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ABSTRACT

A system that enables a ?eet of vehicles to be maintained is
provided. The disclosed system alloWs a ?eet operator to
revieW the history of the vehicles in the ?eet along With
vehicle sensor data to identify earmarks in the vehicle sensor
data that are predictive of faults that the vehicles have expe
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rienced. The operator develops statistical algorithms that can
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detect an earmark in vehicle sensor data. The system then

Inc.

collects vehicle sensor data and applies the statistical algo
rithms the vehicle data to determine if a potential fault is
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going to occur in a vehicle. In response to determining that a
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potential fault is going to occur, the disclosed system auto
matically alerts the vehicle driver, automatically schedule a

maintenance visit, automatically check the ?eet inventory for

Related US. Application Data

components required for a maintenance visit and order

(60) Provisional application No. 61/043,124, ?led on Apr.
7, 2008.

unavailable components, and automatically dispatch the
components to the mechanic.
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VEHICLE MAINTENANCE SYSTEMS AND
METHODS

computer processor adapted to execute a vehicle maintenance
engine, and a memory coupled to the computer processor and

CROSS-REFERENCE TO RELATED
APPLICATIONS

the ECMs is con?gured to collect data from one or more

[0001] This application claims the bene?t of US. Provi
sional Patent Application Ser. No. 61/043,124, ?led Apr. 7,

ECM is disposed. The vehicle maintenance engine is con?g
ured for receiving from the sensor signal data collected from

2008, Which is hereby incorporated herein in its entirety by

the one or more sensors disposed Within the respective plu

adapted for storing the vehicle maintenance engine. Each of

reference.

sensors disposed Within the respective vehicle in Which the

rality of vehicles, statistically analyZing data received from at
least one type of sensor of the one or more sensors disposed

BACKGROUND OF THE INVENTION

Within the plurality of vehicles to identify at least one earmark

[0002] 1. Field of the Invention
[0003] This application relates to a system and a method for
predicting When a vehicle is going to experience a fault and
repairing and/or maintaining the vehicle in response to the
fault prediction. These systems and methods are applicable to

vehicle components associated With the at least one type of

any organiZation that maintains a ?eet of vehicles or a group
of similar machines or instrumentalities.

corresponding to a potential fault condition for one or more

sensor, and individually comparing the sensor signal data
from the at least one type of sensor received from each of the

plurality of vehicles to the identi?ed earmark. If the received
sensor signal data from the at least one type of sensor for a

[0004]

2. Description of RelatedArt

[0005]

Maintenance and repair of a vehicle is a general

particular one of the plurality of vehicles is Within a particular
range of the earmark, the vehicle maintenance engine is con
?gured for generating an alert code for the particular vehicle.
In response to generating the alert code, the vehicle mainte

concern to an oWner or operator of a vehicle. Cost of labor and

nance engine is con?gured for repairing the one or more

components, doWntime, productivity, performance, and e?i
ciency, among other factors, all impact the ability of a vehicle
to perform as it is designed. Accordingly, maintenance sys
tems have arisen in an attempt to reign in vehicle maintenance

costs, reduce doWntime, and increase productivity.
[0006]

Some maintenance systems have been premised on

performing routine maintenance at predetermined mileage
intervals or periodic time intervals. Still others provide Wam
ing alerts When a part on a vehicle has broken doWn. HoWever,

a typical problem With conventional maintenance systems is
that they have generally been reactive in nature and have not
generally not taken into account the actual causes, reasons, or

indications of speci?c breakdowns and faults in vehicles.
Maintenance has usually not been performed on a vehicle

until the vehicle is broken doWn, resulting in excessive doWn
time of the vehicle and, potentially, additional costs and
repairs that Were caused because of the breakdoWn.
[0007] Accordingly, there is a need in the art for systems
and methods for identifying When vehicles are going to break
doWn or experience faults and proactively maintaining and
repairing the vehicles before the breakdoWns and faults occur.
BRIEF SUMMARY OF THE INVENTION
[0008] The folloWing summary is not an extensive over
vieW and is not intended to identify key or critical elements of
the apparatuses, methods, systems, processes, and the like, or
to delineate the scope of such elements. This Summary pro
vides a conceptual introduction in a simpli?ed form as a

prelude to the more-detailed description that folloWs.
[0009] Embodiments of the present invention provide an
improvement over knoWn maintenance systems by, among
other things, providing a vehicle maintenance system that is

vehicle components for the particular vehicle to prevent the
occurrence of a failure of the one or more vehicle components

in advance.
[0011] In other various embodiments, a method for main

taining a vehicle is provided. The method begins With the step
of receiving from a plurality of ECMs sensor signal data
collected from a ?rst type of sensor disposed Within each of a
plurality of vehicles, in Which each ECM is disposed Within a
respective one of the plurality of vehicles. The method con
tinues by determining a ?rst statistical distribution of the
sensor signal data from substantially all of the plurality of
vehicles, determining a second statistical distribution for each
of the plurality of vehicles of the sensor signal data from the
?rst type of sensor from each of the plurality of vehicles, and
statistically comparing each second statistical distribution for
each of the plurality of vehicles to the ?rst statistical distri
bution related to substantially all of the plurality of vehicles to
determine a degree of difference betWeen the statistical dis
tributions. In response to the degree of difference being out
side of a predetermined range based on the ?rst statistical

distribution for substantially all of the plurality of vehicles,
the method generates an alert code for the particular vehicle.
In response to generating the alert code, the method includes
the step of repairing one or more vehicle components for the
particular vehicle associated With the ?rst type of sensor data
to prevent the occurrence of a failure of the one or more

vehicle components in advance.
[0012] In yet another embodiment, another method for
maintaining a vehicle is provided. The method includes the
steps of receiving from an ECM a ?rst set of sensor signal data
collected from one or more sensors disposed Within a vehicle,

con?gured to provide one or more of the folloWing advan

the ?rst set of sensor signal data being collected during a ?rst
time period, and receiving from the ECM a second set of

tages: (1) reduce the number of vehicle breakdoWns, (2)
reduce maintenance and repair costs, (3) reduce vehicle
doWntime for maintenance and repairs, (4) increase vehicle
e?iciency and performance, and (5) increase vehicle lifetime.

disposed Within the vehicle, the second set of sensor signal
data being collected during a second time period. Next, the
method continues by determining a statistical distribution of

sensor signal data collected from the one or more sensors

system includes a ?eet of vehicles comprising a plurality of

at least a portion of the ?rst set of sensor signal data associated
With a particular type of sensor, determining an average of at
least a portion of the second set of sensor signal data associ

vehicles, an electronic control module (ECM) disposed in
each of the plurality of vehicles Within the ?eet of vehicles, a

paring the average to the statistical distribution to determine a

[0010]

In various embodiments of the present invention, a

preventative vehicle maintenance system is provided. The

ated With the particular type of sensor, and statistically com
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degree of difference between the average and the statistical
distribution. In response to the degree of difference being
outside of a predetermined range based on the statistical
distribution of at least a portion of the ?rst set of sensor signal

data associated With the particular type of sensor, the method
generates an alert code for the vehicle. In response to gener

ating the alert code, the method includes the step of repairing
one or more vehicle components for the vehicle associated

With the ?rst type of sensor data to prevent the occurrence of
a failure of the one or more vehicle components in advance.

[0013] In another embodiment, another method for main
taining a vehicle is provided. The method begins With the step
of receiving a ?rst set of sensor signal data collected by a

plurality of electronic control modules (ECM) during a ?rst
period of time. Each ECM is disposed Within a respective
vehicle of a plurality of vehicles, and the sensor signal data
collected by each ECM is collected from one or more sensors

[0021]

FIG. 9 depicts the steps of a method performed by

the Maintenance Module, according to an embodiment of the
invention.
DETAILED DESCRIPTION OF THE INVENTION

[0022] Various embodiments of the present invention noW
Will be described more fully hereinafter With reference to the

accompanying draWings, in Which some, but not all embodi
ments of the inventions are shoWn. Indeed, these inventions
may be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure

Will satisfy applicable legal requirements. Like numbers refer
to like elements throughout.
OvervieW

disposed Within the respective vehicle in Which the respective

[0023]

ECM is disposed. The method continues With the steps of
statistically analyZing at least a portion of the ?rst set of

relate to systems and methods related to the maintenance of
vehicles. In certain embodiments, historical data measure

sensor signal data collected from at least one type of sensor of

ments from at least one vehicle in a ?eet of vehicles are

the one or more sensors to identify at least one earmark

analyZed to identify the underlying reasons for vehicle faults
and breakdoWns and to develop algorithms that identify con

corresponding to a potential fault condition for one or more

Various embodiments of the invention generally

vehicle components associated With the at least one type of

ditions that tend to indicate When a vehicle may be about to

sensor, receiving sensor signal data collected by the plurality
of ECMs during a second period of time, and individually

experience a fault. In particular, to predict vehicle faults, a

comparing at least a portion of the sensor signal data collected
from the at least one type of sensor from each of the plurality
of vehicles to the identi?ed earmark. In response to the least
a portion of the sensor signal data from a particular vehicle of
the plurality of vehicles being Within a particular range of the
earmark, an alert code is generated for the particular vehicle.
In response to generating the alert code, the method includes
the step of repairing the one or more vehicle components for
the particular vehicle to prevent the occurrence of a failure of

plurality of vehicles in a ?eet are each equipped With a data
collection device, such as an electronic control module

(“ECM”), that is con?gured to collect data from various sig
nal sensors disposed on the vehicle, such as, for example, oil

pressure, coolant temperature, and battery voltage, among
others, and transmit the collected data to a vehicle mainte
nance server. In certain embodiments, the data is collected

over a period of time and statistically analyZed to identify

the one or more vehicle components in advance of the failure

earmarks that are predictive of one or more upcoming vehicle
faults based on vehicle maintenance histories. Once these
data earmarks are identi?ed, these earmarks are compared to

of the one or more components.

the data collected from each of the plurality of vehicles to

BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWING(S)

[0014]

Having thus described the invention in general

terms, reference Will noW be made to the accompanying
draWings, Which are not necessarily draWn to scale, and
Wherein:
[0015] FIG. 1 is an overvieW of the relationships of the
components of a vehicle maintenance system, according to an
embodiment of the present invention.
[0016] FIG. 2 is schematic block diagram of a Vehicle
Maintenance Server that incorporates an embodiment of the

present invention.
[0017] FIGS. 3 and 4 shoW examples of computer devices
that can be used to implement various embodiments of the

determine Whether an earmark has been reached for each
vehicle. In response to the ECM data matching or being
Within a particular range of a particular earmark, an alert code
is generated and the repair of the one or more components
related to the upcoming vehicle fault is coordinated to prevent
the occurrence of a failure of the one or more vehicle com

ponents in advance. In one embodiment, the driver is noti?ed

of the potential fault. Furthermore, in various embodiments,
the ECM is instructed to obtain more frequent measurements
from one or more sensors related to the earmark if the data

measured is matches or is Within the particular range of the
particular earmark. In other various embodiments, a mainte
nance visit is scheduled, and the driver is noti?ed that main
tenance is required on the vehicle. Additionally, in one

embodiment, a part needed for repair is automatically
requested or ordered if, for example, the part is not stocked or

readily available.

present invention.

System OvervieW

[0018] FIG. 5 depicts an overvieW of the process ?oW
betWeen the modules of the vehicle maintenance system,
according to an embodiment of the present invention.
[0019] FIGS. 6 through 7 depict the steps of a method
performed by the Data Collection Module and Fault Predic
tion Module, according to an embodiment of the invention.

maintenance system includes a ?eet of vehicles 100, an ECM
110 disposed Within each of at least a plurality of the vehicles

[0020]

FIG. 8 depicts the steps of a method performed by

receive data from each ECM 110. In particular embodiments,

the Alert Noti?cation Module, according to an embodiment
of the invention.

the ECM 110 is a data collection device that is disposed in a
particular vehicle and is adapted to receive (e.g., on a sub

[0024]

In various embodiments, according to FIG. 1, a ?eet

in the ?eet for Which the ?eet operator Wishes to record data,
and a vehicle maintenance server 130 that is con?gured to
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stantially continuous basis) data measurements from various
sensors in the vehicle. For example, according to various
embodiments, the sensors include, but are not limited to,
sensors adapted for measuring oil pressure, coolant tempera

[0027] FIG. 2 shoWs a schematic diagram of a vehicle
maintenance server 130 according to one embodiment of the

invention. As may be understood from this ?gure, in this
embodiment, the vehicle maintenance server 130 includes a

ture, coolant pressure, coolant level, voltage, oil temperature,
road speed in miles-per-hour (MPH), engine speed in revo

processor 205 that communicates With other elements Within

lutions-per-minute (RPM), throttle position, accelerator
pedal position, Warning lights, engine load, oil level, boost

bus 240. Also included in the vehicle maintenance server 130

pressure, injection control pressure (ICP), ICP desired, ICP
duty cycle, fuel pulseWidth, average miles per gallon, idle

hours, idle fuel, total mileage, total engine hours, total fuel,
ABS control status, park brake status, air intake temperature,
cycle counts of the starter, cycle counts of the ignition sWitch,
alternator sensor, fuel injector sensor, and/ or EGR valve tem

perature. In certain embodiments, suitable ECMs 110 include
commercially available products that are programmed to
record certain measurements at pre-determined times. For
example, in a particular embodiment, the ECM 110 is
instructed to record the oil pressure When the engine speed is

the vehicle maintenance server 130 via a system interface or

is a display device/input device 215 for receiving and display
ing data. This display device/input device 215 may be, for
example, a keyboard or pointing device that is used in com
bination With a monitor. The vehicle maintenance server 130

further includes memory 200, Which preferably includes both
read only memory (ROM) 230 and random access memory
(RAM) 225. The server’s ROM 230 is used to store a basic

input/output system 235 (BIOS), containing the basic rou
tines that help to transfer information across the one or more

netWork 120.
[0028] In addition, the vehicle maintenance server 130
includes at least one storage device 210, such as a hard disk

drive, a ?oppy disk drive, a CD Rom drive, or optical disk

Within a certain range and the coolant temperature is above a

drive, for storing information on various computer-readable

certain level. As another example, the ECM 110 is instructed
to take the oil pressure reading at certain predetermined inter
vals. Thus, according to various embodiments, the ECM 110
is instructed to record virtually endless permutations and

media, such as a hard disk, a removable magnetic disk, or a

combinations of data measurements from the various sensors
on a vehicle.

[0025] According to various embodiments, the data mea
surements taken by the ECM 110 are then transmitted to

CD-ROM disk. As Will be appreciated by one of ordinary skill
in the art, each of these storage devices 210 is connected to the

system bus 240 by an appropriate interface. The storage
devices 210 and their associated computer-readable media
provide nonvolatile storage for a personal computer. It is
important to note that the computer-readable media described

above could be replaced by any other type of computer

another device, such as a vehicle maintenance server 130 that

readable media knoWn in the art. Such media include, for

is con?gured to receive the data from at least a portion of the
ECMs 110 in the ?eet. The ECM 110 transmits data to the

video disks, and Bernoulli cartridges.

vehicle maintenance server 130 via one or more netWorks

120. According to various embodiments, the ECM 110 trans
mits the data via a Wireless netWork (e. g., a Wireless Wide area
netWork (WWAN), a Wireless local area netWork (WLAN), or
a Wireless personal area netWork (WPAN) or through a Wired
connection to the vehicle maintenance server 130. For
example, in one embodiment in Which the ECM 1 1 0 transmits
data via a WWAN, the ECM 110 is equipped With a cellular

data radio that is con?gured to communicate With the vehicle
maintenance server 130 over a cellular communications net

Work. In another (or a further) embodiment in Which the ECM
110 is con?gured to transmit data via a WLAN, the ECM 110
is equipped With a WLAN data radio capable of communi
cating With the vehicle maintenance server 130 via a WLAN

example, magnetic cassettes, ?ash memory cards, digital
[0029] A number of program modules are stored by the
various storage devices and Within RAM 225. According to
various embodiments, such program modules include an
operating system 250, a Data Collection Module 255, a Fault
Prediction Module 260, an Alert Noti?cation Module 265,
and a Maintenance Module 270. The Data Collection Module

255, Fault Prediction Module 260, Alert Noti?cation Module
265, and Maintenance Module 270 control certain aspects of
the operation of the vehicle maintenance server 130, With the
assistance of the processor 205 and an operating system 250.
[0030] Also located Within the vehicle maintenance server
130 is a netWork interface 220 for interfacing and communi
cating With other elements of a computer netWork. It Will be

protocol (e.g., 802.1 lb protocol)

appreciated by one of ordinary skill in the art that one or more
of the vehicle maintenance server 130 components may be

[0026] In various embodiments, the vehicle maintenance
130 is any type of computer, including a server, mainframe,

nance server 130 components. Furthermore, one or more of

desktop, laptop, computer Workstation/terminal, handheld

the components may be combined, and additional compo
nents performing functions described herein may be included

computer, or other similar device. The vehicle maintenance
server 130 may be one device or it may comprise multiple
devices. Additionally, the vehicle maintenance server 130 is
con?gured to receive data from either all or feWer than all of
the ECMs 110 and is con?gured to receive either all or less
than all of the data from each ECM 1 10 from Which it receives
data. In various embodiments, the vehicle maintenance server
130 may be external to the ECM 110, external to a vehicle that
contains the ECM 110, internal to a vehicle that contains the
ECM 110, combined With the ECM 110, or any combination
thereof. In some embodiments, the vehicle maintenance

located geographically remotely from other vehicle mainte

in the vehicle maintenance server 130.

[0031] Some method steps performed in various embodi
ments of the invention are completed by updating computer
memories or transferring information from one computer

memory to another. Other examples of computer components
that are used to implement various embodiments of the inven

tion (for example, the modules of FIG. 2) are described in
connection With FIGS. 3 and 4. In particular, turning to FIG.
3, an embodiment of a computer is illustrated that can be used

server 130 stores the data received from the ECMs 110 in a

to practice various aspects of the embodiments of present
invention, such as the various computer systems described

relational database management system, such as SQL Server,
Oracle, Access, or other database management system.

herein. In FIG. 3, a processor 31, such as a microprocessor, is
used to execute softWare instructions for carrying out the
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as necessary. The processor 31 communicates using a data

a netWorked printer 428 and the local client computer 426a.
These may be located in the same facility as the server, though
not necessarily in the same room. Communication With

bus 35 that is typically 16 or 32 bits Wide (e.g., in parallel).

remote devices typically is accomplished by routing data

The data bus 35 is used to convey data and program instruc

from the LAN 431 over a communications facility to the
Internet 427. A remote client computer 4261) executes a Web
broWser, so that the remote client 4261) may interact With the

de?ned steps. The processor receives power from a poWer

supply 317 that also provides poWer to the other components

tions, typically, betWeen the processor and memory. In vari
ous embodiments, memory can be considered volatile pri
mary memory 32, such as RAM or other forms Which retain

server 130 as required by transmitted data through the Inter

the contents only during operation, or it can be non-volatile

net 427, over the LAN 431, and to the server 130. The one or

primary memory 33, such as ROM, EPROM, EEPROM,

more netWorks 120 in FIG. 1 may be the Internet 427. Ref

FLASH, or other types of memory that retain the memory
contents at all times. The memory could also be secondary
memory 34, such as disk storage, that stores large amount of
data. In some embodiments, the disk storage communicates
With the processor using an I/O bus 36 or a dedicated bus (not

erences made herein to a netWork are meant to include one or

more netWorks con?gured to carry out the function or feature

being described.
[0036]

Those skilled in the art of data netWorking Will

realiZe that many other alternatives and architectures are pos

shoWn). The secondary memory is a ?oppy disk, hard disk,

sible and can be used to practice the principles of the present

compact disk, DVD, or any other type of mass storage type
knoWn to those skilled in the computer arts. One of ordinary

invention. The embodiments illustrated in FIGS. 3 and 4 can
be modi?ed in different Ways and be Within the scope of the
present invention as claimed. It should be understood that

skill Will recogniZe that as data is transferred betWeen tWo or

more computing devices (in accordance With the beloW-de
scribed processing steps), the data is read from and Written to

many individual steps of a process according to the present

one or more of these memory areas and the memory area is

puter systems described, and that the degree of computer
implementation may vary.
[0037] Furthermore, as depicted in FIG. 2 and additionally
depicted in FIG. 5, according to various embodiments,

physically changed as a result of the process.
[0032] The processor 31 also communicates With various
peripherals or external devices using the I/O bus 36. In the
present embodiment, a peripheral I/O controller 37 is used to

provide standard interfaces, such as RS-232, RS422, DIN,
USB, or other interfaces as appropriate to interface various

input/output devices. Typical input/output devices include
local printers 318, a monitor 38, a keyboard 39, and a mouse

310 or other typical pointing devices (e.g., rollerball, track

pad, joystick, etc.).

invention may or may not be carried out utiliZing the com

aspects of the operation of the vehicle maintenance server 130
are controlled by certain program modules, With the assis
tance of the processor 205 and an operating system 250.
These modules include the Data Collection Module 255,
Fault Prediction Module 260, Alert Noti?cation Module 265,
and Maintenance Module 270. FIG. 5 depicts an overvieW of

[0033] According to various embodiments of the invention,
the processor 31 typically also communicates With external

the relationship of the operations and/ or activities performed
by these modules. The Data Collection Module 255 (Block
255) is con?gured to instruct the ECMs 110 to collect data

communication netWorks using a communications I/O con
troller 311, and may use a variety of interfaces such as data

ments, the ECMs 110 are programmed to collect data at

communication oriented protocols 312 such as X25, ISDN,
DSL, cable modems, etc. The communications I/O controller
311 may also incorporate a modem (not shoWn) for interfac
ing and communicating With a standard telephone line 313.
Additionally, the communications I/O controller may incor
porate an Ethernet interface 314 for communicating over a
LAN. Any of these interfaces may be used to access the

Internet, intranets, LANs, or other data communication facili
ties.
[0034] Also, the processor 31 may communicate With a
Wireless interface 316 that is operatively connected to an

antenna 315 for communicating Wirelessly With other
devices, using for example, one of the IEEE 802.1 1 protocols,
802. l 5 .4 protocol, or a standard 3G Wireless telecommunica

tions protocol, such as CDMA2000 l><EV-DO, GPRS,
W-CDMA, or other protocol.
[0035] A further alternative embodiment of a processing
system that may be used is shoWn in FIG. 4. In this embodi
ment, a distributed communication and processing architec
ture is shoWn involving, for example, the scheduled delivery
service server 130 communicating With either a local client
computer 42611 or a remote client computer 4261). The server

from one or more sensors in a vehicle, and in certain embodi

particular time intervals, at particular mileage intervals, or in
other speci?c manners. The Data Collection Module 255
receives all data from the ECM 110, stores the data, and
transmits the data to the Fault Prediction Module 260 (Block
260). The Fault Prediction Module 260 is con?gured to
receive data from the Data Collection Module 255 and deter
mine Whether the data is predictive of a potential fault in a
vehicle and to provide and detected faults to the Alert Noti

?cation Module 265 (Block 265). The Alert Noti?cation
Module 265 is con?gured to generate an alert code, assign a
level of priority to the alert, and provide the alert to both the

vehicle driver and the Maintenance Module 270 (Block 270).
The Maintenance Module 270 is con?gured to automatically
check the components inventory for components required to
perform a repair based on the alert code, automatically order
any components required that are not currently in the inven
tory, automatically coordinate a repair based on the alert code,

automatically notify the vehicle driver of the repair visit,
and/or automatically dispatch the components required for
the repair visit.
Data Collection

130 typically comprises a processor 205 that communicates

[0038]

With a database 210, Which can be vieWed as a form of

Data Collection Module 255 instructs the ECMs 110 to begin
collecting data and transmitting that data to the vehicle main
tenance server 130 as shoWn in Step 605. According to vari
ous embodiments, the Data Collection Module 255 instructs
the ECMs 110 to record data measurements from certain

secondary memory, as Well as primary memory 200. The
processor also communicates With external devices using an
I/O controller 220 that typically interfaces With a local area

netWork (LAN) 431. The LAN provides local connectivity to

As depicted in the embodiment shoWn in FIG. 6, the
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sensors, at certain periods of time, When certain criteria have
been satis?ed, or any combination thereof. In addition, the
Data Collection Module 255 receives sensor signal data from
the ECMs 110 over a period of time (e.g., a moderate dura
tion, such as 3 months, 6 months, 1 year, or a shorter or longer
duration), shoWn as Step 610. The period of time of collec

rality of vehicles in the ?eet of vehicles are ?rst revieWed to
identify vehicle faults that have already occurred as shoWn in

tion, according to various embodiments, depends on the
length deemed necessary or desirable by the ?eet operator to

trol pressure sensors, fuel ?lters, the fuel pump, the

collect a representative amount of data about the ?eet

accelerator pedal, Wheel bearings, Wheel sensors, Wheel
seals, hoses, and other components of a vehicle. Vehicle his
tory includes, for example, various types of information about
a vehicle, including its maintenance history, its history of
breakdoWns and faults, and operational data related to the
various vehicle components (e.g., results of testing and analy

vehicles. The gathered data, according to a particular embodi
ment, facilitates the prediction and/ or diagnosis of faults and
breakdowns in the ?eet vehicles.

[0039]

According to various embodiments, data collected

by the ECM 110 and transmitted to the Data Collection Mod
ule 255 includes, for example, data from sensors in commu
nication With various components of an engine or vehicle. For

Step 620. Vehicle history is related to various components of
a vehicle, including the oil, the battery, the starter, the alter
nator, the ignition sWitch, the EGR valve, temperature sen
sors, the cooling system, ABS, fuel injectors, injection con

transmission, the engine, the throttle, the park brake, the

example, the sensors collect various types of data, including

sis of oil samples), among other types of information. In one
embodiment, faults are identi?ed by revieWing any of the
types of vehicle history related to the various components of

but not limited to, oil pressure, coolant temperature, coolant

a vehicle.

pressure, coolant level, voltage, oil temperature, road speed in

[0043] For example, in regard to the results of analysis of
oil samples, various faults related to oil may be identi?ed by
analyZing the oil samples for the presence of contaminants
and/or to determine the kinematic viscosity of the oil. In
particular, in one embodiment, the results identify contami

miles-per-hour (MPH), engine speed in revolutions-per
minute (RPM), throttle position, accelerator pedal position,
Warning lights, engine load, oil level, boost pressure, injec
tion control pressure (ICP), ICP desired, ICP duty cycle, fuel
pulseWidth, average miles per gallon, idle hours, idle fuel,
total mileage, total engine hours, total fuel, ABS control
status, park brake status, air intake temperature, cycle counts
of the starter, cycle counts of the ignition sWitch, alternator
sensor, fuel injector sensor, and/or EGR valve temperature.

[0040] For example, according to particular embodiments,
With respect to collecting data to identify When an oil change
is needed for a particular vehicle, samples of oil from at least
a plurality of engines in vehicles having an ECM 110 dis
posed therein (or samples of oil from a representative seg
ment of engines in vehicles having ECMs 110 disposed
therein) are extracted and analyZed at periodic intervals. The
results of the analysis identify the levels of contaminants in
the oil samples, as Well as the kinematic viscosity of each
sample. At similar or nearby times to When the oil samples are
taken from at least a plurality of engines, the Data Collection
Module 255 instructs each corresponding ECM 110 to record

nants and metals, including, for example, antifreeZe, fuel

dilution, oxidation, aluminum, chromium, lead, Water, and
excess soot, among other contaminants and metals. Further
more, the kinematic viscosities of the oil samples may corre
spond to the levels and types of contamination in the oil

samples. In particular, for each different Weight of oil, there
are industry accepted levels of acceptable operating ranges
for kinematic viscosity. Thus, for kinematic viscosities that
are outside of the acceptable operating ranges, the related

levels of contamination of antifreeZe, fuel dilution, oxidation,
aluminum, chromium, lead, Water, and excess soot, among
other contaminants and metals, are identi?ed as faults.

[0044] In regard to other components of the vehicles, faults
that can be identi?ed from revieWing the vehicle history
include, for example, dead or dying batteries, dead or dying
starters, dead or dying altemators, dead or dying ignition
sWitches, failed or failing fuel ?lters, failed or failing tem

measurements from various sensors on the engine and on the

perature sensors, cooling system problems, failed or failing

vehicle, including the oil pressure. The data gathered by the

Wheel sensors, failed or failing Wheel bearings, failed or

ECM 110 is stored in the Data Collection Module 255 (or in
an associated data storage device) along With data indicative
of the type of engine, the model year of the engine, the type of

failing Wheel seals, failed or failing fuel injectors, leaking

tive vehicles.

hoses, failed or failing injection control pressure sensors,
incorrect park brake setting, and failed or failing accelerator
pedal assemblies, among other types of faults and break
doWns.
[0045] According to various other embodiments, other
types of faults are identi?able in relation to any type, model,
brand, and/ or design of vehicle, engine, or other vehicle com

[0041]

ponent.

transmission, the geographic region Where the vehicle is oper
ated, and/or any other relevant factors, and the data obtained
from the oil sampling and analysis is stored as vehicle history
along With the maintenance and repair history of the respec
In other various embodiments (not shoWn in FIG. 6),

the ECM is programmed to collect data measurement from

[0046]

certain sensors on its oWn, Without instruction from the Data

ECMs 110 is then examined to identify one or more earmarks

Collection Module 255.
Data Mining to Identify Data that is Predictive of Pre-Deter
mined Faults
[0042] In various embodiments, once data measurements
have been collected by the ECMs 110 and transmitted to and
stored by the Data Collection Module 255 for a particular
time period (e. g., 3 months, 6 months, 1 year, shorter, or

that are predictive of the faults as shoWn in Step 630. For
example, as noted above, various earmarks are predictive of
the faults related to contaminated oil or oil that otherWise

longer), the data is statistically analyZed to identify the under
lying reason(s) for any vehicle faults that occurred With the
vehicles sampled. In particular, to identify the reason(s) that

is a decrease in oil pressure beloW an acceptable oil pressure.

cate a fault of a dead or dying battery, including, but not

is predictive of vehicle faults, the vehicle histories for a plu

limited to, a battery voltage that is loWer than an acceptable

Once faults are identi?ed, the data recorded by the

needed to be replaced. In particular, for oil contaminated With
antifreeZe, Water, and excess soot, the predictive earmark is an
increase in oil pressure above an acceptable oil pressure, and
for oil diluted With fuel or oxidiZed oil, the predictive earmark

[0047]

As another example, multiple earmarks may indi
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battery voltage, a battery voltage at startup that is lower than
an acceptable battery voltage at startup, a battery voltage at
resting state that is lower than an acceptable battery voltage at
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[0051] According to various other embodiments, other
types of correlations between vehicle faults and the predictive
earmarks of the vehicle faults are identi?able in relation to

resting state, an ECM 110 fault with a signal sensor, an ECM

any type, model, brand, and/or design of vehicle, engine, or

110 fault with a signal sensor problem following the replace
ment of the signal sensor, a battery voltage that is lower than
an acceptable battery voltage in combination with an alterna

other vehicle component.
[0052] According to various embodiments, each of the pre

tor sensor warning, a battery voltage that is lower than an

marks, including threshold values and acceptable operating

acceptable battery voltage in combination with the number of

dictive earmarks falls into one or more categories of ear

cycle counts of the starter exceeding a certain number of
starts, and/or an air intake temperature that is lower than an

ranges, and are determined for each type of vehicle, the model
of each vehicle, the model year of each vehicle, the manufac
turer of each vehicle, each type of engine, each type of trans

acceptable air intake temperature.

mission, the geographic region where the vehicle is operated,
and/or any other relevant similarity. According to certain

[0048] Furthermore, in regard to the fault of a dead or dying
starter, various earmarks include, for example, the number of
cycle counts of the starter exceeding a certain number of
starts, a battery voltage that is lower than an acceptable bat
tery voltage in combination with the number of cycle counts

crossing the threshold value is indicative of potential fault. A
threshold may be a maximum value, such that exceeding

of the starter exceeding a certain number of starts, and/or a

threshold is indicative of a potential fault, or a threshold may

battery voltage at startup that is lower than an acceptable

be a minimum value, such that dropping below the threshold
is indicative of a potential fault. For example, in regard to the
fault of a failed or failing injection control pressure sensor, the

battery voltage at startup.
[0049]

For the fault of a dead or dying alternator, predictive

earmarks include, for example, a battery voltage at startup
that is lower than an acceptable battery voltage at startup
and/ or an alternator fault from the ECM 110 in combination
with a failed electrical test. In addition, in regard to a dead or

embodiments, a threshold value is a value related to a certain

type of sensor such that data from the certain type of sensor

earmark of a number of miles exceeding a certain number of
miles is a threshold value. In addition, in one embodiment, a
threshold value is related to the occurrence of an event such

dying ignition switch, an earmark includes, for example, the

that the event occurring is indicative of a potential fault. For
example, in regard to a dead or dying battery, a threshold

number of cycle counts of the ignition switch exceeding a

value is an ECM 110 fault with a signal sensor.

certain number of starts.

[0053] Additionally, according to certain embodiments,

[0050]

acceptable operating ranges are ranges of data such that data
outside the range is predictive of a vehicle fault. Acceptable
operating ranges concern the statistical relationship of data
collected from a certain type of sensor(s) disposed within an

Many other faults are predicted by various earmarks

identi?ed by the ECM 110. In regard to the fuel ?lter, a failed

or failing fuel ?lter is predicted, for example, by the earmark
of a fuel injector sensor warning. A failed or failing coolant

temperature sensor is predicted, for example, by a low coolant
temperature in relation to a high EGR valve temperature. A

individual vehicle to data collected from the same type of

coolant system problem is indicated, for example, by a high

plurality of which may be a peer group (e.g., same model of

coolant temperature in relation to a high EGR valve tempera
ture. An ABS fault code from the ECM 110 is a predictive
earmark of various faults, including a failed or failing wheel
sensor, a wheel bearing problem, a wheel seal problem, and a

vehicle). In various embodiments, the data collected from

failed overdrive gear, for example. Additionally, a the fault of
a failed or failing fuel injector is indicated by various ear

marks, including, for example, an injection control pressure
that is higher than an acceptable injection control pres sure, an
injection control pressure that varies more than an acceptable
variance, and/or an injection control pressure sensor fault
code from the ECM 110 in combination with a coolant tem
perature that has decreased below an acceptable coolant tem

perature. Even more, a leaking hose is predicted, for example,
by a decrease in oil pressure below an acceptable oil pressure
in combination with a coolant temperature that has increased
above an acceptable coolant temperature and/or a coolant
pressure that has decreased below an acceptable coolant pres
sure in combination with a coolant temperature that has
increased above an acceptable coolant temperature. Further
more, in regard to the injector control pressure sensor, the
earmark of a number of miles exceeding a certain number of

miles is indicative, for example, of a failed or failing injection
control pressure sensor. For the fault of an incorrectly set park
brake, an earmark of this fault includes, for example, an
indication that the park brake is set when the engine is not at
a resting state and/ or an indication that the park brake is not

set when the engine is at a resting state. Additionally, the fault
of a failed park brake assembly is predicted the earmark of an
accelerator sensor alarm, for example.

sensor(s) disposed within each of a plurality of vehicles, the
sensor disposed within the individual vehicle is collected
during the same time period in which the data collected from
the sensor disposed within each of the plurality of vehicles is
collected. In alternative embodiments, the data collected from
the sensor disposed within the individual vehicle is collected
during a time period that is subsequent to the time period in
which the data collected from the sensor disposed in each of
the plurality of vehicles is collected.
[0054] For example, in various embodiments in which data
collected from a certain type of sensor disposed within an

individual vehicle is compared to data collected from the
same type of sensor disposed within each of a plurality of
vehicles, an acceptable operating range is a predetermined
range above and/or below the statistical distribution of the
data collected from the certain type of sensor disposed within
each of the plurality of vehicles. Therefore, if the statistical
distribution of the sensor data from the individual vehicle in
comparison to the statistical distribution of the sensor data
from the plurality of vehicles in the peer group is outside of

the predetermined range, the individual vehicle is potentially
going to have a fault. For example, if the degree of difference
between the statistical distribution of the injection control
pressure for an individual vehicle in relation to the statistical

distribution of the injection control pressure from a plurality
of vehicles is outside of a predetermined range (e.g., 5%,
10%, or other suitable deviation), then one or more fuel

injectors of the individual vehicle is dead or dying. Addition

ally, for example, if the degree of difference between the
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acceptable operating range for oil pressure of the vehicle
during a ?rst time period. Furthermore, algorithms are devel

statistical distribution of the oil pressure for an individual
vehicle in relation to the statistical distribution of the oil
pressure from a plurality of vehicles is outside of a predeter
mined range, then the oil is contaminated and/or is ready to be

oped for identifying an oil pressure increase above a threshold
value of oil pressure, the oil pressure for an individual vehicle

changed.

increasing above an acceptable operating range of oil pres

[0055] According to alternative embodiments, acceptable

sure for a plurality of vehicles, and the oil pressure for an

operating ranges concern the statistical relationship of data
collected during a ?rst time period from a certain type of

individual vehicle during a second time period increasing
above an acceptable pressure for acceptable operating range
for oil pressure of the vehicle during a ?rst time period.

sensor disposed Within an individual vehicle to data collected
from the same sensor of the vehicle during a second time

period. In one embodiment, the second time period is subse
quent to the ?rst time period, and in another embodiment, the
second time period is shorter in duration than the ?rst time
period. In even further embodiments, the second time period
is inclusive Within the ?rst time period or overlaps With the

?rst time period.
[0056] For example, in various embodiments in Which data
collected during a ?rst time period from a certain type of
sensor disposed Within an individual vehicle is compared to

[0060] Additionally, algorithms are developed for identify
ing the various earmarks that are predictive of a dead or dying

battery. For example, algorithms are developed for identify
ing a battery voltage that is loWer than a threshold value of

battery voltage, a battery voltage at startup that is loWer than
a threshold value of battery voltage at startup, a battery volt
age at resting state that is loWer than a threshold value of

battery voltage at resting state, the threshold value of an ECM
110 fault With a signal sensor, the threshold value of an ECM

second time period, an acceptable operating range is a prede

110 fault With a signal sensor folloWing the replacement of
the signal sensor, and/or an air intake temperature that is
loWer than a threshold value of air intake temperature. Algo

termined range above and/ or beloW the statistical distribution

rithms can also take into account a plurality of earmarks to

of the data collected during the ?rst time period from the
sensor disposed Within the individual vehicle. Therefore, if
the data (e.g., a single data point, a series of data points, and

identify potential faults. For example, in regard to a dead or

data collected from the same sensor of the vehicle during a

an average of data points recorded over a speci?c period of

dying battery, algorithms are developed for identifying a bat
tery voltage that is loWer than a threshold value of battery
voltage in combination With a threshold value of an alternator
sensor Warning and/ or for a battery voltage that is loWer than

time) collected during the second time period is outside of the
predetermined range, the individual vehicle is potentially
going to have a fault. For example, if the degree of difference

a threshold value of battery voltage in combination With the
number of cycle counts of the starter exceeding a threshold

betWeen the average injection control pres sure collected from

value of starts.

an individual vehicle recorded once an hour for one Week is

outside of a predetermined range from the statistical distribu
tion of the injection control pressure data collected from the
individual vehicle for one year, then the one or more fuel

injectors of the individual vehicle is dead or dying. Addition

ally, for example, if the degree of difference betWeen the
average oil pressure collected from an individual vehicle for
oil pressures recorded during one Week is outside of a prede
termined range from the statistical distribution of the oil
pressure data collected from the individual vehicle for one

year, then oil is contaminated and/or is ready to be changed.
[0057] According to various other embodiments, other

types of earmarks, Whether thresholdvalues, acceptable oper
ating ranges, or other types of earmarks, are identi?able in

relation to any type, model, brand, and/ or design of vehicle,
engine, or other vehicle component.

Developing Algorithms
[0058] Returning to FIG. 6, as shoWn in Step 640, once the
underlying reasons and indicators for vehicle faults have been
determined, statistical algorithms are developed that are to be
applied to data collected from individual vehicles to identify
potential faults. The statistical algorithms take into account
the identi?ed earmarks that correspond to potential vehicle
faults, and the algorithms are able to identify potential faults

by comparing collected data against earmarks of threshold
values and acceptable operating ranges.
[0059] In regard to predicting faults related to oil, for
example, algorithms are developed for identifying an oil pres

[0061] Furthermore, in regard to identifying the potential
fault of a dead or dying starter, algorithms are developed for
identifying the number of cycle counts of the starter exceed
ing a threshold value of starts, a battery voltage at startup that
is loWer than a threshold value of battery voltage at startup,
and/or a battery voltage that is loWer than a threshold value of

battery voltage in combination With the number of cycle
counts of the starter exceeding a threshold value of starts,

Additionally, algorithms are developed for identifying vari
ous earmarks that are predictive of a dead or dying alternator.

For example, algorithms are developed for identifying a bat
tery voltage at startup that is loWer than a threshold value of
battery voltage at startup and/or a threshold value of an alter
nator fault from the ECM 1 10 in combination With a threshold
value of a failed electrical test. Even more, in regard to iden

tifying the potential fault of a dead or dying ignition sWitch,
an algorithm is developed for identifying the number of cycle
counts of the ignition sWitch exceeding a threshold value of
starts.

[0062]

Additional algorithms are developed to identify

faults related to various earmarks that are identi?ed by the
ECM 110. For example, in regard to a failed or failing fuel

?lter, an algorithm is developed for identifying the threshold
value of a fuel injector sensor Warning. For a failed or failing

coolant temperature sensor, an algorithm is developed for
identifying a coolant temperature beloW an acceptable thresh
old value of coolant temperature in combination With an EGR
valve temperature above an acceptable threshold value of
EGR temperature. In regard to a cooling system problem, an

sure decrease beloW a threshold value of oil pressure, the oil
pressure for an individual vehicle dropping beloW an accept

algorithm is developed for identifying a coolant temperature

able operating range of oil pressure for a plurality of vehicles,

combination With an EGR valve temperature above an

and the oil pressure for an individual vehicle during a second

acceptable threshold value of EGR temperature. Algorithms

time period dropping beloW an acceptable pressure for

are also developed for the various faults that are predicted by

above an acceptable threshold value of coolant temperature in

Oct. 8, 2009

US 2009/0254240 A1

an ABS fault code. For example, to identify the potential
faults of a failed or failing Wheel sensor, a Wheel bearing
problem, a Wheel seal problem, and a failed overdrive gear,

algorithms are developed for identifying the threshold value
of anABS fault code from the ECM 110.

certain sensors in the at least one vehicle. For example, in
regard to collecting sensor data related to oil pressure, the
Data Collection Module 255 instructs the ECM 110 to mea

sure the oil pressure When the vehicle is idling and the engine
is Warmed up. Additionally, for example, the Data Collection

Furthermore, in regard to the various earmarks that

Module 255 may instruct the ECM 110 to measure the battery

are predictive of a failed or failing fuel injector, algorithms are

voltage at various speci?c times, including upon startup, once

developed for identifying an injection control pressure that

every ?ve minutes for the ?rst thirty minutes that the vehicle

[0063]

has increased above a threshold value of injection control

is on, and once an hour While the engine is turned off. In other

pressure, an injection control pressure that varies more than a

embodiments, the Data Collection Module 255 may instruct

threshold value of variance Within a certain period of time,
injection control pressure for an individual vehicle outside of
an acceptable operating range of injection control pressure

the ECM 110 to collect sensor date according to various other

for a plurality of vehicles, and/or an the threshold value of an
injection control pressure sensor fault code from the ECM
110 in combination With a coolant temperature that has
decreased beloW a threshold value of coolant temperature.

For leaking hoses, algorithms are developed for identifying a

parameters.
Implementation of the Predictive Maintenance System

[0067] After algorithms have been established and con?g
ured as stored procedures in the Fault Prediction Module 260,
the algorithms are used during the operation of a ?eet main

decrease in oil pres sure beloW a threshold value in oil pres sure

tenance system. In various embodiments, the system serves as
a predictive fault system, an alert noti?cation system, a main

in combination With a coolant temperature that has increased

tenance scheduling system, an automatic components order

above a threshold value coolant temperature and/ or a coolant
pressure that has decreasedbeloW a thresholdvalue of coolant

ing system, and automatic components dispatching system,

pressure in combination With a coolant temperature that has
increased above a threshold value of coolant temperature.
Additionally, for a failed injector control pressure sensor, an

algorithm is developed for identifying the number of miles
exceeding a threshold value of miles. For the fault of an

incorrectly set park brake, an algorithm is developed for
identifying a threshold value of the park brake being set in
combination With a threshold value of the engine not being at
a resting state and/or a threshold value of the park brake not
being set in combination With a threshold value of the engine
not being at a resting state. Even more, for the fault of a failed

park brake assembly, an algorithm is developed for identify
ing the threshold value of an accelerator sensor alarm from
the ECM 110.

or any combination thereof.

[0068]

Continuing With the embodiment shoWn in FIG. 7,

the ECMs 110 in the plurality of vehicles record data based on
the customiZed instructions stored in the Data Collection

Module 255 (as indicated by Step 710), and the Data Collec
tion Module 255 receives data transmitted from the ECMs
110 in real -time or any other appropriate interval, as shoWn in

Step 720. The Data Collection Module 255 then transmits the
data to the Fault Prediction Module 260 in real-time or any

appropriate interval. According to Step 730, once the Fault
Prediction Module 260 receives the data from the Data Col

lection Module 255, the Fault Prediction Module 260 applies
the statistical algorithm stored procedures to the data to iden

tify potential faults.
[0069] In regard to oil pressure, for example, the ECMs 110
in the plurality of vehicles record the oil pressure per instruc
tions from the Data Collection Module 255, the oil pressure

[0064] According to various other embodiments, other
algorithms may be developed to aid in the iden?cation of
potential faults in relation to any type, model, brand, and/or
design of vehicle, engine, or other vehicle component. The
algorithms may be related to various earmarks, including
threshold values, acceptable operating ranges, or other types

measurements are transmitted from the ECM 110 to the Data

of earmarks.
[0065] According to various embodiments, once the statis
tical algorithms are developed, the statistical algorithms are
con?gured as stored procedures in the Fault Prediction Mod
ule 260 that reside Within the vehicle maintenance server 130,
as shoWn in Step 650. The Fault Prediction Module 260 is
con?gured to receive real-time and/ or delayed data from the
Data Collection Module 255 and to apply the statistical algo
rithm stored procedures to the data to predict any faults or

maximum value of oil pressure to determine Whether the oil

potential faults.
[0066] FolloWing Step 650, as shoWn in Step 710 ofFIG. 7,
each ECM 110 is instructed by the Data Collection Module
255 to collect data in accordance With certain parameters that
Will facilitate identi?cation of earmarks by the statistical

algorithm stored procedures. According to various embodi
ments, the certain parameters include collecting sensor signal

Collection Module 255 and subsequently to the Fault Predic
tion Module 260, and the Fault Prediction Module 260
applies various algorithms to the recorded oil pressure to
identify potential faults. In one embodiment, for example, a
threshold-based statistical algorithm stored procedure com
pares the measured oil pressure from one particular vehicle to
a threshold minimum value of oil pressure and a threshold

pressure for the particular vehicle has decreased beloW the
minimum or increased above the maximum. If the oil pres
sure has decreased beloW the minimum or increased above

the maximum, the Fault Prediction Module 260 identi?es the
increase or decrease as a potential fault With the oil of the one

vehicle.

[0070] Furthermore, in another embodiment, for example,
a peer-to-peer based statistical algorithm stored procedure in
the Fault Prediction Module 260 compares oil pressure mea
surements from one particular vehicle to oil pressure readings

periodic mileage intervals, collecting sensor signal data based

from a plurality of vehicles that include the particular vehicle
to determine Whether the oil pres sure of the particular vehicle
is outside of an acceptable operating range for oil pressure.

on the revolutions per minute of the engine, collecting sensor

The acceptable operating range is a predetermined range

signal data based on the position of the accelerator pedal,
collecting sensor signal data based on the position of the
ignition sWitch, and/or collecting sensor signal data from

above and/ or beloW the statistical distribution of the oil pres
sures of the plurality of vehicles measured during a certain

data at periodic time intervals, collecting sensor signal data at

time period. According to various embodiments, the Fault
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Prediction Module 260 compares the statistical distribution
of the oil pressures from the particular vehicle measured
during the certain time period to the statistical distribution of
the oil pressures of the plurality of vehicles to determine if the
degree of difference betWeen the statistical distribution of the
oil pressures from the particular vehicle and the statistical
distribution of the oil pressures of the plurality of vehicles is

example, the statistical algorithm stored procedures are
applied by the Fault Prediction Module 260 in a substantially
real-time manner. Alternatively, the statistical algorithm
stored procedures are applied by the Fault Prediction Module
260 to the data collected by the Data Collection Module 255
at a subsequent time after the data is collected by the Data

outside of the acceptable operating range. If the degree of
difference is outside of the acceptable operating range, then

tion Module 260. For example, the statistical algorithm stored
procedures are applied by the Fault Prediction Module 260 at

the Fault Prediction Module 260 identi?es the difference as a

periodic intervals, at predetermined periods of time, upon the

potential fault With the oil of the particular vehicle. In other
embodiments, in comparing the statistical distribution of the
oil pressures from the particular vehicle to the statistical
distribution of the oil pressures of the plurality of vehicles, the
oil pressures from the particular vehicle includes oil pressures
that are measured during a subsequent time period than the
time period in Which the oil pressures from the plurality of
vehicles Were measured.

[0071] Even more, in yet another embodiment, for
example, a vehicle-based statistical algorithm stored proce
dure in the Fault Prediction Module 260 that compares oil
pressure measurements from a particular vehicle to oil pres
sure readings the of same vehicle measured during a different
period to determine Whether the oil pressure of the vehicle is
outside of an acceptable operating range for oil pressure. The

acceptable operating range is a predetermined range above
and/or beloW the statistical distribution of the oil pressure

readings from the vehicle measured during a ?rst time period.
According to various embodiments, the Fault Prediction
Module 260 compares oil pressure readings from the vehicle
measured during a second time period to the statistical distri
bution of the oil pressure readings from the vehicle measured
during the ?rst time period to determine the degree of differ
ence betWeen the oil pressure readings from the vehicle mea

sured during a second period and the statistical distribution of
the oil pressure readings from the vehicle measured during
the ?rst time period. In certain embodiments, the oil pressure
readings measured from the vehicle during the second time
period that are compared against the statistical distribution of
the oil pressure readings from the vehicle measured during
the ?rst time period are, for example, a single oil pressure

Collection Module 255 and transmitted to the Fault Predic

collection of a predetermined amount of data, or based upon

various other conditions. Once the statistical algorithm stored
procedures are applied to the data, the Fault Prediction Mod
ule 260 determines if any of the data has surpassed an ear
mark, Whether the earmark is a threshold value or an accept

able operating range.
[0073]

In some embodiments, once a fault or potential fault

is detected by the Fault Prediction Module 260, the Fault
Prediction Module 260 transmits the fault or potential fault to
the Alert Noti?cation Module 265. The Alert Noti?cation
Module 265 also receives faults from an ECM fault detection

system, Which reactively detects faults upon failure of certain

components. Upon receiving the fault or potential fault, the
Alert Noti?cation Module 265, as depicted in Step 810 of
FIG. 8, generates an alert code for the potential fault and
assigns a code to the fault that signi?es the importance or
priority of the fault.
[0074] In various embodiments, the fault codes include, for
example, a red code, Which signi?es a high priority repair; a
yelloW code, Which indicates that the vehicle may breakdown
in the very near future (e.g., a couple of days); a no-color
code, Which signi?es a loW priority repair in Which the vehicle
does not need to be repaired until a higher priority fault
occurs; and a green code, Which signi?es an issue With mile
age or fuel economy and is treated as a high priority red code.

In other embodiments, the codes assigned by the Alert Noti
?cation Module 265 may have alternative names, and the
code categories may be more numerous, less numerous, or a

combination of the categories listed above.
[0075] After the fault code is assigned, the Alert Noti?ca

reading, a series of oil pressure readings, or an average oil

tion Module 265 performs one or more various actions. In a

pressure reading during the second time period. According to
various embodiments, the second time period is subsequent to

particular embodiment, the Alert Noti?cation Module 265

the ?rst time period, and in other embodiments, the second
time period is shorter in duration than the ?rst time period. In
even further embodiments, the second time period is inclusive
Within the ?rst time period or overlaps With the ?rst time
period. If the degree of difference is outside of the acceptable
operating range, then the Fault Prediction Module 260 iden
ti?es the difference as a potential fault With the oil of the
vehicle.
[0072] Any identi?ed faults are then transmitted to the Alert

Noti?cation Module 265, as shoWn in Step 740. The applica
tion of the statistical algorithm stored procedures by the Fault
Prediction Module 260 is performed either as a parallel pro
cess or as a post process in relation to the reception of data by
the Fault Prediction Module 260 from the Data Collection

Module 255. In various embodiments, the statistical algo
rithm stored procedures are applied by the Fault Prediction
Module 260 to the data collected by the Data Collection
Module 255 at substantially the same time that the data is
collected from the ECM 110 by the Data Collection Module
255 and transmitted to the Fault Prediction Module 260. For

instructs the Data Collection Module 255 to instruct the ECM
110 to collect additional data relevant to the potential fault, as

shoWn in Step 820. For example, if the ECM 110 is taking
hourly measurements of the battery voltage in a vehicle and
the Fault Prediction Module 260 signals a fault, the Alert
Noti?cation Module 265 instructs the Data Collection Mod
ule 255 to obtain battery voltage measurements from the
ECM 110 every tWenty minutes, for example.
[0076] In a further embodiment (or in another embodi
ment), theAlert Noti?cation Module 265 noti?es the driver of
the potential fault in Step 830 and transmits the alert code to
the Maintenance Module 270. The Alert Noti?cation Module
265 can notify the driver of the fault (e. g., automatically) by
message to the driver’s portable data acquisition device, such
as the Delivery Information Acquisition Device (“DIAD”)
used by UPS drivers, email, phone call, SMS text message, or
any other similar method. The noti?cation is dependent upon
the fault code assigned to the detected fault. For example, if a
red code or a green code is detected, the driver is instructed to

bring the vehicle in for an immediate repair. If a yelloW code
is detected, the driver is noti?ed to bring the vehicle in for
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repair Within the next feW days. And if a no-color code is
detected, the driver is merely noti?ed of the detection, or the
driver is not noti?ed at all.

[0077] With reference to FIG. 9, When the Maintenance
Module 270 receives the alert code from the Alert Noti?ca
tion Module 265, the Maintenance Module 270, as shoWn in

Step 910, automatically checks the ?eet components inven
tory to determine if the components required for the repair are
currently in stock. If any required components are not in
stock, the Maintenance Module 270 automatically orders any
required components not currently in the ?eet inventory as
shoWn in Step 920.

[0078]

in response to the received sensor signal data from the at
least one type of sensor for a particular one of the

plurality of vehicles being Within a particular range of
the earmark, generating an alert code for the particular

vehicle, and
in response to generating said alert code, repairing the
one or more vehicle components for the particular
vehicle to prevent the occurrence of a failure of the
one or more vehicle components in advance.

2. The system of claim 1, Wherein statistically analyZing
data received from the at least one type of sensor of said one
or more sensors disposed Within each of the plurality of

Then, in Step 930, the Maintenance Module 270

vehicles comprises determining a statistical distribution of

then automatically schedules a maintenance visit, Which is
based on the scheduled arrival of any ordered components
that are not currently in stock. Once the maintenance visit has
been scheduled, the Maintenance Module 270 automatically
noti?es the vehicle driver of the scheduled maintenance visit
as shoWn in Step 940. Additionally, a mechanic is noti?ed of
the scheduled maintenance visit, if necessary. Furthermore,

the data received from the at least one type of sensor from

in Step 950, the Maintenance Module 270 automatically dis
patches the components for the maintenance visit upon avail
ability of the components. Subsequently, any components on
the vehicle are repaired to prevent the occurrence of a failure

of the vehicle components in advance.
[0079] Many modi?cations and other embodiments of the
inventions set forth herein Will come to mind to one skilled in

the art to Which these inventions pertain having the bene?t of

the teachings presented in the foregoing descriptions and the
associated draWings. Therefore, it is to be understood that the
inventions are not to be limited to the speci?c embodiments
disclosed and that modi?cations and other embodiments are

intended to be included Within the scope of the appended

claims.Although speci?c terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation.
That Which is claimed:

1. A preventative vehicle maintenance system comprising:
a ?eet of vehicles comprising a plurality of vehicles, the
plurality of vehicles comprising at least a portion of the
vehicles in the ?eet;
each of a plurality of ECMs disposed in each of the plural
ity of vehicles Within the ?eet of vehicles, each of the
ECMs being con?gured to collect data from one or more

sensors disposed Within the respective vehicle in Which
the ECM is disposed;
a computer processor adapted to execute a vehicle mainte

nance engine; and
a memory coupled to the computer processor and adapted

for storing the vehicle maintenance engine, Wherein the
vehicle maintenance engine is con?gured for:
receiving from the ECMs sensor signal data collected
from the one or more sensors disposed Within the

respective plurality of vehicles,
statistically analyZing data received from at least one
type of sensor of said one or more sensors disposed

Within the plurality of vehicles to identify at least one
earmark corresponding to a potential fault condition
for one or more vehicle components associated With
the at least one type of sensor,

individually comparing the sensor signal data from the at
least one type of sensor received from each of the

plurality of vehicles to the identi?ed earmark,

substantially all of the plurality of vehicles.
3. The system of claim 2, Wherein individually comparing
the sensor signal data from the at least one type of sensor from

each of the plurality of vehicles to the identi?ed earmark

comprises statistically comparing a statistical distribution of
the data from the at least one type of sensor from each of the

plurality of vehicles to the statistical distribution of the data
from the at least one type of sensor from substantially all of
the plurality of vehicles to determine a degree of difference
betWeen the statistical distributions.
4. The system of claim 1, Wherein the alert code indicates
that the particular vehicle needs an oil change.
5. The system of claim 4, Wherein the earmark de?nes an
acceptable operating range of oil pressure, and the at least one
type of sensor comprises an oil pressure sensor, and Wherein
sensor signal data from the oil pressure sensor for the particu
lar vehicle is outside of the acceptable operating range for oil
pressure.

6. The system of claim 1, Wherein the alert code indicates
that the particular vehicle needs a neW battery.
7. The system of claim 6, Wherein the earmark de?nes a
threshold value of battery voltage, and the at least one type of
sensor comprises a battery voltage sensor, and Wherein sensor

signal data from the battery voltage sensor for the particular
vehicle crosses beloW the threshold value of battery voltage.
8. The system of claim 1, Wherein the alert code indicates
that the particular vehicle needs starter maintenance.
9. The system of claim 8, Wherein the earmark de?nes a
threshold value of battery voltage and a threshold value of
cycle counts of the starter, and the at least one type of sensor
comprises a battery voltage sensor and a starter cycle count
sensor, and Wherein sensor signal data from the battery volt
age sensor for the particular vehicle crosses beloW the thresh

old value of battery voltage and the sensor signal data from
the starter cycle count sensor for the particular vehicle
exceeds the threshold value of cycle counts of the starter.
10. A method for maintaining a vehicle comprising the

steps of:
receiving from a plurality of electronic control modules
(ECM) sensor signal data collected from a ?rst type of
sensor disposed Within each of a plurality of vehicles,
Wherein each ECM is disposed Within a respective one

of the plurality of vehicles;
determining a ?rst statistical distribution of the sensor sig

nal data from substantially all of the plurality of

vehicles;
determining a second statistical distribution for each of the
plurality of vehicles of the sensor signal data from the
?rst type of sensor from each of the plurality of vehicles;

