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VEHICULAR ELECTRONIC SYSTEM WITH
CRASH SENSORS AND OCCUPANT
PROTECTION SYSTEMS

7. a CIP of US. patent application Ser. No. 11/470,061
?led Sep. 5,2006 now US. Pat. No. 7,527,288, Whichis a CIP

of US. patent application Ser. No. 11/220,139 ?led Sep. 6,
2005, now US. Pat. No. 7,103,460, the history ofWhich is set
forth above.

CROSS REFERENCE TO RELATED
APPLICATIONS

All of the references, patents and patent applications that
are referred to herein and in the parent applications are incor

porated by reference in their entirety as if they had each been

This application is a continuation of US. patent applica
tion Ser. No. 11/851,167 ?led Sep. 6, 2007 now US. Pat. No.

set forth herein in full. Note that this application is one in a

series of applications covering safety and other systems for

7,580,782, Which is:
1. a continuation-in-part (CIP) of US. patent application

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 inventors
are releasing the unclaimed disclosure and subject matter into

Ser. No. 11/082,739 ?led Mar. 17, 2005, now US. Pat. No.

7,421,321, Which is:
A. a CIP of US. patent application Ser. No. 10/701,361

the public domain. Rather, it is intended that patent applica

?led Nov. 4, 2003, now US. Pat. No. 6,988,026, Which
is:

tions have been or Will be ?led to cover all of the subject

1. a CIP of US. patent application Ser. No. 09/925,062
?led Aug. 8, 2001, now US. Pat. No. 6,733,036,
Which is:
a) a CIP of US. patent application Ser. No. 09/767,
020 ?led Jan. 23, 2001, now US. Pat. No. 6,533,
316, Which is a CIP of US. patent application Ser.
No. 09/073,403 ?led May 6, 1998, now US. Pat.
No. 6,179,326, Which is a CIP ofU.S. patent appli
cation Ser. No. 08/550,217 ?led Oct. 30, 1995, noW

matter disclosed beloW and in the current assignee’s granted
and pending applications. Also please note that the terms
frequently used beloW “the invention” or “this invention” is
20

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 inven
tion being discussed in the paragraph Where the term is used.

25

FIELD OF THE INVENTION

abandoned; and
b) a CIP of US. patent application Ser. No. 09/356,
314 ?led Jul. 16, 1999, now US. Pat. No. 6,326,
704, Which is a CIP of US. patent application Ser.
No. 08/947,661 ?led Oct. 9, 1997, noW abandoned,
Which claims domestic priority under 35 U.S.C.

The present invention relates generally to arrangements

and techniques for managing vehicle diagnostic information
30

at least partly at locations remote from the vehicle.
There are numerous apparatus, systems and methods

described and disclosed herein. Many combinations of these

§119(e) of US. provisional patent application Ser.

are described but in order to conserve space the inventors have

No. 60/028,046 ?led Oct. 9, 1996, noW expired;

not described all combinations and permutations of these

and
2. a CIP of US. patent application Ser. No. 10/043,557
?led Jan. 11, 2002, now US. Pat. No. 6,905,135,
Which is a CIP of US. patent application Ser. No.
09/925,062 ?led Aug. 8, 2001, now US. Pat. No.
6,733,036, the history of Which is set forth above; and
B. a CIP of US. patent application Ser. No. 11/039,129
?led Jan. 19, 2005, now US. Pat. No. 7,082,359 Which
is a divisional of US. patent application Ser. No. 10/ 701,
361 ?led Nov. 4, 2003, now US. Pat. No. 6,988,026, the
history of Which is set forth above;
2. a CIP of US. patent application Ser. No. 11/131,623
?led May 18, 2005 now US. Pat. No. 7,481,453, Which is a
CIP ofU.S. patent application Ser. No. 10/043,557 ?led Jan.
11, 2002, now US. Pat. No. 6,905,135, the history ofWhichis
set forth above;
3. a CIP of US. patent application Ser. No. 11/278,188
?led Mar. 31, 2006, now US. Pat. No. 7,313,467, Which is a

apparatus, systems and methods, hoWever, the inventors
35

intend that each and every such combination and permutation
is an invention to be considered disclosed by this disclosure.
The inventors further intend to ?le divisional, continuation
and continuation-in-part applications to cover many of these

combinations and permutations, if necessary.
40

BACKGROUND OF THE INVENTION

A detailed background of the invention is found in the
45

parent applications, e.g., US. patent application Ser. No.
09/925,062 and US. patent application Ser. No. 09/767,020,

incorporated by reference herein.
The de?nitions set forth in section 5 .0 of the Background of
the Invention section of the parent ’139 application are also

incorporated by reference herein.
50

All of the patents, patent applications, technical papers and
other references referenced in the parent ’ 13 9 application and

herein are incorporated herein by reference in their entirety.

continuation of US. patent application Ser. No. 11/220,139
?led Sep. 6, 2005, now US. Pat. No. 7,103,460, Which is a

CIP ofU.S. patent application Ser. No. 11/120,065 ?led May
2, 2005, noW abandoned;

55

4. a CIP of US. patent application Ser. No. 11/421,500
?led Jun. 1, 2006 Which is a CIP of US. patent application
Ser. No. 11/220,139 ?led Sep. 6, 2005, now US. Pat. No.

It is an object of the present invention to provide neW and

improved vehicular electronic systems including crash sen

7,103,460, the history ofWhich is set forth above;
5. a CIP of US. patent application Ser. No. 11/421,554
?led Jun. 1, 2006 Which is a CIP of US. patent application
Ser. No. 11/220,139 ?led Sep. 6, 2005, now US. Pat. No.

60

sors and occupant protection or restraint systems.
In order to achieve this object and others, a ?rst embodi
ment of an electronic system in a vehicle in accordance With
the invention includes one or more crash sensor systems each
arranged to sense a crash involving the vehicle, one or more

7,103,460, the history ofWhich is set forth above;
6. a CIP of US. patent application Ser. No. 11/464,288
?led Aug. 14, 2006 Which is a CIP of US. patent application
Ser. No. 11/220,139 ?led Sep. 6, 2005, now US. Pat. No.
7,103,460, the history ofWhich is set forth above;

OBJECTS AND SUMMARY OF THE
INVENTION

occupant protection systems each including an occupant pro
65

tection device arranged to protect an occupant in the event of
a crash involving the vehicle and a single bus consisting of a
pair of Wires. The crash sensor system(s) and the occupant

US 7,657,354 B2
3

4

protection system(s) are connected to the bus and supplied
With poWer by the bus and communication through the bus.
Each occupant protection device is actuated in the event of a

Further, the electrical system includes a second bus. A dis
crete portion of the crash sensor systems and a discrete por

tion of the occupant protection systems, i.e., not those

crash involving the vehicle as sensed by one or more of the
crash sensor systems.

coupled to the ?rst bus, are coupled to the second bus and
supplied With poWer by the second bus and communication

In one embodiment, each occupant protection system com
prises a poWer supply for providing poWer to enable actuation
of the occupant protection device. It may also include a hous

through the second bus. Each occupant protection device is
actuatable in the event of a crash involving the vehicle as

sensed by one of the crash sensor systems. Accordingly, in
this embodiment, each crash sensor system and each occu

ing in Which the occupant protection device is arranged, in

pant protection systems is either coupled to the ?rst bus or to
the second bus.

Which case, the poWer supply may be a capacitor or other type

of energy storage element arranged in the housing.
Additionally or alternatively, each occupant protection

The same variations described above for the ?rst embodi
ment are applicable in this embodiment as Well.

system may comprise an occupant sensor arranged to obtain
data about occupancy of the vehicle for use in determining

Other objects and advantages of the present claimed inven

actuation of the occupant protection device. For example,

tion and inventions disclosed beloW are set forth in the ’l39

When the occupant protection device is an airbag, each occu
pant protection systems may comprise a module including an
occupant position sensor arranged to obtain data about the
position of an occupant to be protected upon in?ation of the

application and others Will become apparent from the folloW
ing description of the preferred embodiments taken in con

airbag, and a controller coupled to the occupant position
sensor for controlling deployment and in?ation of the airbag

junction With the accompanying draWings.
20

The folloWing draWings are illustrative of embodiments of

based on the position of the occupant. The controller may be

the systems developed or adapted using the teachings of these

arranged in the module, adjacent the module and/or proxi

inventions and are not meant to limit the scope of the inven

mate the module.

The bus may be arranged to provide a signal indicative of a

25

nent With several signals being emitted and transmitted along
a variety of paths, sensed by a variety of sensors and analyZed
by the diagnostic module in accordance With the invention
30

prises diagnostic electronics for diagnosing functionality of
the occupant protection system, e.g., the ability of the occu
pant protection device to be deployed, in?ated or otherWise
actuated. A central diagnostic module may be connected to
the bus With the diagnostic electronics of each occupant pro
tection system being arranged to provide an indication of the
functionality thereof to the central diagnostic module. The
central diagnostic module can be arranged to provide an

indication of the functionality of all of occupant protection

and for use in a method in accordance With the invention.
FIG. 2 is a schematic of one pattern recognition method
ology known as a neural network Which may be used in a

method in accordance With the invention.
35

FIG. 3 is a schematic of a vehicle With several components
and several sensors and a total vehicle diagnostic system in

accordance With the invention utiliZing a diagnostic module

40

systems, e. g., a malfunction With one or more of the occupant

protection systems, to a display visible to an occupant of the
vehicle.
In one embodiment, each crash sensor system generates
and sends a coded signal over the bus, e.g., to each occupant

tion as encompassed by the claims.
FIG. 1 is a schematic illustration of a generaliZed compo

crash involving the vehicle as obtained from one or more of

the crash sensor systems. Each occupant protection system
may be arranged to receive the signal and independently
determine Whether to actuate the occupant protection device
therein.
In one embodiment, each occupant protection system com

BRIEF DESCRIPTION OF THE DRAWINGS

in accordance With the invention and Which may be used in a
method in accordance With the invention.
FIG. 4 is a ?oW diagram of information ?oWing 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.
45

FIG. 5 is an overhead vieW of a roadWay With vehicles and
a SAW road temperature and humidity monitoring sensor.
FIG. 5A is a detail draWing of the monitoring sensor of
FIG. 5.
FIG. 6 is a perspective vieW of a SAW system for locating
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occupant protection systems such that only that occupant

a vehicle on a roadWay, and on the earth surface if accurate
maps are available, and also illustrates the use of a SAW

protection system assigned to the address is responsive to the
message having the address. To this end, each occupant pro

transponder in the license plate for the location of preceding
vehicles and preventing rear end impacts.

protection system, the coded signal being indicative of a
sensed crash condition.
When there are a plurality of occupant protection systems,
each may be assigned an address and the bus transfers data in
the form of messages each having an address of at least one

tection system may determine Whether messages on the bus

include the address assigned thereto.

55

for monitoring oil, Water, or other ?uid pressure.
FIG. 8 is a perspective vieW of a vehicle suspension system

Another embodiment of an electronic system in a vehicle in
accordance With the invention includes a plurality of crash
sensor systems each arranged to sense a crash involving the

vehicle, a plurality of occupant protection systems each
including an occupant protection device arranged to protect

With SAW load sensors.
FIG. 8A is a cross section detail vieW of a vehicle spring
60

protection device is actuatable in the event of a crash involv
ing the vehicle as sensed by one of the crash sensor systems.

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.

an occupant in the event of a crash involving the vehicle, and
a ?rst bus. A discrete portion of the crash sensor systems and
a discrete portion of the occupant protection systems are

coupled to the ?rst bus and supplied With poWer by the ?rst
bus and communication through the ?rst bus. Each occupant

FIG. 7 is a partial cutaWay vieW of a section of a ?uid
reservoir With a SAW ?uid pressure and temperature sensor
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FIG. 8B is a detail vieW of a SAW torque sensor and shaft
compression sensor arrangement for use With the arrange
ment of FIG. 8.
FIG. 9 is a cutaWay vieW of a vehicle shoWing possible

mounting locations for vehicle interior temperature, humid

US 7,657,354 B2
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ity, carbon dioxide, carbon monoxide, alcohol or other chemi
cal or physical property measuring sensors.

FIG. 27 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.

FIG. 10A is a perspective vieW of a SAW tilt sensor using
four SAW assemblies for tilt measurement and one for tem

FIG. 27A is a detailed vieW of the SAW carbon dioxide

perature.

sensor of FIG. 27.

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.

FIG. 28 is a schematic vieW of overall telematics system in
accordance With the invention.
FIG. 29 is a perspective vieW of the combination of an

FIG. 11 is a perspective exploded vieW of a SAW crash
sensor for sensing frontal, side or rear crashes.

occupant position sensor, diagnostic electronics and poWer
supply and airbag module designed to prevent the deploy
ment of the airbag if the seat is unoccupied.
FIG. 30 shoWs the application of a preferred implementa

FIG. 12 is a perspective vieW With portions cutaWay of a
SAW based vehicle gas gage.
FIG. 12A is a top detailed vieW of a SAW pressure and
temperature monitor for use in the system of FIG. 12.
FIG. 13A is a schematic of a prior art deployment scheme
for an airbag module.

tion of the invention for mounting on the rear of front seats to

provide protection for rear seat occupants.
FIG. 31 is another implementation of the invention incor
porating the electronic components into and adjacent the

FIG. 13B is a schematic of a deployment scheme for an

airbag module.

airbag module in accordance With the invention.
FIG. 14 is a schematic of a vehicle With several accelerom

eters and/or gyroscopes at preferred locations in the vehicle.
FIG. 15A illustrates a driver With a timed RFID standing
With groceries by a closed trunk.
FIG. 15B illustrates the driver With the timed RFID 5
seconds after the trunk has been opened.
FIG. 15C illustrates a trunk opening arrangement for a
vehicle in accordance With the invention.
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DETAILED DESCRIPTION OF THE INVENTION

1.1 General Diagnostics and Prognostics
The output of a diagnostic system is generally the present
25

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.

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. At
least one of the inventions disclosed herein in concerned With
prognostics. Prognostics canbe based on models of vehicle or

FIG. 16B is a detailed perspective vieW of the device of
FIG. 1 6A With the force-transmitting member rendered trans

parent.

component degradation and the effects of environment and

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.
FIG. 17A is a detailed perspective vieW of a polymer and

usage. In this regard it is useful to have a quantitative formu
lation of hoW the component degradation depends on envi
ronment, usage and current component condition. This for

35

mass on SAW accelerometer for use in crash sensors, vehicle

navigation, etc.
FIG. 17B is a detailed perspective vieW of a normal mass on

SAW accelerometer for use in crash sensors, vehicle naviga

40

tion, etc.

rear facing child seat on the front passenger seat and a pre

45

ating conditions of the vehicle or its component. A signal
50

For the discussion beloW, the folloWing terms are de?ned
as folloWs:
55

being exhaustive:
60

and other strain concentrating designs.

Engine; transmission; brakes and associated brake assem

bly; tires; Wheel; steering Wheel and steering column assem
bly; Water pump; alternator; shock absorber; Wheel mounting
assembly; radiator; battery; oil pump; fuel pump; air condi

FIG. 25 is a side vieW With parts cutaWay and removed

FIG. 26 is a diagram of one exemplifying embodiment of
the invention.

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

FIG. 23 illustrates a strain gage on a bolt Weight sensor.

shoWing schematically the interface betWeen the vehicle inte
rior monitoring system of this invention and the vehicle cel
lular communication system.

could thus be generated indicative of an under-in?ated tire, or

an overheating engine.

a motor vehicle illustrating the teachings of this invention.

FIGS. 24A, 24B, 24C, 24D and 24E are vieWs of occupant
seat Weight sensors using a slot spanning SAW strain gage

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

ferred mounting location for an occupant and rear facing child
seat presence detector.
FIG. 21 is a partial cutaWay vieW of a vehicle driver Wear
ing a seatbelt With SAW force sensors.
FIGS. 22A, 22B, 22C and 22D are different vieWs of an
automotive connector for use With a coaxial electrical bus for

niques 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.
A preferred embodiment of the vehicle diagnostic and

prognostic unit described beloW performs the diagnosis and
prognostics, i.e., processes the input from the various sensors,

FIG. 18 is a vieW of a prior art SAW gyroscope that can be

used With this invention.
FIGS. 19A, 19B and 19C are block diagrams of three
interrogators that can be used With this invention to interro
gate several different devices.
FIG. 20 is a side vieW With parts cutaWay and removed of
a vehicle shoWing the passenger compartment containing a

mulation may be obtained by monitoring condition,
environment and usage level, and by modeling the relation
ships With statistical techniques or pattern recognition tech

tioner compressor; differential gear assembly; exhaust sys
65

tem; fan belts; engine valves; steering assembly; vehicle sus

pension including shock absorbers; vehicle Wiring system;
and engine cooling fan assembly.
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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

netic radiation, acoustic radiation, thermal radiation, vibra
tions transmitted through the vehicle structure and voltage or

current ?uctuations, depending on the particular component.

conjunction with the diagnostic module in accordance with

When a component is functioning normally, it may not emit a

the invention. A partial, non-exhaustive list of sensors that are

perceptible signal. In that case, the normal signal is no signal,

or can be mounted on an automobile or truck is:

sor; vapor sensor; antenna, capacitance sensor or other elec
tromagnetic wave sensor; stress or strain sensor; pressure

i.e., the absence ofa 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 impend

sensor; weight sensor; magnetic ?eld sensor; coolant ther
mometer; oil pressure sensor; oil level sensor; air ?ow meter;

ever, most such warnings are either not perceived or if per

Airbag crash sensor; microphone; camera; chemical sen

ing. Usually components do not fail without warning. How
ceived, are not understood by the vehicle operator until the
component actually fails and, in some cases, a breakdown of

voltmeter; ammeter; humidity sensor; engine knock sensor;
oil turbidity sensor; throttle position sensor; steering wheel
torque sensor; wheel speed sensor; tachometer; speedometer;

the vehicle occurs.

other velocity sensors; other position or displacement sen
sors; oxygen sensor; yaw, pitch and roll angular sensors;

acquiring data for performing the diagnostics, prognostics

An important system and method as disclosed herein for

clock; odometer; power steering pressure sensor; pollution
sensor; fuel gauge; cabin thermometer; transmission ?uid
level sensor; gyroscopes or other angular rate sensors includ

ing yaw, pitch and roll rate sensors; accelerometers including
single axis, dual axis and triaxial accelerometers; an inertial
measurement unit; coolant level sensor; transmission ?uid
turbidity sensor; brake pressure sensor; tire pressure sensor;
tire temperature sensor, tire acceleration sensor; GPS
receiver; DGPS receiver; and coolant pressure sensor.
The term “signal” as used herein generally refers to any

20

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 acquiring data relative to a
particular component, the same sensors can also obtain data

that permits analysis of the vehicle environment. A pothole,
25

for example, can be sensed and located for possible noti?ca
tion to a road authority if a location determining apparatus is

time-varying output from a component including electrical,
acoustic, thermal, electromagnetic radiation or mechanical

also resident on the vehicle.

vibration.

have systems for automatically guiding vehicles operating

In a few years, it is expected that various roadways will

Sensors on a vehicle are generally designed to measure 30 thereon. Such systems have been called “smart highways”

particular parameters of particular vehicle components. How

and are part of the ?eld of intelligent transportation systems

ever, frequently these sensors also measure outputs from

(ITS). If a vehicle operating on such a smart highway were to
breakdown due to the failure of a component, serious disrup
tion of the system could result and the safety of other users of

other vehicle components. For example, electronic airbag
crash sensors currently in use contain one or more acceler

airbag crash sensor can determine whether a vehicle is expe

the smart highway could be endangered.
When a vehicle component begins to change its operating
behavior, it is not always apparent from the particular sensors

riencing a crash of su?icient magnitude so as to require

which are monitoring that component, if any. The output from

ometers for determining the accelerations of the vehicle
structure so that the associated electronic circuitry of the

35

deployment of the airbag. Each accelerometer continuously
monitors the vibrations in the vehicle structure regardless of

any one of these sensors can be normal even though the
40

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
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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 su?iciently sensitive accel
erometers or have su?icient dynamic range for the purposes

herein.
For example, a technique for some implementations of an
invention disclosed herein is the use of multiple accelerom
eters and/or microphones that will allow the system to locate

component is failing. By analyZing the output of a variety of
sensors, however, the pending failure can frequently be diag
nosed. 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 signifying a failing coolant
pump, for example, but not detectable from the coolant ther
mometer alone.

50

The pending failure of some components is di?icult to

diagnose and sometimes the design of the component
requires modi?cation so that the diagnosis can be more

readily made. A fan belt, for example, frequently begins fail
ing as a result of a crack of the inner surface. The belt can be
55

designed to provide a sonic or electrical signal when this

cracking begins in a variety of ways. Similarly, coolant hoses

the source of any measured vibrations based on the time of

?ight, time of arrival, direction of arrival and/or triangulation

can be designed with an intentional weak spot where failure

techniques. Once a distributed accelerometer installation, or
one or more IMUs, has been implemented to permit this

will occur ?rst in a controlled manner that can also cause a

whistle sound as a small amount of steam exits from the hose.

source location, the same sensors can be used for smarter 60 This whistle sound can then be sensed by a general purpose

crash sensing as it can permit the determination of the loca
tion 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 knowledge of the
force vs. crush properties of the vehicle at the impact location.
Every component of a vehicle can emit various signals
during its life. These signals can take the form of electromag

microphone, for example.
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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 illustrated schematically.
Component 35 is mounted to a vehicle 52 and during opera
tion it emits a variety of signals such as acoustic 36, electro
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magnetic radiation 37, thermal radiation 38, current and volt

the actual value in predicting When a component is likely to

age ?uctuations in conductor 39 and mechanical vibrations

fail. In a simple case When a tire is losing pressure, for

40. Various sensors are mounted in the vehicle to detect the

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

signals emitted by the component 35. These include one or
more vibration sensors (accelerometers) 44, 46 and/or gyro
scopes or one or more IMUs, one or more acoustic sensors 41,

47, electromagnetic radiation sensors 42, heat radiation sen

delamination or overloading than the particular temperature

sors 43 and voltage or current sensors 45.

of the tire.
The diagnostic module, or other component, can also con

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 compo

sider situation aWareness factors such as the age or driving

Wireless poWer and communications system or a combination

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 loca
tion 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 components 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

of Wired and Wireless connections. The Wireless connection

example. Furthermore, the system may change the opera

nent 35. Each of the sensors illustrated in FIG. 1 can be
connected to a data bus 50. A diagnostic module 51, in accor

dance 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 Wirelessly con

nected to the diagnostic module 51 and be integrated into a

of one or more sensors to a receiver, controller or diagnostic 20 tional parameters of the vehicle such as the engine RPM or the

fuel mixture if doing so Will prolong vehicle operation. In

module is an important teaching of one or more of the inven

tions disclosed herein.

some cases Where there is doubt Whether a component is

The diagnostic module 51 Will analyZe the received data in
light of the data values or patterns itself either statically or

failing, the vehicle operating parameters may be temporarily

over time. In some cases, a pattern recognition algorithm as

25

discussed beloW Will be used and in others, a deterministic
algorithm may also be used either alone or in combination

varied by the system in order to accentuate the signal from the
component to permit more accurate diagnosis.
In addition to the above discussion there are some diagnos
tic features already available on some vehicles some of Which
are related to the federally mandated OBD-II and can be

With the pattern recognition algorithm. Additionally, When a

neW data value or sequence is discovered the information can
included in the general diagnostics and health monitoring
be sent to an off-vehicle location, perhaps a dealer or manu 30 features of this invention. In typical applications, the set of
facturer site, and a search can be made for other similar cases
diagnostic data includes at least one of the folloWing: diag

and the results reported back to the vehicle. Also additionally

nostic trouble codes, vehicle speed, fuel level, fuel pressure,
miles per gallon, engine RPM, mileage, oil pressure, oil tem
perature, tire pressure, tire temperature, engine coolant tem

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

35

perature, intake-manifold pres sure, engine-performance tun

diagnostic softWare updated automatically. Thus, all vehicles

ing parameters, alarm status, accelerometer status, cruise

can have the bene?t from information relative to performing

control status, fuel-inj ector performance, spark-plug timing,

the diagnostic function. Similarly, the vehicle dealers and

and a status of an anti-lock braking system.
The data parameters Within the set describe a variety of

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 elseWhere herein. By means
of this system, a vehicle diagnostic system can predict com
ponent failures long before they occur and thus prevent on

40

set are:

Pending DTCs (Diagnostic Trouble Codes)
Ignition Timing Advance

road problems.
An important function that can be performed by the diag

electrical, mechanical, and emissions-related functions in the
vehicle. Several of the more signi?cant parameters from the

45

nostic system herein is to substantially diagnose the vehicle’ s
oWn problems rather then, as is the case With the prior art,
forWarding raW data to a central site for diagnosis. Eventually,
a prediction as to the failure point of all signi?cant compo

Calculated Load Value
Air FloW Rate MAF Sensor

Engine RPM

Engine Coolant Temperature
Intake Air Temperature

nents can be made and the oWner can have a prediction that 50

Absolute Throttle Position Sensor

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

Vehicle Speed
Short-Tenn Fuel Trim

Long-Term Fuel Trim
MIL Light Status

the dealer Who can then schedule a time for the customer to

visit the dealership or for the dealer to visit the vehicle Wher
ever 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 con
venient place such as the dashboard or it can be a heads-up

55

display. The display can be any convenient technology such

60

Oxygen Sensor Location
Delta Pressure Feedback EGR Pressure Sensor

Evaporative Purge Solenoid Duty cycle

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.
It is Worth emphasiZing that in many cases, it is the rate that
a parameter is changing that can be as or more important than

Oxygen Sensor Voltage

65

Fuel Level Input Sensor
Fuel Tank Pressure Voltage
Engine Load at the Time of Mis?re
Engine RPM at the Time of Mis?re
Throttle Position at the Time of Mis?re
Vehicle Speed at the Time of Mis?re
Number of Mis?res

Transmission Fluid Temperature

PRNDL position (l,2,3,4,5:neutral, 6:reverse)
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Number of Completed OBDII Trips, and

integral of the Wheel speed data over a long time period (a

Battery Voltage.

preprocessing step), When compared to such sensors on dif
ferent Wheels, might be more useful in determining Whether a
particular tire is going ?at and therefore needs air. This is the

When the diagno stic 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

basis of some tire monitors noW on the market. Such indirect
systems are not permitted as a means for satisfying federal

operator. For example, the driver may have inadvertently

safety requirements. These systems generally depend on the

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

comparison of the integral of the Wheel speed to determine the
distance traveled by the Wheel surface and that system is then

such a case, the driver can be noti?ed to change gears.

Managing the diagnostics and prognostics of a complex
system has been termed “System Health Management” and

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 dis

has not been applied to over the road vehicles such as trucks
and automobiles. Such systems are used for fault detection

tance that it should have traveled. If the angular motion (dis
placement and/or velocity) of the Wheel axle is knoWn, than
this comparison can be made directly. Altemately, if the posi

and identi?cation, failure prediction (estimating the time to

failure), tracking degradation, maintenance scheduling, error
correction in the various measurements Which have been
corrupted and these same tasks are applicable here.
Various sensors, both Wired and Wireless, Will be discussed
beloW. Representative of such sensors are those available

tion 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

ing temperature, pressure, acoustic emission, strain, and

Within a vehicle tire can be determined.
In some cases, the frequencies present in a set of data are a

acceleration. The devices are based on resonant microbeam

better predictor of component failures than the data itself. For

force sensing technology. Coupled With a precision silicon

example, When a motor begins to fail due to Worn bearings,

from HoneyWell Which are MEMS-based sensors for measur

20

microstructure, the resonant microbeams provide a high sen

sitivity for measuring inertial acceleration, inclination, and

25

certain characteristic frequencies began to appear. In most
cases, the vibrations arising from rotating components, such

vibrations. Alternate designs based on SAW technology lend
themselves more readily to Wireless and poWerless operation

frequency. Moreover, the identi?cation of Which component

as discussed beloW. The HoneyWell sensors can be networked

is causing vibrations present in the vehicle structure can fre

as the engine, Will be normalized based on the rotational

quently be accomplished through a frequency analysis of the

Wirelessly but still require poWer.
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

30

data. For these cases, a Fourier transformation of the data can

35

be made prior to entry of the data into a pattern recognition
algorithm. Wavelet transforms and other mathematical trans
formations 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
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the data and sampling the data. Also, there exist certain more
sophisticated mathematical operations that attempt to extract
or highlight speci?c features of the data. The inventions
herein contemplate the use of a variety of these preprocessing

reported indicating the possible erratic or inaccurate opera
tion 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 soft

phase changes for example, differentiating the data, ?ltering

Ware can be independent of the vehicle speci?c 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

techniques and the choice of Which one or ones to use is left

from the diagnostic and prognostic system herein described

to the skill of the practitioner designing a particular diagnos
tic and prognostic module. Note, Whenever diagnostics is

can be sent via telematics to the dealer and vehicle manufac

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 previously unknoWn prob
lem surfaces in the ?eld.
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used beloW it Will be assumed to also include prognostics.
As shoWn in FIG. 1, the diagnostic module 51 has access to

1.2 Pattern Recognition

50

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 speci?c
point in time. The cumulative data from a particular sensor is

turer, the occurrence of a sensor or system failure can be

called a time series of individual data points. The diagnostic
module 51 compares the patterns of data received from each

In accordance With at least one invention, each of the
signals emitted by the sensors can be converted into electrical

sensor individually, or in combination With data from other

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 recognition algo
rithms 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

sensors, With patterns for Which the diagnostic module has
55

ponent is functioning normally or abnormally.
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functioning properly or Whether it requires balancing, addi
tional air, or perhaps replacement.
Frequently, the data entered into the pattern recognition
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 oper
ating abnormally in the event it is unbalanced, Whereas the

been programmed or trained to determine Whether the com

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 arti?cial neural netWorks and training
and in particular, combination neural netWorks as described
65

in US. patent application Ser. No. 10/413,426 (Publication
20030209893). The theory of neural netWorks including
many examples can be found in several books on the subject

including: (1) Techniques And Application Of Neural Nel

