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SYSTEM AND METHOD FOR AUTOMATICALLY
REGISTERING A VEHICLE MONITORING DEVICE

CLAIM FOR PRIORITY

[0001] This application claims priority to U.S. Patent Application No. 11/758,444,
filed June 5, 2007, which is a continuation-in-part of U.S. Patent Application No.
11/805,237, filed on May 22, 2007, entitled “System and Method for Monitoring Vehicle
Parameters and Driver Behavior,” which claims the benefit of U.S. Provisional
Application No. 60/802,478, filed on May 22, 2006, entitled “Driver Behavior

Monitoring System,” and which applications are hereby incorporated by reference herein.

TECHNICAL FIELD

[0002] The present invention relates generally to a system and method for

automatically registering a vehicle monitoring device after installation in a vehicle.

BACKGROUND

[0003] The present invention relates generally to asset management and, more
particularly, to a fleet management system incorporating comprehensive driver
monitoring/mentoring and asset monitoring capabilities in order to improve driver safety
and reduce fuel and maintenance costs across a fleet of vehicles. Advantageously, the
fleet management system is fully-configurable at all times including during installation of
the system as well as during operation thereof. In addition, the present invention relates
to a system and method for monitoring driver behavior for use by consumers or the
general public such that parents may remotely mentor the driving habits of their teen
children as well as allow for monitoring of geographic areas into which their children
may enter. Also, the present invention provides a means for recording impulse forces
experienced by a vehicle during a crash event in order to provide real-time notification to
fleet management personnel as well as to provide data which may facilitate accident
reconstruction and which may be used in the courtroom and by the auto insurance

industry.

[0004] A recent study released by the Federal Motor Carrier Safety Administration

(FMCSA) indicated that driver error was ten times more likely to be the cause of truck-
-1-
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related accidents as compared to other factors such as poor road conditions, weather and
mechanical malfunctions. Specifically, the study indicated that certain driver factors such
as speeding, inattention, fatigue and unfamiliarity with roads accounted for 88 percent of
all crashes involving large trucks. As a means to reduce truck-related accidents, the
FMCSA study recommended that greater attention be focused on developing systems for
monitoring at-risk driver behavior in commercial motor vehicle fleets in order to improve

driver safety.

[0005] Losses as a result of accidents involving large truck crashes includes property
damage to vehicle and structures as well as personal injury to drivers, occupants and
occasionally bystanders. In addition to the financial losses and injuries resulting from
truck crashes, fleet operators incur losses as a result of excess fuel and maintenance costs,
as well as losses due to inefficient management of individual vehicles in the fleet as well
as groups of fleet vehicles such as those located in a specific geographic area. Fleet
operators may also suffer losses as a result of vehicle theft, inefficient vehicle routing as a
result of unforeseen adverse road conditions along a route, and human losses such as may

occur when the driver is injured while performing extravehicular duties.

[0006] Included in the prior art are several systems which attempt to address either
the problem of driver error as a cause of accidents or by attempting to reduce losses due
to inefficient fleet management. For example, U.S. Patent Publication No. 2004/0039504
assigned to Fleet Management Services, Inc., discloses a fleet management information
system for identifying the location and direction of movement of each vehicle in the fleet.
The Fleet Management Services application discloses that each vehicle in the fleet is in
communication directly with management offices in real-time to report vehicle location

and heading as well as the status of certain events in which the vehicle may be engaged.

[0007] One of the stated objects of the fleet management system disclosed in the
application is to improve the availability of fleet management information to owners and
operators so as to improve vehicle tracking and enhanced communication within the fleet
to increase asset profitability. The application indicates that the above-mentioned objects
are facilitated by providing the capability to locate vehicles in the fleet in real-time as

well as improving the efficiency of wireless communication within the fleet.

[0008] Although the application assigned to Fleet Management Services, Inc., as

disclosed above is understood to provide improved fleet business management by
2-
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minimizing gap times in time division .multip]e access (TDMA) networks during data
transmissions, the application is not understood to address the issue of monitoring driver
behavior and/or driver performance in order to improve driver safety and asset health.
Furthermore, the application disclosed above is not understood to improve other aspects
of fleet operation such as improving fuel economy and reducing maintenance costs of a
fleet. In this regard, the application is only understood to improve communication within
the fleet and is not understood to improve the amount of information available regarding
the operation of each vehicle such that analysis of similar problems may be performed in

order to establish trends and ultimately correct problems over time.

[0009] U.S. Patent No. 6,124,810 issued to Segal et al. and assigned to Qualcomm,
Inc. discloses a method for determining when a vehicle has arrived and departed from a
specific location. More particularly, the Segal patent discloses an apparatus having an
on-board mobile communication terminal for receiving destination information wirelessly
from a central facility. The apparatus incorporates velocity data from a vehicle
speedometer in combination with a communication satellite system in order to provide

vehicle position data to a processor.

[0010] The processor, located on-board the vehicle, uses speed and position data to
determine the vehicle arrival or departure times which is wireless transmitted to the
central facility. Although the device of the Segal patent is understood to improve fleet
efficiency due to its autonomous transmission of arrival and departure times between a
vehicle and a dispatch center, the Segal patent is not understood to address the issue of
reducing aggressive driver behavior such as reducing speeding which would improve

fleet safety.

[0011] U.S. Patent No. 5,638,077 issued to Martin and assigned to Rockwell
International Corporation discloses a fleet management that transmits vehicle positional
data to a base station with a time annotation. The positional data further includes velocity
data as well as the identity of satellites observed. In this manner, the fleet management
system of the Martin reference ostensibly improves fleet management capability by
improving the accuracy of GPS positional and directional information. However, the
device fails to address the above-noted problems associated with improving driver
behavior in fleet operations in order to reduce accident rates and lower fleet operation

costs.
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BRIEF SUMMARY

[0012] As can be seen, there exists a need in the art for a driver mentoring system
adaptable for use in commercial fleet operations that monitors at risk and/or unsafe driver
behavior and provides mentoring to the driver in order to reduce adverse driver actions
and inactions that may lead to accidents. In addition, there exists a need in the art for a
driver mentoring system that allows for accurate vehicle tracking at a base station and
which can incorporate a third party mapping database in order to provide maximum road
speed data for any particular location on a road such that the driver may avoid speeding

violations and/or maintain safe, legal, and established speed limits.

[0013] Furthermore, there exists a need in the art for a vehicle behavior monitoring
system that records velocity and acceleration impulse forces imposed on a vehicle during
a crash for use in accident reconstruction for insurance claim and courtroom purposes.
Finally, there exists a need in the art for a vehicle behavior monitoring system that
provides for real-time reconfiguration of driver performance and vehicle operation
parameters from a base station to individual vehicles in a fleet and which allows for
reporting of such data in order to generate driver profiles and trends, calculate fuel and

mileage tax and create hours of service reports in compliance with federal requirements.

[0014] The present invention specifically addresses the above-mentioned needs
associated with fleet management by providing a unique vehicle monitoring system
specifically adapted to mentor driver performance in order to improve driver safety and
reduce accident rates as well as reduce fuel and maintenance costs (as a secondary benefit
to good driving behavior -- driving the speed limit on paved roads and driving specified

and/or configured speed limits on non-paved roads).

[0015] In another aspect of the invention, the vehicle monitoring system allows for
the recording of crash impulse forces acting on the vehicle during an accident for accident
reconstruction purposes and for insurance and injury claim purposes. Fleet utilization is
improved by real-time or over-time tracking by GPS of all vehicles in the fleet or tracking

per geographic zone, by group, and individually.

[0016] The present invention also generates automated International Fuel Tax
Agreement (IFTA) reports, mileage reports, hours-of-service (HOS) reports required by

the Department of Transportation (DOT) and provides real-time updates on driver
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behavior and vehicle operation that is accessible anywhere via the internet. Advantageously, the
system is fully-configurable in all aspects and at any time including reconfiguring during
installation of the system as well as during operation. For example, the invention provides a
means by which fleet management can reconfigure the vehicle monitoring system by remote
command in order to revise various system parameters such as the type of data to be reported
and how often. Conversely, the system can be reconfigured at the vehicle in a comprehensive

manner.

[0017) Two-way communication between the fleet vehicles and the base station or server
allows for notification of fleet management and/or safety personnel during an emergency,
during an exception event such as excessive speeding or swerving by a driver, or to allow

drivers to report in at specific intervals and times or upon the occurrence of specific events.
[0017a] Definitions of the specific embodiments of the invention as claimed herein follow.

[0017Db) According to a first embodiment of the invention, there is provided a
method for registering a vehicle monitoring device with a central monitoring system,
comprising:
connecting the vehicle monitoring device to an on-board diagnostic system;
turning the vehicle monitoring device on; and
in response to connecting the vehicle monitoring device to the on-board diagnostic
system and turning the vehicle monitoring device on:
first determining, at the vehicle, a monitoring device identifier;
second determining, at the vehicle, a vehicle identifier from the on-board diagnostic
system; establishing a communication link between the vehicle monitoring device and
the central monitoring system; and
sending both the monitoring device identifier and the vehicle identifier to the central

monitoring system from the vehicle monitoring device.

[0017¢] According to a second embodiment of the invention, there is provided a
method for registering vehicle monitoring devices with a central monitoring system,
comprising:
establishing communication links between vehicle monitoring devices and the central
monitoring system;
for at least one vehicle monitoring device, receiving both a monitoring device identifier

associated with the at least one vehicle monitoring device and a vehicle identifier from
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the at least one vehicle monitoring device in response to connecting the at least one

vehicle monitoring device to an on-board diagnostic system and turning the at least one

vehicle monitoring device on; and
creating a database record for the at least one vehicle monitoring device using the

monitoring device identifier and the vehicle identifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other features and advantages of the various embodiments disclosed
herein will be better understood with respect to the following description and drawings

wherein:

[0019] Figure 1 is an illustration of several GPS-tracked vehicles in wireless
communication with a base station having a server containing a fleet management data

collection system (DCS) that is also accessible via the internet;

[0020] Figure 2 is a block diagram of a vehicle monitoring system wherein each vehicle

may include a GPS receiver (GPS), crash data recorder (CDR), mobile data terminal (MDT),

accelerometer module (XL module) and a master command module (MCM) adapted to receive

inputs therefrom for transmission to the base station for recording on the DCS and generating

reports;

[0021] Figure 3 is an illustration of exemplary inputs that may be provided to theMCM

from the vehicle such as by an on-board diagnostic (OBD) system as well as inputs provided by
the GPS receiver, the CDR, XL module, MDT and other sensors/devices and which may result

in outputs from the MCM such as transmission of data to the DCS and generation of an alarm

for the driver;

[Text continues on page 6.]
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[0022] Figure 4 is an illustration of exemplary inputs that may be provided to the
MCM from the base station/server and which may include commands to reconfigure the

rule set/logic of the MCM,;

[0023] Figure S is a sample graphic display of the DCS such as may be accessible
from an internet portal after a user logs in and illustrating the provided capability of
simultaneous viewing of driver and vehicle data such as geographic position of the
vehicle as well as the ability to select from among multiple parameters for tracking
vehicles and driver performance in addition to providing other options including issuing

of commands to the MCM;

[0024] Figure 6 illustrates a vehicle monitoring system installed in a vehicle

according to one embodiment of the invention;

[0025] Figure 7 illustrates is a vehicle monitoring system installed in a vehicle

according to another embodiment of the invention;

[0026] Figure 8 illustrates an alternative vehicle monitoring system installed in a

vehicle according to embodiments of the invention; and

[0027] Figure 9 is a flowchart illustrating a process for registering a vehicle

monitoring device according to one embodiment of the invention.

DETAILED DESCRIPTION

[0028] The making and using of the presently preferred embodiments are discussed
in detail below. It should be appreciated, however, that the present invention provides
many applicable inventive concepts that can be embodied in a wide variety of specific
contexts. The specific embodiments discussed are merely illustrative of specific ways to

make and use the invention, and do not limit the scope of the invention.

[0029] Referring now to the drawings wherein the showings are for purposes of
illustrating preferred embodiments of the present invention and not for purposes of
limiting the same, shown in Figure 1 are several vehicles 101-103 of a fleet which are in
wireless communication with a base station 104. Each of the vehicles 101-103 in the fleet
preferably includes a Global Positioning System (GPS) receiver to allow tracking thereof.

The base station 104 includes a server 105 containing a fleet management database 106 or

-6-
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data collection system (DCS) that may be accessible via a securable internet connection

or at the server 105 itself.

[0030] In one aspect of the invention, a vehicle monitoring system is provided for
monitoring at least one vehicle 101-103 in the fleet as well as monitoring driver behavior
in order to improve safety and reduce fuel and maintenance costs for the fleet. Driver
behavior is monitored with the aid of an accelerometer module (XLM) 201 (Figure 2)
which includes at least one accelerometer for measuring at least one of lateral (sideways),
longitudinal (forward and aft) and vertical acceleration in order to determine whether the

driver is operating the vehicle 101-103 in an unsafe or aggressive manner.

[0031] For example, excessive lateral acceleration may be an indication that the
driver is operating the vehicle 101-103 at an excessive speed around a turn along a
roadway. Furthermore, it is possible that the driver may be traveling at a speed well
within the posted speed limit for that area of roadway. However, excessive lateral
acceleration, defined herein as “hard turns,” may be indicative of aggressive driving by
the driver and may contribute to excessive wear on tires and steering components as well

as potentially causing the load such as a trailer to shift and potentially overturn.

[0032] Furthermore, such hard turns by a particular driver could eventually result in
pefsonal injury to the driver/occupants as well as property damage to the vehicle 101-103
and load carried thereby and damage to anything impacted by the vehicle 101-103 should
it depart the roadway. Ultimately, such hard turns could result in loss of life if the vehicle
is a large truck and the driver loses control resulting in a collision with a smaller vehicle

such as a passenger automobile.

[0033] As such, it can be seen that monitoring and mentoring such driver behavior
by providing warnings to the driver during the occurrence of aggressive driving such as
hard turns can improve safety and reduce accidents. In addition, mentoring such
aggressive driver behavior can reduce wear and tear on the vehicle and ultimately reduce
fleet maintenance costs as well as reduce insurance costs and identify at risk drivers and

driving behavior to fleet managers.

[0034] In one aspect, the vehicle monitoring system includes a master command
module (MCM) 202 which may be in data communication with an on board diagnostic
(OBD) II system 203 of the vehicle such as via a port. In some vehicle models, the MCM

202 is placed in data communication with a controller area network (CAN) system (bus)
-7-
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203 to allow acquisition by the MCM of certain vehicle operating parameters including,
but not limited to, vehicle speed such as via the speedometer, engine speed or throttle
position such as via the tachometer, mileage such as via the odometer reading, seat belt
status, condition of various vehicle systems including anti-lock-braking (ABS), turn
signal, Headlight, cruise control activation and a multitude of various other diagnostic

parameters such as engine temperature, brake wear, etc.

[0035] All cars built since January 1, 1996 have OBD-II systems. There are five
basic OBD-II protocols in use, each with minor variations on the communication pattern
between the on-board diagnostic computer and a maintenance scanner console or tool.

By 2008, all vehicles sold in the United States will be required to implement the CAN bus
(ISO 15765 CAN), thus eliminating the ambiguity of the existing five signaling protocols.
While there are various electrical connection protocols, the command set is fixed
according to the SAE J1979 standard. All OBD-II cars have a connector located in the
passenger compartment easily accessible from the driver's seat, such as under the dash or
behind or near the ashtray. The OBD-II standard specifies a 16-pin J1962 connector and
its pinout, the electrical signaling protocols available, and the messaging format. It also
includes a list of vehicle parameters to monitor and instructions regarding how to encode
the data for each parameter. SAE J1962 defines the pinout of the connector and requires

that pins 4 (battery ground) and 16 (battery positive) are present in all configurations.

[0036] The OBD or CAN 203 allows for acquisition of the above-mentioned vehicle
parameters by the MCM 202 for processing thereby and/or for subsequent transmission to
the database 106. In order to enhance reliability and extend its useful life, it is
contemplated that the MCM 202 is housed in a sealable housing which may be configured
to provide varying degrees of waterproof protection. For operation in extreme
temperatures, a heater mechanism may be provided to the housing to enable reliable
operation in cold and severe service environments. Ideally, the housing contents (e.g.,
MCM 202) or the housing itself is configured to withstand excessive vibration and/or
shock. The MCM 202 may be mounted in any location in the vehicle such as underneath
the seat. The MCM 202 may further include an external power source 204 such as a
battery, fuel cell, recharger, AC/DC adapter, DC bus — accessory or cigarette lighter plug,
hot lead to vehicle fuse panel, etc., for powering the MCM 202.



10

15

20

25

30

WO 2008/153907 PCT/US2008/007081

[0037] The vehicle monitoring system may further include a self-contained and
tamper-resistant event data recorder or crash data recorder (CDR) 205 similar to that
which is shown and disclosed in U.S. Patent Nos. 6,266,588 and 6,549,834 issued to
McClellan et al., (the disclosures of which are hereby incorporated by reference herein in
their entirety) and which is commercially known as “Witness” and commercially
available from Independent Witness, Inc. of Salt Lake City, Utah. The CDR 205 is
adapted to continuously monitor vehicle motion and begin recording upon supra-
threshold impacts whereupon it records the magnitude and direction of accelerations or
G-forces experienced by the vehicle as well as recording an acceleration time-history of
the impact event and velocity change between pre- and post-impact for a configurable
duration following said impact. The recordings are time-date stamped and are providable
to the MCM 202 for subsequent transmission to the server DCS 106 if accelerations

exceed an impulse threshold.

[0038] In addition, the CDR 205 is configured such that data is downloadable such
as via a laptop directly from the CDR 205 at the scene of the accident or the CDR itself
can be removed from the vehicle for later downloading of data. As will be described in
greater detail below, the data (e.g., crash impulses) recorded by the CDR 205 can be
correlated to accident severity and injury potential. It is contemplated that CDR data can
be combined with recording of driver behavior via the accelerometer module (XLM) 201
in order to determine the probability of crash impact as a cause of personal injury and/or

property damage.

[0039] Furthermore, the CDR 205 such as that disclosed in the McClellan references
is Society of Automotive Engineers (SAE) J211-compliant such that data recorded
thereby is admissible in court and can be used to facilitate accident reconstruction as well
as for insurance claim purposes. As was earlier mentioned, the CDR 205 is a self-
contained component that includes its own power source such as a battery 206 such that
the vehicle can operate regardless of the lack of power from the vehicle due to the

accident.

[0040] Importantly, the XLM 201 may be integrated with the MCM 202 and
mounted within the housing. The XLM 201 is operative to monitor driver performance
by measuring vehicle acceleration in at least one of lateral, longitudinal and vertical

directions over a predetermined time period such as over seconds or minutes. The XLM
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201 may include a single uni-axial accelerometer to measure acceleration in any one of

the three above-mentioned directions such as in the lateral direction.

[0041] Alternatively, the accelerometer may be a bi-axial or a tri-axial accelerometer
for measuring acceleration in two or three of the above-mentioned directions or two or
three uni-axial accelerometers may be combined to provide measurements. In addition,
accelerometers may be oriented in the XLM 201 to measure centripetal, centrifugal,
radial, tangential acceleration or acceleration in any other direction. The XLM 201
generates an input signal to the MCM 202 when measured acceleration exceeds a
predetermined threshold. Similarly, the XLM 201 may be configured to monitor and
record both the day-to-day driving performance as well as capture the crash pulse.
Advantageously, the base station and/or MCM 202 is configured to filter out or
compensate for gravitational effects on longitudinal, lateral and vertical acceleration

measurements when the vehicle is moving on hilly terrain.

[0042] As was earlier noted, the vehicle monitoring system includes a GPS receiver
207 in each vehicle in the fleet and which is configured to track in at least one of real-
time or over-time modes the location and directional movement of the vehicle. As is well
known in the art, signals from at least three GPS satellites 107 (Figure 1) must be
received by a GPS receiver 207 in order to calculate the latitude and longitude of an asset
such as a vehicle as well as allowing for tracking of vehicle movement by inferring speed
and direction from positional changes. Signals from a fourth GPS satellite 107 allow for
calculating the elevation and, hence, vertical movement, of the vehicle. The GPS receiver
207 provides a GPS signal to the MCM 201 which may also be transmitted to the server
105 at the base station 104 for recording into the DCS 106.

[0043] The vehicle monitoring system may further include a mobile data terminal
(MDT) 208 which may be conveniently mounted for observation and manipulation by the
driver such as near the vehicle dash. The MDT 208 preferably has an operator interface
209 such as a keypad, keyboard, touch screen, display screen or any suitable user input
device and may further include audio input capability such as a microphone to allow
voice communications. Importantly, the MDT 208 may include at least one warning
mechanism 210 such as an external speaker and/or a warning light 210 for warning the
driver of violation of posted speed limits and/or exceeding acceleration thresholds in

lateral, longitudinal and vertical directions as an indication of hard turns, hard braking or

-10-



10

15

20

25

30

WO 2008/153907 PCT/US2008/007081

hard vertical, respectively. In addition, the MDT 208 may include a manual RF disable
switch 211 to prevent RF emissions by the vehicle monitoring system in areas that are

sensitive to RF energy.

[0044] As was earlier mentioned, the MCM 202 is adapted to receive input signals
from the OBD or CAN 203, GPS receiver 207, CDR 205, MDT 208 and XLLM 201 and,
in this regard, may be hardwired such as to the OBD 203 and XLM 201. Alternatively,
because of the small distances between the components installed in the vehicle, short
range wireless methods such as infrared, ultrasonic, Bluetooth, and other mediums which
may link such components. Regardless of the manner of interconnection (wireless or
hardwired), the MCM 202 is operative to transmit to the base station 104 an output signal
212 representative of the measured parameters provided by each component according to

a rule set or logic contained within the MCM 202.

[0045] Alternatively, the logic may be entirely contained in the database 106 at the
séwer 105 such that all processing is performed at the base station 104 and the
éppropriate signals transmitted back to the MCM 202. In the latter scheme, the MCM
202 and base station 104 must preferably be in continuous two-way wireless
communication which, at the time of this writing, is typically not cost-effective for most
fleet operators. Therefore, wireless communication between the MCM 202 and the base

station 104 is based on a protocol of information criticality, cost and system availability.

[0046] For example, in emergency situations wherein the base station 104 receives a
signal from the MCM 202 associated with critical data such as an emergency, signal
transmission is by the most expedient and reliable means available with cost being a
secondary or tertiary consideration. On the other hand, for non-critical data such as an
indication of low tire pressure as provided to the MCM 202 by the OBD 203, notification
is transmitted to the base station 104 by the least expensive means and during a latent

transmission.

[0047] Wireless communication 213 between the MCM 202 and the base station 104
may be provided by a variety of systems including, but not limited to, WiFi, cellular
network 108, satellite 109, Bluetooth, infrared, ultrasound, short wave, microwave or any
other suitable method. Hardwired communication 214 may be effected at close range
such as when the vehicle is within a service yard or at a base station wherein an ethernet

connection may suffice.
-11-
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[0048] The DCS 106 is an asset information network that is accessible through at
least one server portal 215 and is configured to receive data from the MCM 202 during
predetermined time intervals, on demand, during critical events, or randomly. The DCS
106 is also configured to generate reports such as graphic report (e.g., bar charts) of driver
performance. The DCS 106 can also be configured to cause the MCM 202 to transmit
warning signals to the vehicle during driver violations such as speeding, hard turns, hard
brake, hard vertical, seatbelt violation and can also be configured to send a notification to
the server 105 during predetermined events such as panic, man down, exception, accident,

unauthorized vehicle movement to alert fleet management or safety personnel.

[0049] The vehicle monitoring system is configured to monitor driver speed using
OBD 203 data such as speedometer, odometer, tachometer data or speed inferred from
GPS data. Speeding violations may be determined by comparing vehicle speed (as
provided by the OBD 203 or as inferred from GPS data) to a speed-by-street database
such as a generic thifd-party data set similar to that commercially available from
NAVTEQ of Chicago, Illinois, and generating a driver violation when the vehicle speed
exceeds the speed-by-street. The driver violation causes the MCM 202 to generate an
audible/visual warning to the driver in order to change driver behavior over time. In this
manner, the vehicle monitoring system provides for mentoring of driver behavior in order

to improve safety and reduce fleet management costs.

[0050] Furthermore, the MCM 202 may be configured to determine vehicle speed
such as during a turn where the vehicle is moving slower than the speed limit but the
lateral acceleration levels as measured by the XLM 201 exceed the threshold values.
Such a situation may occur when the driver is turning aggressively in a parking lot (i.e.,
hard turning). By integrating lateral acceleration over time, it is possible to determine
instantaneous velocity of the vehicle at any point in the turn. Importantly, in one aspect
of the invention, the generation of the warning signal to the driver starts a count-down
timer wherein the vehicle monitoring system transmits an exception signal to the base

station when the timer duration expires.

[0051] Alternatively, an exception signal may be generated when certain measured
parameters exceed a threshold value by a large margin such as when the magnitude of the
speeding violation exceeds a threshold of 100 mph. An exception signal may then be

transmitted to the base station 104 such that appropriate fleet management personnel may
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be alerted. Such notification may be by any predetermined means and may include cell
phone voice or text communication, paging, etc. In addition to the warning signal at the
vehicle, the driver may likewise be contacted by cell phone, page or other radio

communications regarding the exception event.

[0052] The MCM 202 may be in receipt of numerous other sensors that may provide
indication of driver violations. For example, the vehicle monitoring system may include
a seat sensor 216 in communication with the MCM 202 and which is operative to
generate a signal when the vehicle is moving and seatbelts of vehicle occupants are
unfastened. In this regard, the vehicle monitoring system may include any number of
mechanical and electronic sensors 217 in data communication with the MCM and which
are configured to monitor at least one of the following vehicle parameters: low battery,
engine temperature, ignition on/off, headlight turn indicator usage, ABS operability,
trailer electrical/mechanical malfunction, proximity forward (tailgating) and proximity
rearward (objects behind) and proximity sideways (swerving and lane departures) 218.
Furthermore, mechanical and electronic sensors 219 may be provided to monitor at least
one of the following driver parameters: blink rate (a sleep sensor), heart rate, blood

pressure and any other physiological parameters.

[0053] The vehicle monitoring system may be operative to track and generate on-
demand reports of hours-of-service (HOS) (e.g., on-duty/off-duty driving times,
consecutive driving days) in compliance with Federal Motor Carrier Safety
Administration regulations. The vehicle monitoring system may additionally be operative
to facilitate apportionment of mileage tax by tracking vehicle mileage within a given
geographic region by noting state and national border crossings. In another aspect of the
invention, it is contemplated that correction for mileage errors can be compensated for by

re-synchronizing the MCM 202.

[0054]) More specifically, because of the drift in OBD 203 mileage data due to
odometer error as a result of tire wear or variations in tire pressure and/or due to
inconsistencies in the GPS receiver data as a result of multi-path errors due to interference
with trees and buildings or signal delay errors caused by atmospheric interference, the
present invention may include a process for re-synchronizing the MCM 202 during
vehicle refueling. In this manner, fuel tax may be accurately tracked in order to reduce

fleet fuel costs.
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[0055] The MCM 202 may automatically send certain types of signals to the base
station 104. For example, the vehicle monitoring system may further include a
manually/automatically-activatable timer that is configured to generate a man down
signal 220 that is sent to the base station when the timer duration is exceeded. For
example, in remote job site locations such as at an oil well location where it is necessary
for the driver to perform certain hazardous tasks outside of the vehicle, the driver may
first activate a one-hour (or other duration) timer such that failure to deactivate the timer
results in a man down signal being transmitted to the base station 104 so that help may be
sent to the vehicle location. A similar message may be sent to the base station 104 via a
panic button 221 activated by a driver, occupant or any nearby person and may operate
similar to that of a fire alarm or emergency 9-1-1 phone call wherein fleet management

may send help to the vehicle location.

[0056] As was earlier mentioned, the MCM 202 may be configured to send to the
base station 104 an exception signal representative of a violation of one of a plurality of
parameters comprising at least one of exceeding a predetermined speed along a given
route, failure to wear seatbelt, failure to activate headlights, tailgating, excessive idle
time, excessive engine RPM, engine parameters, tire condition, vehicle load condition,
vehicle location violation. The parameter settings (i.e., logic) of the MCM 202 may be
remotely changed by commands transmitted from the base station 104 to the MCM 202.
More specifically, the rule sets that comprise the hierarchy (i.e., criticality) by which
signals are transmitted from the MCM 202 to the base station 104 may be revised. For
example, a hierarchy of signal transmission may be revised from: panic, man down, crash
event, exception, non-urgent communication to a hierarchy of crash event, man down,

panic, exception, non-urgent communication.

[0057] In this same regard, the MCM 202 in one aspect of the invention is
configured to allow for wireless or remote manipulation from the base station 104 of
vehicle settings through the OBD or CAN 203 and may allow for revising certain vehicle
settings such as engine governor setting and ignition timing. In a further aspect, the
vehicle monitoring system allows for generating reports or alerts (e.g., text and/or map) of
recently-occurring accident locations and dangerous road conditions such that a warning
signal may be provided to the driver when the vehicle approaches the accident location or

road condition. Additionally, the system can be configured to geo-fence certain areas of
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interest and to notify specified and/or targeted individuals when the vehicle and its driver
approaches or departs a geo-fenced area. As was earlier mentioned, the database 106 is
configured to collect driver performance data over time, generate a driver performance
database comprising vehicle type and driver profile, and generate reports of predictive
driver behavior based on historical driver performance data with the option of generating

a graphical representation such as a bar chart of driver performance.

[0058]) Additional modifications and improvements of the present invention may also
be apparent to those of ordinary skill in the art. Thus, the particular combination of parts
described and illustrated herein is intended to represent only one embodiment of the
present invention and is not intended to serve as limitations of alternative devices within

the spirit and scope of the present invention.

[0059] Global Asset Information Network (GAIN) 110 (Figure 1) is a portal for fleet
asset management and for monitoring driver safety. GAIN is a robust data collection and
reporting system. Using an internet browser 111, fleet managers have a view into their
fleet’s current status. They can see all pertinent aspects of fleet operations from complex
indexing and trending of aggressive driver behavior to simple location of the entire fleet.
Fleet managers and safety managers can use the GAIN portal to access the information
reported by the vehicle monitoring equipment. Vehicles collect the data and report in at
specific times, such as a preselected interval, at random intervals, when requested, by
exception, or in an emergency. Vehicles report to GAIN via satellite 109, cellular
network 108, or other communications device to database 106. GAIN turns the data into
actionable information providing visual reports at various levels of aggregation. The
GAIN system 110 can be set to notify managers when emergencies such as panic, man
down, accidents, unauthorized vehicle movement (theft) or other company selected events

occur.

[0060] Figure 3 is an illustration of exemplary inputs that may be provided to the
MCM 202 from the vehicle and which may result in outputs from the MCM 202. OBD
I/CAN 203 collects data from the vehicle’s on-board diagnostic system, including engine
performance data and system status information. GPS receiver 207 provides location
information. CDR 205 provides data in the event that a crash threshold is exceeded.
Accelerometers 201 provide information regarding the vehicle’s movement and driving

conditions. The user may provide information to MCM 202 via the mobile data terminal

-15-



10

15

20

25

30

WO 2008/153907 PCT/US2008/007081

208. Any number of other sensors 301, such as seat belt sensor 216, proximity sensor
218, driver monitoring sensors 219, or cellular phone use sensors, also provide inputs to

MCM 202.

[0061] MCM 202 can determine when an exception condition occurs or when a
threshold is exceeded that requires an alarm 302 to be generated in the vehicle. The
alarm 302 may be an audible or visual warning for the vehicle occupants. Additionally,
any of the data collected may be passed on to database 106 at server 105 where it may be

further processed or accessed by fleet managers via GAIN system 110.

[0062] Figure 4 is an illustration of exemplary inputs that may be provided to the
MCM 202 from the base station 104 or server 105 and which may include commands to
reconfigure the rule set/logic of the MCM 202. MCM 202 may receive mapping and
routing information 401, such as mapping updates, accident information, and road
information. MCM 202 may also receive instructions 402 which include updated,
revised, or corrected rule sets, commands or logic to control the operation of MCM 202.
Audible and visual messages 403 may also be sent via MCM 202 and theh played or
displayed to the driver. MCM 202 may use updated rule set 402, for example, to modify
or configure the operation of vehicle systems via OBD 203. Control information may
also be provided to the XLLM or accelerometers 201, CDR 205, or the mobile data

terminal 208.

[0063] Figure 5 is an example of the display 500 that may be accéssible from internet
portal 111 after a user logs in to GAIN system 110, for example. Display 500 provides
the capability to simultaneously view driver and vehicle data, such as geographic position
of the vehicle. The user also has the ability to select from among multiple parameters for
tracking vehicles and driver performance in addition to providing other options including

issuing of commands to the MCM 202.

[0064] In embodiments of the invention, a comprehensive driver monitoring and
mentoring system installed in a vehicle has one or more of the following components. An
on-board diagnostic (OBD) system operative to monitor vehicle parameters and to
generate an OBD input signal representative thereof. The vehicle monitoring system may
be enclosed in a sealable housing that is permanently or temporarily mountable on the
vehicle. A crash data recorder (CDR) is included with the vehicle monitoring system and

is configured to measure and record vehicle acceleration, including the magnitude,
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direction and profile of such accelerations, during a crash event and to generate CDR
signals. An accelerometer module (XLM) contains at least one accelerometer, such as a
tri-axial accelerometer, and is mounted within the housing. The XLM is operative to
monitor driver performance by measuring acceleration in at least one of a lateral,
longitudinal and/or vertical direction over a predetermined time period. The XLM
generates an XL signal when acceleration exceeds a predetermined threshold. In one
embodiment, the CDR and XLM may be combined so that one set of accelerometers

serves both functions.

[0065] A GPS receiver mounted is preferably within the housing and is configured to
tfack the location and directional movement of the vehicle and to generate a GPS signal.
The vehicle’s user may access the driver mentoring and monitoring system using a
mobile data terminal (MDT), which preferably has a mechanism for communicating
warnings to the user, such as a speaker or light. A master command module (MCM)
mounted within the housing is operative to receive inputs from the CDR, XLM, OBD,
GPS receiver, and MDT. The MCM is operative to transmit signals representative of one
or more vehicle operating parameters. The MCM is further configured to generate
audible and/or visual warning signals to the driver when at least one of the vehicle’s

movement characteristics exceed a predetermined threshold value.

[0066] A base station server is in communication with the driver mentoring and
monitoring system and the MCM. The server has a data collection system (DCS) that is
accessible through at least one server portal and being configured to receive data from the
MCM at predetermined or random times and generate reports of driver performance. The
server may also cause the MCM to transmit a warning signal to the vehicle when driver
violations or exceptions are detected, such as speeding, hard turn, hard brake, hard
vertical, cellular phone use, or a seatbelt violation. The MCM may send a notification to
the server during other predetermined events, such as a panic alarm, man down, accident,

uncorrected driver violations, or unauthorized vehicle movement.

[0067] The vehicle monitoring system is adapted to monitor driver performance and
may be in continuous communication with a base station. The vehicle monitoring system
comprises one or more of the following components. A self-contained CDR mountable

on the vehicle and configured to measure vehicle crash impulses and generate CDR input

signals representative thereof. An XL module mountable on the vehicle and operatable to
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measure vehicle acceleration in at least one of lateral, longitudinal and/or vertical
directions and to generate XL input signals representative thereof. A mobile data
terminal (MDT) mountable on the vehicle and operative to continuously transmit CDR
‘and XL input signals from the vehicle to a base station. A driver warning device mounted

on the vehicle.

[0068] In one embodiment, the base station is operative to receive the CDR input
signals and to generate a crash signal when the crash impulses exceeds an impulse
threshold value stored at the base station. The base station is operative to emit an alert
signal at the base station to alert personnel of the accident. The base station is also
operative to receive the XL input signals and generate an exception signal when vehicle
acceleration exceeds an acceleration threshold value stored at the base station and
transmit a command to the MDT to activate the driver warning device. The base station
may have a data collection system (DCS) configured to receive data from the MCM and
to record driver performance and to generate warnings for at least one of the following
violations: hours of service (HOS), speeding, hard turn, hard braking, hard acceleration,
hard vertical movement, failure to use seatbelt, failure to use headlights, and failure to use

turn signal.

[0069] In addition to or in place of the logic contained in the base station, logic may
also be included in the MCM to monitor the vehicle and driver performance and to
generate warnings. The vehicle monitoring system may be in at least intermittent, if not
continuous, communication with a base station. The vehicle monitoring system may
comprise one or more of the following components. A self-contained CDR mountable on
the vehicle and being configured to measure vehicle crash impulses and generate a crash
signal when the crash impulses exceeds an impulse threshold value stored at the CDR.
Software or firmware providing a methodology for collecting data at regular or non-
regular intervals. An XL module mountable on the vehicle and operative to measure
vehicle acceleration in at least one of lateral, longitudinal and/or vertical directions and to
generate an exception signal when vehicle acceleration exceeds an acceleration threshold
value stored at the XL module. A mobile data terminal (MDT) operative to intermittently
transmit the crash and exception signals from the vehicle to the base station. A driver
warning device may be mounted on the vehicle. The base station is operative to receive

the crash and/or exception signals and to alert personnel.
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[0070] The vehicle monitoring system may correlate accident data from the CDR and
XL Modules to potential injuries. The present invention provides a system and method of
correlating personal injury and property damage with driver behavior measured prior to a
vehicle crash and impulse forces measured during the vehicle crash. The CDR may
measure crash impulses and the XL module may monitor driver behavior in terms of hard
turns, hard braking and hard vertical movement of the vehicle. In one embodiment of the
present invention, a crash database comprising personal injury and property damage
characteristics is generated. For example, characteristics of the injured person’s age,
gender, height, weight, occupation, hobbies, income, prior claims, physical condition,
injury type and severity may be collected. Vehicle model, condition, damage type and
location, as well as impact characteristics, such as acceleration magnitude and direction
during the crash, change in velocity between the time of impact and at least one

millisecond following impact.

[0071] The vehicle monitoring system records crash impulse forces acting upon the
vehicle during the crash. Driver behavior prior to the accident is also recorded by
measuring acceleration in at least one of lateral, longitudinal and/or vertical directions in
order to identify hard turns, hard braking and hard vertical forces experienced by the
vehicle up to the time of the accident. The vehicle crash impulse data is correlated to an
injury characteristic, such as by correlating accident forces to bodily injury claims, in
order to determine the probability of the vehicle crash as a causal factor of the bodily
injury. The database may further include at least one of the following data sets:
probability of settlement in an insurance claim filed in relation to the vehicle crash,

average cost of settlement, and settlement structure.

[0072] The present invention may also be used for mentoring driver behavior using
data collected from the XL module. In one embodiment, driver behavior may be
monitored and/or modified in a vehicle having an OBD and/or GPS receiver and an
accelerometer module, which may be an XL module containing at least one
accelerometer. Preferably, the accelerometer module will be a tri-axial accelerometer.
The system measures vehicle acceleration in at least one of lateral, longitudinal and/or
vertical direction and may determine vehicle speed from a vehicle speedometer (via an
OBD) or by inferring speed from GPS readings. The measured acceleration is

compared to a predetermined threshold, and the speed is compared to a speed-by-street
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dataset. A warning signal is sent to the driver when the measured acceleration exceeds
the threshold and/or when the speed exceeds those contained in the speed-by-street
dataset. A timer may be started when the warning signal is sent to allow the driver a
predetermined amount of time to reduce the acceleration or speed. A notification signal
may be sent to a base station if the driver fails to reduce acceleration or speed during the
predetermined amount of time. The timer may be configurable for any amount of time,

including zero or no delay.

[0073] In order to provide more accurate measurements of driver behavior, in one
embodiment, the present invention filters gravity out of accelerometer readings as the
vehicle changes its horizontal surface orientation. Driver performance can be monitored
and mentored in a vehicle having an accelerometer module, which may be an XL module
containing at least one accelerometer. Preferably, the accelerometer module will be a tri-
axial accelerometer. Acceleration is measured in at least one of lateral, longitudinal
and/or vertical directions over a predetermined time period, which may be a period of
seconds or minutes. An XL acceleration input signal is generated when a measured
acceleration exceeds a predetermined threshold. Gravitational effects are filtered out of
the longitudinal, lateral and vertical acceleration measurements when the vehicle is on an

incline.

[0074] The present invention may also record road hazards at server database. This
allows for optimization of vehicle routing in a fleet of vehicles each having a GPS
receiver and a driver-activated hazard notation mechanism. The notation mechanism is
activated by the driver of each vehicle when the vehicle encounters adverse road
conditions, road hazards, or unsafe speed limits, for example. The notation mechanism
generates a time-stamped notation signal including GPS positional data of the hazard
along the road. The notation signal is transmitted to a base station for recording in a

database. The location of the road hazard is then transmitted to other vehicles in the fleet.

[0075] The logic and rule sets used by the vehicle monitoring system described
herein may be modified or reconfigure in real-time at the vehicle. The present invention
provides for real-time revising of the reporting of vehicle behavior in a fleet management
system. A base station is in communication with a fleet of vehicles each having an MCM
or processor for receiving inputs from vehicle-mounted systems, including, for example,

OBD, GPS receiver, CDR, MDT, and an XL module. The MCM contains an original rule
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set or logic for processing inputs from the vehicle-mounted systems. Commands may be
transmitted from the base station to the MCM. The commands may include a revised rule
set regarding processing of the inputs, such as the rules for comparing inputs to
thresholds, reporting, and the like, at the MCM. The logic in the MCM is revised in
response to the revised rule set command received from the base station. Inputs at the
MCM are then processed according to the revised rule set. For example, the revised rule
set may include a reduced lateral acceleration threshold as measured by the XL module
and by which the measured lateral acceleration is compared to determine the occurrence
of a driver violation. The revised rule set may also change reporting of the driver

violation to the base station.

[0076] The present invention may also provide fleet location displays to a user. The
location of a fleet of vehicles may be visualized in real-time on a web-based portal. The
portal is linked to a server that is in communication with the vehicles. The vehicles each
have an MCM for receiving inputs from vehicle-mounted systems, including an OBD,
GPS receiver, CDR, MDT, and XL module. A number of display options may be
selected for displaying the location of the vehicles on a geographic area or map. The
options include, for example, displaying an entire fleet of vehicles, an individual vehicle
in the fleet, a group of vehicles in the fleet wherein the vehicles are grouped by a
predetermined set of criteria, such as by type of vehicle or load, vehicles in the fleet
reporting exceptions to the base station with a previous time period of predetermined

duration, or vehicles within a specific geographic zone.

[0077] The present invention also provides for modification of reporting intervals by
the vehicle monitoring system. The reporting of fleet vehicle behavior characteristics to a
base station or server may be configured in different ways. The following options are
examples of vehicle behavior reporting characteristics: at predetermined time intervals, at
random time intervals, upon request from the base station, upon occurrence of an
exception, upon the occurrence of an emergency or specific event, such as panic alarm,
man down, or theft. The reporting may be provided at the vehicle and/or at the base
station by means of one of the following: e-mail, cell phone voice and/or text message, or
pager message. The reporting includes the following driver violations, if they have
occurred, hours of service, speeding, hard turn, hard braking, hard vertical, or failure to

use seatbelt.
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[0078] In one embodiment, the vehicle monitoring system of the present invention is
an easily installed, all-in-one unit. Referring to Figure 6, vehicle monitoring system 601
is installed on dashboard 602 of a vehicle. Vehicle monitoring system 601 provides all or
some of the above-described vehicle and driver monitoring features in a small package.
Vehicle monitoring system 601 is preferably positioned on dashboard 602 so that antenna
603 has an unobstructed exposure to the sky through a window, such as the windshield, of
the vehicle. It will be understood that the windshield may be the front or rear window of
the vehicle, and that the system 601 may be mounted at positions other than the
dashboard in other embodiments. Antenna 603 may be a GPS antenna and/or a
communication antenna. Alternatively, multiple antennas may be placed on the
monitoring system 601. By placing monitoring system 601 on the dashboard, antenna
603 will be in an optimize position within the vehicle to allow system 601 to
communicate with or transmit/receive signals to/from satellites, wireless network or

cellular system towers, WiFi network, or other communication systems.

[0079] Vehicle monitoring system 601 may be securely mounted on dashboard 602,
such as by a mounting bracket or Velcro 604. Alternatively, monitoring system may be
positioned on dashboard 602 without using any attachment device as long as it does not
move during operation of the vehicle. Accordingly, system 601 can be moved to different
locations within the vehicle, if desired, or may be easily moved between different
vehicles. However, during operation of the vehicle, it is important that vehicle
monitoring system 601 be secured to the vehicle so that system 601 can properly measure

and evaluate the vehicle’s operating parameters, such as accelerations and location.

[0080] Vehicle monitoring system 601 may have any type of user interface 605, such
as a screen capable of displaying messages to the vehicle’s driver or passengers, and a
keyboard, buttons or switches that allow for user input. User interface 605 may have one
or more status LEDs or other indicators to provide information regarding the status of the
device’s operation, power, communications, GPS lock, and the like. Additionally, the
LEDs or other indicators may provide feedback to the driver when a driving violation
occurs. The monitoring system may also provide for emergency communications, such as
a one-touch help (emergency/911) button on the user interface 605. Additionally,

monitoring system 601 may have a speaker and microphone 606 integral to the device.
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[0081] Monitoring system 601 may be self-powered, such as by a battery, or
powered by the vehicle’s battery. Access to the vehicle’s batter power may be by
accessing the power available on the vehicle’s OBD and/or CAN bus. Power line 607
may connect to OBD connector 608, which is linked to OBD 609. Alternatively, power
line 607 may be splicéd or connected directly into the OBD bus during the installation of
vehicle monitoring system 601. The noise and quality of the power available from the
OBD or CAN bus is typically much better than the power that is directly available from
the battery or other places in the vehicle’s electrical system. By connecting to OBD 609,
monitoring system 601 is able to obtain a minimum level of “clean” and reliable power
for operation. On the other hand, vehicle monitoring system 602 is designed to limit the
power drain on the OBD bus to prevent damage or adverse impact to the vehicle’s OBD

system.

[0082] Vehicle mounting system 601 may be easily mounted on the windshield 602
in any typical vehicle and easily connected to the OBD/CAN power supply. This would
allow for monitoring of almost any vehicle, such as a fleet vehicle or private car, and for
monitoring and mentoring of any driver, such as a fleet driver, teen driver, or driver using

a particular insurance company, with little or no impact on the vehicle or the driver.

[0083] Vehicle monitoring system 601 is preferably self-orienting, which allows it to
be mounted in any position, angle or orientation in the vehicle or on dashboard 602. The
self-orienting capability gives drivers, installers and fleet owners more flexibility in
deciding how and where to mount vehicle monitoring system 601. When vehicle
monitoring system 601 is first installed on dashboard 602 or in some other location in the
vehicle, it may be oriented at any angle or rotation. For example, dashboard 602 may be
sloped so that system 601 may be mounted with some degree of pitch relative to the
earth’s surface. Therefore, system 601 cannot assume that the bottom of the device is
parallel to the ground or that gravity acts perpendicular to the device. Furthermore,
system 601 may not be aligned with the direction of movement of the vehicle, but instead
may be mounted in a position such that user interface 605 is rotated to face the driver.
Accordingly, system 601 cannot default to a setting that assumes that the device 601 is
aligned with or parallel to the centerline of the vehicle. An incorrect assumption as to the
alignment and orientation of device 601 may result in erroneous measurements of the

vehicle’s acceleration, orientation, location and movement.
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[0084] In embodiments of the present invention, vehicle monitoring system is self-
orienting, which allows it to determine a direction of gravity and a direction of vehicle
movement. Using these two directional vectors, the monitoring system can determine the
actual orientation of the device with respect to the vehicle. Figure 7 illustrates vehicle
monitoring unit 701 installed on dashboard 702 of a vehicle according to another
embodiment of the invention. Three-axis accelerometers are fixedly mounted within unit
701. The monitoring system knows the orientation of the accelerometers with respect to
the centerline of the monitoring unit CL, 703 and with respect to the vertical axis of the
unit V,, 704. If monitoring unit 701 is installed such that it is not flat and not oriented
parallel with the centerline of the vehicle, then the accelerometers in unit 701 may
misinterpret any detected movement. For example, if the centerline CLy, 703 of unit 701
does not align with the centerline CLy 705 of the vehicle, then the accelerometers in
monitoring unit 701 may incorrectly interpret an acceleration as a turn or a turn as an
acceleration because of the offset ®¢; 707 between the accelerometer orientation and the

vehicle’s orientation.

[0085] To compensate for the mounting position of monitoring unit 701, a self-
orienting application is started after installation. The self-orientation determines the
mounting position of unit 701 and calculates how to compensate for that unit’s particular
installation orientation. The accelerometers in unit 701 determine gravity vector V, 706
by observing the forces on the accelerometers when the vehicle is stopped. The only
force on the vehicle should be a 1 G pull from gravity. The monitoring system can
measure and store the gravity vector V, 706 as reference for the vertical positioning of
unit 701. The monitoring system can then calculate an offset angle ®,, 708 representing

the angular difference between vertical axis Vi, 704 and gravity vector V, 706.

[0086] After the vehicle begins to move, monitoring system 701 can determine the
orientation of the centerline CLy 705 of the vehicle by observing forces that occur while
the vehicle is moving. When a vehicle begins to move or is breaking, the vehicle is
usually traveling in a straight line along CLy 705. The braking forces may be more
noticeable to unit 701 because drivers often brake harder than they accelerate.
Accordingly, it is typical for breaking or vehicle deceleration to be a stronger force than a
normal acceleration. By measuring the breaking, vehicle acceleration, or both types of

force, the accelerometers in monitoring system 701 can determine the orientation of
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vehicle centerline CLy 705. The monitoring system can then calculate an offset angle
OcL 707 representing the angular difference between centerline of the monitor CL, 703

and the centerline of the vehicle CLy 705.

[0087] Measurement of gravity vector V, 706 could be accomplished almost
instantaneously in a vehicle that is stopped. However, it may take varying amounts of
time to determine vehicle CLy 705 because that is based upon how the vehicle is moving.
If the vehicle brakes hard a number of times in a straight line after the self-aligning
application begins, then vehicle CLy 705 can be determined quickly. It may take longer
to identify vehicle CLy 705, if the vehicle does not experience accelerations or
decelerations of sufficient magnitude. Once the offset angles ®¢; 707 and ®m 708 can
then be used as a reference framework to convert observed acceleration measurements at
monitoring unit 701 to the actual accelerations experienced by the vehicle. In most
embodiments, the self-orienting application will only need to be run one time after
installation; however, the self-orienting application may run continuously or periodically

to update the orientation of unit 701, if necessary.

[0088] Figure 8 illustrates an alternative embodiment of vehicle monitor 802 which
is mounted directly to windshield 801. Monitor 802 may be affixed to windshield in any
appropriate manner such as by glue or by Velcro glued to windshield 801 and to monitor
802. Monitor 802 may be permanently or removably mounted on windshield 801.
Vehicle monitor 802 may be powered by an internal battery or by the vehicle’s battery.
In a preferred embodiment, monitor 802 is powered by an on-board diagnostic system,
such via an OBD II or CAN bus, or any electronic control unit or electronic control
monitor system in the vehicle. Cable 803 is a power and/or cable used in one
embodiment of the invention. Cable 803 may be coupled to the on-board diagnostic
system bus to provide power to monitor 802. Additionally, cable 803 may provide data
from the on-board diagnostic system, such as vehicle speed, engine parameters, to

monitor 802.

[0089] Monitor 802 may includes any of the vehicle monitoring systems described
herein or other features. Monitor 802 may be a self-orienting device that uses gravity and
movement of the vehicle to determine its orientation relative to the vehicle as described
herein. Monitor 802 may also include GPS capability to determine the vehicle’s location

and may use changes in the vehicle’s location over time to determine vehicle speed.
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Monitor 802 may also incorporate accelerometers to identify aggressive driving and/or
collisions. Warning indicators and input buttons 804 may include a one-touch help or
emergency/911 button and may include at least one status LED for operations, power,
communications, GPS lock, and driving violation. Monitor 802 may also include a
speaker and a microphone internally for communication between the driver and a remote
location and/or for providing audible warnings to the driver. Monitor 802 may also

include a screen for displaying text or iconic messages and warnings to the driver.

[0090] It will be understood that the present invention may be used for both fleets of
vehicles and for individual drivers. For example, the vehicle monitoring system
described herein may be used by insurance providers to monitor the driving behavior of
customers and to use collected data to set insurance rates. A private vehicle owner may
also use the present invention to monitor the use of the vehicle. For example, a parent

may use the system described herein to monitor a new driver or a teenaged driver.

[0091] The present system provides for improved safety and asset monitoring and
management. In one embodiment, the vehicle monitoring system may include as few
features as a wireless communication module and a GPS module. The communication
module may be a cellular phone, satellite communication system, WiFi communication
device, or any other wireless communication system. The GPS module would provide
location information for the vehicle. This system could be installed in a vehicle, such as
on a windshield or dashboard, and would transmit vehicle information to a central
location regarding vehicle use. The system could accept inputs from an on-board
diagnostic system, such as vehicle speed, engine parameters, or the like. The system
could also be powered by the on-board diagnostic system or by the vehicle’s battery or
using its own power source. A housing may comprise both the wireless communication
module and the GPS module. The housing may also comprise antennas for the
communication and GSP modules. When mounted on a windshield, the antennas would
be optimally positioned so that they are exposed to open sky and not obstructed by the

vehicle. The housing could also be mounted on the vehicle dashboard.

[0092] The vehicle monitoring system may be easily installed in a vehicle, such as
by mounting on the dashboard (e.g. Figure 6) or the windshield (e.g. Figure 8), and, in
one embodiment, self-registers itself and the vehicle with a monitoring system or central

server. Figure 9 is a flowchart illustrating a process for registering a vehicle monitoring
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device according to one embodiment of the invention. In step 901, the vehicle monitoring
device, such as the exemplary devices described herein, is installed in a vehicle. The
device may be single unit that is mounted on a dashboard, windshield, or other location
that allows for acceptable GPS and communication signals. Alternatively, the vehicle
monitoring device may consist of several separately installed components, such as the
master command module, mobile data terminal, GPS receiver, antennas, and/or other

components illustrated in Figure 2.

[0093] In step 902, the vehicle monitoring device is connected to an on-board
diagnostic system, such as via the OBD or CAN bus. This connection may be
accomplished, for example, by connecting the vehicle monitoring device to a standard
OBD-II 16-pin J1962 connector. The connection to the on-board diagnostic system may
also provide power to the vehicle monitoring device. Alternatively, the vehicle
monitoring device may be coupled directly to the on-board diagnostic system or spliced

into electrical or signal wires connected to the on-board diagnostic system.

[0094] In step 903, after or during installation, the vehicle monitoring device is
turned on and begins a self-registration routine. In step 904, the device collects or
identifies a serial number, system identifier, or other identifier for itself, such as by
reading a value from a buffer, memory, dip switch setting, jumper setting, or other source.
In other embodiments, the identifier for the monitoring device may be a device address,
such as an IP address, telephone number, or other communication address. The device
identifier may be any identifier or address that provides information regarding how to
communicate with the device, such as an address or identifier for a communication
module or modem in the device. The modem may be identified in a number of ways,
such as using the Electronic Serial Number (ESN) or telephone number of a device.
Alternatively, in other embodiments, the International Mobile Equipment Identity (IMEI)
or Mobile Equipment Identifier (MEID). The identity of the asset or monitoring device
may be linked to the modem, or the identity of the modem may be linked to the asset, so
that if one piece of information is known, the other can be determined. For example, if
the monitoring system uses a modem identifier to identify itself during registration, that

information may be used to determine which asset or monitor is assigned to that modem.

[0095] In step 905, the device collects or identifies an vehicle identifier, such as a

vehicle identification number (VIN). The vehicle identification number may be read
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from data in the on-board diagnostic system. Other information may also be available via
the on-board diagnostic system, such as a vehicle class, type, make, model, and/or year.
Such additional information is collected from the on-board diagnostic system and from

the device in step 906.

[0096] In step 907, the vehicle monitoring device begins communicating with a
monitoring system, such as base station 104 or a central server 105 (Figure 1). As noted
above, this communication use any available technology, including cellular, satellite,
WiFi, Bluetooth, infrared, ultrasound, short wave, microwave or any other suitable
method. Once communication has been established with a central monitoring system, the
on-board vehicle monitoring device registers itself and the vehicle with the system.
Registration in step 908 may include, for example, providing a device system identifier or
serial number and a vehicle identifier or vehicle identification number so that the
monitoring system knows which vehicle is connected with each monitoring device. In

step 909, the system monitors the vehicle’s operation and the driver’s behavior.

[0097] By automating the registration of the vehicle monitoring device and vehicle,
installation of the devices can be simplified. For example, the monitoring device
illustrated in Figure 8§ may be attached to the windshield, connected to the OBD or CAN
bus, and then turned on. At that point, the device will follow the process illustrated in
Figure 9 (904-908) automatically without requiring the installer to track which device was
installed in which vehicle. Once the device and vehicle are registered with the central
server, the owner of the vehicle or a fleet manager may configure how the central
monitoring system should handle that vehicle and device. For example, once the
monitoring device has registered with central server 105 (Figure 1), the vehicle owner or
fleet manager may access central server 105 via an Internet connection from terminal 111.
The owner or fleet manager may then register additional information, such as vehicle
monitoring parameters, alert thresholds, contact telephone numbers or email addresses to

be used for reporting alerts or other information, and/or payment information.

[0098] In one embodiment, the vehicle monitoring device is installed in a private
vehicle and automatically registers with a central server. The owner of the vehicle may
then access the account of the vehicle to set thresholds to generate alerts for speeding,
acceleration, and collisions. The owner may also provide contact information for the

alerts. Credit card numbers and bank account information may also be entered to pay for
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the monitoring service. Ifthe vehicle owner is a parent and the primary driver is a teen
driver, for example, the parent may also configure the account to provide mentoring or
other feedback to the driver based upon the vehicle’s operation, such as alerts to a driver

for speeding, seatbelt use, and cellular phone or wireless device use.

[0099] Other information, such as a vehicle’s license plate number, registration
status, insurance coverage, may be added to the vehicle’s account by the owner, fleet
manager or automatically. For example, after the monitoring device self-registers with
the central server, the central server may access a private, public or government database
to obtain additional information about the device or the vehicle. Using the vehicle’s VIN,
the central server may be able to determine if the vehicle is currently registered with a
city, county or state. The registration information may also provide an owner’s name,
address, and other contact information that could be automatically added to the vehicle’s
account on the central server. The VIN may also be used to determine the license plate
number assigned to the vehicle. An insurance database may be accessed to determine if
the vehicle has insurance coverage and to identify the associated insurance companies.
When the driver, owner, fleet manager or other person logs onto the monitoring system,
he or she can confirm or correct the automatically collected data and can add additional

information.

[0100] Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the invention as defined by the
appended claims. Moreover, the scope of the present application is not intended to be
limited to the particular embodiments of the process, machine, manufacture, composition
of matter, means, methods and steps described in the specification. As one of ordinary
skill in the art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding embodiments described herein
may be utilized according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture,

compositions of matter, means, methods, or steps.
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[0101] The term “comprise” and variants of the term such as “comprises” or “comprising”
are used herein to denote the inclusion of a stated integer or stated integers but not to exclude
any other integer or any other integers, unless in the context or usage an exclusive interpretation

of the term is required.

[0102] Any reference to publications cited in this specification is not an admission that the

disclosures constitute common general knowledge in Australia.
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The claims defining the invention are as follows:

l. A method for registering a vehicle monitoring device with a central monitoring
system, comprising:
connecting the vehicle monitoring device to an on-board diagnostic system;
turning the vehicle monitoring device on; and
in response to connecting the vehicle monitoring device to the on-board diagnostic
system and turning the vehicle monitoring device on:
first determining, at the vehicle, a monitoring device identifier;
second determining, at the vehicle, a vehicle identifier from the on-board diagnostic
system; establishing a communication link between the vehicle monitoring device
and the central monitoring system; and
sending both the monitoring device identifier and the vehicle identifier to the

central monitoring system from the vehicle monitoring device.

2. The method of claim 1, wherein the monitoring device identifier is selected from:
a device serial number;
a communication address for the monitoring device; and

an identifier of a communication module in the monitoring device.

3. The method of claim 1 or claim 2, wherein the vehicle identifier is a vehicle

identification number (VIN).

4, The method of any one of claims 1 to 3, further comprising:
establishing a vehicle account on the central server; and

allowing a person responsible for the vehicle to access the vehicle account.

5. The method of any one of claims 1 to 4, further comprising:
establishing a vehicle account on the central server, and

automatically collecting additional data associated with the vehicle.

6. The method of claim 5, further comprising:
allowing a vehicle user to access the vehicle account; and

allowing the vehicle user to edit and to accept vehicle account information.
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9.

The method of any one of claims 1 to 6, further comprising:
determining, as part of an initial registration process, an orientation of the

monitoring device relative to the vehicle.

The method of claim 7, further comprising:
compensating for any misalignment between the orientation of the monitoring

device relative to an orientation of the vehicle.

The method of claim 7 or claim 8, wherein the determining is only run during the

initial registration process.

10.

11.

The method of claim 9, wherein the determining is only run once.

A method for registering vehicle monitoring devices with a central monitoring

system, comprising:

12.

13.

14.

establishing communication links between vehicle monitoring devices and the
central monitoring system;

for at least one vehicle monitoring device, receiving both a monitoring device
identifier associated with the at least one vehicle monitoring device and a vehicle
identifier from the at least one vehicle monitoring device in response to connecting
the at least one vehicle monitoring device to an on-board diagnostic system and
turning the at least one vehicle monitoring device on; and

creating a database record for the at least one vehicle monitoring device using the

monitoring device identifier and the vehicle identifier.

The method of claim 11, further comprising:
allowing a user to access a database record for the user's vehicle; and

allowing the vehicle user to edit the database record.

The method of claim 12, wherein the user edits the database record to:
correct or add vehicle information.;
provide payment information; or

select vehicle monitoring parameters.

The method of claim 5, 11 or 12, or any one of claims 6 to 10 when dependent on

claim 5, wherein the user is a fleet manager, vehicle owner, or vehicle driver.
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15.  The method of claim 11, further comprising:
automatically collecting additional data associated for a vehicle after creating the

database record for that vehicle.
16. The method of claim S or claim 15, wherein the additional data is insurance data.

17. The method of claim 5 or claim 15, wherein the additional data is vehicle

registration or licensing data.

18. The method of claim 5 or claim 15, wherein the additional data is vehicle

ownership data.

-33-




WO 2008/153907

1/6

PCT/US2008/007081

107\ GPS COMMUNICATION

SATELLITE

FIG. 1

104

s

BASE STATION

SERVER

™-105
HOSTED
DATABASE [106

GLOBAL ASSET
INFORMATION

™\
NETWORK 10




PCT/US2008/007081

WO 2008/153907

.

C DIA
"
TINNOSHId ALIHVS JILdO Y383
YIOVNVYI 13314 mzﬁmm .
YHOMLIN NOILYWHOANI T
© 904~ 13SSV V8019 . J
N INILSAS ONILHOdIY biz
NOIL231109 V1va
H3HL0 35va V1va <
INOHd 1139 .
o whodunes P gp.
aNnosyd1LIn
vad NOILYLS 3SV8 VM LHOHS o
Hle
J9NVY 35010 < H10013N18 «
HIM o
A RRERD
31N13LYS
_'SS313IM |

gle

(STVLHOd LINY3LNI VIA 378I1SSIITV)
«NOILVLS. 3SV8

> —

J10IH3A

0z8sne
LHO~ o\ iNuvm-~01 [ ¥3Lvidosomv/oiany -
HIIVILS DINYd « 1~ 22 | N33HDS HONOL/VdAIN «
NMOa-NvW+1~0CC | 3ovduasniwasn | -602
HOLIMS 44«1~ H1C (YIAHQ)
O | |
WaLdvay 90/ov+| 80~ uniawaL an 030IA
13NV 3SN4 31IIHIA« V1va 190N 310IHIANI »
4319 utmwm%%%m ] A90T0HOAS | 612
a50- NOW OL TYNYILNI HIAKQ » 0Lz
y30uvHO/AMLIVE - | | Y0 (vixv-1gD) ALINIXOYd * [~
d313W0H3 1303V 171381V3S e
AlddNS YIM0d JINCON X N\-g|z
7 l SHOSN3S
v02 | ¥3HO  [M112
MBS | T
|
~| 3100w HIQHOOM mm |
N ANYWOI VLVQ HSVH) N0z |
r=="
IIIIIIIIIIIIIIIII 4 NV |
| I ——
033dS
202N HOVL 310IH3A
(H10013M8 NVOAIG80 N gz
6'9-553734IM)
HINIDW SD |
YIHLO » £0¢
vad-e



WO 2008/153907 PCT/US2008/007081
3/6
FIG. 3 INPUT § OUTPUT
]
1
01N (RI-AxAL) ' ALARM<AUDIBLE (AT VEHICLE) 302
ACCELS r— VISUAL dé
203~ I | (EXCEPTION WARNING)
1
OBDIICAN [+ |
', 106
205N R wiTNESS” | e DATABASE ” .
207 || GLOBAL ASSET INFORMATION NETWORK -1
™ GPSRECEIVER |— "
MCM i
I [« MAPPING-THIRD PARTY/SPEED-BY-STRE
MOBIL DATA
T?ERM,N N e 202 | | * DRIVER-PERFORMANCE/VIOLATION
I | INDEXING-BAR CHART
208-"]* KEYPAD I |«VEHICLE POSITIONAL
« TOUCHSCREEN ; DIRECTORAL
*ETC b | "LOCATE ALL" TRAILER TRACKING
I |+ RECONFIGURE RULE SET
SENSORS I | NOTIFICATION OF EXCEPTION EVENT
301 ] " SEATBELT ] 1 |+FUEL TAX/MILEAGE/TOLLS
* OTHER : *ETC
]
FIG. 4 OUTPUT § INPUT
1
203 0BD Il I |+ UPDATES TO MAPPING
. 4| “ACCIDENT LOCATIONS/SEVERITY | ~401
« RECONFIGURE 1 | *TOLL ROADS-COST/NO-COST
* TUNE ENGINE/STATION I [+ INCIDENTS; ROAD HAZARDS
201 )
™ (TRI-AXIAL) ACCESS  |=— MCM ! RULE SET-COMMANDS
202 [+ GLOBAL ASSET N_402
= | 1 INFORMATION NETWORK
2051 CDR :
VIOBILE DATA : MESSAGE TO DRIVER
208-|  TERMINAL Ty | * VOICE/TEXT N
e ohe<To FowE « EMERGENCY/MAN-DOWN 403

* EXCEPTION WARNINGS




PCT/US2008/007081

WO 2008/153907

2 finojeq — S~
.Mmmm ve VI8n0102 wogs ONV_"1¥S3 5002 0
-apnjyo
09- < < VOIVAYF
:apn}ibuoy LLIvH <m8§o&
juid
@ .omo_o uog
T Jajuaday J sajabuy soq
00§ o (3 M
uj
egNm o (PUoIOg
0 \3|40ag
® 1
= J3ANOJUDA
= VAVNYD
S S
® N
E%E 1931iS PHOM - S0 PIoh
uo14DJ3|320y PJDH
ysaJjay B UOLISO4 UMOUY {sD7] :840( UOHDINHON pev@buoy) Aiopunog ayojs | :adk] uonoonoN [103S ‘YI1LNG “JeAuQ
jUDdNJI3() « jUBWADDUD) oSSy « 3WOH KJojSI pubwwo) pubwio) pusS || doy || SUOHDORION Sjuspoul [i0jaQ
fnoboT | aInjiuInjiM[ | poojumoq | UIDJUIDK | SH3JY | GONDIHON | SjUspiou] | jUSWAbOUDN {asSy | 3WOH
SSaUIM
¢ on B ou| ssaujipm juapuadapu| awod|apm juapuadapu
19] 09 @ [~]<F 0p"qD}~BupYoDI|~MOys /wodssaujmimi mm / /:sdyy (3 @ ﬂ A
djaff sjoo] sylowyoog 0J maix ypJ 2|l

X04a114 O[|IZON-NIV9 E3 Ssaup juapuadapuj O




PCT/US2008/007081

5/6

WO 2008/153907

~609

LS

lllll

e =/
\%11.‘.JIIN\ D\\
G-




WO 2008/153907 PCT/US2008/007081

6/6
FIG. &8

Loz N ggp %//%/
w7

SOC\

901~J] INSTALL MONITORING
DEVICE IN VEHICLE

!

CONNECT MONITORING
DEVICE TO ON-BOARD
DIAGNOSTIC SYSTEM

902~

!

903~ TURN DEVICE ON

!

904~ COLLECT MONITORING
DEVICE SERIAL NUMBER

!

COLLECT VEHICLE
905-"| IDENTIFICATION NUMBER

!

COLLECT OTHER VEHICLE
906-"| AND DEVICE INFORMATION

!

COMMUNICATE WITH
907~ MONITORING SYSTEM

!

REGISTER VEHICLE AND
9081 MONITORING DEVICE WITH
MONITORING SYSTEM

!

MONITOR VEHICLE
909-" OPERATION AND DRIVER
BEHAVIOR




