyne circuit
and FIG. 19B illustrates a dual super heterodyne circuit.
FIG. 19C operates as follows. During the burst time two
frequencies, F1 and F1+F2, are sent by the transmitter after
being generated by mixing using oscillator Osc. The two
frequencies are needed by the SAW transducer where they
are mixed yielding F2 which is modulated by the SAW and
contains the information. Frequency (F14F2) is sent only
during the burst time while frequency F1 remains on until
the signal F2 returns from the SAW. This signal is used for
mixing. The signal returned from the SAW transducer to the
interrogator is F1+4F2 where F2 has been modulated by the
SAW transducer. It is expected that the mixing operations
will result in about 12 db loss in signal strength.

[0314] As discussed, theoretically a SAW can be used for
any sensing function provided the surface across which the
acoustic wave travels can be modified in terms of its length,
mass, elastic properties or any property that affects the travel
distance, speed, amplitude or damping of the surface wave.
Thus, gases and vapors can be sensed through the placement
of a layer on the SAW that absorbs the gas or vapor, for
example (a chemical sensor or electronic nose). Similarly, a
radiation sensor can result through the placement of a
radiation sensitive coating on the surface of the SAW.

[0315] Normally, a SAW device is interrogated with a
constant amplitude and frequency RF pulse. This need not
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be the case and a modulated pulse can also be used. If for
example a pseudorandom or code modulation is used, then
a SAW interrogator can distinguish its communication from
that of another vehicle that may be in the vicinity. This
doesn’t totally solve the problem of interrogating a tire that
is on an adjacent vehicle but it does solve the problem of the
interrogator being confused by the transmission from
another interrogator. This confusion can also be partially
solved if the interrogator only listens for a return signal
based on when it expects that signal to be present based on
when it sent the signal. That expectation can be based on the
physical location of the tire relative to the interrogator which
is unlikely to come from a tire on an adjacent vehicle which
only momentarily could be at an appropriate distance from
the interrogator. The interrogator would of course need to
have correlation software in order to be able to differentiate
the relevant signals. The correlation technique also permits
the interrogator to separate the desired signals from noise
thereby improving the sensitivity of the correlator. An alter-
nate approach as discussed elsewhere herein is to combine
a SAW sensor with an RFID switch where the switch is
programmed to open or close based on the receipt of the
proper identification code.

[0316] As discussed elsewhere herein, the particular tire
that is sending a signal can be determined if multiple
antennas, such as three, each receive the signal. For a 500
MHz signal, for example, the wave length is about 60 cm.
If the distance from a tire transmitter to each of three
antennas is on the order of one meter, then the relative
distance from each antenna to the transmitter can be deter-
mined to within a few centimeters and thus the location of
the transmitter can be found by triangulation. If that location
is not a possible location for a tire transmitter, then the data
can be ignored thus solving the problem of a transmitter
from an adjacent vehicle being read by the wrong vehicle
interrogator. This will be discussed below with regard to
solving the problem of a truck having 18 tires that all need
to be monitored. Note also, each antenna can have associ-
ated with it some simple circuitry that permits it to receive
a signal, amplify it, change its frequency and retransmit it
either through a wire of through the air to the interrogator
thus eliminating the need for long and expensive coax
cables.

[0317] U.S. Pat. No. 6,622,567 describes a peak strain
RFID technology based device with the novelty being the
use of a mechanical device that records the peak strain
experienced by the device. Like the system of the invention
herein, the system does not require a battery and receives its
power from the RFID circuit. The invention described herein
includes the use of RFID based sensors either in the peak
strain mode or in the preferred continuous strain mode. This
invention is not limited to measuring strain as SAW and
RFID based sensors can be used for measuring many other
parameters including chemical vapor concentration, tem-
perature, acceleration, angular velocity etc.

[0318] A key aspect of at least one of the inventions
disclosed herein is the use of an interrogator to wirelessly
interrogate multiple sensing devices thereby reducing the
cost of the system since such sensors are in general inex-
pensive compared to the interrogator. The sensing devices
are preferably based of SAW and/or RFID technologies
although other technologies are applicable.
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[0319] 1.3.1 Antenna Considerations

[0320] Antennas are a very important aspect to SAW and
RFID wireless devices such as can be used in tire monitors,
seat monitors, weight sensors, child seat monitors, fluid
level sensors and similar devices or sensors which monitor,
detect, measure, determine or derive physical properties or
characteristics of a component in or on the vehicle or of an
area near the vehicle, as disclosed in the current assignee’s
patents and pending patent applications. In many cases, the
location of a SAW or RFID device needs to be determined
such as when a device is used to locate the position of a
movable item in or on a vehicle such as a seat. In other cases,
the particular device from a plurality of similar devices, such
as a tire pressure and/or temperature monitor that is report-
ing, needs to be identified. Thus, a combination of antennas
can be used and the time or arrival, angle of arrival,
multipath signature or similar method used to identify the
reporting device. One preferred method is derived from the
theory of smart antennas whereby the signals from multiple
antennas are combined to improve the signal-to-noise ratio
of the incoming or outgoing signal in the presence of
multipath effects, for example.

[0321] Additionally, since the signal level from a SAW or
RFID device is frequently low, various techniques can be
used to improve the signal-to-noise ratio as described below.
Finally, at the frequencies frequently used such as 433 MHz,
the antennas can become large and methods are needed to
reduce their size. These and other antenna considerations
that can be used to improve the operation of SAW, RFID and
similar wireless devices are described below.

[0322]

[0323] One method of maintaining a single central antenna
assembly while interrogating all four tires on a conventional
automobile, is illustrated in FIGS. 20A and 20B. An addi-
tional antenna can be located near the spare tire, which is not
shown. It should be noted that the system described below
is equally applicable for vehicles with more than four tires
such as trucks.

[0324] A vehicle body is illustrated as 620 having four
tires 621 and a centrally mounted four element, switchable
directional antenna array 622. The four beams are shown
schematically as 623 with an inactivated beam as 624 and
the activated beam as 625. The road surface 626 supports the
vehicle. An electronic control circuit, not shown, which may
reside inside the antenna array housing 622 or elsewhere,
alternately switches each of the four antennas of the array
622 which then sequentially, or in some other pattern, send
RF signals to each of the four tires 621 and wait for the
response from the RFID, SAW or similar tire pressure,
temperature, 1D, acceleration and/or other property monitor
arranged in connection with or associated with the tire 621.
This represents a time domain multiple access system.

1.3.1.1 Tire Information Determination

[0325] The interrogator makes sequential interrogation of

wheels as follows:

[0326] Stage 1. Interrogator radiates 8 RF pulses via the
first RF port directed to the 1st wheel.

[0327] Pulse duration is about 0.8 ps.

[0328] Pulse repetition period is about 40 us.
[0329] Pulse amplitude is about 8 V (peak to peak)
[0330] Carrier frequency is about 426.00 MHz.
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[0331] (Of course, between adjacent pulses receiver opens
its input and receives four-pulses echoes from transponder
located in the first wheel).

[0332] Then, during a time of about 8 ms internal micro
controller processes and stores received data.

[0333] Total duration of this stage is 32 us+8 ms=8.032
ms.

[0334] Stage 2,3,4. Interrogator repeats operations as on
stage 1 for 2", 3™ and 4™ wheel sequentially via appro-
priate RF ports.

[0335] Stage 5. Interrogator stops radiating RF pulses and
transfers data stored during stages 1-4 to the external PC
for final processing and displaying. Then it returns to
stage 1. The time interval for data transfer equals about 35
ms.

[0336] Some notes relative to FCC Regulations:

[0337] The total duration of interrogation cycle of four
wheels is

8.032 ms*4+35 ms=67.12 ms.

[0338] During this time, interrogator radiates 8%4=32
pulses, each of 0.8 us duration.

[0339] Thus, average period of pulse repetition is
67.12 ms/32 =2.09 ms=2090 pis

[0340] Assuming that duration of the interrogation pulse is
0.8 us as mentioned, an average repetition rate is obtained

0.8 ps/2090 ps=0.38*1073
[0341] Finally, the radiated pulse power is
Pp=(4 V)?/(2*50 Ohm)=0.16 W

[0342] and the average radiated power is
Pave=0.16 * 0.38*1073=0.42*107 W, or 0.42 mW
[0343] In another application, the antennas of the array

622 transmit the RF signals simultaneously and space the
returns through the use of a delay line in the circuitry from
each antenna so that each return is spaced in time in a known
manner without requiring that the antennas be switched.
Another method is to offset the antenna array, as illustrated
in FIG. 21, so that the returns naturally are spaced in time
due to the different distances from the tires 621 to the
antennas of the array 622. In this case, each signal will return
with a different phase and can be separated by this difference
in phase using methods known to those in the art.

[0344] In another application, not shown, two wide angle
antennas can be used such that each receives any four signals
but each antenna receives each signal at a slightly different
time and different amplitude permitting each signal to be
separated by looking at the return from both antennas since,
each signal will be received differently based on its angle of
arrival.

[0345] Additionally, each SAW or RFID device can be
designed to operate on a slightly different frequency and the
antennas of the array 622 can be designed to send a chirp
signal and the returned signals will then be separated in
frequency, permitting the four signals to be separated. Alter-
nately, the four antennas of the array 622 can each transmit
an identification signal to permit separation. This identifi-
cation can be a numerical number or the length of the SAW
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substrate, for example, can be random so that each property
monitor has a slightly different delay built in which permits
signal separation. The identification number can be easily
achieved in RFID systems and, with some difficulty and
added expense, in SAW systems. Other methods of separat-
ing the signals from each of the tires 621 will now be
apparent to those skilled in the art. One preferred method in
particular will be discussed below and makes use of an RFID
switch.

[0346] There are two parameters of SAW system, which
has led to the choice of a four echo pulse system:

[0347] ITU frequency rules require that the radiated
spectrum width be reduced to:

AG=1.75 MHz (in ISM band, F=433.92 MHz);

[0348] The range of temperature measurement should
be from —40 F up to +260 F.

[0349] Therefore, burst (request) pulse duration should be
not less than 0.6 microseconds (see FIG. 22).

Toue=1/AGZ0.6 s

[0350] This burst pulse travels to a SAW sensor and then
it is returned by the SAW to the interrogator. The sensor’s
antenna, interdigital transducer (IDT), reflector and the
interrogator are subsystems with a restricted frequency pass
band. Therefore, an efficient pass band of all the subsystems
H(f)s will be defined as product of the partial frequency
characteristic of all components:

HOs=HP *H ()" . . . Hi
[0351] On the other hand, the frequency H(¢)s and a time
I(7), response of any system are interlinked to each other by
Fourier’s transform. Therefore, the shape and duration (T,
puls) an echo signal on input to the quadrature demodulator
will differ from an interrogation pulse (see FIG. 23).

[0352] In other words, duration an echo signal on input to
the quadrature demodulator is defined as mathematical con-
volution of a burst signal T, and the total impulse response
of the system I(t)s.

Teeho=Tbur X (T)z
[0353] The task is to determine maximum pulse duration
on input to the quadrature demodulator T, under a burst
pulse duration T, of 0.6 microseconds. It is necessary to
consider in time all echo signals. In addition, it is necessary
to take into account the following:

[0354] each subsequent echo signal should not begin ear-
lier than the completion of the previous echo pulse. Other-
wise, the signals will interfere with each other, and mea-
surement will not be correct;

[0355] for normal operation of available microcircuits, it
is necessary that the signal has a flat apex with a duration not
less than 0.25 microseconds (T,,.,=t3-t2, see FIG. 23). The
signal’s phase will be constant only on this segment;

[0356] the total sensor’s pass band (considering double
transit IDT and its antenna as a reflector) constitutes 10
MHz;

[0357] the total pass band of the interrogator constitutes no
more than 4 MHz.

[0358] Conducting the corresponding calculations yields
the determination that duration of impulse front (t2-t1=t4-
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13, see FIG. 23) constitutes about 0.35 microseconds. There-
fore, total duration of one echo pulse is not less than:

Teeno =(12-11)+T,

g, H(#A=13)=0.35+0.25+0.35=0.95 pis
[0359] Hence, the arrival time of each following echo
pulse should be not earlier than 1.0 microsecond (see FIG.

24). This conclusion is very important.

[0360] In Appendix 1 of the *139 application, it is shown
that for correct temperature measuring in the required band
it is necessary to meet the following conditions:

(I2-TD=1/(72%10-6  1/°
C.))*434.92%106)=194 ns

K*(125°  C.~(-40°

[0361] This condition is outrageous. If to execute ITU
frequency rules, the band of correct temperature measuring
will be reduced five times:

(125° C.—(~40° C.)*194 1s)/1000 ns=32° C.=58° F.

[0362] This is the main reason that it is necessary to add
the fourth echo pulse in a sensor (see FIG. 24). The principle
purpose of the fourth echo pulse is to make the temperature
measurement unambiguous in a wide interval of tempera-
tures when a longer interrogation pulse is used (the respec-
tive time intervals between the sensor’s echo pulses are also
longer). A mathematical model of the processing of a
four-pulse echo that explains these statements is presented in
Appendix 3 of the *139 application.

[0363] The duration of the interrogation pulse and the time
positions of the four pulses are calculated as:

T1>4%1_, ~4.00 pis

2=T1+7_4,,=5.00 ps

T3=12+T_4,,=6.00 ps

TA=T3+T,4,,+0.08 11s=7.08 pis

[0364] The sensor’s design with four pulses is exhibited in
FIG. 25 and FIG. 26.

Tooe 0.60 pis
T1 4.00 ps
T2 5.00 ps
T3 6.00 ps
T4 7.08 pis

[0365] The reason that such a design was selected is that
this design provides three important conditions:

[0366] 1.1t has the minimum RF signal propagation loss.
Both SAW waves use for measuring (which are propagated
to the left and to the right from IDT).

[0367] 2. All parasitic echo signals (signals of multiple
transits) are eliminated after the fourth pulse. For example,
the pulse is excited by the IDT, then it is reflected from a
reflector Nol and returns to the IDT. The pulse for the
second time is re-emitted and it passes the second time on
the same trajectory. The total time delay will be 8.0 micro-
seconds in this case.

[0368] 3. It has the minimum length.

[0369] FIGS. 25-27 illustrate the paths taken by various
surface waves on a tire temperature and pressure monitoring
device of one or more of the inventions disclosed herein. The
pulse form the interrogator is received by the antenna 634
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which excited a wave in the SAW substrate 637 by way of
the interdigital transducer (IDT) 633. The pulse travels in
two directions and reflects off of reflectors 631, 632, 635 and
636. The reflected pulses return to the IDT 633 and are
re-radiated from the antenna 634 back to the interrogator.
The pressure in the pressure capsule causes the micro-
membrane 638 to deflect causing the membrane to strain in
the SAW through the point of application of the force 639.

[0370] The IDT 633, reflectors 632 and 631 are rigidly
fastened to a base package. Reflectors 635 and 636 are
disposed on a portion of the substrate that moves under the
action of changes in pressure. Therefore, it is important that
magnitudes of phase shift of pulses No2 and No4 were equal
for a particular pressure.

[0371] For this purpose, the point of application of the
force (caused by pressure) has been arranged between
reflector 635 and the IDT 633, as it is exhibited in FIG. 27.
Phase shifts of echo pulses No2 and No4 vary equally with
changes pressure. The area of strain is equal for echo pulses
No2 and No4. Phase shifts of echo pulses Nol and No4 do
not vary with pressure.

[0372] The phase shifts of all four echo pulses vary under
temperature changes (proportionally to each time delay). All
necessary computing of the temperature and pressure can be
executed without difficulties in this case only.

[0373] This is taken into account in a math model, which
is presented below.

[0374] Although the discussion herein concerns the deter-
mination of tire information, the same system can be used to
determine the location of seats, the location of child seats
when equipped with sensors, information about the presence
of object or chemicals in vehicular compartments and the
like.

[0375] 1.3.1.2 Smart Antennas

[0376] Some ofthe shortcomings in today’s wireless prod-
ucts can be overcome by using smart antenna technology. A
smart antenna is a multi-element antenna that significantly
improves reception by intelligently combining the signals
received at each antenna element and adjusting the antenna
characteristics to optimize performance as the transmitter or
receiver moves and the environment changes.

[0377] Smart antennas can suppress interfering signals,
combat signal fading and increase signal range thereby
increasing the performance and capacity of wireless sys-
tems.

[0378] A method of separating signals from multiple tires,
for example, is to use a smart antenna such as that manu-
factured by Motia. This particular Motia device is designed
to operate at 433 MHz and to mitigate multipath signals at
that frequency. The signals returning to the antennas from
tires, for example, contain some multipath effects that,
especially if the antennas are offset somewhat from the
vehicle center, are different for each wheel. Since the
adaptive formula will differ for each wheel, the signals can
be separated (see “enhancing 802.11 WLANs through Smart
Antennas”, January 2004 available at motia.com). The fol-
lowing is taken from that paper.

[0379] “Antenna arrays can provide gain, combat multi-
path fading, and suppress interfering signals, thereby
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increasing both the performance and capacity of wireless
systems. Smart antennas have been implemented in a wide
variety of wireless systems, where they have been demon-
strated to provide a large performance improvement. How-
ever, the various types of spatial processing techniques have
different advantages and disadvantages in each type of
system.”

[0380] “This strategy permits the seamless integration of
smart antenna technology with today’s legacy WLAN
chipset architecture. Since the 802.11 system uses time
division duplexing (the same frequency is used for transmit
and receive), smart antennas can be used for both transmit
and receive, providing a gain on both uplink and downlink,
using smart antennas on either the client or access point
alone. Results show a 13 dB gain with a four element smart
antenna over a single antenna system with the smart antenna
on one side only, and an 18 dB gain with the smart antenna
on both the client and access point. Thus, this “plug-and-
play” adaptive array technology can provide greater range,
average data rate increases per user, and better overall
coverage.

[0381] “In the multibeam or phased array antenna, a
beamformer forms several narrow beams, and a beam selec-
tor chooses the beam for reception that has the largest signal
power. In the adaptive array, the signal is received by several
antenna elements, each with similar antenna patterns, and
the received signals are weighted and combined to form the
output signal. The multibeam antenna is simpler to imple-
ment as the beamformer is fixed, with the beam selection
only needed every few seconds for user movement, while
the adaptive array must calculate the complex beamforming
weights at least an order of magnitude faster than the fading
rate, which can be several Hertz for pedestrian users.”

[0382] “Finally, there is pattern diversity, the use of
antenna elements with different patterns. The combination of
these types of diversity permits the use of a large number of
antennas even in a small form factor, such as a PCMCIA
card or handset, with near ideal performance.”

[0383] Through its adaptive beamforming technology,
Motia has developed cost-effective smart antenna appliques
that vastly improve wireless performance in a wide variety
of wireless applications including Wi-Fi that can be incor-
porated into wireless systems without major modifications
to existing products. Although the Motia chipset has been
applied to several communication applications, it has yet to
be applied to the monitoring applications as disclosed in the
current assignee’s patents and pending patent applications,
and in particular vehicular monitoring applications such as
tire monitoring.

[0384] The smart antenna works by determining a set of
factors or weights that are used to operate on the magnitude
and/or phase of the signals from each antenna before the
signals are combined. However, since the geometry of a
vehicle tire relative to the centralized antenna array does not
change much as the tire rotates, but is different for each
wheel, the weights themselves contain the information as to
which tire signal is being received. In fact, the weights can
be chosen to optimize signal transmission from a particular
tire thus providing a method of selectively interrogating
each tire at the maximum antenna gain.
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[0385] 1.3.1.3 Distributed Load Monopole

[0386] Recent antenna developments in the physics
department at the University of Rhode Island have resulted
in a new antenna technology. The antennas developed called
DLM’s (Distributed loaded monopole) are small efficient,
wide bandwidth antennas. The simple design exhibits
50-ohm impedance and is easy to implement. They require
only a direct feed from a coax cable and require no elaborate
matching networks.

[0387] The prime advantage to this technology is a sub-
stantial reduction of the size of an antenna. Typically, the
DLM antenna is about Y4 the size of a normal dipole with
only minor loss in efficiency. This is especially important for
vehicle applications where space is always at a premium.
Such antennas can be used for a variety of vehicle radar and
communication applications as well for the monitoring of
RFID, SAW and similar devices on a vehicle and especially
for tire pressure, temperature, and/or acceleration monitor-
ing as well as other monitoring purposes. Such applications
have not previously been disclosed.

[0388] Although the DLM is being applied to several
communication applications, it has yet to be applied to the
monitoring applications as disclosed in the current assign-
ee’s patents and pending patent applications. The antenna
gain that results and the ability to pack several antennas into
a small package are attractive features of this technology.

[0389] 1.3.1.4 Plasma Antenna
[0390] The following disclosure was taken from “Mark-

land Technologies—Gas Plasma™: (www.marklandtech-
.com)
[0391] “Plasma antenna technology employs ionized gas

enclosed in a tube (or other enclosure) as the conducting
element of an antenna. This is a fundamental change from
traditional antenna design that generally employs solid metal
wires as the conducting element. Ionized gas is an efficient
conducting element with a number of important advantages.
Since the gas is ionized only for the time of transmission or
reception, “ringing” and associated effects of solid wire
antenna design are eliminated. The design allows for
extremely short pulses, important to many forms of digital
communication and radars. The design further provides the
opportunity to construct an antenna that can be compact and
dynamically reconfigured for frequency, direction, band-
width, gain and beamwidth. Plasma antenna technology will
enable antennas to be designed that are efficient, low in
weight and smaller in size than traditional solid wire anten-
nas.”

[0392] “When gas is electrically charged, or ionized to a
plasma state it becomes conductive, allowing radio fre-
quency (RF) signals to be transmitted or received. We
employ ionized gas enclosed in a tube as the conducting
element of an antenna. When the gas is not ionized, the
antenna element ceases to exist. This is a fundamental
change from traditional antenna design that generally
employs solid metal wires as the conducting element. We
believe our plasma antenna offers numerous advantages
including stealth for military applications and higher digital
performance in commercial applications. We also believe
our technology can compete in many metal antenna appli-
cations.”

[0393] “Initial studies have concluded that a plasma anten-
na’s performance is equal to a copper wire antenna in every
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respect. Plasma antennas can be used for any transmission
and/or modulation technique: continuous wave (CW), phase
modulation, impulse, AM, FM, chirp, spread spectrum or
other digital techniques. And the plasma antenna can be used
over a large frequency range up to 20 GHz and employ a
wide variety of gases (for example neon, argon, helium,
krypton, mercury vapor and xenon). The same is true as to
its value as a receive antenna.”

[0394] “Plasma antenna technology has the following
additional attributes:

[0395] No antenna ringing provides an improved signal
to noise ratio and reduces multipath signal distortion.

[0396] Reduced radar cross section provides stealth due
to the non-metallic elements.

[0397] Changes in the ion density can result in instan-
taneous changes in bandwidth over wide dynamic
ranges.

[0398] After the gas is ionized, the plasma antenna has
virtually no noise floor.

[0399] While in operation, a plasma antenna with a low
ionization level can be decoupled from an adjacent
high-frequency transmitter.

[0400] A circular scan can be performed electronically
with no moving parts at a higher speed than traditional
mechanical antenna structures.

[0401] 1t has been mathematically illustrated that by
selecting the gases and changing ion density that the
electrical aperture (or apparent footprint) of a plasma
antenna can be made to perform on par with a metal
counterpart having a larger physical size.

[0402] Our plasma antenna can transmit and receive
from the same aperture provided the frequencies are
widely separated.

[0403] Plasma resonance, impedance and electron
charge density are all dynamically reconfigurable. Ion-
ized gas antenna elements can be constructed and
configured into an array that is dynamically reconfig-
urable for frequency, beamwidth, power, gain, polar-
ization and directionality—on the fly.

[0404] A single dynamic antenna structure can use time
multiplexing so that many RF subsystems can share
one antenna resource reducing the number and size of
antenna structures.”

[0405] Several of the characteristics discussed above are
of particular usefulness for several of the inventions herein
including the absence of ringing, the ability to turn the
antenna off after transmission and then immediately back on
for reception, the ability to send very short pulses, the ability
to alter the directionality of the antenna and to sweep thereby
allowing one antenna to service multiple devices such as
tires and to know which tire is responding. Additional
advantages include, smaller size, the ability to work with
chirp, spread spectrum and other digital technologies,
improved signal to noise ratio, wide dynamic range, circular
scanning without moving parts, and antenna sharing over
differing frequencies, among others.

[0406] Some of the applications disclosed herein can use
ultra wideband transceivers. UWB transceivers radiate most
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of the energy with its frequency centered on the physical
length of the antenna. With the UWB connected to a plasma
antenna, the center frequency of the UWB transceiver could
be hopped or swept simultaneously.

[0407] A plasma antenna can solve the problem of mul-
tiple antennas by changing its electrical characteristic to
match the function required—Time domain multiplexed. It
can be used for high-gain antennas such as phase array,
parabolic focus steering, log periodic, yogi, patch quadra-
filer, etc. One antenna can be used for GPS, ad-hoc (such as
car-to-car) communication, collision avoidance, back up
sensing, cruse control, radar, toll identification and data
communications.

[0408] Although the plasma antennas are being applied to
several communication applications, they have yet to be
applied to the monitoring applications as disclosed herein.
The many advantages that result and the ability to pack
several antenna functions into a small package are attractive
features of this technology. Patents and applications that
discuss plasma antennas include: U.S. Pat. No. 6,710,746,
US20030160742 and US20040130497.

[0409] 1.3.1.5 Dielectric Antenna

[0410] A great deal of work is underway to make antennas
from dielectric materials. In one case, the electric field that
impinges on the dielectric is used to modulate a transverse
electric light beam. In another case, the reduction of the
speed of electro magnetic waves due to the dielectric con-
stant is used to reduce the size of the antenna. It can be
expected that developments in this area will affect the
antennas used in cell phones as well as in RFID and
SAW-based communication devices in the future. Thus,
dielectric antennas can be advantageously used with some of
the inventions disclosed herein.

[0411] 1.3.1.6 Nanotube Antenna

[0412] Antennas made from carbon nanotubes are begin-
ning to show promise of increasing the sensitivity of anten-
nas and thus increasing the range for communication devices
based on RFID, SAW or similar devices where the signal
strength frequently limits the range of such devices. The use
of these antennas is therefore contemplated herein for use in
tire monitors and the other applications disclosed herein.

[0413] Combinations of the above antenna designs in
many cases can benefit from the advantages of each type to
add further improvements to the field. Thus the inventions
herein are not limited to any one of the above concepts nor
is it limited to their use alone. Where feasible, all combi-
nations are contemplated herein.

[0414] 1.3.1.7 Summary

[0415] A general system for obtaining information about a
vehicle or a component thereof or therein is illustrated in
FIG. 20C and includes multiple sensors 627 which may be
arranged at specific locations on the vehicle, on specific
components of the vehicle, on objects temporarily placed in
the vehicle such as child seats, or on or in any other object
in or on the vehicle or in its vicinity about which information
is desired. The sensors 627 may be SAW or RFID sensors or
other sensors which generate a return signal upon the
detection of a transmitted radio frequency signal. A multi-
element antenna array 622 is mounted on the vehicle, in
either a central location as shown in FIG. 20A or in an offset
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location as shown in FIG. 21, to provide the radio frequency
signals which cause the sensors 627 to generate the return
signals.

[0416] A control system 628 is coupled to the antenna
array 622 and controls the antennas in the array 622 to be
operative as necessary to enable reception of return signals
from the sensors 627. There are several ways for the control
system 628 to control the array 622, including to cause the
antennas to be alternately switched on in order to sequen-
tially transmit the RF signals therefrom and receive the
return signals from the sensors 627 and to cause the antennas
to transmit the RF signals simultaneously and space the
return signals from the sensors 627 via a delay line in
circuitry from each antennas such that each return signal is
spaced in time in a known manner without requiring switch-
ing of the antennas. The control system can also be used to
control a smart antenna array.

[0417] The control system 628 also processes the return
signals to provide information about the vehicle or the
component. The processing of the return signals can be any
known processing including the use of pattern recognition
techniques, neural networks, fuzzy systems and the like.

[0418] The antenna array 622 and control system 628 can
be housed in a common antenna array housing 630.

[0419] Once the information about the vehicle or the
component is known, it is directed to a display/telematics/
adjustment unit 629 where the information can be displayed
on a display 629 to the driver, sent to a remote location for
analysis via a telematics unit 629 and/or used to control or
adjust a component on, in or near the vehicle. Although
several of the figures illustrate applications of these tech-
nologies to tire monitoring, it is intended that the principles
and devices disclosed can be applied to the monitoring of a
wide variety of components on and off a vehicle.

1.4 Tire Monitoring

[0420] Tire monitoring sensors may be one type of sensor
systems used in a control system and method disclosed
herein. Significant details about specific tire monitoring
sensor systems is set forth in the parent application, U.S.
patent application Ser. No. 11/464,288 (Section 1.4 thereof)
and is incorporated herein.

1.5 Occupant Sensing

[0421] Occupant or object presence and position sensing is
another field in which SAW and/or RFID technology can be
applied and the inventions herein encompasses several
embodiments of SAW and RFID occupant or object pres-
ence and/or position sensors.

[0422] Many sensing systems are available to identify and
locate occupants or other objects in a passenger compart-
ment of the vehicle. Such sensors include ultrasonic sensors,
chemical sensors (e.g., carbon dioxide), cameras and other
optical sensors, radar systems, heat and other infrared sen-
sors, capacitance, magnetic or other field change sensors,
etc. Most of these sensors require power to operate and
return information to a central processor for analysis. An
ultrasonic sensor, for example, may be mounted in or near
the headliner of the vehicle and periodically it transmits a
burst of ultrasonic waves and receives reflections of these
waves from occupying items of the passenger seat. Current
systems on the market are controlled by electronics in a
dedicated ECU.
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[0423] FIG. 28 is a side view, with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a rear-facing child seat 342 on a front passenger
seat 343 and one mounting location for a first embodiment
of a vehicle interior monitoring system in accordance with
the invention. The interior monitoring system is capable of
detecting the presence of an object, determining the type of
object, determining the location of the object, and/or deter-
mining another property or characteristic of the object. A
property of the object could be the presence or orientation of
a child seat, the velocity of an adult and the like. For
example, the vehicle interior monitoring system can deter-
mine that an object is present on the seat, that the object is
a child seat and that the child seat is rear-facing. The vehicle
interior monitoring system could also determine that the
object is an adult, that he is drunk and that he is out-of-
position relative to the airbag.

[0424] In this embodiment, six transducers 344, 345, 346,
347, 348 and 349 are used, although any number of trans-
ducers may be used. Each transducer 344, 345, 346, 347,
348, 349 may comprise only a transmitter which transmits
energy, waves or radiation, only a receiver which receives
energy, waves or radiation, both a transmitter and a receiver
capable of transmitting and receiving energy, waves or
radiation, an electric field sensor, a capacitive sensor, or a
self-tuning antenna-based sensor, weight sensor, chemical
sensor, motion sensor or vibration sensor, for example.

[0425] Such transducers or receivers 344-349 may be of
the type which emit or receive a continuous signal, a time
varying signal (such as a capacitor or electric field sensor) or
a spatial varying signal such as in a scanning system. One
particular type of radiation-receiving receiver for use in the
invention is a receiver capable of receiving electromagnetic
waves.

[0426] When ultrasonic energy is used, transducer 345 can
be used as a transmitter and transducers 344,346 as receiv-
ers. Naturally, other combinations can be used such as where
all transducers are transceivers (transmitters and receivers).
For example, transducer 345 can be constructed to transmit
ultrasonic energy toward the front passenger seat, which is
modified, in this case by the occupying item of the passenger
seat, i.e., the rear-facing child seat 342, and the modified
waves are received by the transducers 344 and 346, for
example. A more common arrangement is where transducers
344, 345 and 346 are all transceivers. Modification of the
ultrasonic energy may constitute reflection of the ultrasonic
energy as the ultrasonic energy is reflected back by the
occupying item of the seat. The waves received by trans-
ducers 344 and 346 vary with time depending on the shape
of the object occupying the passenger seat, in this case, the
rear-facing child seat 342. Each object will reflect back
waves having a different pattern. Also, the pattern of waves
received by transducer 344 will differ from the pattern
received by transducer 346 in view of its different mounting
location. This difference generally permits the determination
of the location of the reflecting surface (i.e., the rear-facing
child seat 342) through triangulation. Through the use of two
transducers 344,346, a sort of stereographic image is
received by the two transducers and recorded for analysis by
processor 340, which is coupled to the transducers 344,345,
346. This image will differ for each object that is placed on
the vehicle seat and it will also change for each position of
a particular object and for each position of the vehicle seat.
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Elements 344,345,346, although described as transducers,
are representative of any type of component used in a
wave-based analysis technique.

[0427] For ultrasonic systems, the “image” recorded from
each ultrasonic transducer/receiver, is actually a time series
of digitized data of the amplitude of the received signal
versus time. Since there are two receivers, two time series
are obtained which are processed by the processor 340. The
processor 340 may include electronic circuitry and associ-
ated, embedded software. Processor 340 constitutes one
form of a generating system in accordance with the inven-
tion which generates information about the occupancy of the
passenger compartment based on the waves received by the
transducers 344,345,346.

[0428] When different objects are placed on the front
passenger seat, the two images from transducers 344,346,
for example, are different 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 seat.
Alternately, there will be similarities between all images of
people sitting on the seat regardless of what they are
wearing, their age or size. The problem is to find the “rules”
which differentiate the images of one type of object from the
images of other types of objects, e.g., which differentiate the
occupant images from the rear-facing child seat images. The
similarities of these images for various child seats are
frequently not obvious to a person looking at plots of the
time series and thus computer algorithms are developed to
sort out the various patterns. For a more detailed discussion
of pattern recognition, see U.S. Pat. No. 5,943,295.

[0429] The determination of these rules is important to the
pattern recognition techniques used in this invention. In
general, three approaches have been useful, artificial intel-
ligence, fuzzy logic and artificial neural networks (including
cellular and modular or combination neural networks and
support vector machines) (although additional types of pat-
tern recognition techniques may also be used, such as sensor
fusion). In some embodiments of this invention, such as the
determination that there is an object in the path of a closing
window as described below, the rules are sufficiently obvi-
ous that a trained researcher can sometimes look at the
returned signals and devise an algorithm to make the
required determinations. In others, such as the determination
of the presence of a rear-facing child seat or of an occupant,
artificial neural networks are used to determine the rules.
One such set of neural network software for determining the
pattern recognition rules is available from the International
Scientific Research, Inc. of Panama City, Panama and Kyiv,
Ukraine.

[0430] The system used in one preferred implementation
of inventions herein for the determination of the presence of
a rear-facing child seat, of an occupant or of an empty seat
is the artificial neural network. In this case, the network
operates on the two returned signals as sensed by transduc-
ers 344 and 346, for example. Through a training session, the
system is taught to differentiate between the three cases.
This is done by conducting a large number of experiments
where all possible child seats are placed in all possible
orientations on the front passenger seat. Similarly, a suffi-
ciently large number of experiments are run with human
occupants and with boxes, bags of groceries and other
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objects (both inanimate and animate). Sometimes, as many
as 1,000,000 such experiments are run before the neural
network is sufficiently trained so that it can differentiate
among the three cases and output the correct decision with
a very high probability. Of course, it must be realized that a
neural network can also be trained to differentiate among
additional cases, e.g., a forward-facing child seat.

[0431] Once the network is determined, it is possible to
examine the result using tools supplied International Scien-
tific Research, for example, to determine the rules that were
finally arrived at by the trial and error techniques. In that
case, the rules can then be programmed into a microproces-
sor resulting in a fuzzy logic or other rule-based system.
Alternately, a neural computer, or cellular neural network,
can be used to implement the net directly. In either case, the
implementation can be carried out by those skilled in the art
of pattern recognition. If a microprocessor is used, a
memory device is also required to store the data from the
analog-to-digital converters that digitize the data from the
receiving transducers. On the other hand, if a neural network
computer is used, the analog signal can be fed directly from
the transducers to the neural network input nodes and an
intermediate memory is not required. Memory of some type
is needed to store the computer programs in the case of the
microprocessor system and if the neural computer is used for
more than one task, a memory is needed to store the network
specific values associated with each task.

[0432] Electromagnetic energy-based occupant sensors
exist that use various portions of the electromagnetic spec-
trum. A system based on the ultraviolet, visible or infrared
portions of the spectrum generally operate with a transmitter
and a receiver of reflected radiation. The receiver may be a
camera, focal plane array, or a photo detector such as a pin
or avalanche diode as described in detail in above-refer-
enced patents and patent applications. At other frequencies,
the absorption of the electromagnetic energy is primarily
and at still other frequencies, the capacitance or electric field
influencing effects are used. Generally, the human body will
reflect, scatter, absorb or transmit electromagnetic energy in
various degrees depending on the frequency of the electro-
magnetic waves. All such occupant sensors are included
herein.

[0433] In the embodiment wherein electromagnetic
energy is used, it is to be appreciated that any portion of the
electromagnetic signals that impinges upon, surrounds or
involves a body portion of the occupant is at least partially
absorbed by the body portion. Sometimes, this is due to the
fact that the human body is composed primarily of water,
and that electromagnetic energy of certain frequencies is
readily absorbed by water. The amount of electromagnetic
signal absorption is related to the frequency of the signal,
and size or bulk of the body portion that the signal impinges
upon. For example, a torso of a human body tends to absorb
a greater percentage of electromagnetic energy than a hand
of' a human body.

[0434] Thus, when electromagnetic waves or energy sig-
nals are transmitted by a transmitter, the returning waves
received by a receiver provide an indication of the absorp-
tion of the electromagnetic energy. That is, absorption of
electromagnetic energy will vary depending on the presence
or absence of a human occupant, the occupant’s size, bulk,
surface reflectivity, etc. depending on the frequency, so that
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different signals will be received relating to the degree or
extent of absorption by the occupying item on the seat. The
receiver will produce a signal representative of the returned
waves or energy signals which will thus constitute an
absorption signal as it corresponds to the absorption of
electromagnetic energy by the occupying item in the seat.

[0435] One or more of the transducers 344,345,346 can
also be image-receiving devices, such as cameras, which
take images of the interior of the passenger compartment.
These images can be transmitted to a remote facility to
monitor the passenger compartment or can be stored in a
memory device for use in the event of an accident, i.e., to
determine the status of the occupants of the vehicle prior to
the accident. In this manner, it can be ascertained whether
the driver was falling asleep, talking on the phone, etc.

[0436] To aid in the detection of the presence of child seats
as well as their orientation, a device 341 can be placed on the
child seat in some convenient location where its presence
can be sensed by a vehicle-mounted sensor that can be in the
seat, dashboard, headliner or any other convenient location
depending on the system design. The device 341 can be a
reflector, resonator, RFID tag, SAW device, or any other tag
or similar device that permits easy detection of its presence
and perhaps its location or proximity. Such a device can also
be placed on any other component in the vehicle to indicate
the presence, location or identity of the component. For
example, a vehicle may have a changeable component where
the properties of that component are used by another system
within the vehicle and thus the identification of the particular
object is needed so that the proper properties are used by the
other system. An occupant monitoring system (e.g. ultra-
sonic, optical, electric field, etc.) may perform differently
depending on whether the seat is made from cloth or leather
or a weight sensor may depend on the properties of a
particular seat to provide the proper occupant weight. Thus,
incorporation of an RFID, SAW, barcode or other tag or
mark on any object that can be interrogated by an interro-
gator is contemplated herein.

[0437] A memory device for storing the images of the
passenger compartment, and also for receiving and storing
any of the other information, parameters and variables
relating to the vehicle or occupancy of the vehicle, may be
in the form a standardized “black box” (instead of or in
addition to a memory part in a processor 340). The IEEE
Standards Association is currently beginning to develop an
international standard for motor vehicle event data record-
ers. The information stored in the black box and/or memory
unit in the processor 340, can include the images of, or other
information related to, the interior of the passenger com-
partment as well as the number of occupants and the health
state of the occupants. The black box would preferably be
tamper-proof and crash-proof and enable retrieval of the
information after a crash. The use of wave-type sensors as
the transducers 344,345,346 as well as electric field sensors
is discussed above. Electric field sensors and wave sensors
are essentially the same from the point of view of sensing the
presence of an occupant in a vehicle. In both cases, a
time-varying electric field is disturbed or modified by the
presence of the occupant. At high frequencies in the visual,
infrared and high frequency radio wave region, the sensor is
based on its capability to sense change of wave character-
istics of the electromagnetic field, such as amplitude, phase
or frequency. As the frequency drops, other characteristics of
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the field are measured. At still lower frequencies, the occu-
pant’s dielectric properties modify parameters of the reac-
tive electric field in the occupied space between/near the
plates of a capacitor. In this latter case, the sensor senses the
change in charge distribution on the capacitor plates by
measuring, for example, the current wave magnitude or
phase in the electric circuit that drives the capacitor. These
measured parameters are directly connected with parameters
of the displacement current in the occupied space. In all
cases, the presence of the occupant reflects, absorbs or
modifies the waves or variations in the electric field in the
space occupied by the occupant. Thus, for the purposes of
this invention, capacitance, electric field or electromagnetic
wave sensors are equivalent and although they are all
technically “field” sensors they can be considered as “wave”
sensors herein. What follows is a discussion comparing the
similarities and differences between two types of field or
wave sensors, electromagnetic wave sensors and capacitive
sensors as exemplified by Kithil in U.S. Pat. No. 5,602,734
(see also U.S. Pat. No. 6,275,146, U.S. Pat. No. 6,014,602,
U.S. Pat. No. 5,844,486, U.S. Pat. No. 5,802,479, U.S. Pat.
No. 5,691,693 and U.S. Pat. No. 5,366,241).

[0438] An electromagnetic field disturbed or emitted by a
passenger in the case of an electromagnetic wave sensor, for
example, and the electric field sensor of Kithil, for example,
are in many ways similar and equivalent for the purposes of
this invention. The electromagnetic wave sensor is an actual
electromagnetic wave sensor by definition because it senses
parameters of a wave, which is a coupled pair of continu-
ously changing electric and magnetic fields. The electric
field here is not a static, potential one. It is essentially a
dynamic, rotational electric field coupled with a changing
magnetic one, that is, an electromagnetic wave. It cannot be
produced by a steady distribution of electric charges. It is
initially produced by moving electric charges in a transmit-
ter, even if this transmitter is a passenger body for the case
of a passive infrared sensor.

[0439] Inthe Kithil sensor, a static electric field is declared
as an initial material agent coupling a passenger and a sensor
(see Column 5, lines 5-7): “The proximity sensor 12 each
function by creating an electrostatic field between oscillator
input loop 54 and detector output loop 56, which is affected
by presence of a person near by, as a result of capacitive
coupling, . . . . It is a potential, non-rotational electric field.
It is not necessarily coupled with any magnetic field. It is the
electric field of a capacitor. It can be produced with a steady
distribution of electric charges. Thus, it is not an electro-
magnetic wave by definition but if the sensor is driven by a
varying current, then it produces a quasistatic electric field
in the space between/near the plates of the capacitor.

[0440] Kithil declares that his capacitance sensor uses a
static electric field. Thus, from the consideration above, one
can conclude that Kithil’s sensor cannot be treated as a wave
sensor because there are no actual electromagnetic waves
but only a static electric field of the capacitor in the sensor
system. However, this is not believed to be the case. The
Kithil system could not operate with a true static electric
field because a steady system does not carry any informa-
tion. Therefore, Kithil is forced to use an oscillator, causing
an alternate current in the capacitor and a reactive quasi-
static electric field in the space between the capacitor plates,
and a detector to reveal an informative change of the sensor
capacitance caused by the presence of an occupant (see FIG.
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7 and its description in the *734 patent). In this case, the
system becomes a “wave sensor” in the sense that it starts
generating actual time-varying electric field that certainly
originates electromagnetic waves according to the definition
above. That is, Kithil’s sensor can be treated as a wave
sensor regardless of the shape of the electric field that it
creates a beam or a spread shape.

[0441] As follows from the Kithil patent, the capacitor
sensor is likely a parametric system where the capacitance of
the sensor is controlled by the influence of the passenger
body. This influence is transferred by means of the near
electromagnetic field (i.e., the wave-like process) coupling
the capacitor electrodes and the body. It is important to note
that the same influence takes place with a real static electric
field also, that is in absence of any wave phenomenon. This
would be a situation if there were no oscillator in Kithil’s
system. However, such a system is not workable and thus
Kithil reverts to a dynamic system using time-varying
electric fields.

[0442] Thus, although Kithil declares the coupling is due
to a static electric field, such a situation is not realized in his
system because an alternating electromagnetic field (“quasi-
wave”) exists in the system due to the oscillator. Thus, the
sensor is actually a wave sensor, that is, it is sensitive to a
change of a wave field in the vehicle compartment. This
change is measured by measuring the change of its capaci-
tance. The capacitance of the sensor system is determined by
the configuration of its electrodes, one of which is a human
body, that is, the passenger inside of and the part which
controls the electrode configuration and hence a sensor
parameter, the capacitance.

[0443] The physics definition of “wave” from Webster’s
Encyclopedic Unabridged Dictionary is: “11. Physics. A
progressive 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
disturbance (a change in voltage) to propagate through
space, the dielectric and to the opposite plate is generally
small and neglected but it is not zero. As the frequency
driving the capacitor increases and the distance separating
the plates increases, this transmission time as a percentage
of the period of oscillation can become significant. Never-
theless, an observer between the plates will see the rise and
fall of the electric field much like a person standing in the
water of an ocean in the presence of water waves. The
presence of a dielectric body between the plates causes the
waves to get bigger as more electrons flow to and from the
plates of the capacitor. Thus, an occupant affects the mag-
nitude of these waves which is sensed by the capacitor
circuit. The electromagnetic field is a material agent that
carries information about a passenger’s position in both
Kithil’s and a beam-type electromagnetic wave sensor.

[0444] Considering now a general occupant sensor and its
connection to the rest of the system, an alternate method as
taught herein is to use an interrogator to send a signal to the
headliner-mounted ultrasonic sensor, for example, causing
that sensor to transmit and receive ultrasonic waves. The
sensor in this case could perform mathematical operations
on the received waves and create a vector of data containing
perhaps twenty to forty values and transmit that vector
wirelessly to the interrogator. By means of this system, the
ultrasonic sensor need only be connected to the vehicle
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power system and the information can be transferred to and
from the sensor wirelessly (either by electromagnetic or
ultrasonic waves or equivalent). Such a system significantly
reduces the wiring complexity especially when there may be
multiple such sensors distributed in the passenger compart-
ment. Then, only a power wire needs to be attached to the
sensor and there does not need to be any direct connection
between the sensor and the control module. The same
philosophy applies to radar-based sensors, electromagnetic
sensors of all kinds including cameras, capacitive or other
electromagnetic field change sensitive sensors etc. In some
cases, the sensor itself can operate on power supplied by the
interrogator through radio frequency transmission. In this
case, even the connection to the power line can be omitted.
This principle can be extended to the large number of
sensors and actuators that are currently in the vehicle where
the only wires that are needed are those to supply power to
the sensors and actuators and the information is supplied
wirelessly.

[0445] Such wireless powerless sensors can also be used,
for example, as close proximity sensors based on measure-
ment of thermal radiation from an occupant. Such sensors
can be mounted on any of the surfaces in the passenger
compartment, including the seats, which are likely to receive
such radiation.

[0446] A significant number of people are suffocated each
year in automobiles due to excessive heat, carbon dioxide,
carbon monoxide, or other dangerous fumes. The SAW
sensor technology is particularly applicable to solving these
kinds of problems. The temperature measurement capabili-
ties of SAW transducers have been discussed above. If the
surface of a SAW device is covered with a material which
captures carbon dioxide, for example, such that the mass,
elastic constants or other property of surface coating
changes, the characteristics of the surface acoustic waves
can be modified as described in U.S. Pat. No. 4,637,987 and
elsewhere based on the carbon dioxide content of the air.
Once again, an interrogator can sense the condition of these
chemical-sensing sensors without the need to supply power.
The interrogator can therefore communicate with the sensors
wirelessly. If power is supplied then this communication can
be through the wires. If a concentration of carbon monoxide
is sensed, for example, an alarm can be sounded, the
windows opened, and/or the engine extinguished. Similarly,
if the temperature within the passenger compartment
exceeds a certain level, the windows can be automatically
opened a little to permit an exchange of air reducing the
inside temperature and thereby perhaps saving the life of an
infant or pet left in the vehicle unattended.

[0447] Inasimilar manner, the coating of the surface wave
device can contain a chemical which is responsive to the
presence of alcohol. In this case, the vehicle can be pre-
vented from operating when the concentration of alcohol
vapors in the vehicle exceeds some predetermined limit.
Such a device can advantageously be mounted in the head-
liner above the driver’s seat.

[0448] Each year, a number of children and animals are
killed when they are locked into a vehicle trunk. Since
children and animals emit significant amounts of carbon
dioxide, a carbon dioxide sensor connected to the vehicle
system wirelessly and powerlessly provides an economic
way of detecting the presence of a life form in the trunk. If
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a life form is detected, then a control system can release a
trunk lock thereby opening the trunk. Alarms can also be
sounded or activated when a life form is detected in the
trunk. An infrared or other sensor can perform a similar
function.

[0449] Weight sensors for use in occupant sensing are
disclosed in the 061 application, the occupant sensing
section, with reference to FIGS. 69 and 73-74E therein.

[0450] Occupant weight sensors can give erroneous
results if the seatbelt is pulled tight pushing the occupant
into the seat. This is particularly a problem when the seatbelt
is not attached to the seat. For such cases, it has been
proposed to measure the tension in various parts of the
seatbelt. Conventional technology requires that such devices
be hard-wired into the vehicle complicating the wire har-
ness.

[0451] Other components of the vehicle can also be wire-
lessly coupled to the processor or central control module for
the purposes of data transmission and/or power transmis-
sion. A discussion of some components follows.

[0452] Seat Systems

[0453] In more enhanced applications, it is envisioned that
components of the seat will be integrated into the power
transmission and communication system. In many luxury
cars, the seat subsystem is becoming very complicated. Seat
manufacturers state that almost all warranty repairs are
associated with the wiring and connectors associated with
the seat. The reliability of seat systems can therefore be
substantially improved and the incidence of failures or
warranty repairs drastically reduced if the wires and con-
nectors can be eliminated from the seat subsystem.

[0454] Today, there are switches located on the seat or at
other locations in the vehicle for controlling the forward and
backward motions, up and down motions, and rotation of the
seat and seat back. These switches are connected to the
appropriate motors by wires. Additionally, many seats now
contain an airbag that must communicate with a sensor
located, for example, in the vehicle, B-pillar, sill or door.
Many occupant presence sensors and weight sensing sys-
tems are also appearing on vehicle seats. Finally, some seats
contain heaters and cooling elements, vibrators, and other
comfort and convenience devices that require wires and
switches.

[0455] As an example, let us now look at weight sensing.
Under the teachings of an invention disclosed herein, silicon
strain gage weight sensors can be placed on the bolts that
secure each seat to the slide mechanism as shown in FIG. 73
of the *061 application. These strain gage subsystems can
contain sufficient electronics and inductive pickup coils so
as to receive their operational energy from a pair of wires
appropriately placed beneath the seats. The seat weight
measurements can then be superimposed on the power
frequency or transmitted wirelessly using RF or other con-
venient wireless technology. Other weight sensing technolo-
gies such as bladders and pressure sensors or two-dimen-
sional resistive deflection sensing mats can also be handled
in a similar manner.

[0456] Other methods of seat weight sensing include mea-
suring the deflection of a part of the seat or the deflection of
the bolts that connect the seat to the seat slide. For example,
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the strain in a bolt can be readily determined using, for
example, SAW, wire or silicon strain gages, optical fiber
strain gages, time of flight or phase of ultrasonic waves
traveling through the strained bolt, or the capacitive change
of two appropriately position capacitor plates.

[0457] Using the loosely coupled inductive system
described above, power in excess of a kilowatt can be
readily transferred to operate seat position motors without
the use of directly connected wires. The switches can also be
coupled into the inductive system without any direct wire
connections and the switches, which now can be placed on
the door armrest or on the seat as desired, can provide the
information to control the seat motors. Additionally, since
microprocessors will now be present on every motor and
switch, the classical problem of the four-way seat system to
control three degrees of freedom can be easily solved.

[0458] In current four-way seat systems, when an attempt
is made to vertically raise the seat, the seat also rotates.
Similarly, when an attempt 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 of switch settings for
each seat position setting. This problem can be easily solved
with an algorithm that translates the switch settings to the
proper motor positions. Thus only three switches are needed.

[0459] The positions of the seat, seatback and headrest,
can also be readily monitored without having direct wire
connections to the vehicle. This can be done in numerous
ways beginning with the encoder system that is currently in
use and ending with simple RFID radar reflective tags that
can be interrogated by a remote RFID tag reader. Based on
the time of flight of RF waves, the positions of all of the
desired surfaces of the seat can be instantly determined
wirelessly.

1.6 Vehicle or Component Control

[0460] At least one invention herein is also particularly
useful in light of the foreseeable implementation of smart
highways. Smart highways will result in vehicles traveling
down highways under partial or complete control of an
automatic system, i.e., not being controlled by the driver.
The on-board diagnostic system will thus be able to deter-
mine failure of a component prior to or upon failure thereof
and inform the vehicle’s guidance system to cause the
vehicle to move out of the stream of traffic, i.e., onto a
shoulder of the highway, in a safe and orderly manner.
Moreover, the diagnostic system may be controlled or
programmed to prevent the movement of the disabled
vehicle back into the stream of traffic until the repair of the
component is satisfactorily completed.

[0461] In a method in accordance with this embodiment,
the operation of the component would be monitored and if
abnormal operation of the component is detected, e.g., by
any of the methods and apparatus disclosed herein (although
other component failure systems may of course be used in
this implementation), the guidance system of the vehicle
which controls the movement of the vehicle would be
notified, e.g., via a signal from the diagnostic module to the
guidance system, and the guidance system would be pro-
grammed to move the vehicle out of the stream of traffic, or
off of the restricted roadway, possibly to a service station or
dealer, upon reception of the particular signal from the
diagnostic module.
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[0462] The automatic guidance systems for vehicles trav-
eling on highways may be any existing system or system
being developed, such as one based on satellite positioning
techniques or ground-based positioning techniques. It can
also be based on vision systems such as those used to
provide lane departure warning. Since the guidance system
may be programmed to ascertain the vehicle’s position on
the highway, it can determine the vehicle’s current position,
the nearest location out of the stream of traffic, or off of the
restricted roadway, such as an appropriate shoulder or exit to
which the vehicle may be moved, and the path of movement
of the vehicle from the current position to the location out of
the stream of traffic, or off of the restricted roadway. The
vehicle may thus be moved along this path under the control
of the automatic guidance system. In the alternative, the path
may be displayed to a driver (on a heads-up or other display
for example) and the driver can follow the path, i.e., manu-
ally control the vehicle. The diagnostic module and/or
guidance system may be designed to prevent re-entry of the
vehicle into the stream of traffic, or off of the restricted
roadway, until the abnormal operation of the component is
satisfactorily addressed.

[0463] FIG. 29 is a flow chart of some of the methods for
directing a vehicle off of a roadway if a component is
operating abnormally. The component’s operation is moni-
tored at step 380 and a determination is made at step 381
whether its operation is abnormal. If not, the operation of the
component is monitored further. If the operation of the
component is abnormal, the vehicle can be directed off the
roadway at step 382. More particularly, this can be accom-
plished by generating a signal indicating the abnormal
operation of the component at step 383, directing this signal
to a guidance system in the vehicle at step 384 that guides
movement of the vehicle off of the roadway at step 385.
Also, if the component is operating abnormally, the current
position of the vehicle and the location of a site off of the
roadway can be determined at step 386, e.g., using satellite-
based or ground-based location determining techniques, a
path from the current location to the off-roadway location
determined at step 387 and then the vehicle directed along
this path at step 388. Periodically, a determination is made
at step 389 whether the component’s abnormality has been
satisfactorily addressed and/or corrected and if so, the
vehicle can re-enter the roadway and operation of the
component begins again. If not, the re-entry of the vehicle
onto the roadway is prevented at step 390.

[0464] FIG. 30 schematically shows the basic components
for performing this method, i.e., a component operation
monitoring system 391 (such as described above), an
optional satellite-based or ground-based positioning system
392 and a vehicle guidance system 393.

2.0 Telematics

[0465] 2.1 Transmission of Vehicle and Occupant Infor-
mation

[0466] Described herein is a system for determining the
status of occupants in a vehicle, and/or of the vehicle, and in
the event of an accident or at any other appropriate time,
transmitting the status of the occupants and/or the vehicle,
and optionally additional information, via a communications
channel or link to a remote monitoring facility. In addition
to the status of the occupant, it is also important to be able
to analyze the operating conditions of the vehicle and detect
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when a component of the vehicle is about to fail. By
notifying the driver, a dealer or other repair facility and/or
the vehicle manufacturer of the impending failure of the
component, appropriate corrective action can be taken to
avoid such failure.

[0467] As noted above, at least one invention herein
relates generally to telematics and the transmission of infor-
mation from a vehicle to one or more remote sites which can
react to the position or status of the vehicle or occupant(s)
therein.

[0468] Initially, sensing of the occupancy of the vehicle
and the optional transmission of this information, which
may include images, to remote locations will be discussed.
This entails obtaining information from various sensors
about the occupant(s) in the passenger compartment of the
vehicle, e.g., the number of occupants, their type and their
motion, if any. Thereafter, general vehicle diagnostic meth-
ods will be discussed with the diagnosis being transmittable
via a communications device to the remote locations.
Finally, a discussion of various sensors for use on the vehicle
to sense different operating parameters and conditions of the
vehicle is provided. All of the sensors discussed herein can
be coupled to a communications device enabling transmis-
sion of data, signals and/or images to the remote locations,
and reception of the same from the remote locations.

[0469] FIG. 31 shows schematically the interface between
a vehicle interior monitoring system in accordance with the
invention and the vehicle’s cellular or other telematics
communication system. An adult occupant 395 is shown
sitting on the front passenger seat 343 and four transducers
344, 345, 347 and 348 are used to determine the presence (or
absence) of the occupant on that seat 343. One of the
transducers 345 in this case acts as both a transmitter and
receiver while transducer 344 can act only as a receiver or
as both a transmitter and receiver. Alternately, transducer
344 could serve as both a transmitter and receiver or the
transmitting function could be alternated between the two
transducers 344, 345. Also, in many cases more than two
transmitters and receivers are used and in still other cases,
other types of sensors, such as electric field, capacitance,
self-tuning antennas (collectively represented by 347 and
348), weight, seatbelt, heartbeat, motion and seat position
sensors, are also used in combination with the radiation
sensors.

[0470] For a general object, transducers 344, 345, 347,
348 can also be used to determine the type of object,
determine the location of the object and/or determine
another property or characteristic of the object. A property of
the object could be the presence and/or orientation of a child
seat, the velocity of an adult and the like. For example, the
transducers 344, 345, 347, 348 can be designed to enable a
determination that an object is present on the seat, that the
object is a child seat and that the child seat is rear-facing.

[0471] The transducers 344 and 345 are attached to the
vehicle, for example, buried in the A-pillar trim, where their
presence can be disguised, and are connected to processor
340 that may also be hidden in the trim as shown (this being
a non-limiting position for the processor 340). Other mount-
ing locations can also be used. For example, transducers
344, 345 can be mounted inside the seat (along with or in
place of transducers 347 and 348), in the ceiling of the
vehicle, in the B-pillar, in the C-pillar and in the doors.
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Indeed, the vehicle interior monitoring system in accordance
with the invention may comprise a plurality of monitoring
units, each arranged to monitor a particular seating location.
In this case, for the rear seating locations, transducers might
be mounted in the B-pillar or C-pillar or in the rear of the
front seat or in the rear side doors. Possible mounting
locations for transducers, transmitters, receivers and other
occupant sensing devices are disclosed in the above-refer-
enced patents and patent applications and all of these
mounting locations are contemplated for use with the trans-
ducers described herein.

[0472] The cellular phone or other communications sys-
tem 396 outputs to an antenna 397. The transducers 344,
345, 347 and 348 in conjunction with the pattern recognition
hardware and software, which is implemented in processor
340 and is packaged on a printed circuit board or flex circuit
along with the transducers 344 and 345, determine the
presence of an occupant within a few seconds after the
vehicle is started, or within a few seconds after the door is
closed. Similar systems located to monitor the remaining
seats in the vehicle also determine the presence of occupants
at the other seating locations and this result is stored in the
computer memory which is part of each monitoring system
processor 340.

[0473] Periodically and in particular in the event of or in
anticipation of an accident, the electronic system associated
with the cellular phone or other telematics system 396
interrogates the various interior monitoring system memo-
ries and arrives at a count of the number of occupants in the
vehicle, and optionally, even makes a determination as to
whether each occupant was wearing a seatbelt and if he or
she is moving after the accident. The phone or other com-
munications system then automatically dials or otherwise
contacts the EMS operator (such as 911 or through a
telematics service such as OnStar®) and the information
obtained from the interior monitoring systems is forwarded
so that a determination can be made as to the number of
ambulances and other equipment to send to the accident site,
for example. Such vehicles will also have a system, such as
the global positioning system, which permits the vehicle to
determine its exact location and to forward this information
to the EMS operator, for example.

[0474] An alternate preferred communications system is
the use of satellite internet or Wi-Fi internet such is expected
to be operational on vehicles in a few years. In this manner,
the vehicle will always have communications access regard-
less of its location on the earth. This is based on the premise
that Wi-Fi or equivalent will be in place for all those
locations where satellite communication is not available
such as in tunnels, urban canyons and the like.

[0475] Thus, in basic embodiments of the invention, wave
or other energy-receiving transducers are arranged in the
vehicle at appropriate locations, trained if necessary depend-
ing on the particular embodiment, and function to determine
whether a life form is present in the vehicle and if so, how
many life forms are present and where they are located etc.
To this end, transducers can be arranged to be operative at
only a single seating locations or at multiple seating loca-
tions with a provision being made to eliminate repetitive
count of occupants. A determination can also be made using
the transducers as to whether the life forms are humans, or
more specifically, adults, children in child seats, etc. As
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noted above, this is possible using pattern recognition tech-
niques. Moreover, the processor or processors associated
with the transducers can be trained to determine the location
of the life forms, either periodically or continuously or
possibly only immediately before, during and/or after a
crash. The location of the life forms can be as general or as
specific as necessary depending on the system requirements,
i.e., that a human is situated on the driver’s seat in a normal
position (general) or a determination can be made that a
human is situated on the driver’s seat and is leaning forward
and/or to the side at a specific angle as well as the position
of his or her extremities and head and chest (specifically).
The degree of detail is limited by several factors, including,
for example, the number, type and position of transducers
and training of the pattern recognition algorithm.

[0476] In addition to the use of transducers to determine
the presence and location of occupants in a vehicle, other
sensors could also be used. For example, a heartbeat sensor
which determines the number and presence of heartbeats can
also be arranged in the vehicle, which would thus also
determine the number of occupants as the number of occu-
pants would be equal to the number of heartbeats. Conven-
tional heartbeat sensors can be adapted to differentiate
between a heartbeat of an adult, a heartbeat of a child and a
heartbeat of an animal. As its name implies, a heartbeat
sensor detects a heartbeat, and the magnitude thereof, of a
human occupant of the seat, if such a human occupant is
present. The output of the heartbeat sensor is input to the
processor of the interior monitoring system. One heartbeat
sensor for use in the invention may be of the types as
disclosed in McEwan (U.S. Pat. No. 5,573,012 and U.S. Pat.
No. 5,766,208). The heartbeat sensor can be positioned at
any convenient position relative to the seats where occu-
pancy is being monitored. A preferred location is within the
vehicle seat back.

[0477] An alternative way to determine the number of
occupants is to monitor the weight being applied to the seats,
i.e., each seating location, by arranging weight sensors at
each seating location which might also be able to provide a
weight distribution of an object on the seat. Analysis of the
weight and/or weight distribution by a predetermined
method can provide an indication of occupancy by a human,
an adult or child, or an inanimate object.

[0478] Another type of sensor which is not believed to
have been used in an interior monitoring system heretofore
is a micropower impulse radar (MIR) sensor which deter-
mines motion of an occupant and thus can determine his or
her heartbeat (as evidenced by motion of the chest). Such an
MIR sensor can be arranged to detect motion in a particular
area in which the occupant’s chest would most likely be
situated or could be coupled to an arrangement which
determines the location of the occupant’s chest and then
adjusts the operational field of the MIR sensor based on the
determined location of the occupant’s chest. A motion
sensor utilizing a micropower impulse radar (MIR) system
is disclosed, for example, in McEwan (U.S. Pat. No. 5,361,
070), as well as many other patents by the same inventor.
Motion sensing is accomplished by monitoring a particular
range from the sensor, as disclosed in that patent. MIR is one
form of radar which has applicability to occupant sensing
and can be mounted at various locations in the vehicle. It has
an advantage over ultrasonic sensors in that data can be
acquired at a higher speed and thus the motion of an
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occupant can be more easily tracked. The ability to obtain
returns over the entire occupancy range is somewhat more
difficult than with ultrasound resulting in a more expensive
system overall. MIR has additional advantages in lack of
sensitivity to temperature variation and has a comparable
resolution to about 40 kHz ultrasound. Resolution compa-
rable to higher frequency is also possible. Additionally,
multiple MIR sensors can be used when high speed tracking
of the motion of an occupant during a crash is required since
they can be individually pulsed without interfering with each
through time division multiplexing.

[0479] An alternative way to determine motion of the
occupant(s) is to monitor the weight distribution of the
occupant whereby changes in weight distribution after an
accident would be highly suggestive of movement of the
occupant. A system for determining the weight distribution
of the occupants could be integrated or otherwise arranged
in the right center and left, front and back vehicle seats such
as 343 and several patents and publications describe such
systems.

[0480] More generally, any sensor which determines the
presence and health state of an occupant can also be inte-
grated into the vehicle interior monitoring system in accor-
dance with the invention. For example, a sensitive motion
sensor can determine whether an occupant is breathing and
a chemical sensor can determine the amount of carbon
dioxide, or the concentration of carbon dioxide, in the air in
the vehicle which can be correlated to the health state of the
occupant(s). The motion sensor and chemical sensor can be
designed to have a fixed operational field situated where the
occupant’s mouth is most likely to be located. In this
manner, detection of carbon dioxide in the fixed operational
field could be used as an indication of the presence of a
human occupant in order to enable the determination of the
number of occupants in the vehicle. In the alternative, the
motion sensor and chemical sensor can be adjustable and
adapted to adjust their operational field in conjunction with
a determination by an occupant position and location sensor
which would determine the location of specific parts of the
occupant’s body, e.g., his or her chest or mouth. Further-
more, an occupant position and location sensor can be used
to determine the location of the occupant’s eyes and deter-
mine whether the occupant is conscious, i.e., whether his or
her eyes are open or closed or moving.

[0481] The use of chemical sensors can also be used to
detect whether there is blood present in the vehicle, for
example, after an accident. Additionally, microphones can
detect whether there is noise in the vehicle caused by
groaning, yelling, etc., and transmit any such noise through
the cellular or other communication connection to a remote
listening facility (such as operated by OnStar®).

[0482] FIG. 32 shows a schematic diagram of an embodi-
ment of the invention including a system for determining the
presence and health state of any occupants of the vehicle and
a telecommunications link. This embodiment includes a
system for determining the presence of any occupants 400
which may take the form of a heartbeat sensor or motion
sensor as described above and a system for determining the
health state of any occupants 401. The health state deter-
mining system may be integrated into the system for deter-
mining the presence of any occupants, i.e., one and the same
component, or separate therefrom. Further, a system for

Feb. 14, 2008

determining the location, and optionally velocity, of the
occupants or one or more parts thereof 402 are provided and
may be any conventional occupant position sensor or pref-
erably, one of the occupant position sensors as described
herein (e.g., those utilizing waves. electromagnetic radiation
or electric fields) or as described in the current assignee’s
patents and patent applications referenced above.

[0483] A processor 403 is coupled to the presence deter-
mining system 400, the health state determining system 401
and the location determining system 402. A communications
system and/or unit 404 is coupled to the processor 403. The
processor 403 and/or communications unit 404 can also be
coupled to microphones 405 that can be distributed through-
out the vehicle and include voice-processing circuitry to
enable the occupant(s) to effect vocal control of the proces-
sor 403, communications unit 404 or any coupled compo-
nent or oral communications via the communications unit
404. The processor 403 is also coupled to another vehicular
system, component or subsystem 406 and can issue control
commands to effect adjustment of the operating conditions
of the system, component or subsystem. Such a system,
component or subsystem can be the heating or air-condi-
tioning system, the entertainment system, an occupant
restraint device such as an airbag, a glare prevention system,
etc. Also, a positioning system 407 could be coupled to the
processor 403 and provides an indication of the absolute
position of the vehicle, preferably using satellite-based posi-
tioning technology (e.g., a GPS receiver).

[0484] In normal use (other than after a crash), the pres-
ence determining system 400 determines whether any
human occupants are present, i.e., adults or children, and the
location determining system 402 determines the occupant’s
location. The processor 403 receives signals representative
of the presence of occupants and their location and deter-
mines whether the vehicular system, component or sub-
system 406 can be modified to optimize 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 heat only through vents situated to provide heat for
the front-seated occupants.

[0485] Another possible vehicular system, component or
subsystem is a navigational aid, i.e., a route display or map.
In this case, the position of the vehicle as determined by the
positioning system 407 is conveyed through processor 403
to the communications unit 404 to a remote facility and a
map is transmitted from this facility to the vehicle to be
displayed on the route display. If directions are needed, a
request for the same could be entered into an input unit 408
associated with the processor 403 and transmitted to the
facility. Data for the display map and/or vocal instructions
could be transmitted from this facility to the vehicle.

[0486] Moreover, using this embodiment, it is possible to
remotely monitor the health state of the occupants in the
vehicle and most importantly, the driver. The health state
determining system 401 may be used to detect whether the
driver’s breathing is erratic or indicative of a state in which
the driver is dozing off. The health state determining system
401 could also include a breath-analyzer to determine
whether the driver’s breath contains alcohol. In this case, the
health state of the driver is relayed through the processor 403
and the communications unit 404 to the remote facility and
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appropriate action can be taken. For example, it would be
possible to transmit a command (from the remote facility) to
the vehicle to activate an alarm or illuminate a warning light
or if the vehicle is equipped with an automatic guidance
system and ignition shut-off, to cause the vehicle to come to
a stop on the shoulder of the roadway or elsewhere out of the
traffic stream. The alarm, warning light, automatic guidance
system and ignition shut-off are thus particular vehicular
components or subsystems represented by 406.

[0487] In use after a crash, the presence determining
system 400, health state determining system 401 and loca-
tion determining system 402 can obtain readings from the
passenger compartment and direct such readings to the
processor 403. The processor 403 analyzes the information
and directs or controls the transmission of the information
about the occupant(s) to a remote, manned facility. Such
information would include the number and type of occu-
pants, i.e., adults, children, infants, whether any of the
occupants have stopped breathing or are breathing errati-
cally, whether the occupants are conscious (as evidenced by,
e.g., eye motion), whether blood is present (as detected by
a chemical sensor) and whether the occupants are making
noise. Moreover, the communications link through the com-
munications unit 404 can be activated immediately after the
crash to enable personnel at the remote facility to initiate
communications with the vehicle.

[0488] An occupant sensing system can also involve sens-
ing for the presence of a living occupant in a trunk of a
vehicle or in a closed vehicle, for example, when a child is
inadvertently left in the vehicle or enters the trunk and the
trunk closes. To this end, a SAW-based chemical sensor 410
is illustrated in FIG. 33A for mounting in a vehicle trunk as
illustrated in FIG. 33. The chemical sensor 410 is designed
to measure carbon dioxide concentration through the mass
loading effects as described in U.S. Pat. No. 4,895,017 with
a polymer coating selected that is sensitive to carbon diox-
ide. The speed of the surface acoustic wave is a function of
the carbon dioxide level in the atmosphere. Section 412 of
the chemical sensor 410 contains a coating of such a
polymer and the acoustic velocity in this section is a measure
of the carbon dioxide concentration. Temperature effects are
eliminated through a comparison of the sonic velocities in
sections 412 and 411 as described above.

[0489] Thus, when the trunk lid 409 is closed and a source
of carbon dioxide such as a child or animal is trapped within
the trunk, the chemical sensor 410 will provide information
indicating the presence of the carbon dioxide producing
object to the interrogator which can then release a trunk lock
permitting the trunk lid 409 to automatically open. In this
manner, the problem of children and animals suffocating in
closed trunks is eliminated. Alternately, information that a
person or animal is trapped in a trunk can be sent by the
telematics system to law enforcement authorities or other
location or facility remote from the vehicle.

[0490] A similar device can be distributed at various
locations within the passenger compartment of vehicle along
with a combined temperature sensor. If the car has been left
with a child or other animal while owner is shopping, for
example, and if the temperature rises within the vehicle to an
unsafe level or, alternately, if the temperature drops below
an unsafe level, then the vehicle can be signaled to take
appropriate action which may involve opening the windows
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or starting the vehicle with either air conditioning or heating
as appropriate. Alternately, information that a person or
animal is trapped within a vehicle can be sent by the
telematics system to law enforcement authorities or other
location remote from the vehicle. Thus, through these simple
wireless powerless sensors, the problem of suffocation either
from lack of oxygen or death from excessive heat or cold can
all be solved in a simple, low-cost manner through using an
interrogator as disclosed in U.S. Pat. No. 6,662,642.

[0491] Additionally, a sensitive layer on a SAW can be
made to be sensitive to other chemicals such as water vapor
for humidity control or alcohol for drunk-driving control.
Similarly, the sensitive layer can be designed to be sensitive
to carbon monoxide thereby preventing carbon monoxide
poisoning. Many other chemicals can be sensed for specific
applications such as to check for chemical leaks in com-
mercial vehicles, for example. Whenever such a sensor
system determines that a dangerous situation is developing,
an alarm can be sounded and/or the situation can be auto-
matically communicated to an off-vehicle location through
the internet, telematics, a cell phone such as a 911 call, the
Internet or though a subscriber service such as OnStar®.

[0492] The operating conditions of the vehicle can also be
transmitted along with the status of the occupants to a
remote monitoring facility. The operating conditions of the
vehicle include whether the motor is running and whether
the vehicle is moving. Thus, in a general embodiment in
which information on both occupancy of the vehicle and the
operating conditions of the vehicle are transmitted, one or
more properties or characteristics of occupancy of the
vehicle are determined, such constituting information about
the occupancy of the vehicle, and one or more states of the
vehicle or of a component of the vehicle is determined, such
constituting information about the operation of the vehicle.
The information about the occupancy of the vehicle and
operation of the vehicle are selectively transmitted, possibly
the information about occupancy to an emergency response
center and the information about the vehicle to a dispatcher,
a dealer or repair facility and/or the vehicle manufacturer.

[0493] Transmission of the information about the opera-
tion of the vehicle, i.e., diagnostic information, may be
achieved via a satellite and/or via the Internet. The vehicle
would thus include appropriate electronic hardware and/or
software to enable the transmission of a signal to a satellite,
from where it could be re-transmitted to a remote location
(for example via the Internet), and/or to enable the trans-
mission to a web site or host computer. In the latter case, the
vehicle could be assigned a domain name or e-mail address
for identification or transmission origination purposes.

[0494] Use of the Internet for diagnostic information con-
veying purposes involves programming the communications
unit 404 on the vehicle to communicate with a wireless
Internet service provider (ISP) 413 (see FIG. 29). The
necessary protocols can be provided to the vehicle-resident
communications system to enable such communications.
Through the wireless ISP, the vehicle-resident communica-
tions unit 404 can establish communications with any
remote site 427 or other vehicle-resident communications
system connected to the Internet. The communications unit
404 can either alternatively communicate with only a wire-
less ISP or can additionally communicate with a non-ISP
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remote site via any of the other communications techniques
described above, i.e., transmission and reception of waves at
a selected frequency.

[0495] When capable of using multiple communications
techniques, the communications unit 404 can be designed to
select which communications technique to use based on
various parameters. For example, if the vehicle is a truck
trailer or cargo container which is often transported by ship
for transoceanic journeys, the communications unit 404 can
be programmed to communicate with either an ISP or a
pseudo-ISP depending on the travel status. Thus, it would
communicate with an ISP when it is on land, e.g., attached
to a truck and being driven from one location to another, and
with a communications system on the ship when it is
seaborne. In the latter case, the communications unit 404
could communicate with a ship-resident pseudo-ISP, possi-
bly even installed solely for the purpose of communicating
with cargo containers, which would in turn communicate via
satellite with a remote location. Other parameters which may
be used to determine which communications technique to be
used include: the location of the vehicle, the importance of
the data or information obtained by the vehicle-resident
sensing system to be transmitted and the urgency with which
the data or information obtained by the vehicle-resident
sensing system should be transmitted. The determination
may be made either by the communications unit 404 or may
be made by whatever data gathering system is being used. In
the latter case, the importance or urgency of the information
is determined by the data gathering system and directed to
the communications system with an indication of the manner
in which the information should be sent. A priority coding
system may be used.

[0496] In one embodiment, when capable of using mul-
tiple communications techniques, the communications unit
404 can be designed to select which communications tech-
nique to use based on the detection of a wireless ISP with
which the communications unit 404 can communicate. The
communications unit 404 would include or be connected to
an ISP detection system, 414 programmed to detect the
presence of a useable, secure wireless ISP wherever it is and
then use this detected wireless ISP to provide information to
a remote site via the Internet. A program to enable a
computer device to detect available wireless ISP’s is known
to those skilled in the art.

[0497] The diagnostic discussion above has centered on
notifying the vehicle operator of a pending problem with a
vehicle component. Today, there is great competition in the
automobile marketplace and the manufacturers and dealers
who are most responsive to customers are likely to benefit by
increased sales both from repeat purchasers and new cus-
tomers. The diagnostic module disclosed herein benefits the
dealer by making him instantly aware, through the cellular
telephone system, or other communication link, coupled to
the 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 driver through a display 34 (as shown
in FIGS. 3 and 4), but also automatically notifies the dealer
through a vehicle cellular phone 32 or other telematics
communication link such as the internet via satellite or
Wi-Fi or equivalent. The dealer can thus contact the vehicle
owner and schedule an appointment to undertake the nec-
essary repair at each party’s mutual convenience. Contact by
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the dealer to the vehicle owner can occur as the owner is
driving the vehicle, using a communications device. Thus,
the dealer can contact the driver and inform him of their
mutual knowledge of the problem and discuss scheduling
maintenance to attend to the problem. The customer is
pleased since a potential vehicle breakdown has been
avoided and the dealer is pleased since he is likely to
perform the repair work. The vehicle manufacturer also
benefits by early and accurate statistics on the failure rate of
vehicle components. This early warning system can reduce
the cost of a potential recall for components having design
defects. It could even have saved lives if such a system had
been in place during the Firestone tire failure problem
mentioned above. The vehicle manufacturer will thus be
guided toward producing higher quality vehicles thus
improving his competitiveness. Finally, experience with this
system will actually lead to a reduction in the number of
sensors on the vehicle since only those sensors that are
successful in predicting failures will be necessary.

[0498] The ability to initiate communications from a
vehicle to a remote entity such as a dealer or manufacturer
opens up a wide range of monitoring methods for monitor-
ing operability of vehicles and specifically, the functionality
and operability of components of the vehicles to prevent
vehicle breakdowns. For example, a method of doing busi-
ness is readily apparent since the dealer can sell a subscrip-
tion to a monitoring plan to the vehicle owner which will
direct the communications from the vehicle’s communica-
tion system to the dealer (or an agent of the dealer). The
monitoring plan would include monitoring of the vehicle
components and directing of communications about the
components to a monitoring facility and preferably a plan
which responds to the communications. The response could
be automated advice on dealing with the problem, personal
advice about the problem (whereby the data about the
components can be further processed at the remote site to
obtain a more thorough evaluation of the problem and a
course of action generated based on the evaluation), arrang-
ing for roadside assistance and/or arranging for a service
appointment with the nearest service center. The latter two
functions would be aided by providing a location determin-
ing system on the vehicle to determine the vehicle’s location
and provide the location along with the diagnostic and/or
prognostic information to enable roadside assistance or the
identification of the nearest service center. The same moni-
toring plan could also be marketed and sold to dealers and
other service facilities to enable them to be listed as possible
service centers whenever vehicles have problems in a des-
ignated coverage area for each dealer or service facility. The
same monitoring plan could also be marketed and sold to
vehicle manufacturers who might be interested in providing
a service contract for vehicle owners as an inducement to
purchase their vehicles.

[0499] Another advantage obtained by enabling a vehicle
manufacturer to obtain diagnostic and prognostic data about
their vehicles is that they can use forecasting techniques to
identify problems with particular vehicle models in general
or particular vehicles when operating under specific condi-
tions. In this case, a method is contemplated wherein the
manufacturer can direct a communication to the processor
on identified vehicles (of the same model or type or oper-
ating under the same conditions) to initiate an interrogation
of the status of these vehicle and notify the vehicle owners
if there is a model-based problem. The vehicle-resident
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processor would be designed to accept a command from the
vehicle manufacturer to initiate such an interrogation, which
might entail obtaining data from all sensors coupled to the
processor or a subset of the sensors. Safeguards could be
built into the command to prevent unauthorized users from
accessing the vehicle-resident processor. The manufacturer
could, depending on the severity of the problem, request that
the vehicle owner bring the vehicle for servicing to the
nearest service center, which would be determined by
receiving location information from the vehicle as obtained
by a, e.g., GPS system on the vehicle.

[0500] Access to the vehicle’s processor by the manufac-
turer also allows for updating of software on the vehicle. If
a problem is identified in specific models, the manufacturer
can perform a troubleshooting operation to identify the
problem and design a solution. If the solution can be
implemented through a software update, then this software
update is directed to similar vehicles by the manufacturer.
The vehicle owner is not required to bring the vehicle in to
a service center to be serviced but rather, a remote servicing
of software is provided. Also, if the diagnostic and/or
prognostic data is monitored by dealers only, then when one
dealer detects a problem, they can notify the manufacturer
and other dealers. They can also place a press release about
the problem on the Internet and if a list of contact e-mails for
vehicle owners is existing, then can direct e-mails about the
problem directly to the vehicle owners.

[0501] Another use of the invention is to enable the
vehicle owner or operator to obtain diagnostic and prognos-
tic data about their vehicle, or cause a diagnostic or prog-
nostic report to be generated and sent to a remote facility,
e.g., the dealer or manufacturer.

[0502] In sum, the diagnostic and prognostic system is
designed to enable one or more selected parties to initiate a
request for and receive a report on the diagnostic condition
of the vehicle or components thereof, or a report on the
predicted failure of one or more components. If the request
is made by a party other than the driver, or other than using
a device on the vehicle, the request could be made using a
telematics system, e.g., a communications unit connected to
the diagnostic module.

[0503] For most cases, it is sufficient to notify a driver that
a component is about to fail through a warning display. In
some critical cases, action beyond warning the driver may be
required. If; for example, the diagnostic module detected
that the alternator was beginning to fail, in addition to
warning the driver of this eventuality, the diagnostic system
could send a signal to another vehicle system to turn off all
non-essential devices which use electricity thereby conserv-
ing electrical energy and maximizing the time and distance
that the vehicle can travel before exhausting the energy in
the battery. Additionally, this system can be coupled to a
system such as OnStar® or a vehicle route guidance system,
and the driver can be guided to the nearest open repair
facility or a facility of his or her choice.

[0504] The Internet could be used to transmit information
about the operation of the vehicle, including diagnostic
information, to any remote site including the dealer and
vehicle manufacturer as mentioned above and also any other
entity interested in the operation of the vehicle, including for
example, an automated highway system, a highway moni-
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toring system, police or any other governmental agency, the
vehicle owner if not present in the vehicle, and a vehicle
management group.

[0505] FIG. 34 shows a schematic of the integration of the
occupant sensing with a telematics link and the vehicle
diagnosis with a telematics link. As envisioned, the occupant
sensing system 415 includes those components which deter-
mine the presence, position, health state, and other infor-
mation relating to the occupants, for example the transduc-
ers discussed above with reference to FIG. 28 and weight
sensors. Information relating to the occupants includes
information as to what the driver is doing, talking on the
phone, communicating with OnStar®, the internet or other
route guidance, listening to the radio, sleeping, drunk,
drugged, having a heart attack, etc. The occupant sensing
system may also be any of those systems and apparatus
described in any of the current assignee’s above-referenced
patents and patent applications or any other comparable
occupant sensing system which performs any or all of the
same functions as they relate to occupant sensing. Examples
of sensors which might be installed on a vehicle and
constitute the occupant sensing system include heartbeat
sensors, motion sensors, weight sensors, ultrasonic sensors,
MIR sensors, microphones and optical sensors.

[0506] A crash sensor 416 is provided and determines
when the vehicle experiences a crash. Crash sensor 416 may
be any type of crash sensor.

[0507] Vehicle sensors 417 include sensors which detect
the operating conditions of the vehicle such as those sensors
discussed with reference to FIG. 33 and others above. Also
included are tire sensors such as disclosed in U.S. Pat. No.
6,662,642. Other examples include velocity and acceleration
sensors, and angular and angular rate pitch, roll and yaw
sensors or an IMU. Of particular importance are sensors that
tell what the car is doing: speed, skidding, sliding, location,
communicating with other cars or the infrastructure, etc.

[0508] Environment sensors 418 include sensors which
provide data concerning the operating environment of the
vehicle, e.g., the inside and outside temperatures, the time of
day, the location of the sun and lights, the locations of other
vehicles, rain, snow, sleet, visibility (fog), general road
condition information, pot holes, ice, snow cover, road
visibility, assessment of traffic, video pictures of an accident
either involving the vehicle or another vehicle, etc. Possible
sensors include optical sensors which obtain images of the
environment surrounding the vehicle, blind spot detectors
which provide data on the blind spot of the driver, automatic
cruise control sensors that can provide images of vehicles in
front of the host vehicle, and various radar and lidar devices
which provide the position of other vehicles and objects
relative to the subject vehicle.

[0509] The occupant sensing system 415, crash sensors
416, vehicle sensors 417, and environment sensors 418 can
all be coupled to a communications device 419 which may
contain a memory unit and appropriate electrical hardware
to communicate with all of the sensors, process data from
the sensors, and transmit data from the sensors. The memory
unit could be useful to store data from the sensors, updated
periodically, so that such information could be transmitted at
set time intervals.

[0510] The communications device 419 can be designed to
transmit information to any number of different types of
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facilities. For example, the communications device 419
could be designed to transmit information to an emergency
response facility 420 in the event of an accident involving
the vehicle. The transmission of the information could be
triggered by a signal from the crash sensor 416 that the
vehicle was experiencing a crash or had experienced a crash.
The information transmitted could come from the occupant
sensing system 415 so that the emergency response could be
tailored to the status of the occupants. For example, if the
vehicle was determined to have ten occupants, more ambu-
lances might be sent than if the vehicle contained only a
single occupant. Also, if the occupants are determined not be
breathing, then a higher priority call with living survivors
might receive assistance first. As such, the information from
the occupant sensing system 415 could be used to prioritize
the duties of the emergency response personnel.

[0511] Information from the vehicle sensors 417 and envi-
ronment sensors 418 could also be transmitted to law
enforcement authorities 422 in the event of an accident so
that the cause(s) of the accident could be determined. Such
information can also include information from the occupant
sensing system 415, which might reveal that the driver was
talking on the phone, putting on make-up, eating or another
distracting activity, information from the vehicle sensors
417 which might reveal a problem with the vehicle, and
information from the environment sensors 418 which might
reveal the existence of slippery roads, dense fog and the like.

[0512] Information from the occupant sensing system 415,
vehicle sensors 417 and environment sensors 418 could also
be transmitted to the vehicle manufacturer 423 in the event
of an accident so that a determination can be made as to
whether failure of a component of the vehicle caused or
contributed to the cause of the accident. For example, the
vehicle sensors might determine that the tire pressure was
too low so that advice can be disseminated to avoid main-
taining the tire pressure too low in order to avoid an
accident. Information from the vehicle sensors 417 relating
to component failure could be transmitted to a dealer/repair
facility 421 which could schedule maintenance to correct the
problem.

[0513] The communications device 419 could be designed
to transmit particular information to each site, i.e., only
information important to be considered by the personnel at
that site. For example, the emergency response personnel
have no need for the fact that the tire pressure was too low
but such information is important to the law enforcement
authorities 422 (for the possible purpose of issuing a recall
of the tire and/or vehicle) and the vehicle manufacturer 423.

[0514] The communication device can be a cellular phone,
DSRC, OnStar®, or other subscriber-based telematics sys-
tem, a peer-to-peer vehicle communication system that
eventually communicates to the infrastructure and then,
perhaps, to the Internet with e-mail or instant message to the
dealer, manufacturer, vehicle owner, law enforcement
authorities or others. It can also be a vehicle to LEO or
Geostationary satellite system such as SkyBitz which can
then forward the information to the appropriate facility
either directly or through the Internet or a direct connection
to the internet through a satellite or 802.11 Wi-Fi link or
equivalent.

[0515] The communication may need to be secret so as not
to violate the privacy of the occupants and thus encrypted
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communication may, in many cases, be required. Other
innovations described herein include the transmission of any
video data from a vehicle to another vehicle or to a facility
remote from the vehicle by any means such as a telematics
communication system such as DSRC, OnStar®, a cellular
phone system, a communication via GEO, geocentric or
other satellite system and any communication that commu-
nicates the results of a pattern recognition system analysis.
Also, any communication from a vehicle can combine
sensor information with location information.

[0516] When optical sensors are provided as part of the
occupant sensing system 415, video conferencing becomes
a possibility, whether or not the vehicle experiences a crash.
That is, the occupants of the vehicle can engage in a video
conference with people at another location 424 via estab-
lishment of a communications channel by the communica-
tions device 419.

[0517] The vehicle diagnostic system described above
using a telematics link can transmit information from any
type of sensors on the vehicle.

[0518] In one particular use of the invention, a wireless
sensing and communication system is provided whereby the
information or data obtained through processing of input
from sensors of the wireless sensing and communication
system is further transmitted for reception by a remote
facility. Thus, in such a construction, there is an intra-vehicle
communications between the sensors on the vehicle and a
processing system (control module, computer or the like)
and remote communications between the same or a coupled
processing system (control module, computer or the like).
The electronic components for the intra-vehicle communi-
cation may be designed to transmit and receive signals over
short distances whereas the electronic components which
enable remote communications should be designed to trans-
mit and receive signals over relatively long distances.

[0519] The wireless sensing and communication system
includes sensors that are located on the vehicle or in the
vicinity of the vehicle and which provide information which
is transmitted to one or more interrogators in the vehicle by
wireless radio frequency means, using wireless radio fre-
quency transmission technology. In some cases, the power to
operate a particular sensor is supplied by the interrogator
while in other cases, the sensor is independently connected
to either a battery, generator (piezo electric, solar etc.),
vehicle power source or some source of power external to
the vehicle.

[0520] One particular system requires mentioning which
is the use of high speed satellite or Wi-Fi internet service
such as supplied by Wi-Fi hot spots or KVH Industries, Inc.
for any and all vehicle communications including vehicle
telephone, TV and radio services. With thousands of radio
stations available over the internet, for example (see shout-
cast.com), a high speed internet connection is clearly supe-
rior to satellite radio systems that are now being marketed.
Similarly, with ubiquitous internet access that KVH supplies
throughout the country, the lack of coverage problems with
cell phones disappears. This capability becomes particularly
useful for emergency notification when a vehicle has an
accident or becomes disabled.

[0521] Once a wireless communication system is inte-
grated into a vehicle, it could be used to receive information
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from remote sites. In the embodiment wherein the vehicle
(the pressing unit thereof) is wirelessly communicating with
the Internet (using any standard protocol including IEEE
802.xx, WiMax, XMax, Wi-Mobile, etc.), it can be designed
to accept transmissions of data and updates for programs
resident on the vehicle’s processing unit. This bidirectional
flow of data can be essentially the same as any bi-directional
flow of data over the Internet.

[0522] Transmissions of data and updates for programs on
the vehicle-resident processing unit or computer can be
performed based on the geographical location of the vehicle.
That is, the vehicle transmits its location, as determined by
a GPS technology for example, to an update server or
website and the update server or website commences trans-
mission of the programs updates or data dependent on the
vehicle’s location (as well as other parameters typical of
updating software, such as the current version of the pro-
gram being updated, the required updates, the optional
updates, etc.). In addition to or instead of updating the
software on the vehicle-resident processing unit, it is pos-
sible to construct the vehicle-resident processing unit to
allow for hardware upgrades, i.e., upgradeable processors
and memory devices. Such upgrades can be performed by a
dealer.

[0523] In addition to its use for transferring data between
vehicles and remote sites, XMax is useful for transferring
information between vehicles, provided the noise rejection
is good and sufficiently accommodated for. Information can
be transferred indirectly between vehicles using the Internet
with each vehicle having a communications system with an
identifier and which generates signals to be received by
Internet portals. The signals are directed to interested
vehicles based on the identifiers of those vehicles. A direct
transmission system is also possible wherein the communi-
cations system of each vehicle applies the XMax technology
to generate signals to be transmitted into the area around the
vehicle and received by any

[0524] 2.2 Docking Stations and PDAs

[0525] There is a serious problem developing with
vehicles such as cars, trucks, boats and private planes and
computer systems. The quality and lifetime of vehicles is
increasing and now many vehicles have a lifetime that
exceeds ten or more years. On the other hand, computer and
related electronic systems, which are proliferating on such
vehicles, have shorter and shorter life spans as they are made
obsolete by the exponential advances in technology. Owners
do not want to dispose of their vehicles just because the
electronics have become obsolete. Therefore, a solution as
proposed in this invention, whereby a substantial portion of
the information, programs, processing power and memory
are separate from the vehicle, will increasingly become
necessary. One implementation of such a system is for the
information, programs, processing power and memory to be
resident in a portable device that can be removed from the
vehicle. Once removed, the vehicle may still be operable but
with reduced functionality. The navigation system, for
example, may be resident on the removable device which
hereinafter will be referred to as a Personal Information
Device (PID) including a GPS subsystem and perhaps an
IMU along with appropriate maps allowing a person to
navigate on foot as well as in the vehicle. The telephone
system which can be either internet or cell phone-based and
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if internet-based, can be a satellite internet, Wi-Fi or equiva-
lent system which could be equally operable in a vehicle or
on foot. The software data and programs can be kept updated
including all of the software for diagnostic functions, for
example, for the vehicle through the internet connection.
The vehicle could contain supplemental displays (such as a
heads-up display), input devices including touch pads,
switches, voice recognition and cameras for occupant posi-
tion determination and gesture recognition, and other output
devices such as speakers, warning lights etc., for example.

[0526] As computer hardware improves it can be an easy
step for the owner to replace the PID with the latest version
which may even be supplied to the owner under subscription
by the Cell Phone Company, car dealership, vehicle manu-
facturer, computer manufacturer etc. Similarly, the same
device can be used to operate the home computer system or
entertainment system. In other words, the owner would own
one device, the PID, which would contain substantially all of
the processing power, software and information that the
owner requires to operate his vehicles, computer systems
etc. The system can also be periodically backed up (perhaps
also over the Internet), automatically providing protection
against loss of data in the event of a system failure. The PID
can also have a biometrics-based identification system (fin-
gerprint, voiceprint, face or iris recognition etc.) that pre-
vents unauthorized users from using the system and an
automatic call back location system based on GPS or other
location technologies that permits the owner to immediately
find the location of the PID in the event of misplacement or
theft.

[0527] The PID can also be the repository of credit card
information permitting instant purchases without the physi-
cal scanning of a separate credit card, home or car door
identification system to eliminate keys and conventional
keyless entry systems, and other information of a medical
nature to aid emergency services in the event of a medical
emergency. The possibilities are limitless for such a device.
A PID, for example, can be provided with sensors to monitor
the vital functions of an elderly person and signal if a
problem occurs. The PID can be programmed and provided
with sensors to sense fire, cold, harmful chemicals or vapors,
biological agents (such as smallpox or anthrax) for use in a
vehicle or any other environment. An automatic phone call,
or other communication, can be initiated when a hazardous
substance (or any other dangerous or hazardous situation or
event) is detected to inform the authorities along with the
location of the PID. Since the PID would have universal
features, it could be taken from vehicle to vehicle allowing
each person to have personal features in whatever vehicle he
or she was operating. This would be useful for rental
vehicles, for example, seats, mirrors, radio stations, HVAC
can be automatically set for the PID owner. The same feature
can apply to offices, homes, etc.

[0528] The same PID can also be used to signal the
presence of a particular person in a room and thereby to set
the appropriate TV or radio stations, room temperature,
lighting, wall pictures etc. For example, the PID could also
assume the features of a remote when a person is watching
TV. A person could of course have more than one PID and
a PID could be used by more than one person provided a
means of identification is present such as a biometric based
ID or password system. Thus, each individual would need to
learn to operate one device, the PID, instead of multiple
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devices. The PID could even be used to automatically
unlock and initiate some action such as opening a door or
turning on lights in a vehicle, house, apartment or building.
Naturally, the PID can have a variety of associated sensors
as discussed above including cameras, microphones, accel-
erometers, an IMU, GPS receiver, Wi-Fi receiver etc.

[0529] Other people could also determine the location of
a person carrying the PID, if such a service is authorized by
the PID owner. In this manner, parents can locate their
children or friends can locate each other in a crowded
restaurant or airport. The location or tracking information
can be made available on the Internet through the Skybitz or
similar low power tracking system. Also, the batteries that
operate the PID can be recharged in a variety of ways
including fuel cells and vibration-based power generators,
solar power, induction charging systems etc. For further
background, see N. Tredennick “031201 Go Reconfigure”,
IEEE Spectrum Magazine, p. 37-40, December 2003 and D.
Verkest “Machine Cameleon” ibid p. 41-46, which describe
some of the non-vehicle related properties envisioned here
for the PID. Also for some automotive applications see P.
Hansen “Portable electronics threaten embedded electron-
ics”, Automotive Industries Magazine, December 2004.
Such a device could also rely heavily on whatever network
it had access to when it is connected to a network such as the
Internet. It could use the connected network for many
processing tasks which exceed the capability of the PID or
which require information that is not PID-resident. In a
sense, the network can become the computer for these more
demanding tasks. Using the Internet as the computer gives
the automobile companies more control over the software
and permits a pricing model based on use rather than a one
time sale. Such a device can be based on microprocessors,
FPGAs or programmable logical devices or a combination
thereof. This is the first disclosure of vehicular uses of such
a device to solve the mismatched lifetimes of the vehicle and
its electronic hardware and software as discussed above.

[0530] When brought into a vehicle, the PID can connect
(either by a wire of wirelessly using Bluetooth, Zigbee or
802.11 protocols, for example) to the vehicle system and
make use of resident displays, audio systems, antennas and
input devices. In this case, the display can be a heads-up
display (HUD) and the input devices can be by audio,
manual switches, touchpad, joystick, or cameras as dis-
closed in section 4 and elsewhere herein.

[0531] 2.3 Satellite and Wi-Fi Internet

[0532] Ultimately vehicles will be connected to the Inter-
net with a high speed connection. Such a connection will
still be too slow for vehicle-to-vehicle communications for
collision avoidance purposes but it should be adequate for
most other vehicle communication purposes. Such a system
will probably obsolete current cell phone systems and sub-
scriber systems such as OnStar™. Each user can have a
single identification number (which could be his or her
phone number) which locates his or her address, phone
number, current location etc. The vehicle navigation system
can guide the vehicle to the location based on the identifi-
cation number without the need to input the actual address.

[0533] The ubiquitous Internet system could be achieved
by a fleet of low earth orbiting satellites (LEOs) or trans-
mission towers transmitting and receiving signals based on
one of the 802.11 protocols having a radial range of 50
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miles, for example. Thus, approximately 500 such towers
could cover the continental United States.

[0534] A high speed Internet connection can be used for
software upgrade downloading and for map downloading as
needed. Each vehicle can become a probe vehicle that
locates road defects such as potholes, monitors traffic and
monitors weather and road conditions. It can also monitor
for terrorist activities such as the release of chemical or
biological agents as well as provide photographs of anoma-
lies such as traffic accidents, mud slides or fallen trees across
the road, etc., any or all of this information can be auto-
matically fed to the appropriate IP address over the Internet
providing for ubiquitous information gathering and dissemi-
nation. The same or similar system can be available on other
vehicles such as planes, trains, boats, trucks etc.

[0535] Today, high speed Internet access is available via
GEO satellite to vehicles using the KVH system. It is
expected that more and more cities will provide citywide
internet services via 802.11 systems including Wi-Fi, Wi-
Max and Wi-Mobile or their equivalents. Eventually, it is
expected that such systems will be available in rural areas
thus making the Internet available nationwide and eventu-
ally worldwide through one or a combination of satellite and
terrestrial systems. Although the KVH system is based on
GEO satellites, it is expected that eventually LEO satellites
will offer a similar service at a lower price and requiring a
smaller antenna. Such an antenna will probably be based on
phase array technology.

[0536] 2.4 Non-Vehicular Applications

[0537] The diagnostic and prognostic monitoring tech-
niques and telematics aspects described above could also be
used in non-vehicular applications. For example, industrial
machinery also commonly includes sensors and other moni-
toring components which monitor an ongoing process.
Applying the invention to such machinery, a processor
would be coupled to each sensor and be designed to enable
problems with the machinery to be diagnosed or forecast,
e.g., using pattern recognition techniques. A communica-
tions device would be coupled to the processor and link to
the machinery’s manufacturer or dealer and provide infor-
mation about the operability and functionality of the
machinery. The manufacturer or dealer would obtain infor-
mation to enable communications to the operator of the
machinery so that when a problem is forecast or occurring,
the manufacturer or sealer would be notified via the tele-
communications link and in turn, notify the operator to
remedy the problem, e.g., take steps to avoid a machinery
breakdown.

[0538] 2.5 Personal Data Storage

[0539] As described above, a vehicle designed with a
telematics capability will have a vehicle-resident processing
unit or computer which communicates with other computers
or servers via the Internet. This capability can be used to
update programs on the vehicle-resident computer or pro-
vide new programs to the vehicle-resident computer.

[0540] Another capability which can be performed with
the vehicle-resident computer linked to the Internet is to
store personal data on an Internet-connected server for the
vehicle-resident computer in combination with other com-
puters used by the vehicle owner or operator. Thus, in such
a system, there is a central server containing personal data
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and all of the user’s computers, including the vehicle-
resident computer, are connected to the server via the
Internet. In order for the vehicle-resident computer to access
the personal data on the server, a personal identification code
would have to be detected while the person is operating or
present in the vehicle. This authorization system could be in
form a keypad which requires the user to enter a password.
Alternatively, the user could be provided with a program-
mable electronic key which cooperates with a wireless
identification and authorization system to allow for the
transmission of the personal data from the server to the
vehicle-resident computer via the Internet. The identifier
may also be a cell phone, PDA or other general purpose
device. It could also be a personal RFID device that may be
integrated into a key fob used for keyless entry into the
vehicle.

[0541] 2.6 Computation Transfer

[0542] When diagnosing the functionality or operability of
components on the vehicle in the manner described herein,
generally, the data is processed on the vehicle with the
end-result of the data processing being transmitted to a
remote site. Thus, raw data is processed on the vehicle and
an indication of the abnormal operation of a component is
transmitted to the remote site.

[0543] However, it is also envisioned that in some
embodiments, some or all of the data processing is per-
formed at a remote site, which may or may not be the same
as the remote site which receives the end-result of the data
processing. This minimizes the computer capacity required
by the vehicle-resident computer. In this scenario, raw data
is transmitted from the vehicle to a remote site, processed at
that site to obtain an indication of the operability or func-
tionality of the vehicular components and then either con-
sidered at that site or transmitted to another remote site (or
even possibly back to the vehicle). Indeed, it is envisioned
that data processing now being done by the vehicle-resident
computer can be done on a network-resident processor.

3.0 Wiring and Busses

[0544] In the discussion above, the diagnostic module of
this invention assumes that a vehicle data bus exists which
is used by all of the relevant sensors on the vehicle. Most
vehicles today do not have a data bus although it is widely
believed that most vehicles will have one in the future. In
lieu of such a bus, the relevant signals can be transmitted to
the diagnostic module through a variety of coupling systems
other than through a data bus and this invention is not
limited to vehicles having a data bus. For example, the data
can be sent wirelessly to the diagnostic module using the
Bluetooth™, ZIGBEE or 802.11 or similar specification. In
some cases, even the sensors do not have to be wired and can
obtain their power via RF from the interrogator as is well
known in the RFID radio frequency identification field
(either silicon or surface acoustic wave (SAW)-based)).
Alternately, an inductive or capacitive power transfer system
can be used.

[0545] Several technologies have been described above all
of which have the objective of improving the reliability and
reducing the complexity of the wiring system in an auto-
mobile and particularly the safety system. Most importantly,
the bus technology described has as its objective simplifi-
cation and increase in reliability of the vehicle wiring
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system. The safety system wiring was first conceived of as
a method for permitting the location of airbag crash sensors
at locations where they can most effectively sense a vehicle
crash and yet permit that information to be transmitted to the
airbag control circuitry which may be located in a protected
portion of the interior of the vehicle or may even be located
on the airbag module itself. Protecting this transmission
requires a wiring system that is far more reliable and
resistant to being destroyed in the very crash that the sensor
is sensing. This led to the realization that the data bus that
carries the information from the crash sensor must be
particularly reliable. Upon designing such a data bus, how-
ever, it was found that the capacity of that data bus far
exceeded the needs of the crash sensor system. This then led
to a realization that the capacity, or bandwidth, of such a bus
would be sufficient to carry all of the vehicle information
requirements. In some cases, this requires the use of high
bandwidth bus technology such as twisted pair wires,
shielded twisted pair wires, or coax cable. If a subset of all
of the vehicle devices is included on the bus, then the
bandwidth requirements are less and simpler bus technolo-
gies can be used instead of a coax cable, for example. The
economics that accompany a data bus design which has the
highest reliability, highest bandwidth, is justified if all of the
vehicle devices use the same system. This is where the
greatest economies and greatest reliability occur. As
described above, this permits, for example, the placement of
the airbag firing electronics into or adjacent the housing that
contains the airbag inflator. Once the integrity of the data bus
is assured, such that it will not be destroyed during the crash
itself, then the proper place for the airbag intelligence can be
in, or adjacent to, the airbag module itself. This further
improves the reliability of the system since the shorting of
the wires to the airbag module will not inadvertently set off
the airbag as has happened frequently in the past.

[0546] When operating on the vehicle data bus, each
device should have a unique address. For most situations,
therefore, this address must be predetermined and then
assigned through an agreed-upon standard for all vehicles.
Thus, the left rear tail light must have a unique address so
that when the turn signal is turned to flash that light, it does
not also flash the right tail light, for example. Similarly, the
side impact crash sensor which will operate on the same data
bus as the frontal impact crash sensor, must issue a com-
mand, directly or indirectly, to the side impact airbag and not
to the frontal impact airbag.

[0547] One of the key advantages of a single bus system
connecting all sensors in the vehicle together is the possi-
bility of using this data bus to diagnose the health of the
entire safety system or of the entire vehicle, as described in
the detail above. Thus, there are clear synergistic advantages
to all the disparate technologies described above.

[0548] The design, construction, installation, and mainte-
nance a vehicle data bus network requires attention to many
issues, including: an appropriate communication protocol,
physical layer transceivers for the selected media, capable
microprocessors for application and protocol execution,
device controller hardware and software for the required
sensors and actuators, etc. Such activities are known to those
skilled in the art and will not be described in detail here.

[0549] An intelligent distributed system as described
above can be based on the CAN Protocol, for example,
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which is a common protocol used in the automotive industry.
CAN is a full function network protocol that provides both
message checking and correction to insure communication
integrity. Many of the devices on the system will have their
own special diagnostics. For instance, an inflator control
system can send a warning message if its backup power
supply has insufficient charge. In order to assure the integrity
and reliability of the bus system, most devices will be
equipped with bidirectional communication as described
above. Thus, when a message is sent to the rear right taillight
to turn on, the light can return a message that it has executed
the instruction.

[0550] In a refinement of this embodiment, more of the
electronics associated with the airbag system can be decen-
tralized and housed within or closely adjacent to each of the
airbag modules. Each module can have its own electronic
package containing a power supply and diagnostic and
sometimes also the occupant sensor electronics. One sensor
system is still used to initiate deployment of all airbags
associated with the frontal impact. To avoid the noise effects
of all airbags deploying at the same time, each module
sometimes has its own delay. The modules for the rear seat,
for example, can have a several millisecond firing delay
compared with the module for the driver and the front
passenger module can have a lesser delay. Fach of the
modules can also have its own occupant position sensor and
associated electronics. In this configuration, there is a mini-
mum reliance on the transmission of power and data to and
from the vehicle electrical system which is the least reliable
part of the airbag system, especially during a crash. Once
each of the modules receives a signal from the crash sensor
system, it is on its own and no longer needs either power or
information from the other parts of the system. The main
diagnostics for a module can also reside within the module
which transmits either a ready or a fault signal to the main
monitoring circuit which now needs only to turn on a
warning light, and perhaps record the fault, if any of the
modules either fails to transmit a ready signal or sends a
fault signal.

[0551] Thus, the placement of electronic components in or
near the airbag module can be important for safety and
reliability reasons. The placement of the occupant sensing as
well as the diagnostics electronics within or adjacent to the
airbag module has additional advantages to solving several
current important airbag problems. For example, there have
been numerous inadvertent airbag deployments caused by
wires in the system becoming shorted. Then, when the
vehicle hits a pothole, which is sufficient to activate an
arming sensor or otherwise disturb the sensing system, the
airbag can deploy. Such an unwanted deployment of course
can directly injure an occupant who is out-of-position or
cause an accident resulting in occupant injuries. If the sensor
were to send a coded signal to the airbag module rather than
a DC voltage with sufficient power to trigger the airbag, and
if the airbag module had stored within its electronic circuit
sufficient energy to initiate the inflator, then these unwanted
deployments could be prevented. A shorted wire cannot send
a coded signal and the short can be detected by the module
resident diagnostic circuitry.

[0552] This would require that the airbag module contain,
or have adjacent to it, a power supply (formerly the backup
power supply) which further improves the reliability of the
system since the electrical connection to the sensor, or to the
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vehicle power, can now partially fail, as might happen
during an accident, and the system will still work properly.
It is well known that the electrical resistance in the “clock-
spring” connection system, which connects the steering
wheel-mounted airbag module to the sensor and diagnostic
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 sufficient power to reliably initiate the
inflator squib. To reduce the resistance to the level required,
high quality gold-plated connectors are preferably used and
the wires should also be of unusually high quality. Due to
space constraints, however, these wires frequently have only
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 the airbag were
already in the module, then only a coded signal needs to be
sent to the module rather than sufficient power to initiate the
inflator. Thus, the resistance problem disappears and the
module reliability is increased. Additionally, the require-
ments for the clockspring wires become less severe and the
design can be relaxed reducing the cost and complexity of
the device. It may even be possible to return to the slip ring
system that existed prior to the implementation of airbags.

[0553] Under this system, the power supply can be
charged over a few seconds, since the power does not need
to be sent to the module at the time of the required airbag
deployment because it is already there. Thus, all of the
electronics associated with the airbag system except the
sensor and its associated electronics, if any, could be within
or adjacent to the airbag module. This includes optionally
the occupant sensor, the diagnostics and the (backup) power
supply, which now becomes the primary power supply, and
the need for a backup disappears. When a fault is detected,
a message is sent to a display unit located typically in the
instrument panel.

[0554] The placement of the main electronics within each
module follows the development path that computers them-
selves have followed from a large centralized mainframe
base to a network of microcomputers. The computing power
required by an occupant position sensor, airbag system
diagnostics and backup power supply can be greater than
that required by a single point sensor or of a sensor system
employing satellite sensors. For this reason, it can be more
logical to put this electronic package within or adjacent to
each module. In this manner, the advantages of a centralized
single point sensor and diagnostic system fade since most of
the intelligence will reside within or adjacent to the indi-
vidual modules and not the centralized system. A simple and
more effective CrushSwitch sensor such as disclosed in U.S.
Pat. No. 5,441,301, for example, now becomes more cost
effective than the single point sensor and diagnostic system
which is now being widely adopted. Finally, this also is
consistent with the migration to a bus system where the
power and information are transmitted around the vehicle on
a single bus system thereby significantly reducing the num-
ber of wires and the complexity of the vehicle wiring
system. The decision to deploy an airbag is sent to the airbag
module sub-system as a signal not as a burst of power.
Although it has been assumed that the information would be
sent over a wire bus, it is also possible to send the deploy
command by a variety of wireless methods either using
wires or wirelessly.
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[0555] Partial implementations of the system just
described are depicted schematically in FIGS. 81 and 83 of
the 061 application.

[0556] The safety bus, or any other vehicle bus, may use
a coaxial cable. A connector for joining two coaxial cables
is illustrated in FIGS. 70A, 70B, 70C and 70D of the *061
application.

[0557] Consider now various uses of a bus system.
[0558] 3.1 Airbag Systems

[0559] The airbag system currently involves a large num-
ber of wires that carry information and power to and from
the airbag central processing unit. Some vehicles have
sensors mounted in the front of the vehicle and many
vehicles also have sensors mounted in the side structure (the
door, B-Pillar, sill, or any other location that is rigidly
connected to the side crush zone of the vehicle). In addition,
there are sensors and an electronic control module mounted
in the passenger compartment. All cars now have passenger
and driver airbags and some vehicles have as many as eight
airbags considering the side impact torso airbag and head
airbags as well as knee bolster airbags.

[0560] To partially cope with this problem, there is a
movement to connect all of the safety systems onto a single
bus (see for example U.S. Pat. No. 6,326,704). Once again,
the biggest problem with the reliability of airbag systems is
the wiring and connectors. By practicing the teachings of
this invention, one single pair of wires can be used to
connect all of the airbag sensors and airbags together and, in
one preferred implementation, to do so without the use of
connectors. Thus, the reliability of the system is substan-
tially improved and the reduced installation costs more than
offsets the added cost of having a loosely coupled inductive
network, for example, described elsewhere herein.

[0561] With such a system, more and more of the airbag
electronics can reside within or adjacent to the airbag
module with the crash sensor and occupant information fed
to the electronics modules for the deploy decision. Thus, all
of the relevant information can reside on the vehicle safety
or general bus with each airbag module making its own
deploy decision locally.

[0562] 3.2 Steering Wheel

[0563] The steering wheel of an automobile is becoming
more complex as more functions are incorporated utilizing
switches and/or a touch pad, for example, on the steering
wheel or other haptic or non-haptic input or even output
devices. Many vehicles have controls for heating and air
conditioning, cruise control, radio, etc.

[0564] Although previously not implemented, a steering
can also be an output device by causing various locations on
the steering wheel to provide a vibration, electrical shock or
other output to the driver. This is in contrast to vibrating the
entire steering wheel which has been proposed for an
artificial rumble strip application when a vehicle departs
from its lane. Such a local feedback can be used to identify
for the driver which button he or she should press to
complete an action such as dialing a phone number, for
example (see H Kajimoto et al., SmartTouch: Flectric Skin
to Touch the Untouchable” IEEE Computer Graphics and
Applications, pp 36-43, January-February, 2004, IEEE).
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[0565] Additionally, the airbag must have a very high
quality connection so that it reliably deploys even when an
accident is underway.

[0566] This has resulted in the use of clockspring ribbon
cables that make all of the electrical connections between
the vehicle and the rotating steering wheel. The ribbon cable
must at least able to carry sufficient current to reliably
initiate airbag deployment even at very cold temperatures.
This requires that the ribbon cable contain at least two heavy
conductors to bring power to the airbag. Under the airbag
network concept, a capacitor or battery can be used within
the airbag module and kept charged thereby significantly
reducing the amount of current that must pass through the
ribbon cable. Thus, the ribbon cable can be kept consider-
ably smaller, as discussed above.

[0567] An alternate and preferred solution uses the teach-
ings of this invention to inductively couple the steering
wheel with the vehicle thus eliminating all wires and con-
nectors. All of the switch functions, control functions, and
airbag functions are multiplexed on top of the inductive
carrier frequency. This greatly simplifies the initial installa-
tion of the steering wheel onto the vehicle since a compli-
cated ribbon cable is no longer necessary. Similarly, it
reduces warranty repairs caused by people changing steering
wheels without making sure that the ribbon cable is properly
positioned.

[0568] As described elsewhere herein, an input device
such as a mouse pad, joy stick or even one or more switches
can be placed on the steering wheel and used to control a
display such as a heads-up display thus permitting the
vehicle operator to control many functions of a vehicle
without taking his or her eyes off of the road. BMW recently
introduced the IPOD haptic interface which attempts to
permit the driver to control many vehicle functions (HVAC,
etc.) but it lacks the display feedback and thus has been
found confusing to vehicle operators. This problem disap-
pears when such a device is coupled with a display and
particularly a heads-up display as taught herein. Although a
preferred location for the input device is the steering wheel,
it can be placed at other locations in the vehicle as is the
IPOD.

[0569] The use of a haptic device can be extended to give
feedback to the operator. If the phone rings, for example, a
particular portion of the steering wheel can be made to
vibrate indicating where the operator should depress a
switch to answer the phone. The display can also indicate to
the driver that the phone is ringing and perhaps indicate to
him or her the location of the switch or that a oral command
should be given to answer the phone.

[0570] 3.3 Door Subsystem

[0571] More and more electrical functions are also being
placed into vehicle doors. This includes window control
switches and motors as well as seat control switches, airbag
crash sensors, etc. As a result the bundle of wires that must
pass through the door edge and through the A-pillar has
become a serious assembly and maintenance problem in the
automotive industry. Using the teachings of this invention, a
loosely coupled inductive system could pass anywhere near
the door and an inductive pickup system placed on the other
side where it obtains power and exchanges information
when the mating surfaces are aligned. If these surfaces are
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placed in the A-pillar, then sufficient power can be available
even when the door is open. Alternately, a battery or
capacitive storage system can be provided in the door and
the coupling can exist through the doorsill, for example. This
eliminates the need for wires to pass through the door
interface and greatly simplifies the assembly and installation
of doors. It also greatly reduces warranty repairs caused by
the constant movement of wires at the door and car body
interface.

[0572] 3.4 Blind Spot Monitor

[0573] Many accidents are caused by a driver executing a
lane change when there is another vehicle in his blind spot.
As a result, several firms are developing blind spot monitors
based on radar, optics, or passive infrared, to detect the
presence of a vehicle in the driver’s blind spot and to warn
the driver should he attempt such a lane change. These blind
spot monitors are typically placed on the outside of the
vehicle near or on the side rear view mirrors. Since the
device is exposed to rain, salt, snow etc., there is a reliability
problem resulting from the need to seal the sensor and to
permit wires to enter the sensor and also the vehicle. Special
wire, for example, should be used to prevent water from
wicking through the wire. These problems as well as similar
problems associated with other devices which require elec-
tric power and which are exposed to the environment, such
as forward-mounted airbag crash sensors, can be solved
utilizing an inductive coupling techniques of this invention.

[0574] 3.5 Truck-To-Trailer Power and Information Trans-
fer

[0575] A serious source of safety and reliability problems
results from the flexible wire connections that are necessary
between a truck and a trailer. The need for these flexible wire
connections and their associated connector problems can be
eliminated using the inductive coupling techniques of this
invention. In this case, the mere attachment of the trailer to
the tractor automatically aligns an inductive pickup device
on the trailer with the power lines imbedded in the fifth
wheel, for example.

[0576] 3.6 Wireless Switches

[0577] Switches in general do not consume power and
therefore they can be implemented wirelessly according to
the teachings of this invention in many different modes. For
a simple on-off switch, a one bit RFID tag similar to what
is commonly used for protecting against shoplifting in stores
with a slight modification can be easily implemented. The
RFID tag switch would contain its address and a single
accessible bit permitting the device to be interrogated
regardless of its location in the vehicle without wires. A
SAW-based switch as disclosed elsewhere herein can also be
used and interrogated wirelessly.

[0578] As the switch function becomes more complicated,
additional power may be required and the options for
interrogation become more limited. For a continuously
varying switch, for example the volume control on a radio,
it may be desirable to use a more complicated design where
an inductive transfer of information is utilized. On the other
hand, by using momentary contact switches that would set
the one bit on only while the switch is activated and by using
the duration of activation, volume control type functions can
still be performed even though the switch is remote from the
interrogator.
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[0579] This concept then permits the placement of
switches at arbitrary locations anywhere in the vehicle
without regard to the placement of wires. Additionally,
multiple switches can be easily used to control the same
device or a single switch can control many devices.

[0580] For example, a switch to control the forward and
rearward motion of the driver seat can be placed on the
driver door-mounted armrest and interrogated by an RFID
reader or SAW interrogator located in the headliner of the
vehicle. The interrogator periodically monitors all RFID or
SAW switches located in the vehicle which may number
over 100. If the driver armrest switch is depressed and the
switch bit is changed from 0 to 1, the reader knows based on
the address or identification number of the switch that the
driver intends to operate his seat in a forward or reverse
manner. A signal can then be sent over the inductive power
transfer line to the motor controlling the seat and the motor
can thus be commanded to move the seat either forward
based on one switch ID or backward based on another switch
ID. Thus, the switch in the armrest could actually contain
two identification RFIDs or SAW switches, one for forward
movement of seat and one for rearward movement of the
seat. As soon the driver ceases operating the switch, the
switch state returns to 0 and a command is sent to the motor
to stop moving the seat. The RFID or SAW device can be
passive or active.

[0581] By this process as taught by this invention, all of
the 100 or so switches and other simple sensors can become
wireless devices and vastly reduce the number of wires in a
vehicle and increase the reliability and reduce warranty
repairs. One such example is the switch that determines
whether the seatbelt is fastened which can now be a wireless
switch.

[0582] 3.7 Wireless Lights

[0583] In contrast to switches, lights require power. The
power required generally exceeds that which can be easily
transmitted by RF or capacitive coupling. For lights to
become wireless, therefore, inductive coupling or equivalent
can be required. Now, however, it is no longer necessary to
have light sockets, wires and connectors. Each light bulb
could be outfitted with an inductive pickup device and a
microprocessor. The microprocessor can listen to the infor-
mation coming over the inductive pickup line, or wirelessly,
and when it recognizes its address, it activates an internal
switch which turns on the light. If the information is
transferred wirelessly, the RFID switch described in section
1.4.4 above can be used. The light bulb becomes a totally
sealed, self-contained unit with no electrical connectors or
connections to the vehicle. It is automatically connected by
mounting in a holder and by its proximity, which can be as
far away as several inches, to the inductive power line. It has
been demonstrated that power transfer efficiencies of up to
about 99 percent can be achieved by this system and power
levels exceeding about 1 kW can be transferred to a device
using a loosely coupled inductive system described above.

[0584] This invention therefore considerably simplifies
the mounting of lights in a vehicle since the lights are totally
self-contained and not plugged into the vehicle power sys-
tem. Problems associated with sealing the light socket from
the environment disappear vastly simplifying the installation
of headlights, for example, into the vehicle. The skin of the
vehicle need not contain any receptacles for a light plug and
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therefore there is no need to seal the light bulb edges to
prevent water from entering behind the light bulb. Thus, the
reliability of vehicle exterior lighting systems is significantly
improved. Similarly, the ease with which light bulbs can be
changed when they burn out is greatly simplified since the
complicated mechanisms for sealing the light bulb into the
vehicle are no longer necessary. Although headlights were
discussed, the same principles apply to all other lights
mounted on a vehicle exterior.

[0585] Since it is contemplated that the main power trans-
fer wire pair will travel throughout the automobile in a single
branched loop, several light bulbs can be inductively
attached to the inductive wire power supplier by merely
locating a holder for the sealed light bulb within a few inches
of the wire. Once again, no electrical connections are
required.

[0586] Consider for example the activation of the right
turn signal. The microprocessor associated with the turn
switch on the steering column is programmed to transmit the
addresses of the right front and rear turn light bulbs to turn
them on. A fraction of a second later, the microprocessor
sends a signal over the inductive power transfer line, or
wirelessly, to turn the light bulbs off. This is repeated for as
long as the turn signal switch is placed in the activation
position for a right turn. The right rear turn signal light bulb
receives a message with its address and a bit set for the light
to be turned on and it responds by so doing and similarly,
when the signal is received for turning the light off. Once
again, all such transmissions occur over a single power and
information inductive line and no wire connections are made
to the light bulb. In this example, all power and information
is transferred inductively.

[0587] 3.8 Keyless Entry

[0588] The RFID technology is particularly applicable to
keyless entry. Instead of depressing a button on a remote
vehicle door opener, the owner of vehicle need only carry an
RFID card in his pocket. Upon approaching the vehicle door,
the reader located in the vehicle door, activates the circuitry
in the RFID card and receives the identification number,
checks it and unlocks the vehicle if the code matches. It can
even open the door or trunk based on the time that the driver
stands near the door or trunk. Simultaneously, the vehicle
now knows that this is driver No. 3, for example, and
automatically sets the seat position, headrest position, mirror
position, radio stations, temperature controls and all other
driver specific functions including the positions of the petals
to adapt the vehicle to the particular driver. When the driver
sits in the seat, no ignition key is necessary and by merely
depressing a switch which can be located anywhere in the
vehicle, on the armrest for example, the vehicle motor starts.
The switch can be wireless and the reader or interrogator
which initially read the operator’s card can be connected
inductively to the vehicle power system.

[0589] U.S. Pat. No. 5,790,043 describes the unlocking of
a door based on a transponder held by a person approaching
the door. By adding the function of measuring the distance
to the person, by use of the backscatter from the transponder
antenna for example, the distance from the vehicle-based
transmitter and the person can be determined and the door
opened when the person is within 5 feet, for example, of the
door as discussed elsewhere herein.
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[0590] Using the RFID switch discussed above, for
example, the integration of the keyless entry system with the
tire monitor and all other similar devices can be readily
achieved.

[0591] 3.9 In-Vehicle Mesh Network, Intra-Vehicle Com-
munications

[0592] The use of wireless networks within a vehicle has
been discussed elsewhere herein. Of particular interest here
is the use of a mesh network (or mesh) wherein the various
wireless elements are connected via a mesh such that each
device can communicate with each other to thereby add
information that might aid a particular node. In the simplest
case, nodes on the mesh can merely aid in the transfer of
information to a central controller. In more advanced cases,
the temperature monitored by one node can be used by other
nodes to compensate for the effects of temperature on the
node operation. In another case, the fact that a node has been
damaged or is experiencing acceleration can be used to
determine the extent of and to forecast the severity of an
accident. Such a mesh network can operate in the discrete
frequency or in the ultra wideband mode.

[0593] 3.10Road Conditioning Sensing—Black Ice Warn-
ing

[0594] A frequent cause of accidents is the sudden freez-
ing of roadways or bridge surfaces when the roadway is wet
and temperatures are near freezing. Sensors exist that can
detect the temperature of the road surface within less than
one degree either by direct measurement or by passive IR.
These sensors can be mounted in locations on the vehicle
where they have a clear view of the road and thus they are
susceptible to assault from rain, snow, ice, salt etc. The
reliability of connecting these sensors into the vehicle power
and information system is thus compromised. Using the
teachings of this invention, black ice warning sensors, for
example, can be mounted on the exterior of the vehicle and
coupled into the vehicle power and information system
inductively, thus removing a significant cause of failure of
such sensors. Also the use of appropriate cameras and
sensors along with multispectral analysis of road surfaces
can be particularly useful to discover icing.

[0595] Similar sensors can also used to detect the type of
roadway on which the car is traveling. Gravel roads, for
example, have typically a lower effective coeflicient of
friction than do concrete roads. Knowledge of the road
characteristics can provide useful information to the vehicle
control system and, for example, warn the driver when the
speed driven is above what is safe for the road conditions,
including the particular type of roadway.

[0596] 3.11 Antennas Including Steerable Antennas

[0597] As discussed above, the antennas used in the sys-
tems disclosed herein can contribute significantly to the
operation of the systems. In one case, a silicon or gallium
arsenide (for higher frequencies) element can be placed at an
antenna to process the returned signal as needed. High gain
antennas such as the yagi antenna or steerable antennas such
as electronically controllable (or tunable) dielectric constant
phased array antennas are also contemplated. For steerable
antennas, reference is made to U.S. Pat. No. 6,452,565
“Steerable-beam  multiple-feed  dielectric  resonator
antenna”. Also contemplated, in addition to those discussed
above, are variable slot antennas and Rotman lenses. All of
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these plus other technologies go under the heading of smart
antennas and all such antennas are contemplated herein.

[0598] The antenna situation can be improved as the
frequency increases. Currently, SAW devices are difficult to
make that operate much above about 2.4 GHz. It is expected
that as lithography systems improve that eventually these
devices will be made to operate in the higher GHz range
permitting the use of antennas that are even more direc-
tional.

[0599] 3.12 Other Miscellaneous Sensors

[0600] Many new sensors are now being adapted to an
automobile to increase the safety, comfort and convenience
of vehicle occupants. Each of the sensors currently requires
separate wiring for power and information transfer. Under
the teachings of this invention, these separate wires can
become unnecessary and sensors could be added at will to
the automobile at any location within a few inches of the
inductive power line system or, in some cases, within range
of an RF interrogator. Even sensors that were not contem-
plated by the vehicle manufacturer can be added later with
a software change to the appropriate vehicle CPU as dis-
cussed above.

[0601] Such sensors include heat load sensors that mea-
sure the sunlight coming in through the windshield and
adjust the environmental conditions inside the vehicle or
darken the windshield to compensate. Seatbelt sensors that
indicate that the seatbelt is buckled and the tension or
acceleration experienced by the seatbelt can now also use
RFID and/or SAW technology as can low power micro-
phones. Door-open or door-ajar sensors also can use the
RFID and/or SAW technology and would not need to be
placed near an inductive power line. Gas tank fuel level and
other fluid level sensors which do not require external power
and are now possible thus eliminating any hazard of sparks
igniting the fuel in the case of a rear impact accident which
ruptures the fuel tank, for example.

[0602] Capacitive proximity sensors that measure the
presence of a life form within a few meters of the automobile
can be coupled wirelessly to the vehicle. Cameras or other
vision or radar or lidar sensors that can be mounted external
to the vehicle and not require unreliable electrical connec-
tions to the vehicle power system permitting such sensors to
be totally sealed from the environment are also now pos-
sible. Such sensors can be based on millimeter wave radar,
passive or active infrared, or optical or any other portion of
the electromagnetic spectrum that is suitable for the task.
Radar, passive sound or ultrasonic backup sensors or rear
impact anticipatory sensors also are now feasible with
significantly greater reliability.

[0603] The use of passive audio requires additional dis-
cussion. One or more directional microphones aimed from
the rear of the vehicle can determine from tire-produced
audio signals, for example, that a vehicle is approaching and
might impact the target vehicle which contains the system.
The target vehicle’s tires as well as those to the side of the
target vehicle will also produce sounds which need to be
cancelled out of the sound from the directional microphones
using well-known noise cancellation techniques. By moni-
toring the intensity of the sound in comparison with the
intensity of the sound from the target vehicle’s own tires, a
determination of the approximate distance between the two
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vehicles can be made. Finally, a measurement of the rate of
change in sound intensity can be used to estimate the time
to collision. This information can then be used to pre-
position the headrest, for example, or other restraint device
to prepare the occupants of the target vehicle for the rear end
impact and thus reduce the injuries therefrom. A similar
system can be used to forecast impacts from other directions.
In some cases, the microphones will need to be protected in
a manner so as to reduce noise from the wind such as with
a foam protection layer. This system provides a very inex-
pensive anticipatory crash system.

[0604] Previously, the use of radio frequency to interro-
gate an RFID tag has been discussed. Other forms of
electromagnetic radiation are possible. For example, an
infrared source can illuminate an area inside the vehicle and
a pin diode or CMOS camera can receive reflections from
corner cube or dihedral corner (as more fully described
below) reflectors located on objects that move within the
vehicle. These objects would include items such as the seat,
seatback, and headrest. Through this technique, the time of
flight, by pulse or phase lock loop technologies, can be
measured or modulated IR radiation and phase measure-
ments can be used to determine the distance to each of the
corner cube or dihedral corner reflectors.

[0605] The above discussion has concentrated on applica-
tions primarily inside of the vehicle (although mention is
often made of exterior monitoring applications). There are
also a significant number of applications concerning the
interaction of a vehicle with its environment. Although this
might be construed as a deviation from the primary premise
of'this invention, which is that the device is either powerless
in the sense that no power is required other than perhaps that
which can be obtained from a radio frequency signal or a
powered device and where the power is obtained through
induction coupling, it is encompassed within the invention.

[0606] When looking exterior to the vehicle, devices that
interact with the vehicle may be located sufficiently far away
that they will require power and that power cannot be
obtained from the automobile. In the discussion below, two
types of such devices will be considered, the first type which
does not require infrastructure-supplied power and the sec-
ond which does.

[0607] 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 interrogator must have an internal power source. Excep-
tions to this involve cases where the only information that is
transferred is due to the reflection off of a radar reflector-
type device and for cases where the tag is physically larger.
For those cases, a purely passive RFID can be five and
sometimes more meters away from the interrogator. Never-
theless, we shall assume that if the device is more than a few
meters away that the device must contain some kind of
power supply.

[0608] An interesting application is a low-cost form of
adaptive cruise control or forward collision avoidance sys-
tem. In this case, a purely passive RFID tag could be placed
on every rear license plate in a particular geographical area,
such as a state. The subject vehicle would contain two
readers, one on the forward left side of the vehicle and one
on the forward right side. Upon approaching the rear of a car
having the RFID license plate, the interrogators in the
vehicle would be able to determine the distance, by way of
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reflected signal time of flight, from each reader to the license
plate transducer. 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 sufficient to determine that
there is a vehicle in front of or to the right or left side of the
subject vehicle. If the relative velocity of the two vehicles is
such that a collision will occur, the subject vehicle can
automatically have its speed altered so as to prevent the
collision, typically a rear end collision. Alternately, the front
of the vehicle can have two spaced-apart tags in which case,
a single interrogator could suffice.

[0609] An explanation is found in the parent 240 appli-
cation and this innovation leads to a novel addition or
substitution to putting an RFID tag onto a license plate is to
emboss the license plate or otherwise attach to it or else-
where on the vehicle a corner cube or dihedral corner
reflector which can yield a bright reflection from a radar or
ladar (laser radar) transmitter from a following vehicle, for
example. Further, the reflector can be designed to rotate the
polarization of a beam by 90 degrees, thus the potential
problem of the receiver being blinded by another vehicle’s
system is reduced. Additionally, a reflector can be designed
as described above to reflect a polarized beam from a
non-polarized beam or better to rotate a polarized beam
through an arbitrary angle. In this manner, some information
about the vehicle such as its mass class can be conveyed to
the interrogating vehicle. A polarization on only O degrees
can signify a passenger car, only 90 degrees an SUV or other
large passenger vehicle or pickup truck, 45 degrees a small
truck, both 0 and 45 degrees (using two reflectors) a larger
truck, 45 and 90 degrees a larger truck etc. yielding 7 or
more classifications. Thus using a very low cost reflector, a
great deal of information can be conveyed including the
range to the vehicle based on time-of-flight or phase angle
comparison if the transmitted beam is modulated. Noise or
pseudo-noise modulated radar would also be applicable as a
modulation based system for distance measurement.

[0610] Additions to an RFID-based system that can be
used alone or along with the reflector system discussed
above include the addition of an energy harvesting system
such as solar power or power from vibrations. Thus the tag
can start out as a pure passive tag providing up to about 10
meters range and grow to an active tag providing a 30 or
more meter range. With the use of RFID, a great deal of
additional information can be transmitted such as the vehicle
weight, license plate number, tolling ID etc. Once a tire
pressure interrogator as discussed above is on the vehicle,
the cost to add one or more license plate interrogating
antennas is small and the cost addition to a license plate can
be as low as 1-5 US dollars. Since no electrical connection
need be made to the vehicle, the installation cost is no more
than for an ordinary license plate.

[0611] An alternate approach is to visually scan license
plates using an imager such as a camera. An infrared imager
and a source of infrared illumination can be used. Using
such a system, the characters (numbers and letters) can be
read and if the license plate-issuing authority has coded the
properties (type of vehicle, weight, etc.) into these charac-
ters, a vehicle can identify those properties of a vehicle that
it may soon impact and that information can be a factor in
the vehicle control algorithm or restraint deployment deci-
sion.
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[0612] Systems are under development that will permit an
automobile to determine its absolute location on the surface
of the earth. These systems are being developed in conjunc-
tion with intelligent transportation systems. Such location
systems are frequently based on differential GPS (DGPS).
One problem with such systems is that the appropriate
number of GPS satellites is not always within view of the
automobile. For such cases, it is necessary to have an
earth-based system which will provide the information to the
vehicle permitting it to absolutely locate itself within a few
centimeters. One such system can involve the use of RFID
tags placed above, adjacent or below the surface of the
highway.

[0613] For the cases where the RFID tags are located more
than a few meters from the vehicle, a battery or other poser
source 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 on
each side of the vehicle, the location of the tag embedded in
the concrete can be precisely determine based on the time of
flight of the radar pulse from the readers to the tag and back.
Using this method, the precise location of the vehicle
relative to a tag within a few centimeters can be readily
determined and since the position of the tag will be abso-
lutely known by virtue of an in-vehicle resident digital map,
the position of the vehicle can be absolutely determined
regardless of where the vehicle is. For example, if the
vehicle is in a tunnel, then it will know precisely its location
from the RFID pavement embedded tags. Note that the
polarization rotation reflector discussed above will also
perform this task excellently.

[0614] Ttis also possible to determine the relative velocity
of the vehicle relative to the RFID tag or reflector using the
Doppler Effect based on the reflected signals. For tags
located on license plates or elsewhere on the rear of vehicles,
the closing velocity of the two vehicles can be determined
and for tags located in or adjacent to the highway pavement,
the velocity of the vehicle can be readily determined. The
velocity can in both cases be determined based on differen-
tiating two distance measurements.

[0615] In many cases, it may be necessary to provide
power to the RFID tag since the distance to the vehicle will
exceed a few meters. This is currently being used in reverse
for automatic tolling situations where the RFID tag is
located on the vehicle and interrogated using readers located
at the toll both.

[0616] When the RFID tag to be interrogated by vehicle-
mounted readers is more than a few meters from the vehicle,
the tag in many cases must be supplied with power. This
power can come from a variety of sources including a
battery which is part of the device, direct electrical connec-
tions to a ground wire system, solar batteries, generators that
generate power from vehicle or component vibration, other
forms of energy harvesting or inductive energy transfer from
a power line.

[0617] For example, if an RFID tag were to be placed on
a light post in downtown Manhattan, sufficient energy could
be obtained from an inductive pickup from the wires used to
power the light to recharge a battery in the RFID. Thus,
when the lights are turned on at night, the RFID battery
could be recharged sufficiently to provide power for opera-
tion 24 hours a day. In other cases, a battery or ultracapacitor
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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.

[0618] An alternate approach to having a vehicle transmit
a pulse to the tag and wait for a response, would be to have
the tag periodically broadcast a few waves of information at
precise timing increments. Then, the vehicle with two
receivers could locate itself accurately relative to the earth-
based transmitter.

[0619] For example, in downtown Manhattan, it would be
difficult to obtain information from satellites that are con-
stantly blocked by tall buildings. Nevertheless, inexpensive
transmitters could be placed on a variety of lampposts that
would periodically transmit a pulse to all vehicles in the
vicinity. Such a system could be based on a broadband
micropower impulse radar system as disclosed in several
U.S. patents. Alternately, a narrow band signal can be used.

[0620] Once again, although radar type microwave pulses
have been discussed, other portions of the electromagnetic
spectrum can be utilized. For example, a vehicle could send
a beam of modulated infrared toward infrastructure-based
devices such as poles which contain corner or polarization
modifying reflectors. The time of flight of IR radiation from
the vehicle to the reflectors can be accurately measured and
since the vehicle would know, based on accurate maps,
where the reflector is located, there is the little opportunity
for an error.

[0621] The invention is also concerned with wireless
devices that contain transducers. An example is a tempera-
ture transducer coupled with appropriate circuitry which is
capable of receiving power either inductively or through
radio frequency energy transfer or even, and some cases,
capacitively. Such temperature transducers may be used to
measure the temperature inside the passenger compartment
or outside of the vehicle. They also can be used to measure
the temperature of some component in the vehicle, e.g., the
tire. A distinctive feature of some embodiments of this
invention is that such temperature transducers are not hard-
wired into the vehicle and do not rely solely on batteries.
Such temperature sensors have been used in other environ-
ments such as the monitoring of the temperature of domestic
and farm animals for health monitoring purposes.

[0622] Upon receiving power inductively or through the
radio frequency energy transfer, the temperature transducer
conducts its temperature measurement and transmits the
detected temperature to a process or central control module
in the vehicle.

[0623] The wireless communication within a vehicle can
be accomplished in several ways. The communication can
be through the same path that supplies power to the device,
or it can involve the transmission of waves that are received
by another device in the vehicle. These waves can be either
electromagnetic (radio frequency, microwave, infrared, etc)
or ultrasonic. If electromagnetic, they can be sent using a
variety of protocols such as CDMA, FDMA, TDMA or
ultrawideband (see, e.g., Hiawatha Bray, “The next big thing
is actually ultrawide”, Boston Globe, Jun. 25, 2004).

[0624] Many other types of transducers or sensors can be
used in this manner. The distance to an object from a vehicle
can be measured using a radar reflector type RFID (Radio
Frequency Identification) tag which permits the distance to
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the tag to be determined by the time of flight of radio waves.
Another method of determining distance to an object can be
through the use of ultrasound wherein the device is com-
manded to emit an ultrasonic burst and the time required for
the waves to travel to a receiver is an indication of the
displacement of the device from the receiver.

[0625] Although in most cases the communication will
take place within the vehicle, and some cases such as
external temperature transducers or tire pressure transduc-
ers, the source of transmission will be located outside of the
compartment of the vehicle.

[0626] A discussion of RFID technology including its use
for distance measurement is included in the RFID Hand-
book, by Klaus Finkenzeller, John Wiley & Sons, New York
1999.

[0627] In one simple form, the invention can involve a
single transducer and system for providing power and
receiving information. An example of such a device would
be an exterior temperature monitor which is placed outside
of the vehicle and receives its power and transmits its
information through the windshield glass. At the other
extreme, a pair of parallel wires carrying high frequency
alternating current can travel to all parts of the vehicle where
electric power is needed. In this case, every device could be
located within a few inches of this wire pair and through an
appropriately designed inductive pickup system, each device
receives the power for operation inductively from the wire
pair. A system of this type which is designed for use in
powering vehicles is described in several U.S. patents listed
above.

[0628] Inthis case, all sensors and actuators on the vehicle
can be powered by the inductive power transfer system. The
communication with these devices could either be over the
same system or, alternately, could be take place via RF,
ultrasound, infrared or other similar communication system.
If the communication takes place either by RF or over a
modulated wire system, a protocol such as the Bluetooth™
or Zigbee protocol can be used. Other options include the
Ethernet and token ring protocols.

[0629] The above system technology is frequently referred
to as loosely coupled inductive systems. Such systems have
been used for powering a vehicle down a track or roadway
but have not been used within the vehicle. The loosely
coupled inductive system makes use of high frequency
(typically 10,000 Hz) and resonant circuits to achieve a
power transfer approaching 99 percent efficiency. The reso-
nant system is driven using a switching amplifier. As dis-
cussed herein, this is believed to be the first example of a
high frequency power system for use within vehicles.

[0630] Every device that utilizes the loosely coupled
inductive system would contain a microprocessor and thus
would be considered a smart device. This includes every
light, switch, motor, transducer, sensor etc. Each device
could have an address and would respond only to informa-
tion containing its address.

[0631] It is now contemplated that the power systems for
next generation automobiles and trucks will change from the
current standard of 12 volts to a new standard of 42 volts.
The power generator or alternator in such vehicles will
produce alternating current and thus will be compatible with
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the system described herein wherein all power within the
vehicle will be transmitted using AC.

[0632] It is contemplated that some devices will require
more power than can be obtained instantaneously from the
inductive, capacitive or radio frequency source. In such
cases, batteries, capacitors or ultra-capacitors may be used
directly associated with a particular device to handle peak
power requirements. Such a system can also be used when
the device is safety critical and there is a danger of disrup-
tion of the power supply during a vehicle crash, for example.
In general, the battery or capacitor would be charged when
the device is not being powered.

[0633] In some cases, the sensing device may be purely
passive and require no power. One such example is when an
infrared or optical beam of energy is reflected off of a
passive reflector to determine the distance to that reflector.
Another example is a passive reflective RFID tag.

[0634] As noted above, several U.S. patents describe
arrangements for monitoring the pressure inside a rotating
tire and to transmit this information to a display inside the
vehicle. 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 and to compare that temperature
to the temperature of other tires on the vehicle, as discussed
above. When the pressure within a tire decreases, this
generally results in the tire temperature rising if the vehicle
load is being carried by that tire. In the case where two tires
are operating together at the same location such as on a truck
trailer, just the opposite occurs. That is, the temperature of
the fully inflated tire can increase since it is now carrying
more load than the partially inflated tire.

4. Summary

[0635] As stated at the beginning this application is one in
a series of applications covering safety and other systems for
vehicles and other uses. The disclosure herein goes beyond
that needed to support the claims of the particular invention
that is being claimed herein. This is not to be construed that
the inventor is releasing the unclaimed disclosure and sub-
ject matter into the public domain. Rather, it is intended that
patent applications have been or will be filed to cover all of
the subject matter disclosed above.

[0636] The inventions described above are, of course,
susceptible to many variations, combinations of disclosed
components, modifications and changes, all of which are
within the skill of the art. It should be understood that all
such variations, modifications and changes are within the
spirit and scope of the inventions and of the appended
claims. Similarly, it will be understood that applicant intends
to cover and claim all changes, modifications and variations
of the examples of the preferred embodiments of the inven-
tion herein disclosed for the purpose of illustration which do
not constitute departures from the spirit and scope of the
present invention as claimed.

[0637] Although several preferred embodiments are illus-
trated and described above, there are possible combinations
using other geometries, sensors, materials and different
dimensions for the components that perform the same func-
tions. This invention is not limited to the above embodi-
ments and should be determined by the following claims.
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1. In a motor vehicle, a control system for controlling at
least one part of the vehicle comprising:

a plurality of sensor systems mounted on the vehicle, each
of said sensor systems providing a measurement of a
state of said sensor system or a state of the mounting
location of said sensor system and generating a signal
representative of the measurement; and

a pattern recognition system for receiving the signals from
said sensor systems and diagnosing the condition of the
vehicle with respect to its stability based on the mea-
surements of said sensor systems,

said pattern recognition system being arranged to generate
a control signal for controlling the at least one part
based at least in part on the diagnosed condition of the
vehicle,

whereby the control signal is directed to the at least one
part of the vehicle to cause the at least one part to vary
its operation.

2. The vehicle of claim 1, wherein said pattern recognition
system comprises at least one neural network.

3. The vehicle of claim 1, wherein the condition of the
vehicle diagnosed by said pattern recognition system is
derived from angular orientation, velocity or acceleration of
the vehicle.

4. The vehicle of claim 1, wherein the at least one part is
a system selected from a group consisting of a steering
system, a braking system or a throttle system, said pattern
recognition system being arranged to control the system in
an attempt to maintain stability of the vehicle.

5. The vehicle of claim 1, wherein the at least one part is
an occupant restraint device, said pattern recognition system
being arranged to control the occupant restraint device in an
attempt to minimize injury to an occupant in the event of a
crash involving the vehicle.

6. The vehicle of claim 1, further comprising a display
coupled to said pattern recognition system for displaying an
indication of the condition of the vehicle as diagnosed by
said pattern recognition system.

7. The vehicle of claim 1, further comprising a warning
device for relaying a warning to an occupant of the vehicle
relating to the condition of the vehicle as diagnosed by said
pattern recognition system.

8. The vehicle of claim 1, further comprising a transmis-
sion device for transmitting a signal to a remote site relating
to the condition of the vehicle as diagnosed by said pattern
recognition system.

9. The vehicle of claim 1, wherein said sensor systems are
mounted at different locations on the vehicle.

10. The vehicle of claim 1, wherein said sensor systems
are mounted separate and apart from the at least one part
being controlled by said pattern recognition system.

11. The vehicle of claim 1, wherein said sensor systems
are selected and arranged such that the measurements from
said sensor systems are measurements of different physical
characteristics.

12. A method for controlling at least one part of the
vehicle, comprising:

mounting a plurality of sensor systems on the vehicle;

measuring a state of the sensor system or a state of the
respective mounting location of the sensor system;
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generating signals representative of the measurements of
the sensor systems;

diagnosing the condition of the vehicle with respect to its
stability by inputting the signals into a pattern recog-
nition system which converts the signals into an output
indicative of the condition of the vehicle with respect to
its stability; and

controlling the at least one part based at least in part on the

diagnosis of the condition of the vehicle.

13. The method of claim 12, wherein the pattern recog-
nition system comprises at least one neural network.

14. The method of claim 12, wherein the diagnosis of the
condition of the vehicle is derived from angular orientation,
angular velocity or angular acceleration of the vehicle.

15. The method of claim 12, wherein the at least one part
is a system selected from a group consisting of a steering
system, a braking system or a throttle system, the step of
controlling the at least one part comprising controlling the
system in an attempt to maintain stability of the vehicle.

16. The method of claim 12, wherein the at least one part
is an occupant restraint device, the step of controlling the at
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least one part comprising controlling the system in an
attempt to minimize injury to an occupant in the event of a
crash involving the vehicle.

17. The method of claim 12, further comprising the step
of mounting the sensors at different locations on the vehicle.

18. The method of claim 12, wherein the step of diag-
nosing the condition of the vehicle comprises determining
whether the vehicle is about to rollover or skid.

19. The method of claim 12, further comprising display-
ing an indication of the condition of the vehicle to an
occupant of the vehicle.

20. The method of claim 12, further comprising relaying
a warning to an occupant of the vehicle relating to the
condition of the vehicle.

21. The method of claim 12, further comprising transmit-
ting a signal to a remote site relating to the condition of the
vehicle.

22. The method of claim 12, further comprising mounting
the sensor systems separate and apart from the at least one
part being controlled.
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