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(57) ABSTRACT 
An on-board intelligent vehicle System includes a Sensor 
assembly to collect data and a processor to process the data 
to determine the occurrence of at least one event. The data 
may be collected from existing Standard equipment Such as 
the vehicle communication bus or add-on Sensors. The data 
may be indicative of conditions relating to the vehicle, 
roadway infrastructure, and roadway utilization, Such as 
vehicle performance, roadway design, roadway conditions, 
and traffic levels. The detection of an event may signify 
abnormal, Substandard, or unacceptable conditions prevail 
ing in the roadway, vehicle, or traffic. The vehicle transmits 
an event indicator and correlated vehicle location data to a 
central facility for further management of the information. 
The central facility Sends communications reflecting event 
occurrence to various relevant or interested users. The user 
population can include other vehicle Subscribers (e.g., to 
provide rerouting data based on location-relevant roadway 
or traffic events), roadway maintenance crews, vehicle 
manufacturers, and governmental agencies (e.g., transpor 
tation authorities, law enforcement, and legislative bodies). 
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CENTRALIZED EACILITY AND INTELLIGENT 
ON-BOARD VEHICLE PLATFORM FOR 

COLLECTING, ANALYZING AND DISTRIBUTING 
INFORMATION RELATING TO 

TRANSPORTATION INFRASTRUCTURE AND 
CONDITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of prior filed 
U.S. Provisional Application No. 60/461,040 entitled “SYS 
TEMAND METHOD FOR COLLECTING, ANALYZING 
AND DISTRIBUTING INFORMATION RELATING TO 
TRANSPORTATION INFRASTRUCTURE AND CONDI 
TIONS" filed Apr. 7, 2003, in the name of Darwin A. 
Dahlgren, the disclosure of which is incorporated herein by 
reference thereto. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to vehicle on-board 
Systems, and, more particularly, to a vehicle on-board SyS 
tem adapted to collect and analyze Sensor data generated 
within the vehicle environment to determine event occur 
rence and to furnish Such event information to end users for 
Specialized purposes. 

0004 2. Description of the Related Art 
0005 There are no current methodologies that are effec 
tive in dynamically monitoring roadway assets, roadway 
conditions, and traffic utilization in a manner that produces 
meaningful and reliable information useful in enabling users 
to optimally navigate the roadways, and in providing Stew 
ards of the roadway infrastructure the opportunity to deter 
mine the best manner to maintain, manage, design, enforce, 
and improve the roadways. 
0006 America has built an infrastructure system to Sup 
port transportation and commerce that leads the industrial 
ized world. 

0007. However, the rate of deterioration of this system is 
increasing dramatically, a dangerous trend that is affecting 
highway Safety, as well as the health of the economy. The 
repair costs to motorists in the form of roadway-related 
vehicle repairs and operating costs is significant. 
0008. The effects of traffic congestion may be even 
worse. Passenger and commercial travel on our highways 
continue to increase dramatically. The average rush hour 
grew more than 18 minutes between 1997 and 2000. Based 
on studies conducted in 1997, the Texas Transportation 
Institute estimates that each year in the United States, 6.7 
billion gallons of fuel and 4.3 billion hours of time are 
wasted due to congestion. The waste due to congestion 
translates to a total annual cost of S72 billion, S900 for every 
eligible driver, every year. 
0009 Roadway managers and enforcement agencies rely 
upon expensive periodic roadway Studies, Surveys and 
checkpoints, to monitor the roadway condition, capacity, 
Safety, and Security. The Survey results eventually are used 
to determine the appropriate corrective or preventative 
action for maintaining the integrity of the pavement and 
addressing other roadway issues. These Studies, Surveys, and 
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checkpoints are quite costly. If Surveys just for pavement 
condition were performed on the entire four million mile 
U.S. roadway network, this represents a potential expense 
approaching S8 billion. Once the data is collected it quickly 
becomes obsolete. Federal, State and local governments 
Simply cannot afford to do a meaningful amount of current 
Surveying and analysis, particularly at this cost. The national 
infrastructure is too expansive to complete all but a Small 
fraction of the needed asset evaluation. 

SUMMARY OF THE INVENTION 

0010. According to the present invention there is pro 
Vided an on-board intelligent vehicle System that includes a 
Sensor assembly to collect data and a processor to process 
the data to determine the occurrence of at least one event. 
The data may be collected from existing Standard equipment 
Such as the vehicle communication bus or add-on Sensors. 
The data may be indicative of conditions relating to the 
vehicle, roadway infrastructure, and roadway utilization, 
Such as vehicle performance, roadway design, roadway 
conditions, Vehicle weights, and traffic levels. 
0011. The detection of an event may signify abnormal, 
Substandard, or unacceptable conditions prevailing in the 
roadway, vehicle, or traffic. The vehicle transmits an event 
indicator and correlated vehicle location data to a central 
facility for further management of the information. The 
central facility Sends communications reflecting event 
occurrence to various relevant or interested users. 

0012. The user population can include other vehicle 
Subscribers (e.g., to provide rerouting data based on loca 
tion-relevant roadway or traffic events), roadway mainte 
nance crews, vehicle manufacturers, and governmental 
agencies (e.g., transportation authorities, law enforcement, 
and legislative bodies). 
0013 In one form, the invention may be directed to 
on-board Vehicle System and method for collecting, analyZ 
ing and distributing information relating to transportation 
infrastructure and conditions. 

0014. In another form, the invention may be directed to 
a centralized facility for providing global management of 
event collection, analysis and reporting tasks in a distributed 
multi-vehicle environment. 

0015. In another form, the invention may be directed to 
a multi-vehicle environment employing intelligent vehicle 
platforms to facilitate the distributed exchange of event-type 
information between Subscriber vehicles concerning road 
way condition, capacity and Safety. 
0016. In another form, the invention may be directed to 
a System and method employing intelligent vehicle plat 
forms to provide vehicle, roadway and traffic event infor 
mation to infrastructure maintenance authorities. 

0017. In another form, the invention may be directed to 
a System and method employing intelligent vehicle plat 
forms to provide-vehicle, roadway and traffic event infor 
mation to vehicle original equipment manufacturers. 
0018. In another form, the invention may be directed to 
a System and method employing intelligent vehicle plat 
forms to provide vehicle, roadway and traffic event infor 
mation to governmental entities and transportation authori 
ties. Patent Owner Ex. 2002, p. 7
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0019. One advantage of the present invention is that 
real-time data concerning traffic utilization, Safety, roadway 
design, and roadway conditions can be collected and exam 
ined to determine the occurrence of events affecting the 
vehicle environment. 

0020. Another advantage of the present invention is that 
real-time (or virtually real-time or near real-time) event 
indication information can be processed and evaluated by a 
central management facility to determine its relevance and/ 
or relationship to the interests of other users and applica 
tions. 

0021 Another advantage of the invention is that users 
and applications can receive relevant event occurrence infor 
mation in real-time (or near real-time) to enable timely and 
useful response and reaction to the information. 
0022. Another advantage of the invention is the formu 
lation of a real-time transportation infrastructure informa 
tion System configured to provide instantaneous data that is 
gathered in a passive, non-intrusive, private and Virtually 
cost-free manner. 

0023. Another advantage of the invention is that road 
condition, traffic, hazard, and vehicle data will be collected 
using public vehicles and provided in real-time to city, 
county, State, federal and private agencies and even back to 
the drivers themselves. 

0024. Another advantage of the invention is that govern 
ment and private agencies will use this information to more 
effectively manage their infrastructure planning, design, 
maintenance, and conditions dissemination to the traveling 
public. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 The above-mentioned and other features and 
advantages of this invention, and the manner of attaining 
them, will become more apparent and the invention will be 
better understood by reference to the following description 
of an embodiment of the invention taken in conjunction with 
the accompanying drawings, wherein: 

0.026 FIG. 1 is a block diagram schematic view of a 
System integrating a vehicle environment, central facility, 
and user environment, according to one form of the inven 
tion; 

0.027 FIG. 2 is a more detailed block diagram schematic 
view of the system of FIG. 1, according to the invention; 

0028 FIG. 3 is a block diagram schematic view of a 
central facility for use with the systems of FIGS. 1 and 2, 
according to the invention; 

0029 FIG. 4 is a block diagram schematic view of a 
System, according to another form of the invention; and 
0030 FIG. 5 is a top-level pictorial representation of the 
inter-relationship of system elements depicted in FIG. 4. 

0.031 Corresponding reference characters indicate corre 
sponding parts throughout the Several views. The exempli 
fication Set out herein illustrates one preferred embodiment 
of the invention, in one form, and Such exemplification is not 
to be construed as limiting the Scope of the invention in any 

C. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0032 Referring now to the drawings and particularly to 
FIGS. 1 and 2, there is shown first in FIG. 1 a wide-scale 
global view of a System 8 integrating a multi-vehicle popu 
lation having a plurality of individual vehicle environments 
10 traveling in a roadway network, a central facility 12, and 
a user population having a plurality of individual user 
applications or entities 14, according to one illustrative form 
of the invention. 

0033 Referring to FIG. 2, there is shown a further 
detailed view of system 8 of FIG. 1. In particular, there is 
shown in illustrative block diagram view an exemplary 
vehicle environment 10 constituted as an intelligent vehicle 
on-board system 20. As shown, central facility 12 is con 
figured for communication with the universe of vehicle 
environments 10 via a Suitable communication network 16. 

0034. The illustrated intelligent vehicle on-board system 
20 includes, in combination, a processor 22, a Sensor assem 
bly 24, a communication unit 26, a Storage 28, a display 30, 
and a location unit 32. In brief, on-board system 20 resides 
in a vehicle and operates as follows. 
0035. The sensor assembly 24 collects data generated in 
the respective vehicle environment or platform. AS dis 
cussed further, this data may issue from Standard equipment 
in the vehicle or be retrieved from the existing communi 
cation bus in the vehicle or be retrieved from added Sensors 
and equipment. In general, the Sensor data may relate to the 
Status, operation, mode, performance, State, or any other 
measurable characteristic of any device, instrument, part, or 
component in the vehicle. 
0036) The sensor data collected by sensor assembly 24 is 
processed by processor 22 to determine whether the data 
indicates or otherwise Signifies the occurrence of an event as 
represented by and correlated to the data. When processor 22 
determines that an event has occurred, processor 22 gener 
ates an event indicator. For example, an event indicator can 
be formulated as any type of information or data Set that 
provides Some means of indicating the type of detected 
eVent. 

0037. An event indicator may include a classification of 
the event, a description of the event, and the underlying data 
that triggered event detection. 
0038 Preferably, the event indicator will also include or 
be associated with a location indicator (generated by loca 
tion unit 32) that signifies the location of the vehicle at the 
time that the corresponding event was detected. In this 
manner, the detected event is correlated with positional 
information indicating the location of the vehicle where the 
event occurred. This location data may be provided by any 
means known to those skilled in the art, Such as a GPS unit. 

0039 The manner of detecting the occurrence of an event 
may be undertaken in any of various forms. For example, 
processor 22 may compare the Sensed data to reference or 
benchmark data to determine if the sensor data falls within 
or without allowable tolerances, ranges, criteria, require 
ments, or Specifications. If the data falls outside of allowable 
tolerances, for example, then an event has occurred. The 
Specifications for determining the event occurrence criteria 
(e.g., range of permissible values) may be stored locally in Patent Owner Ex. 2002, p. 8
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Storage 28. These data Specifications may be reprogram 
mable to enable a user to increase or decrease the margin of 
variation or deviation for any given Sensor parameter or 
value in the vehicle. 

0040. The on-board system 20 generates a communica 
tion (Such as with processor 22) that transmits detected event 
information to central facility 12 via communication net 
work 16. For this purpose, a Suitable communication unit 26 
is provided. The communication of event information will 
typically include the event indicator and associated location 
data. Any Suitable proceSS or methodology may be used to 
facilitate the transfer of event information from each vehicle 
environment to central facility 12. For example, the event 
information may be transmitted automatically in real-time as 
the event is detected; periodically at Set intervals of time; 
under Specified conditions Such as when the queue or 
backlog of events reaches a certain number; randomly at the 
discretion of the driver, or in response to polling or other 
request issued by central facility 12. 
0041 Astorage 28 may be used to record event infor 
mation provided by processor 22. A display 30 may be used 
to display the results of processing operations to the driver, 
Such as the details of an event once it is detected. 

0042. The elements of on-board system 20 may be imple 
mented using any means known to those skilled in the art, 
including, but not limited to, conventional hardware, Soft 
ware, and firmware. For example, processor 22 may be 
implemented as a computing facility. 
0043. The communication unit 26 may employ a wireless 
transceiver. 

0044) Taking a broader view of the system shown in FIG. 
2, it is apparent during operation that regular Streams of 
event-type information are being uploaded to central facility 
12. AS discussed further, central facility 12 maybe consid 
ered to provide centralized management, control, and dis 
Semination of the event information on a universal, global 
Scale. Among other functionalities, central facility 12 evalu 
ates the event information to determine whether the event 
information is relevant to any other user in the client 
population that is served by central facility 12. 
0.045 For example, as discussed further, if a communi 
cation from a vehicle environment includes event informa 
tion signifying the occurrence of an event related to roadway 
utilization (e.g., traffic flow or levels), travel Safety (e.g., 
hazards, foreign or alien objects in the roadway), roadway 
condition (e.g., dangerous Surface conditions), or roadway 
infrastructure/design (e.g., deficient or missing traffic con 
trol features), the central facility 12 makes a decision or 
determination if Such event indicators are relevant to any 
other vehicle in the network. For example, this relevance 
determination may involve comparing the location of the 
vehicle associated with the detected event with expected or 
projected travel routes of other vehicles. A relevance match 
would exist, for example, if a vehicle is expected to travel 
towards or proximate the same location where the event was 
detected. Central facility 12 may then communicate this 
event information to the vehicle of interest associated with 
the relevance match. 

0.046 Referring again to on-board system 20, and spe 
cifically sensor assembly 24, the ability of any vehicle 
environment to effectively ascertain the existence of certain 
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events depends on the quality, integrity and probative value 
of the raw Sensor data, and the development of meaningful 
algorithms or other analysis tools capable of properly exam 
ining, understanding, interpreting, and eventually rendering 
decisions fully reflecting the outcome of the data analysis, 
namely, whether the data Signifies the occurrence of an 
eVent. 

0047 Any of various sensor devices may be used in the 
practice of the invention, including, but not limited to, 
conventional Sensors, instruments, and gauges currently 
existing as Standard equipment on vehicles, Such as anti-lock 
brakes, wipers, traction control Systems, headlights, Steering 
angle (from Sensors on the steering column, rack-and-pinion 
assembly); Suspension; and additional Sensors Such as iner 
tial measurement unit (IMU) to measure direction, Speed, 
pitch, yaw and roll of a vehicle; GPS (for vehicle position); 
Lasers (for detecting roadway anomalies and relation of 
vehicle to the roadway); and “Sniffers (gas, particulates, 
spectrum analyzers). Information from these Sensors can be 
interpreted in various ways to arrive at the conclusion that 
certain events have occurred. 

0048 For example, regarding instruments to measure the 
usage pattern of anti-lock brakes, Sensor data reflecting 
excessive or abrupt use of the ABS System may indicate 
hazards introduced into the highway Such as obstacles, i.e., 
an event, particularly if other data from the IMU indicates 
Sudden maneuvering of the vehicle simultaneous with ABS 
activation. Further confirmation of the accuracy of this data 
interpretation as an obstacle-related event would take place 
in the central facility if other vehicle environments traveling 
through the same location upload Similar event indicators 
stemming from comparable ABS and IMU sensor data. 
0049 Regarding wipers, sensor data reflecting different 
periods and types of use (e.g., intermittent, continuous, 
high-speed continuous) would signify corresponding 
weather conditions (e.g., light rain, steady rain, and down 
pour, respectively or light Snow, Steady Snow, and flurries 
when compared to the vehicles outside temperature reading 
or from third-party weather reports.) 
0050 Regarding the inertial measurement unit (IMU), 
certain combinations of pitch, yaw and roll measurements 
will yield different conclusions as to the movement of the 
vehicle. For example, if the IMU data signifies a maneuver 
having a contour that does not follow the known contour of 
the relevant Stretch of highway, it can be concluded that the 
vehicle may be executing an intended excursion around 
alien or foreign objects or articles in the roadway, particu 
larly if the vehicle quickly resumes its regular course of 
faithfully following the roadway. Similar event information 
from other vehicles passing through the same location will 
likewise verify the existence of a hazard, i.e., a detected 
event occurrence. The data for the roadway infrastructure, 
for purposes of comparison with the IMU data, may be 
Stored locally in the vehicle environment and updated as 
needed, e.g., by downloads from the central facility. 
0051) The IMU data may be used to detect a drowsy 
driver or unintentional vehicle drifting if the IMU data 
represents random lateral movements. 
0052 Regarding traction control systems, data from this 
System may be used to detect events relating to the frictional 
interaction between the tires and the roadway. For example, Patent Owner Ex. 2002, p. 9
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traction data representing excessive Slippage beyond a cer 
tain threshold may signify that the vehicle has encountered 
icy conditions on the roadway. Likewise, extended slippage 
measurements, when not otherwise attributable to weather 
conditions, may indicate degradation in the tires, e.g., worn 
treads. Traction data may be obtained from the limited slip 
differential, for example, to examine the usage history of the 
traction process. 
0.053 Regarding headlights, measurements concerning 
the usage pattern of the headlights or fog lights may signify 
diminished visibility in a certain area, especially during 
daylight hours or at other times when for example headlights 
ordinarily and customarily are not used. For example, the 
prolonged use of headlights, when correlated to geographi 
cal, topographical, or terrain data, may indicate fog in 
low-lying regions. 
0.054 Regarding the Steering angle, measurements of the 
angular position of the Steering column may indicate over 
compensation reflective of the need for the vehicle to 
undergo realignment. Additionally, irregular patterns in the 
Steering motion, when characterized by a negative or insuf 
ficient correlation with the known contours of the highway 
where Such Steering measurements were made, may indicate 
drifting or erratic driving habits needed corrections. 
0.055 Regarding the suspension, measurement data con 
cerning the Suspension may indicate that the vehicle is 
encountering different geometric features present in the 
roadway. For example, depending upon the level of Strut 
Shock displacement/return, rigidity, firmness, bounce or 
Spring compression manifesting in the Suspension System, 
the measurements may indicate that a vehicle has passed 
over a rut, pothole, object or that the vehicle is over weight. 
An event Signifying the presence of a pothole encountered 
by the vehicle would be supported by concurrent IMU data 
indicating vertical displacement consistent with the vehicle 
rapidly entering then exiting a hole at one of its wheels. The 
combination of IMU data and Suspension data may also 
indicate progressive deterioration in the integrity of the 
Suspension System, especially if the deterioration exhibits a 
gradual decline, unlike the encounter with a pothole which 
is characterized by Violent Shock to the Support mechanisms. 
0056 Regarding GPS units, the GPS module provides 
continuous real-time data on the location and position of the 
vehicle. This position data is preferably retrieved upon the 
occasion of an affirmative event occurrence So that the 
vehicle position at the moment the event happened may be 
correlated to the event indicator. 

0057 Regarding Sniffer-type devices installed in the 
vehicle environment, these units maybe employed to detect 
various Substances, Such as environmental conditions, car 
bon dioxide concentrations, carbon monoxide, bio-hazards 
(e.g., toxic gases Such as Sarin gas) gases, chemical-biologi 
cal agents, and certain specified particulates. The devices 
may also be provided in a form Suitable for drug-detection 
purposes in law enforcement, Such as to identify the pres 
ence of methamphetamine. In conjunction with these 
devices, a map-making feature may be provided that 
involves the construction of a map where each detected 
event is indexed to its corresponding geographical or 
municipal location. A spectrum analyzer or gas analyzer 
may be used to implement these devices, although any other 
suitable assembly known to those skilled in the art may be 
utilized. 
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0058. Once an event has been detected and properly 
interpreted or classified, there Still remains the additional 
responsibility of determining the applications and uses for 
Such event information So that a meaningful and productive 
response can be formulated. According to one form of the 
invention, the task of determining how event information is 
disseminated to the appropriate end-user or application 
entity has been assigned to the central facility 12. 
0059 Referring again briefly to FIG.2, central facility 12 
is also configured for communication with end-userS Such as 
roadway maintenance authorities 40, governmental authori 
ties 42 (e.g., local, State, federal), and vehicle original 
equipment manufacturers (OEMs) 44. These user entities 
may be connected to central facility 12 via any Suitable 
communication means, Such as communication network 16 
or any other conventional facility known to those skilled in 
the art. 

0060 Referring also to FIG. 3, there is shown a block 
diagram Schematic view of central facility 12, according to 
one form of the invention. The illustrated facility 12 
includes, in combination, a computing or processing facility 
50, communication module 52, databases 54, user applica 
tion programs 56, and storage 58. 
0061 The computing facility 50 performs the functions 
of processing the incoming communications from the Vari 
ous vehicle environments, namely, the event information. In 
particular, the processing tasks will examine the event 
information to determine its relevance or relationship to the 
interests of any other user or party within the client or 
subscriber environment of the overall system. As noted 
before, for example, an event indicator transmitted from the 
onboard System of exemplary vehicle A may be of interest 
to vehicle B based on a comparison of the location indicator 
correlated to the detected event from vehicle A relative to the 
planned or expected travel route of vehicle B. This com 
parison is conducted by central facility 12. If the detected 
event is found to be relevant to another party, central facility 
12 forwards the appropriate communication to the relevant 
destination (e.g., vehicle B). 
0062) The illustrated user application programs 56 are 
generally illustrative of the profile information or client data 
needed by central facility 12 to determine whether a certain 
received event indicator is relevant to the interests, Specifi 
cations, or requirements of a particular user, client or Sub 
Scriber. For example, a user may be affiliated with a certain 
Set of event classifications that describe the types of detected 
events that the user is interested in acquiring on an ongoing 
basis. For example, if a user desires to receive communica 
tions concerning traffic-related items, central facility 12 will 
forward event notification information to Such user once it is 
determined that a specified incoming event indicator relates 
to this event category of interest. 

0063. In one alternate form, the event determinations are 
carried out at the central facility 12. In this configuration, the 
dedicated on-board units of the individual vehicle environ 
ments will Simply upload the raw Sensor data to the central 
facility 12. Additionally, the event determination tasks may 
be shared between the central facility 12 and individual 
vehicle environments where the data originates. 
0064. The illustrated storage 58 may be used to store the 
information received from the various vehicle environments, Patent Owner Ex. 2002, p. 10
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in addition to the results of the relevance determinations 
carried out by central facility 12. Databases 54 may store 
user information and Vehicle information for downloading to 
the individual onboard Systems, e.g., Software updates, 
mapping information, and roadway infrastructure updates. 
The communication module 52 is configured to enable 
communication with the vehicle environments, users, and 
any other parties, Such as by way of communication network 
16 (FIG. 2). Any suitable means known to those skilled in 
the art may be used to implement the various Subsystems of 
central facility 12, including conventional components. 

0065. The following discussion provides various 
examples of how event information received and processed 
by central facility 12 may be directed to user groups for 
further action based thereon. 

0.066 Regarding vehicle performance applications, cen 
tral facility 12 may direct performance-related event indi 
cators to vehicle manufacturers and OEMs for purposes of 
monitoring the reliability of their equipment and monitoring 
the Stability and integrity of vehicle operation. For example, 
certain Such performance-type event data may be used to 
facilitate the deployment of diagnostics routines to further 
investigate incipient problems manifested in the event data. 
Additionally, the event data maybe used to perform prog 
nostics, namely, to make predictions or projections regard 
ing the decline or failure in certain components. 
0067 Regarding vehicle operation applications, central 
facility 12 may direct operation-related event indicators 
back to the transmitting vehicle in the form of warnings to 
alert the driver of unsafe driving behavior. For example, 
event indicators reflecting erratic driving movements may 
prompt the central facility to issue an alert warning for 
announcement at the display Station of the Source vehicle to 
warn of Suspected driver impairment. 
0068 Regarding roadway condition applications, the 
central facility may direct condition-related event indicators 
to maintenance authorities to facilitate the dispatch of work 
crews to the affected Site. For example, event data indicative 
of conditions Such as roughness, potholes, blowups (ledge in 
roadway), and cracks may warrant a message to a State 
department of transportation to Send a work crew to an area 
for repairs or alterations. Other events needing maintenance 
attention may includes hazards to remove, missing or 
obscured signs, and Signals out. 
0069. A transportation authority might also be interested 
in applications Such as ramp metering based on event 
indicators pertaining to traffic jams at on-ramp signals. In 
particular, based on the measure of traffic flow (as deter 
mined by Sensor data reflecting vehicle movement trends 
correlated to their location at on-ramp junctions), the proper 
authority may alter or adjust the timing of lights to increase 
or decrease (as necessary) the flow of incoming vehicles 
entering the highway from the on-ramp through the control 
lights. In this manner, an optimal flow of merging traffic is 
maintained and regulated. 
0070 Regarding roadway travel safety applications, the 
central facility may direct Safety-related event data to main 
tenance crews (e.g., notice of the need for Salting due to icy 
roads or the removal of obstacles) or to vehicles (e.g., 
weather warning to drivers approaching an area with heavy 
rain). 
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0071 Regarding roadway capacity or utilization applica 
tions, traffic-related event data may be provided to approach 
ing vehicles or to other parties interested in applications 
Such as trip time analysis and congestion detection. 
0072 Regarding roadway design applications, the central 
facility may report design-related events to the appropriate 
roadway authorities, as it relates, for example, to design 
flaws, improper Signage, poor navigation of driver on poorly 
or well designed roadways or interSections, improper curve 
Super-elevation, new driveways, and blind corners from new 
buildings, all of which may warrant further roadway 
improvements to Safeguard the integrity of the roadway. 

0073 Regarding traffic control feature applications, the 
central facility may report control-related events to the 
appropriate transportation authorities, as it relates, for 
example, to hazard warning, alternate route analysis, and 
ramp metering. 

0074 Regarding law enforcement applications, the cen 
tral facility may direct enforcement-related event indicators 
to the appropriate authorities, as it relates, for example, to 
over weight vehicles, running a stop sign, drug Sniffing and 
accident reconstruction. 

0075 Regarding homeland security applications, the cen 
tral facility may direct events Such as monitored and timed 
driving to check points, irregular driving patterns in or 
around critical facilities, chemical or bio-hazard detection to 
the appropriate governmental agency. 
0076 Regarding weather forecasting applications, the 
central facility may direct weather-related events to weather 
bureaus, as it relates, for example, to the identification of 
areas where it is raining, Snowing or icy, wind conditions, 
and ambient temperatures. 
0077 Regarding ecological monitoring applications, the 
central facility may forward ecology-related events to the 
appropriate party, as it relates, for example, to air quality 
detection. 

0078 Regarding wireless power monitoring applications, 
the central facility may receive communications from 
vehicle environments indicating variations in cell phone 
Strength depending upon location. 

0079. This strength data can be used to formulate a map 
showing the different levels of cellular power as a function 
of location. This information would be of particular interest 
to tower operators and cellular Service providers. 

0080 Generally, the information gathered by the central 
facility from the vehicle environments may be archived and 
made available for future data mining purposes as new uses 
and applications are developed to utilize the event informa 
tion. For example, as an enhancement to "car-counting”, 
each vehicle passing through a specified counting point can 
upload the respective vehicle type as part of its communi 
cation issuing to the central facility. As a result, it is possible 
to determine and characterize roadway utilization not only in 
absolute terms of vehicle volume, but also in terms of how 
the traffic throughput is distributed among different types of 
cars. Another example application would be to track the 
weekly, monthly or yearly activity of commercial as well as 
other vehicles for routing, compensation, tax, fees, fines, 
insurance and other analysis by interested parties. Patent Owner Ex. 2002, p. 11
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0081 Referring now to FIG. 4, there is shown a block 
diagram view of another System architecture, according to 
the invention. FIG. 5 is a pictorial representation of the 
System. 

0082 The illustrated system includes a Vehicle On-Board 
System, a Communications Network (which for example 
could be satellite, radio (DSRC or frequency hoping Systems 
for example), cellular, Internet (with mobile access from 
802.11, 802.16, Bluetooth) or other available method alone 
or in combination), a Back-End Data Center, and various 
Agency Data Analysis and Reporting Tools. 

0083) The Vehicle On-Board Systems includes sub 
Systems to gather, analyze and transmit vehicle Sensor 
information. The Vehicle Interface electronics gatherS Sen 
Sor information and talks to automotive Systems. An array of 
Sensors is required to determine, among other things, vehicle 
position, orientation, heading, tire pressure, wheel Speed, 
brake status and throttle status. Data from a number of 
Sensors Such as wheel Speed, vehicle Speed, antilock brake 
Status, and throttle position is currently available on Standard 
in-vehicle communications buses. 

0084. The Automotive Data Aggregator-Analyzer ana 
lyzes the collected data for events that should be stored and 
transmitted to the Back-End Data Center. The onboard 
computational Subsystem processes data from vehicle Sen 
Sors and uses this information to log events and conditions 
for further action. The Subsystem uses a fast embedded 
processor to accommodate the real-time processing needs of 
complicated math algorithms. 
0085 Among other things, the Data Aggregator-Analyzer 
would compare the information currently detected by the 
vehicle sensor subsystem to that stored in the DGPS 
geospatial database. Depending upon the particular condi 
tion of interest (driver departing roadway, rough pavement, 
roadway ice buildup, etc.) various actions might be taken. 
Vertical movement may indicate Surface conditions Such as 
cracks and roughness index (quality of ride). Vertical, hori 
Zontal, pitch and roll displacement during a lane change 
would indicate rutting. Sensed differences in the wheel 
speed and the vehicle speed and/or the operation of the ABS 
would indicate Slipping or Skidding. 

0.086. In addition, the traffic flow will also be monitored. 
A database of roadway location, direction, and expected 
average Speed of flow could be Stored in the telematics unit. 
As a driver travels along a particular Segment, the vehicle 
would calculate average Speed and also perform Some 
Simple Statistical analysis on the Speed Samples, looking for 
activities Such as unusual Stop-and-go conditions or traffic 
jams. Logic in the Data Aggregator-Analyzer would log 
unexpected traffic flow as an event, including Some infor 
mation on the conditions, the time, and the coordinates of the 
event. These events could either be dispatched to the call 
center immediately in situations where immediate driver 
feedback would be desired (i.e. advance notice of an upcom 
ing traffic jam) or queued up and sent at a later time when 
it is more advantageous to do SO (i.e. to collect traffic 
Statistics for roadway analysis). 
0087. The computational Subsystem, for example, could 
include an existing Ford, GM, Daimler/Chrysler, Interna 
tional Truck and Engine Company Telematics hardware, 
modified for these purposes. 
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0088. The Communications Network system manages 
intelligent transmission of information when it is needed. 
The onboard Sensors produce data in real-time, which is 
Subsequently filtered and processed by the computational 
Subsystem. Nevertheless, there may be large amounts of data 
that need to be relayed between a number of vehicles and the 
central information processing facility. 
0089. To implement some of the features, the communi 
cations channel between the vehicle and the central facility 
will need to Support high bandwidth, instantaneous connec 
tions with many nodes requiring asynchronous information. 
In addition, the connection must be virtually ubiquitous, 
meaning that there are no significant areas where commu 
nications cannot be established quickly and reliably with the 
call center backend. The communications network Supports 
discrete data transferS bi-directionally, along with Voice 
communications. The network processes data to/from a large 
number of vehicles simultaneously and autonomously in 
real-time. Technology to Support these requirements is found 
in multimode Systems. Such as a bi-directional Satellite 
communications with additional communication Systems 
Such as digital Cellular and or radio communication. The 
Communication System could operate based on the best 
available method. 

0090 The Back-End Data Center (i.e., central facility) 
includes Subsystems to receive the transmitted infrastruc 
ture, vehicle and traffic data from vehicles, Store it, analyze 
it and Send data and reports to contracted agencies for further 
analysis. The ground-based Communications System 
receives information from millions of vehicles and Saves it 
in a Real-Time Transportation Infrastructure Database. The 
System also transmits critical information back to drivers as 
requested. 

0091 Infrastructure Reporting software at the Data Cen 
ter eXtracts and analyzes the data on road infrastructure. 
Real-time hazard data can be transmitted back to contracted 
vehicles. Additionally, data and reports can be made avail 
able to various National, State, Local and Private Agencies 
for further analysis. In the same manner, Traffic Reporting 
Software at the Data Center extracts and analyzes the data on 
traffic flow and congestion. Real-time traffic data can be 
transmitted back to contracted vehicles as appropriate. Addi 
tionally, data and reports can be made available to various 
National, State, Local and Private Agencies for further 
analysis. 

0092 Various National, State, Local and Private Agen 
cies, if contracted, can access infrastructure, vehicle and 
traffic data from the data center. Software tools will enable 
Such agencies to track and analyze traffic and infrastructure 
conditions in real-time. Infrastructure Analysis and Report 
ing Tools will contain such functions as: Real-Time Road 
Hazard Display, Road Condition Reports and Road Design 
Problem Analysis. Traffic Analysis and Reporting Tools will 
contain such functions as: Real-Time Traffic Display, Traffic 
Flow Analysis Reports and Real-Time Congestion Analysis. 
Vehicle Data Analysis can be accomplished in real-time for 
vehicle telediagnostics, operation and manufacturer data 
gathering. 

0093. The features of this platform allow participating 
drivers to receive on-demand: updates of traffic conditions 
based on their current position and heading, reports of road 
conditions due to reduced traction, and reports of potentially Patent Owner Ex. 2002, p. 12
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dangerous interSections and road conditions. Moreover, 
City/County/State/Federal customers can receive updates of: 
traffic capacity and congestion, Speed and work Zone effec 
tiveness, potentially missing Signage, and updates of 
degraded road conditions due to reduced traction and 
degraded ride quality of the road. 
0094. In one form, the interpretive in-vehicle-based 
telematics units will use the internal vehicle systems BUS 
data, plus positional Systems. Such as DGPS, laser and 
inertial Sensors to provide real-time data on the pavement 
and its relation to the vehicle. The unit will record vehicle 
position, Vertical and lateral movements, acceleration, decel 
eration from DGPS and inertial sensors and along with the 
vehicle BUS data from the ride stabilization, load leveling, 
traction control, ABS, and other systems. This information 
will be translated by the unit into information on roughness, 
longitudinal profile (Smoothness), ride quality (IRI), rutting, 
potholes, blow-ups, cross slope (%), friction numbers (skid 
resistance), transverse cracking and other Surface anomalies, 
for example. 

0.095 The Data Collection system would then send the 
condition (or other data if additional modules are desired) 
data via a multi mode wireleSS System to the Infrastructure 
Management System (central facility), which will interpret 
and authenticate data then utilize the communication archi 
tecture to distribute the information. This system will model, 
analyze, quantify and prioritize this information for further 
real-time distribution to the appropriate database tables, 
graphics, maps, reports, emails, pagers, phones, etc., of the 
Subscribing agency. Certain parts of this information could 
be resold to other agencies and private companies and 
eventually the traveling public customers. 
0.096 An important aspect of the interpretative or trans 
lation functions of the on-board vehicle System concerns the 
proper characterization of road conditions based on in 
vehicle Sensor data. 

0097. In particular, the invention employs algorithms and 
other procedures adapted to determine from a vehicle, in 
real-time, the Signature of distinct road conditions, traffic 
conditions, and road hazards based upon multiple in-vehicle 
Sensor inputs. These inputs may include various electrome 
chanical control Systems to enhance Stability, handling, and 
performance of the vehicle as well as to improve the Safety 
of drivers and passengers. These Systems include anti-lock 
brake systems (ABS), traction control systems (TCS), air 
bags, and intelligent stability and handling Systems (com 
mercially known as AdvanceTracTM, Traxxar'TM, Active 
Handling). The common feature of these Systems is that they 
function based upon the Signals collected from a network of 
Sensors that detect the kinematics of the vehicle in motion, 
road conditions, and inputs from the driver. 
0098. For example, repetitive occurrence of ABS/TCS 
activation from multiple vehicles in proximity of a certain 
location may be indicative of a slippery road Surface. 
0099. A typical methodology, for example, may include 
defining traffic conditions and road hazards that could be 
classified and identified by existing devices and Systems, 
and developing mapping algorithms that analyze the mul 
tiple in-vehicle Sensor inputs and identify a classification. 
0100 Additionally, the invention may employ algorithms 
directed to predictive analysis and reporting of traffic flow 
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and road hazards based on integrated input. This feature is 
provided to determine, in real time, the Signature of a 
reportable traffic condition or distinct road hazard based 
upon the multiple Sensor inputs. A typical methodology, for 
example, may include identification of Significant traffic or 
hazardous roadway conditions, formulation of predictive 
traffic models based on Sensor data; and providing a System 
to communicate conditions to motorist. 

0101 Additionally, the invention may employ algorithms 
directed to predictive analyses and reporting of road condi 
tions based on integrated input. This feature is provided to 
determine from a vehicle, in real time, the Signature of 
roadway conditions based upon multiple Sensor inputs. A 
typical methodology, for example, may include formulating 
algorithms that correlate Sensor data with Standard road 
condition indices, and integration to a GIS mapping System 
that correlates with the real time information. 

0102 Regarding the communications infrastructure, it 
should be understood that the invention contemplates car 
to-call center communications, car-to-mobile computer, call 
center-to-mobile computer and car-to-car communications. 
0103) As disclosed herein, the invention may be consid 
ered to encompass a transportation information System and 
method that integrates proven data collection and back-end 
internet-based infrastructure management Systems with 
vehicle information Systems, mobile computing and telemat 
ics knowledge. The System gathers and uses existing infor 
mation from the vehicle bus and communication technolo 
gies. However, as vehicle Systems are equipped with 
additional Sensor capabilities, and communication technol 
ogy improves the value of the information from the System 
will grow dramatically. 
0104. The transportation information system provides a 
means by which passenger cars and other vehicles can 
collect roadway Surface condition and performance data and 
report the information to a centralized location via existing 
communications channels. Once reported, the data is ana 
lyzed and disseminated, Such as to fee-paying customers. 
Examples of data that may be acquired and analyzed include 
information that is correlated to changing ride quality, 
Surface lane rutting, and Surface friction quality. 
0105 The transportation information system takes 
advantage of the great number of passenger and fleet vehicle 
miles driven annually over millions of miles of roads. This 
vehicle pool will be used for national System data collection 
and reporting. Local fleet vehicles and government vehicles 
Such as public WorkS vehicles, inspection vehicles, School 
buses, police and highway patrol cars, garbage trucks, 
delivery vehicles and other vehicles that constantly travel a 
city's Streets can be used for local data collection and 
reporting Systems. Equipping these vehicles with additional 
Sensing devices, processing and Storage Systems, interpre 
tive Software and wireleSS communications Systems can 
provide real-time data that is gathered in a passive, non 
intrusive, private and virtually cost-free manner. The trans 
portation information System envisions collecting Sensed 
data from actual vehicles in ordinary use. The System 
interpretive Software would evaluate the Sensed data. Infor 
mation from the System would be disseminated using any 
telematics and Internet capabilities, facilities, and protocols, 
Such as conventional ones. 

0106 AS exemplary applications, consider the experi 
ence of Vibrations and perhaps the aggravation as one drives Patent Owner Ex. 2002, p. 13
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over a bump, a pothole, a rut or other Surface distress. The 
on-board Sensors on the vehicle bus detect these same 
movements, transmit that data to a processing center where 
it is interpreted into roadway condition information. Auto 
matically this information is communicated to the respon 
Sible government agency, and in a short time the roadway is 
repaired. 
0107 Additionally, there is the ability to be informed of 
a traffic jam as one approaches it, based on the progreSS of 
other vehicles ahead of you. Since a user may have pre 
loaded a final destination, an alternate route is planned and 
timed So that one can make an informed decision whether to 
take the new route or stay on course. 
0108) Additionally, there is the benefit of knowing in 
advance that an interSection one is approaching has had a 
Stop sign knocked down. In addition to being important to 
approaching drivers, this condition is also important to the 
government agency responsible for maintaining Signs. 

0109. In other forms, it may be considered that the 
invention encompasses System and method directed to the 
collection, interpretation and dissemination of data pertinent 
to road Surface condition, Safety, liability and traffic usage. 
The system and method further involve the mining of the 
data for OEM design, maintenance, marketing and Sales 
purposes. Specifically, data relating to these areas will be 
gathered, interpreted, Stored and disseminated: ride, fatigue 
cracking, weather- and construction-related cracks, rutting, 
crown, Signage and Signal anomalies, traffic jams, construc 
tion, traffic congestion, presence of obstacles on the road, 
and miscellaneous other condition items. 

0110. In one illustrative form, the data collection uses 
GPS or DGPS and/or IMU that coordinates and monitors the 
Start/stop/slow-down, Swerve type events that can be 
detected from the existing vehicle bus and telematics equip 
ment. 

0111. In another form, the invention may be considered to 
encompass a System architecture that includes an in-vehicle 
telematics unit with the ability to proceSS and filter data, 
driver interface, a communications network based on exist 
ing and future cellular, radio and wide-area network com 
munications, and a back-end call center/data processing hub. 
The data collection will be derived from the existing vehicle 
electronics architecture. 

0112 An onboard computational unit will gather data 
relating, for example, to vehicle Speed, position relative to 
the roadway, GPS coordinates, Status of antilock brakes, and 
tuned Suspension, and transmit it via in-vehicle telematics 
communication devices to a central information processing 
facility. The central information processing center will 
aggregate the data for analysis and interpretation. Depend 
ing upon the type of Services provided and the content of the 
data received, Status and information may be transferred 
back to individual vehicles and/or to the responsible agen 
cies from the central information processing facility where 
it will be stored and maintained. Condition information will 
be used to reevaluate the network rating, work orders will be 
prepared and monitored as required and incident manage 
ment controls and actions will be established. 

0113. In addition to off-board information processing, 
on-board analysis will also be available. Some infrastructure 
data will be Stored within the vehicle-processing unit to 
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enable computation of Safety incidents or out-of-bounds 
events. Based on the amount of Stored knowledge at the 
vehicle level certain feedback will be immediately commu 
nicated to the driver. For example, using map database 
information and current position data, a driver going down 
the wrong way on a one-way Street can be alerted immedi 
ately. This event can simultaneously be logged and Sent to 
the call center to be added to other like incidents to deter 
mine the magnitude of the problem and possible causal 
factors, i.e. improper Signage. AS with any Similar System, 
there will be a number of Verification computations to insure 
information integrity and accuracy. 
0.114) Regarding further details of the telematics unit, the 
telematics units incorporate the algorithms needed for cap 
turing, Storing, analyzing and reporting events. The call 
center or central facility then extracts the events from the 
telematic communications. 

0115 The telematics units also will be able to collect 
traffic flow information and correlate it to fixed geographic 
coordinates (roadways), and report the information to the 
call center. In addition, the units would receive traffic flow 
information and provide it to the driver. The captured events 
would be Stored in the call center for later processing and 
data mining by internal and external parties. 
0116. An enhanced data collection capability is also 
possible. For example, the use of a low-cost IMU to monitor 
road Surface roughness, obstacles and obstacle avoidance, 
road ice/ABS activation, and other inertially-detectable con 
ditions provides the enhanced capability. These additional 
events would be sent to the call center, and enhanced 
processing would provide for additional levels of traffic 
information to be sent to Subscribers. In addition, this 
information would be highly useful to outside parties inter 
ested in monitoring current road conditions (i.e. salt crews or 
law enforcement). With full data collection capabilities, an 
enhanced IMU/GPS navigation system could monitor very 
dynamic roadway conditions (e.g. driving through a con 
trolled intersection due to missing stop sign) as well as more 
Subtle driving patterns (e.g. obstacle in the roadway causing 
a number of lane changes/departures) 
0117. In yet another form, the invention may be consid 
ered to encompass a data collection/dissemination function 
ality that includes a vehicle bus and Sensor Subsystem, a 
vehicle computational Subsystem, a communications net 
work, a back-end information processing Subsystem, and a 
driver interface. 

0118. The communications network supports discrete 
data transferS bi-directionally, along with Voice communi 
cations. The network processes data to/from a large number 
of vehicles Simultaneously and autonomously in real-time. 
The size and frequency of transactions is kept to the mini 
mum necessary for System functionality So network traffic 
planning is performed in determining how well existing 
communications networks will perform, and whether 
enhancements will be needed to provide additional value to 
the users of the System. The back end configuration (central 
facility) has capabilities for logging road conditions and 
other vehicle events. 

0119) Vehicle Bus and Sensor Subsystem 
0.120. An array of sensors is required to determine, 
among other things, vehicle position, orientation, heading, Patent Owner Ex. 2002, p. 14
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tire pressure, wheel Speed, brake Status and throttle Status. 
Data from Some Sensors Such as wheel Speed, vehicle Speed, 
antilock brake Status, and throttle position is currently avail 
able on Standard in-vehicle communications buses Such as 
J1850 or CAN. This data can be collected by the on-board 
telematics unit from the vehicle network(s). 
0121 Position information relative to the roadway and 
other physical features is also important. Vehicle data cor 
related to physical location is a key element in determining 
when events of Significance should be logged and commu 
nicated. A Differential GPS unit provides highly accurate 
location information at a periodic rate. However, between 
DGPS updates, interpolation of the position and trajectory of 
the vehicle is necessary to determine Such events as roadway 
departure. To accomplish this interpolation, the Sensor Sub 
system includes an Inertial Measurement Unit (IMU). The 
IMU provides Velocity and acceleration information along 
and about the pitch, roll, and yaw axes. The IMU also 
communicates via a vehicle bus to the computational Sub 
System in the vehicle. 
0.122 One typical configuration includes the existing 
vehicle Sensors, the existing vehicle bus, existing telematics 
in-vehicle hardware that incorporates standard GPS, and a 
low-resolution IMU that is constructed using micro-ma 
chined accelerometer and material layered technology. This 
configuration has Sufficient accuracy to note the location 
where vehicle events occur, Such as ABS activation or 
encountering pavement damage. Optionally, correlation of 
the location coordinates to actual infrastructure elements 
would not be performed in the vehicle. Rather, in this 
configuration, events and conditions would either be Stored 
for later retrieval, or could be sent immediately to the call 
center via cellular data channel. 

0123 The call center would process this data and corre 
late it to map information. 
0.124 Computational Subsystem 
0.125 The onboard computational subsystem processes 
data from vehicle Sensors and uses this information to log 
events and conditions for further action. The subsystem 
uses, for example, a fast embedded processor (Such as the 
Motorola MGT5100) to accommodate the real-time process 
ing needs of complicated math algorithms. 
0.126 The computational Subsystem stores a geospatial 
database containing feature data and latitude/longitude coor 
dinates. The geospatial database will contain attribute and 
condition information concerning the roadway, right-of-way 
and other items. 

0127. Information such as pavement surface condition, 
pavement type, obstructions, Signs, Signal, road geometry, 
and shoulder drop-off, would be collected initially into a 
national mapping database and Supplemented (or derived) 
from the equipped vehicles over time. 

0128. Due to the large amount of data needed for nation 
wide coverage at a resolution useful for this System, it is 
probably unfeasible to expect that a geospatial database 
covering the entire roadway infrastructure could be carried 
on-board each vehicle. Hence, there must be a way to 
periodically refresh this data depending upon the vehicle's 
current location and expected route. At Some point, the 
vehicle will have to load new infrastructure data into the 
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on-board database. This data might be loaded via fixed 
media (such as DVD or flash memory), or it might be 
transmitted to the vehicle via a communications network. 

0129. Among other things, the computational system 
would compare the information currently detected by the 
vehicle sensor Subsystem to that stored in the DGPS/geospa 
tial database. Depending upon the particular condition of 
interest (driver departing roadway, rough pavement, road 
way ice buildup, etc.) various actions might be taken. 
0.130 Vertical movement may indicate surface conditions 
Such as cracks and roughness index (quality of ride). Vertical 
displacement during a lane change would indicate rutting. 
Sensed differences in the wheel speed and the vehicle speed 
and/or the operation of the ABS would indicate slipping or 
Skidding. While the illustrations are not comprehensive, they 
do indicate the types of events that could be detected. 
0131. In addition, the tracking of traffic flow could also 
be monitored. A database of roadway location, direction, and 
expected average Speed of flow could be Stored in the 
telematics unit. As a driver travels along a particular Seg 
ment, the vehicle would calculate average Speed and also 
perform Some Simple Statistical analysis on the Speed 
Samples, looking for activities Such as unusual Stop-and-go 
conditions or traffic jams. Logic in the telematics unit would 
log unexpected traffic flow as an event, including Some 
information on the conditions, the time, and the coordinates 
of the event. These events could either be dispatched to the 
call center immediately in situations where immediate driver 
feedback would be desired (i.e. advance notice of an upcom 
ing traffic jam) or queued up and sent at a later time when 
it is more advantageous to do SO (i.e. to collect traffic 
Statistics for roadway analysis). 
0.132. Using an event-based mechanism, rather than a 
continuous Stream of telemetry data from a vehicle, and 
transmission at non peak hours or when vehicle is parked 
near transmission Stations reduces the bandwidth demand on 
the communications channel. The on-board processing capa 
bility of the telematics unit is the enabler for this type of data 
collection. 

0133. In one exemplary form, the computational Sub 
System may include an existing OnStar or other provider 
in-vehicle hardware, modified to include a DSP processor 
that could process data from the low-cost IMU mentioned 
previously. If the vehicle already has a ride-control System 
installed (such as those on certain Cadillac models) that can 
deliver information on roadway conditions (pavement 
roughness), then the roadway condition logging may be 
possible even without the IMU and DSP subsystem. Obvi 
ously, as more computational power is included in the 
System, better filtered and more accurate data can be 
obtained. Map data could be stored in a removable memory 
device (PCMCIA, Compact Flash or other storage device) 
that is loaded and configured at a desktop PC or via Some 
other information appliance prior to driving. 
0.134 Communications Subsystem 
0.135 The onboard sensors produce data in real-time, 
which is Subsequently filtered and processed by the com 
putational Subsystem. Nevertheless, there may be large 
amounts of data that need to be relayed between a number 
of vehicles and the central information processing facility. 
To implement Some of the features anticipated, the commu Patent Owner Ex. 2002, p. 15
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nications channel between the vehicle and the central facility 
should Support high bandwidth, instantaneous connections 
with many nodes requiring asynchronous information. In 
addition, the connection should be virtually ubiquitous, 
meaning that there are no significant areas where commu 
nications cannot be established quickly and reliably with the 
call center back-end. 

0136. Several alternative approaches may be considered 
to provide this ubiquitous high-Speed communications link. 
Current first and Second-generation cellular communications 
provide broad coverage but low bandwidth when the vehicle 
is on the road. This capability would be sufficient for 
identifying discrete events and Small packets of associated 
data. It is also possible to employ third-generation cellular, 
radio, satellite radio, ultra-wideband (UWB) radio, short 
range wireleSS communications and wide area networks and 
802.11 or other technology. 
0.137 In one alternate computing configuration, the com 
putational requirements may be distributed between the 
vehicle telematics unit and the back-end call center. Pre 
determined logic will be programmed into the telematics 
unit to proceSS Sensor data, determine the vehicle location, 
and correlate it to previously stored on-board databases. This 
correlation logic will create events of Significance that will 
be logged and Sent to the call-center at an appropriate time. 
The unit will also accept incoming data messages and files 
from the call center and provide appropriate feedback to the 
driver and the vehicle Computational Subsystem. 
0138 For example, Suppose a driver is currently traveling 
eastbound on I-10 in the Dallas metropolitan area during 
evening rush hour. 
0.139. The vehicle GPS is used to locate the appropriate 
road Segment in the on-board database. The database, pre 
viously loaded with roadway information for this geographic 
region, indicates that the expected average speed on this 
segment should be 60 mph between the hours of midnight to 
6 AM, 45 mph from 6 AM to 10 AM, 55 mph from 10 AM 
to 4 PM, 45 mph from 4 PM to 7 PM, and 60 mph from 7 
PM to midnight. The vehicle speed sensor (or alternately, the 
GPS) is collecting data every 0.5 seconds and calculates a 
running average Speed using the last 100 Samples. If this 
average falls below a certain threshold under the expected 
Speed (say 25%), the telematics unit logs this event. 
0140. It can then do any of several things. (1) Immedi 
ately Send this event data to the call center via modem on the 
cellular channel. (2) Wait for a poll from the call center, 
compress the data, and Send it to the call center via 
Microburst. (3) Compress the data and send it immediately 
via CDPD, SMS, or similar mechanism. (4) Continue to log 
events and download the entire log at Some future time. 
0141 Conversely, the driver may want to be notified if 
the road ahead becomes congested So that an alternate route 
can be taken. The driver uses the telematics unit to Select a 
route (or predetermines it before entering the vehicle) and 
Sends this route data to the call center, giving the approxi 
mate time that the route will be traversed. If the call center, 
as it is collecting real-time events from the other drivers, 
determines that there is congestion on this driver's route, it 
Sends traffic information to the driver's telematics unit, and 
could potentially Suggest an alternate route at the same time. 
0142. One option regarding the bandwidth requirements 
can be found by Supplementing the ubiquitous communica 
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tions channel with a Second channel that is more sporadic in 
nature. High-bandwidth, Short-range wireleSS communica 
tions is currently in use in many businesses today. 
0.143 If this technology were deployed at discrete loca 
tions (Such as gas stations, homes & businesses, major 
intersections, or public rest areas, points along a freeway), 
large quantities of data could be quickly exchanged between 
the vehicle and the back end call center. 

0144. Another complementary technology may include 
Satellite radio. Digital Satellite radio, Such as that provided 
by XM and Sirius, can transmit very high bandwidth digital 
data from a remote Source to the vehicle. In a manner Similar 
to existing DirectPC technology or ADSL, an imbalanced 
data channel could be established between the vehicle and 
the back end call center. Requests and data from the vehicle 
could be sent via a slower communications like (cellular), 
while content (like map updates or DGPS corrections) and 
other information could be sent from the call center to the 
vehicle via the “digital radio'. This broadcast channel would 
provide coverage over virtually all of the US to distribute 
information to the vehicle. 

0145 Another alternative technology and infrastructure 
is found in bi-directional Satellite communications, Such as 
that provided by Orbcomm. Coverage is nearly universal in 
North America, but like existing cellular communications 
the bandwidth capability is limited. However, for immediate 
Status reporting of events, Such a channel could be valuable. 
A further optional technology is ultra-wideband (UWB) 
radio. This technology offers both communications and 
other capabilities at very low power and over long distances. 
In areas where vehicle-to-infrastructure communications is 
unavailable or coverage is spotty, UWB might fill the gap 
and allow channels to be maintained over multi-mile ranges, 
perhaps even in a peer-to-peer mode between vehicles. 
Additionally, third-generation cellular (3G) and future gen 
eration cellular may provide a robust implementation. 
0146 A significant use of the communication system will 
be to enable drivers and vehicles to instantly communicate 
with the agency managers responsible for the infrastructure. 
Additional driverS may be able to communicate via the 
vehicle, or handheld device that communicates with the 
vehicle and to the call center. It is envisioned that the driver 
Subscribing Setup information accessed to Send or receive a 
prototypical message to agency managers concerning con 
ditions encountered and possible options to deal with the 
encounter condition. 

0147 Communications to the central facility could be 
initiated in any of various ways, e.g., automatically, upon 
polling, at Specified intervals, and in response to certain 
conditions. For example, communications would be trig 
gered by the on-board hardware in much the same way as an 
airbag deployment triggers a call to the call center. If the data 
latency is not a concern (to download large amounts of 
logged data, for instance), the call could be placed at Some 
opportune time when the network traffic is lower and the 
vehicle is not collecting data. The detected event informa 
tion would be sent to the regional processing/storage center 
for further comparisons and Storage, i.e., to determine its 
relevance and/or relationship to the interests of other users 
and applications. 
0.148 One of the notable features of the dedicated on 
board vehicle system involves the ability at the point of data Patent Owner Ex. 2002, p. 16
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collection (i.e., vehicle) to analyze the collected data in 
real-time as it is being acquired during use and transit of the 
vehicle, with a view towards determining whether the data 
Signifies the occurrence of a Specified event. AS used herein, 
an event may refer, without limitation, to any real, con 
Structed, or artificial condition, circumstance or situation 
encountered by the vehicle. Typically, an event will occur 
when the monitored data Satisfies certain prescribed thresh 
old, benchmark, or reference criteria. For example, a Speci 
fied event may occur when a comparison of the Sensed data 
to reference data yields a result (e.g., differential comparison 
value) that falls within or exceeds a certain range or toler 

CC. 

0149. In different forms, the task for executing the event 
determination proceSS may be carried out in different forms. 
For example, an event detection process may employ any 
Suitable algorithmic-type, logic-based, or rule-based func 
tionality that performs data analysis, evaluation, processing, 
and/or interpretation. The advantage of employing Such an 
event detection process is that it translates the otherwise raw 
Sensor data into an interpretative outcome enabling one to 
understand the various driving dynamics, behaviors, mecha 
nisms, and phenomenons that are taking place interactively 
with one another and occurring rapidly during vehicle travel. 
0150. The following discussion details various types of 
information that may be collected and how Such information 
may be analyzed to determine whether an event has 
occurred. 

0151. Data may be collected from the existing internal 
vehicle system BUS, in addition to information from posi 
tional systems such as Differential corrected GPS (DGPS) 
and inertial Sensors. 

0152 One set of operational features may facilitate the 
following functionalities: participating drivers can receive 
(1) on-demand updates of traffic conditions based on their 
current position and heading; (2) on-demand reports of road 
conditions due to reduced traction; participating drivers can 
receive on-demand reports of ride quality of the road; (3) 
on-demand reports of potentially dangerous interSections 
and road conditions, and (4) alerts to points of interest as 
they pass them. Several individual vehicle components are 
discussed below. 

0153 Anti-lock brake system: Allows the system to indi 
rectly determine that a vehicle has encountered a road 
condition with degraded Stopping ability. This feature 
coupled with GPS coordinates and intelligent mapping Soft 
ware will allow the determination of degraded areas for 
Stopping and alert other interested and/or responsible parties 
and warn drivers in the vicinity. 
0154) Traction control system: Allows the system to 
indirectly determine that a vehicle has encountered a road 
condition typically at an interSection with degraded vehicle 
motion starting ability. 

0155 This feature coupled with GPS coordinates and 
intelligent mapping Software will allow the determination of 
degraded areas for Vehicle Starting and alert other interested 
and/or responsible parties and warn drivers in the vicinity. 
0156 Load-leveling suspension system: Allows the sys 
tem to directly determine that a vehicle has encountered a 
rough road condition. 
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0157. This feature coupled with GPS or DGPS coordi 
nates and intelligent mapping Software will allow the deter 
mination of rough road Surface conditions and alert other 
interested and/or responsible parties and warn drivers in the 
vicinity. 
0158 Engine/Transmission control system: Allows the 
System to determine a whole host of potential road-condition 
Situations including the following: 

0159 (1) By monitoring the vehicle speed and cross 
referencing that with highly-detailed on-board map 
ping Software, the System can determine if the 
vehicle has been traveling beneath the posted Speed 
limit and alert other interested and/or responsible 
parties and warn drivers in the vicinity of a potential 
congestion on the road or road blockage. 

0160 (2) By monitoring the vehicle speed and cross 
referencing that with highly-detailed on-board map 
ping software and the vehicle location from GPS or 
DGPS coordinates, the system can alert other inter 
ested and/or responsible parties and warn drivers in 
the vicinity of potential difficult road conditions such 
as complex interSections and one-way roads. 

0161 (3) By monitoring the vehicle speed and cross 
referencing that with highly-detailed on-board map 
ping software and the vehicle location from GPS or 
DGPS coordinates, the system can inform the 
vehicle occupants of predefined destinations and 
points of interest (e.g., Scenic bluff, monument) and 
alert other interested parties Such as restaurants, 
amusement parks, or other commercial businesses of 
oncoming vehicles in the vicinity and offer drivers 
Special deals and incentives for Stopping at their 
establishment along the way. 

0162 This feature could be something that a commercial 
busineSS or public entity could receive as a Subscription 
and/or could be utilized in conjunction with the commercial 
busineSS or public entity providing a communication point 
for transmission of vehicle data to the central facility. 
01.63 Each of the vehicle features above is monitored 
actively by on-board vehicle software. In one form, when an 
event is detected, it is added to a queue of events that are Sent 
to the data center. 

0164. Then, on a periodic basis, for example, these events 
are relayed to the central data center for processing and 
dissemination to other vehicles. These updates to the data 
center consist of less than 60 seconds of bandwidth at 9600 
baud, for example. When all the vehicles are pooled together 
in a given market, the sheer number of vehicles will fill in 
the gaps of time and location created by updating only 
certain data less frequently (e.g., every hour) to the data 
Center. 

0.165. The following is one illustration of the above 
System operation. A first driver is driving down a twisty, 
mountain road on a winter evening approaching a curve 
when the road becomes slippery due to ice. The first driver 
hits the brakes to slow down to negotiate the curve. The ABS 
System activates, thereby slowing the vehicle enough to 
make the curve Safely. At the same time, the telematics 
system of the vehicle notifies the central call center that the 
anti-lock brake System has activated. Noting the position of Patent Owner Ex. 2002, p. 17
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the first vehicle via the on-board GPS system, the call 
center's Software is able to determine the exact location of 
the first vehicle, and where the icy conditions exist. The 
call-center Software immediately creates a traffic incident 
that becomes available for broadcast to other drivers in the 
area and to local agencies responsible for maintaining 
acceptable road conditions. Beneficially, if a Second driver 
traveling behind driver one is moving at a speed that is too 
fast for the upcoming icy conditions, an alert may be issued 
to the Second driver. In particular, the Second driver receives 
the broadcast warning of icy road conditions ahead as the 
System detects that the Second vehicle is approaching the 
area where first driver engaged the antilock brakes. 

0166 Another alternative would involve the second 
driver activating the telematics Service button to get the 
latest road conditions in the Surrounding area. The telematics 
System automatically recognizes the Second vehicle location 
(e.g., via GPS) and Searches the advisory database for all 
warnings on the road the Second driver is traveling on. At 
that point, the Second driver hears through the car Stereo 
Speakers or dashboard/windshield warning System that there 
are slick conditions ahead, allowing the driver advance 
notice to slow down or take a different route to Successfully 
navigate past the icy road conditions. 

0167 Another set of operational features may facilitate 
the following functionalities: City/County/State/federal cus 
tomers can receive (1) updates of traffic capacity and con 
gestion; (2) updates of speed Zone effectiveness; (3) updates 
of potentially poor or missing Signage; (4) updates of 
degraded road conditions due to reduced traction; (5) 
updates of degraded ride quality of the road; and (6) updates 
of potentially dangerous interSections and road conditions. 
Additionally, OEMs can retrieve statistical data useful for 
failure analysis and warranty claims prediction. Several 
individual vehicle components are discussed below. 

0168 Anti-lock brake system: Allows the system to indi 
rectly determine that a vehicle has encountered a road 
condition with degraded Stopping ability. This feature 
coupled with GPS coordinates and intelligent mapping Soft 
ware will allow the determination of degraded areas for 
Stopping and Send a notification to the Street department to 
warn of the condition for inspection and/or corrective action. 

0169 Traction control system: Allows the system to 
indirectly determine that a vehicle has encountered a road 
condition typically at an interSection with degraded vehicle 
motion starting ability. 

0170 This feature coupled with GPS coordinates and 
intelligent mapping Software will allow the determination of 
degraded areas for vehicle Starting and Send a notification to 
the Street department to warn of the condition for inspection 
and/or corrective action. 

0171 Load-leveling suspension system: Allows the sys 
tem to directly determine that a vehicle has encountered a 
rough road condition. This feature coupled with GPS or 
DGPS coordinates and intelligent mapping software will 
allow the determination of rough road Surface and Send a 
notification to the Street department to warn of the condition 
for inspection and/or corrective action. 
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0172 Engine/Transmission control system: Allows the 
System to determine a whole host of potential road-condition 
Situations including the following: 

0173 (1) By monitoring the vehicle speed and cross 
referencing that with highly-detailed on-board map 
ping Software, the System can determine if the 
vehicle has been traveling beneath the posted Speed 
limit and provide Statistical data to the capacity of 
the road and its effects. 

0174 (2) By monitoring the vehicle speed and cross 
referencing that with highly-detailed on-board map 
ping software and the vehicle location from GPS 
coordinates, the System can track whether the vehicle 
is behaving in accordance with locations where 
proper Signage is expected to be displayed. Patterns 
of violation indicate that Signage may be missing, 
unreadable and/or being ignored. 

0175 (3) By monitoring the vehicle speed and cross 
referencing that with highly-detailed on-board map 
ping Software, the System can determine if the 
vehicle has been traveling above the posted Speed 
limit and provide Statistical data to the Safety of the 
road and whether speed Zones need to be reduced or 
evaluated. 

0176 GPS and communication equipped handheld or 
mobile computer: A handheld system such as HP IPAQ or 
other device with either built in or added GPS and wireless 
communication Systems and Storage for Spatial and rela 
tional data (Such as maps, management data, Schedules, 
appointments) to provide added interface between the 
vehicle computational Subsystem, Central Facilities and 
driver(s), passenger(s) and vehicles. 
0177 Combination of vehicle systems (e.g., engine, 
ABS, airbag): Allows the system collect data on the perfor 
mance of any component within the vehicle System and Store 
that performance data for analysis by OEMs. 
0.178 The following is one illustration of the above 
System operation. 
0179 Continuing with the above example, as soon as the 

first vehicle ABS system is activated on the last curvy 
roadway, the telematics System received the notification that 
the anti-lock brake System had activated. At the same time 
that the call center Software was notifying the advisory 
Service of the road condition incident, it also sent a page to 
the local City/County/State maintenance department perSon 
that is listed with the advisory Service as being responsible 
for that roadway. An email was Sent earlier to the identified 
office or handheld computer of the responsible party but 
Since no receipt was received indicating acknowledgment, in 
this case, a page was also sent. The responsible party then 
checks the page and a receipt is sent back to the advisory 
service and a work order numbered 100 is generated by the 
central facility to evaluate Slippery conditions at the location 
of the incident. The responsible party drives to the location 
and the handheld computer that they are carrying (either by 
communicating with the vehicle, through its own GPS and 
spatial database or both) confirms that the vehicle and driver 
has entered the buffer Zone for work order 100. Driver 
confirms work on work order number 100 and the Compu 
tational Subsystem then calculates the time the dispatched 
driver(s), confirmed passenger(s) and vehicle(s) have been Patent Owner Ex. 2002, p. 18
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at the scene evaluating work order 100 validity. If the 
recorded perSonnel and equipment that were dispatched are 
So equipped, corrective action is applied. Then the Compu 
tational Subsystem prompts the driver(s), passenger(s) and 
vehicles regarding work order 100 once it is determined that 
they have left the location as defined by the spatial buffer 
Zone. Depending on the work performed the Computational 
Subsystem upgrades work order 100 status from open to 
closed via corrective action of Salting the pavement (or other 
type of message) or if work order 100 is not addressed or 
corrected work order 100 Status remains open and continues 
to record the time, materials, activity, costs and other actions 
of the driver(s), passenger(s) and vehicles that come and go 
within the work order 100 buffer Zone until it is closed. 
Information on work order 100 becomes available for fur 
ther uses. 

0180 Another set of operational features may facilitate 
the following functionalities: drivers can receive on-demand 
updates with more and detail reports of road conditions, and 
City/County/State/federal customers can receive detailed 
updates of road conditions including rutting, blow-ups, 
potholes and distreSS measurements. Several individual 
vehicle components are discussed below. 

0181 Inertial Measurement Unit (IMU): Allows the sys 
tem to directly determine that a vehicle has encountered a 
road condition of a certain condition. Providing pitch and 
yaw measurements, the IMU can determine Surface anoma 
lies Such as lane ruts, concrete lane blow-ups, and Severely 
potholed and patched Surfaces. This feature coupled with 
GPS coordinates and intelligent mapping Software will 
allow the determination of road Surface conditions and Send 
a notification to the Street department to warn of the condi 
tion for inspection and/or corrective action. 

0182. The following is one illustration of the above 
System operation. 

0183 Continuing with the above example, the second 
driver checked the conditions on an alternative route through 
the telematics Service and decided to take an alternative 
route around the icy conditions on the curvy road initially 
traveling on. The second driver has been driving for a while 
now and hits the telematics service button or activates it with 
Voice commands to get the latest road conditions ahead on 
the new road the Second driver is now traveling on. A third 
driver who is driving ahead of the second driver on this new 
road also has a telematics System. The third driver System 
was able to gauge the road conditions, due to an installed 
inertial motion sensor (IMU). The third vehicle sensors 
detected deteriorated road condition and has now Stopped 
completely due to Road Construction Ahead. Driver three 
has been Sitting there for one hour and is just starting to 
move at regular Speeds. The answer the Second driver 
received back from the telematics system relayed to it by the 
third driver was not good. It describes poor road Surface and 
a one hour delay in traffic. Driver two, not having another 
option, continued on. Later, as the road got rougher, the 
Second driver received information that the traction control 
System was not working properly. This information was then 
sent to the call center. The call center determined that this 
System was under recall for the Specified make and year of 
vehicle and then checked the appointment calendar of the 
third vehicle and the home dealership (or if secondary option 
of find closes dealership is checked by Subscriber this 
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dealership is located and Schedule checked) and an appoint 
ment is Scheduled to make the appropriate repairs and all 
parties notified. 
0.184 Another set of operational features may facilitate 
the following functionalities: participating drivers can 
receive on-demand updates of even more detailed reports of 
road conditions including identification of lane restrictions, 
lane impediments, and lane-by lane mapping data; and 
City/County/State/federal and other interested customers 
can receive more detailed updates of road conditions includ 
ing lane-Specific Surface anomalies and obstructions for 
capacity issues. Several individual vehicle components are 
discussed below. 

0185. Enhanced Inertial Measurement Unit (IMU): 
Allows the system to directly determine that a vehicle has 
encountered a road condition of a certain condition with 
greater accuracy compared to previous generation IMUS. 
This feature coupled with a more Sensitive vehicle position 
ing System coordinates and more intelligent mapping Soft 
ware will allow the determination of road Surface conditions 
with a greater degree of reliability and accuracy and Send a 
notification to the Street department to warn of the condition 
for inspection and/or corrective action. 
0186 Enhanced Vehicle Positioning System: Allows the 
System to directly determine a vehicle's position. This 
positioning System will drive many other aspects of the 
overall System to greater accuracy and data reliability. 
0187 Software Staging Area: Allows the deployment of 
Software to vehicle for updating System and Vehicle opera 
tion and features. 

0188 The following is one illustration of the above 
System operation. 

0189 A police officer is pursuing another vehicle at high 
Speed along an expressway. The fleeing vehicle identifies a 
Stalled vehicle in the middle lane up ahead, and plans to 
drive directly towards the obstacle, veering away at the last 
moment but expecting the trailing police vehicle to not be 
able to avoid the obstacle. However, the police vehicle has 
received information from other telematics Subscribers indi 
cating the presence of an upcoming middle lane obstacle 
Since Several vehicles have uploaded data to the central 
facility showing Swerving maneuvers at approximately the 
Same point. 
0190. The police vehicle was able to continue the pursuit 
and over take the fleeing Vehicle by moving to another lane 
and avoiding the impending crash with the Stalled vehicle. 
0191 The police vehicle then tries to use the installed 
automatic nail Strip ejector that ejects a Strip of nails from 
the rear bumper. 
0.192 However, the software, which controlled the ejec 
tor, was not working. 

0193 The call center was notified of the bug and was also 
contacting the vehicle manufacturer to determine the exact 
nature of the error. 

0194 It was confirmed that a software error was present 
and new Software that the call center received from the OEM 
was automatically downloaded to the police vehicle, 
enabling the ejector to deploy in timely and effective man 
C. Patent Owner Ex. 2002, p. 19
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0.195 Moreover, the system disclosed herein may be used 
to address the following important areas of driver experi 
ence, Safety, and behavior: rear-end collision avoidance; 
lane change and merge collision avoidance; road departure 
collision avoidance; interSection collision avoidance; Vision 
enhancement; vehicle Stability; driver condition warning; 
and Safety impacting Services. 

0196) To facilitate improvements in these areas, various 
Standard Sensors and Systems are normally deployed within 
vehicles, which likewise may be used to practice the inven 
tion. For example, the Sensors may acquire the following 
measurements: in-lane lateral position, relative heading 
angle, Velocity; longitudinal acceleration; lateral accelera 
tion; yaw rate, Steering wheel angle, road condition; lane 
width; shoulder width; longitude and latitude using Differ 
ential Global Positioning System (DGPS); outside vehicle 
and other obstruction proximity detectors, Visual lane depar 
ture detectors, roadway type, pavement markings, road-edge 
incursions, and lane change Status. 
0.197 Clearly, the transportation information system and 
method disclosed herein is capable of Supplying meaningful 
information at the appropriate times, namely, when Specified 
events occur. This information will dramatically improve the 
condition, capacity, Safety and Security of the roadways for 
the traveling public and improve the operation and efficiency 
of responsible agencies. 

0198 In particular, sensing devices are used to collect 
this data to provide a wealth of data that can be transformed 
into meaningful roadway pavement design, condition, 
capacity, Safety and liability information in real-time. Real 
time vehicle performance information can also be collected 
and mined for OEMs to improve future vehicle performance. 
0199 For example, with the use of interpretive vehicle 
based and back-end Software and Systems, real-time data on 
internal vehicle Systems, positional Systems. Such as DGPS, 
inertial and other Sensors can be used to record vehicle 
Vertical and lateral movements, acceleration, and decelera 
tion. This information can be translated to information on 
rutting, potholes, roughness of ride, croSS Slope, friction 
numbers (skid resistance), fatigue cracking and other Surface 
anomalies. The client vehicle Systems (i.e., on-board vehicle 
Systems) will interpret and authenticate data, and then utilize 
the vehicle communication architecture to distribute the 
information to the back-end Systems (i.e., central facility) to 
further model, analyze, quantify and prioritize this informa 
tion for further real-time distribution to the individual user 
groupS and telematics customers. 
0200. A beneficial feature of the system concerns utili 
Zation of the automobile, trucks, buses and other vehicles 
and equipment as a Source of data that can be retrieved to 
provide information in context Sensitive ways. This trans 
portation information System combines Sensing, computing, 
location technology and wireleSS data in vehicles. Usual 
Telematics includes in-vehicle applications Such as naviga 
tion and traffic-information Systems, collision avoidance 
Systems and mobile communications gear. 
0201 This transportation information system enables a 
vehicle to be used for the passive collection of roadway 
infrastructure data and other data without distracting the 
driver. This transportation information System and method 
avoids any concern over creating distractions from cell 
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phone usage, Since data will be collected automatically and 
without driver intervention as the vehicle travels down the 
roadway. 
0202 Typical problems from roadway deficiencies 
include poor roadway or interSection alignment or improper 
Signage and pavement marking. 

0203 These problems are typically uncovered only from 
the discrete input from individual drivers, and perhaps 
corrected only when citizen complaints begin to mount 
concerning driving over median dividers at confusing inter 
Sections or going down the wrong way on a poorly signed 
one way Street. 

0204. However, the invention alleviates these concerns, 
for example, by detecting missing Speed limit Signs, Stop 
Signs, traffic buildup, Sudden capacity issues, and icy con 
ditions, by correlating the GPS coordinates with the vehicle 
Speed and information. 
0205 For example, vehicle movement is correlated to 
data attributes (known or derived from the on-board system) 
in the digital map database, Such as direction of travel, to 
determine potential violations Such as going the wrong way 
on a one-way Street. 

0206 Possible responses by the system include warning 
of individual drivers, and correlation of driver patterns to 
alert those responsible for maintenance of poor interSection 
design or Signage. Additionally, the System may provide 
information to drivers or government agency staff regarding 
upcoming curves and current Safe Speeds based on perfor 
mance of previous drivers under the current weather condi 
tions or regarding curves where oncoming vehicles tend to 
cut the corner. 

0207 Moreover, vehicle movement that is correlated to 
data attributes (known or derived from the on-board system) 
in the digital map database, Such as interSection type, to 
determine potential violations Such as going through a 
controlled interSection. 

0208 Possible responses or actions by the system include 
warning of individual drivers (i.e., approaching or in the 
proximity of that intersection), or correlation of driver 
patterns to alert those responsible for maintenance of poor or 
missing interSection Signage. 
0209 Additionally, the system may monitor vehicle 
movement in the driving direction compared with wheel 
rotation and antilock breaking action to determine hydro 
planing if it is Summer or icy conditions in the winter. 
0210 Additional responses include warning of individual 
drivers, (i.e., approaching that intersection), correlation of 
driver patterns to alert those responsible for maintenance of 
unsafe conditions requiring short-term corrective action 
(i.e., Sanding or Salting the roadway), or long-term correc 
tive action (i.e., resurfacing the roadway). 
0211 Downed or missing signs will not remain undetec 
ted as conventionally occurs. Now, the first car that does not 
Stop at a formally controlled interSection will Send an alert 
to the system models. If the rest of the subscriber vehicles 
Stop as they should, then that Vehicle was just a careleSS 
driver. If on the other hand each of the next few cars does 
not stop, then this will violate the rules that were created for 
that interSection and other Subscribing drivers in that area Patent Owner Ex. 2002, p. 20
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will be warned of a dangerous interSection and instructed to 
proceed with caution. In addition to notifying Subscribing 
drivers, this information is e-mailed to the Subscribing 
agency and crews are dispatched to the interSection in 
question. 

0212 Significant advantages accrue in the invention as it 
relates to adequate use of traffic-related event data. With the 
invention, the large number of telematics equipped vehicles 
on the road will enable the development of Specific System 
wide-traffic information. 

0213 The specific and real-time data could be developed 
and Sent directly to Subscribing motorists that are approach 
ing a congested area. Low cost two-way limited communi 
cation already exists in the vehicle today. The control 
channel may be used for call Set up and to register handsets 
for two-way data messaging. Current Satellite technology 
from companies like Orbcomm also may be used. Satellite 
digital audio radio, Such as XM and Sirius, are also feasible. 
These technologies could bring Selective listening to the 
vehicles So that information Such as a traffic update that is 
not pertinent to one vehicle does not hear it while another 
vehicle that is interested does. The motorists will finally 
have directly relevant information and real informed options 
based on the information that they chose to receive. Trav 
elers will now know the length of expected delay and the 
turn by turn direction and exact length of possible alternate 
routes well before they get to the congested area. 

0214 Discrete traffic data will also be collected to assist 
with the roadway Structural and capacity design. Roadways 
are initially designed using current traffic Volume and load 
data that is then predicted to increase over the life of the 
roadway. The design of the traffic lights and Signs involve 
the use of modeling software to predict how traffic will flow 
under various predicted conditions. 
0215 Many times these predictions are insufficient to 
properly design roads that best Serve the traveling public. 

0216) The transportation information system will be able 
to warn specific subscribers of traffic problems on their 
intended route and alert responsible agencies of capacity 
related problems. This information will come from known 
Sources or the discrete information from Subscribers who are 
already experiencing the modification to their driving pat 
terns. Although the first drivers to the scene may not be able 
to take advantage of the Specific traffic information that they 
generated, they will be helping other Subscribers avoid the 
problem. Further, if these subscribers begin to look for 
alternative routes, they may be able to Send Successful 
alternate routes to other interested driers. 

0217. The system addresses other concerns as well. 
0218 For example, vehicle movement will be correlated 
to data attributes (known or derived from the system) in the 
digital map database, Such as construction information, work 
Zones, traffic jams, and discrete obstructions, to normal 
travel to warn drivers of Situations and provide alternatives 
for travel. 

0219 Possible actions by the system include requests for 
posting at construction sites to make announcement to 
individual drivers approaching the area, and, if an ultimate 
destination is known, providing best alternate routes from 
route planning Software and/or new route information from 
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other detoured drivers. Other actions include requests for 
posting of traffic jams to announce to individual drivers 
approaching the area, and, if an ultimate destination is 
known, providing alternate routes. If traffic jams are not 
known, then information from driver patterns in the area 
would be used to provide information to later drivers 
approaching the area. 
0220. Other actions include discrete monitoring of inter 
ruptions to normal traffic flow, but analyzed in aggregate to 
determine the location of the possible obstruction to traffic. 
For example, monitored data may include a number of 
vehicle movement anomalies, Speed changes, braking activ 
ity, and inertial measured movement including relative lane 
changes to and from the original lane at approximately the 
Same location along roadway. This could be the result of a 
dead animal, vehicle debris or a large pothole. Based on the 
analysis of the discrete data this information could be 
provided to those responsible for roadway maintenance. 
0221) There may be further monitoring of traffic data to 
determine over or under designed roadway capacity. One 
possible System response would include alerting those 
responsible for traffic designs of capacity issues requiring 
Short-term corrective action (i.e., traffic Police) or long-term 
corrective action (i.e., turning lanes added to intersections). 
0222 Another system feature involves the correlation of 
vehicle Speed and braking along with the inertial Sensed 
movement of vehicles, in order to determine Surface undu 
lation Such as heaved pavement due to buckling form heat, 
upheavals from frost or depressions from sinkholes. Possible 
System action includes warning of individual drivers, (i.e., 
approaching that Surface problem), correlation of driver 
patterns to alert those responsible for maintenance of unsafe 
conditions requiring short-term corrective action (i.e., ramp 
ing the area), or long-term corrective action (i.e., recon 
Structing the roadway). 
0223) The system may also collect the following driver 
information: Vehicle positional information and braking 
activity. As a vehicle moves through the traffic, the System 
will determine the rate at which the driver is progressing. 
Possible driver feedback values include arrival, departure 
information and duration of delay updates to individual 
drivers, (i.e., “you will be on your way in 6 minutes” or 
“expect delay of 90 minutes advised to take upcoming 
alternate route which you will reach in 10 minutes”). Other 
collected information may include vehicle braking along 
Vertical movement, pitch and role and tire pressure readings. 
These may be used to determine vehicle contact with 
potholes and other pavement irregularities. The System will 
record events for dissemination to those that repair the road 
as well as repair the vehicle. 
0224. The system will also be able to track the effect of 
traffic control devices Such as Stop signs on the traveling 
public. Anomalies Such as changes in vehicles behavior at 
interSections can be tracked to determine the presence or 
absence of Signs. For example, if all vehicles Stopped at the 
interSection in question on the day of an accident, this would 
Strongly indicate that a Stop sign was Standing at that 
interSection at the time of the accident. 

0225 Regarding the use of the system for issue advocacy 
purposes as it relates to issuing notifications to governmental 
bodies, the System Supports an automated data collection 
and notification System. Patent Owner Ex. 2002, p. 21
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0226. The information derived from a passive, non-in 
trusive roadway design, capacity, Safety, Security and con 
dition data collection System will greatly assist with this 
notification purpose. This real-time information can be 
uniquely communicated directly and quickly via email or 
wireless to agencies and legislatures as the driver experi 
ences it. 

0227. The advantages of the invention are various. 
0228 Road condition, traffic, hazard, and vehicle data 
will be collected using public or fleet vehicles and provided 
in real-time to city, county, State and private agencies and 
even back to the drivers themselves. Government and pri 
Vate agencies will use this information to more effectively 
manage their infrastructure planning, design, maintenance, 
and information dissemination to the traveling public. 
0229) Regarding surface distress on roadways, the exist 
ing on-board ride Stabilization System Sensors on the vehicle 
detect those same movements and transmit that data to a 
processing center, where it is interpreted into roadway 
condition, priorities and corrective action information. Auto 
matically this information is communicated to the respon 
Sible government agency for general operation use and, if 
critical to traffic flow, in a short time the roadway is repaired. 
0230. In a widely deployed system, a user will be 
informed of the exact minute delay of the traffic jam the user 
is approaching based on the progreSS of other vehicles ahead 
of the user. 

0231 Public safety officials will be able to watch a 
real-time display of the actual traffic conditions everywhere 
in their geographical area and immediately react to trouble 
spots. 

0232 The driving pattern change of several city vehicles 
is picked up at an interSection and Sent back to the Sign 
crews. The change from a stop and go reading to a through 
interSection makes a once controlled interSection a potential 
accident waiting to happen Since the Stop sign is missing. 
Detection of this event enables correction action to be 
applied. 

0233. The system could offer the traveling public and 
vehicle OEMs various services. For example, the traveling 
public could receive the most complete real-time driving 
management information to date. Vehicle OEMs will receive 
design, maintenance, and performance information. The 
public could receive travel information through Subscribing 
radio traffic reporting Stations or directly as telematics 
subscriber of the system, and the OEMs through the mining 
of the data. 

0234. The system architecture will enable retrofit appli 
cations in the military market, where implementations can 
be provided to develop real-time Systems to track, manage, 
command, Supply and retract units on the ground, air and 
Sca. 

0235. The following describes the usefulness of further 
vehicle Sensor information. 

0236 Data from the IMU or transmission may be used to 
calculate the grade/slope of the road and the road crown. 
Road crown becomes particularly important when Surface 
conditions are Slick, as this directly affects Safety consider 
ations and would thereby pertain to a Safety-related event 
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category. The information can also be used to advise main 
tenance creWS regarding the appropriate Work program, 
namely, whether to overlay a road or perform a mill and then 
a new overlay. 
0237 Brake-related data may be acquired reflecting acti 
Vation patterns of the antilock brakes or merely just hard or 
irregular braking. For example, heavy braking followed by 
Swerve or depression detectSpothole or roadway object. 

0238) Data from load leveling systems may indicate 
conditions Such as roughness and general anomalies to 
normal ride, e.g., hitting a pothole and going over a curb. For 
example, depression action triggers a pothole pattern. 
0239 Data from headlights and fog lights provide indi 
cations of visibility levels. 
0240 Data from tire pressure gauges can provide a 
measure of the extent of tire contact with the roadway 
Surface. 

0241 Data concerning blinker usage denotes an upcom 
ing turn or lane change depending on Speed. 

0242. The transmission state or mode may indicate dif 
ferent Scenarios for the vehicle. For example, if the trans 
mission data indicates that the vehicle is parked/stopped on 
a freeway, this could reflect the occurrence of events Such as 
long traffic delayS VerSuS just a normal congested roadway. 
A reverse transmission State occurring at an interSection 
means that the driver made a mistake and needs to correct it. 
As a verifying cross-check of Such a Serious situation, other 
relevant System Sensors could be polled to confirm this 
interpretation of driver action. 
0243 Data from the vehicle outside temperature gauge 
may provide Specific temperature readings at current vehicle 
location. For example, if antilock brakes activate, the System 
could check the outside temperature to see if freezing is a 
factor. Additionally, as an advance warning to other drivers, 
the System could commence Sending temperature informa 
tion as the readings Start to approach critical temperatures 
like 32 degrees for normal water freezing or a lower tem 
perature if antifreeze agents have been applied. 
0244. The status of the heater controls may be useful as 
well. For example, if a defrost Selection is activated, then the 
System could Send a meteorological messages based on the 
State of heater controls. 

0245 Data indicative of the engine state and other engine 
Systems (e.g., fuel, oil pressure, temperature, transmission, 
or other System indicators) can be used to determine events 
or conditions like overheating potential and running out of 
gas (e.g., calculated based on miles driven per hour pro 
jected over time versus average amount of fuel in gas tank). 
An evaluation of other Suitable System indicators may be 
relevant to identifying the possibility of vehicle Stalling. 

0246 Data may also be obtained from Suitable engine 
Systems to calculate emissions data, which may be used by 
agencies to monitor air quality on roadways. For example, 
interested parties could compare the emission of the vehicle 
for air quality per miles traveled from cars that are in a 
congested Situation on a freeway to cars that have free flow 
on a freeway. Optionally, it may be feasible to install a 
carbon monoxide detector on the vehicle at its external 
Surface to determine CO readings. Patent Owner Ex. 2002, p. 22
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0247. Other sensor units may relate to traction control, 
load leveling, ride Stabilization, and automatic brake SyS 
tems, Such as what exists currently in vehicles as Standard 
equipment. 

0248 Laser sensors may also be deployed on vehicles 
(e.g., autos and trucks) for the following applications. 

0249 1. Measure the pavement surface for various 
types of cracking and other anomalies. 

0250 2. Calculate the distance from a certain point 
on the vehicle to the ground, for use with other 
Systems (e.g., load leveling). 

0251 The calibrated measurements from the vehicle 
could determine the axle weight of the vehicle for: 

0252) 1. Overweight vehicles that could be checked 
against weight-restricted roads to: 

0253 1. Warn the driver of an overweight condi 
tion for the current road or if the truck is currently 
headed for a weight restricted road. This feature 
may be Supplemented with Scanning other engine 
Systems (load leveling) to see if non-standard 
shocks or Springs have been Substituted on the 
vehicle to avoid this detection. 

0254 2. As detection for enforcement 
0255 2. Monitor weight of vehicles such as: 
0256 1. Dump trucks, cement trucks, crew 
Vehicles or other vehicles used to haul material, 
equipment, people, resources to and from job Sites 
in an effort to measure and monitor how much 
material, people, equipment were applied, used, 
worked on a jobsite for tracking and reporting. 

0257 2. Could be used in conjunction with PDA 
for confirming the calculations of the vehicle 
System. 

0258 3. Could be used in conjunction with Glo 
bal Positioning System (GPS) including Differen 
tially corrected Signals and Geographic Informa 
tion System (GIS) to detect what job site is 
involved and movement from or to jobsite. 

0259. The following describes further possible applica 
tions that may be implemented with practice of the inven 
tion. 

0260 Regarding roadway design, the system may be 
used to monitor the heading and directionality of the vehicle 
in relation to known and lawful traffic patterns. For example, 
the monitored data may indicate if the vehicle is going the 
wrong way on a one-way Street, which may be further 
indicative of poor signage. A warning may be issued to the 
driver and responsible traffic control agency in response to 
this Scenario. 

0261 Regarding traffic condition, data may be collected 
to determine average fuel economy for cars and render 
interpretations as to the efficiency of the vehicle consump 
tion. For example, poor fuel economy may indicate Stop 
and-go travel patterns consistent with traffic jams and con 
gestion. The EPA and vehicle manufacturers can mine this 
traffic data for use. 
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0262 Further areas for providing condition-type event 
data include information pertinent to Surface condition, 
operational aspects, Safety concerns, and Security features. 

0263 For example, regarding elevation-type data, the car 
Sensors may be used to determine elevation-related dis 
tresses on the road. 

0264. These distresses occur on both asphalt and con 
crete. The data may provide indications of the following 
events: ride (overall condition of the entire road), roughness 
(texture of the road, used for Short patches of the road); 
potholes (depressions); blowups (concrete explosions), rut 
ting; longitudinal cracking (cracks that run lengthwise on the 
road); and transverse cracking (working joint, fills with 
debris). 
0265 Regarding operational events, data may be 
acquired and forwarded to the main office (via central 
facility) for processing. The System then automatically cre 
ates a work order that then gets Sent to a maintenance truck 
that is responsible for handling the action. The time is 
automatically tracked to the work order, the dispatching, and 
the warning of the crew when they are close, for example. 

0266 Regarding Safety issues, purported Safety events 
may be detected merely by proper interpretation of data; for 
example, slippage may be determined, although the condi 
tions may be “ideal” (e.g., Sunny day, dry). Accordingly, if 
Slippage occurs, other Sources of difficulty are investigated, 
Such as whether there is a problem with the roadway design 
or the vehicle (e.g., the tires may not be properly inflated or 
sized to the vehicle). 
0267 Further notable aspects of the invention including 
the following. The data center (central management facility) 
Serves as a real-time transportation database that takes all the 
readings from all the vehicles, Stores them, and endeavors to 
apply the detected events to other user situations and Sce 
narios in a meaningful, effective, and useful manner. For 
example, certain applications for operations and Safety could 
receive event data from the transportation database and use 
it for decision Support and dispatch. 

0268. In one form, the system may be considered to be 
downloadable and configurable on the fly. The system may 
be configured So that it can turn its data collection on and off. 
For example, the System may create a boundary area or 
region that is defined for System activation, So that if the 
vehicle enters the region, data collection is commenced or 
resumed, thereby making the System configurable in real 
time. 

0269. In overview, the system may generally be consid 
ered to involve a protocol involving the detection of vehicle 
travel, processing of data, pattern matching (e.g., compari 
Son to reference data to determine if event occurred), deci 
Sion-making (whether event has indeed occurred), and Stor 
age. Once the pattern is identified, then the follow-on Steps 
occur to get more data. The final processing of the data to 
determine whether a distress occurred or not may actually 
occur off-line. The in-vehicle box is responsible for detect 
ing certain events which trigger additional data collection 
and processing. From there, that data can then be shipped to 
the point where the interpretation is made and a decision is 
made. Patent Owner Ex. 2002, p. 23
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0270. A few exemplary condition scenarios include leav 
ing from Stop sign (e.g., slippage, So record a slippery 
event), and approaching a stop sign (e.g., skidding, So record 
a slippery event). 
0271 Advantageous features of the invention includes 
the collection of condition data and use of Such data; the 
collection of Safety data and use of Such data; the collection 
of operational data; and the collection of capacity data and 
use of Such data. 

0272. While this invention has been described as having 
a preferred design, the present invention can be further 
modified within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, 
uses, or adaptations of the invention using its general 
principles. Further, this application is intended to cover Such 
departures from the present disclosure as come within 
known or customary practice in the art to which this inven 
tion pertains and which fall within the limits of the appended 
claims. 

What is claimed is: 
1. In an environment where a plurality of in-use vehicles 

each defining a respective vehicle environment are traveling 
in a roadway network, a method for use in association with 
a user vehicle from Said plurality of vehicles, Said method 
comprising the Steps of: 

the user vehicle environment collecting data generated 
within the user vehicle environment; 

the user vehicle environment processing the collected data 
to determine the occurrence of at least one event; 

the user vehicle environment generating at least one event 
indicator upon determination of event occurrence, and 

causing the communication of information including the 
at least one event indicator from the user vehicle 
environment to at least one other vehicle. 

2. The method as recited in claim 1, wherein the causing 
Step further includes the Step of 

identifying any vehicle Satisfying a relevance criteria in 
connection with the at least one event indicator; and 

facilitating communication of the information including 
the at least one event indicator from the user vehicle 
environment to each identified vehicle. 

3. The method as recited in claim 2, wherein the identi 
fying Step further includes the Step of: 

comparing a location indicator of the user vehicle corre 
lated to the at least one event indicator to data indicat 
ing a current or expected travel route or to information 
indicative of a travel itinerary for a respective vehicle. 

4. The method as recited in claim 2, wherein the relevance 
criteria employed in the identifying Step involves determin 
ing a correlation between a location indicator of the user 
vehicle associated with the at least one event indicator and 
data indicating a current or expected travel route for a 
respective vehicle. 

5. The method as recited in claim 2, further includes the 
Step of 

for at least one vehicle identified as Satisfying the rel 
evance criteria, the at least one identified vehicle gen 
erating navigational information based on the commu 
nication received from the user vehicle environment. 
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6. The method as recited in claim 5, wherein the naviga 
tional information being indicative of rerouting. 

7. The method as recited in claim 1, wherein the com 
munication of information from the user vehicle environ 
ment to at least one other vehicle includes information 
relating to at least one of: (i) user vehicle operation, (ii) user 
vehicle behavior, (iii) roadway condition, (iv) roadway 
travel Safety, (v) roadway capacity, and (vi) traffic condition. 

8. The method as recited in claim 1, wherein the com 
munication of information from the user vehicle environ 
ment to at least one other vehicle includes a location 
indicator of the user Vehicle correlated to the at least one 
event indicator. 

9. The method as recited in claim 1, in regard to any 
respective vehicle receiving the communication from the 
user Vehicle environment, further includes the Step of: 

the recipient vehicle environment processing the received 
communication to determine relevance of the at least 
one event indicator to ongoing travel of the recipient 
vehicle. 

10. The method as recited in claim 9, further includes the 
Step of: 

the recipient vehicle environment generating navigational 
information, in response to an affirmative relevance 
determination. 

11. The method as recited in claim 1, wherein the col 
lected data relating to at least one of: (i) vehicle perfor 
mance, (ii) vehicle operation, (iii) vehicle behavior, (iv) 
roadway condition, (v) roadway travel Safety, (vi) roadway 
capacity, (vii) roadway design, (viii) traffic condition, and 
(ix) traffic control feature. 

12. The method as recited in claim 11, wherein the 
occurrence of an event signifying at least one of: (i) abnor 
mal or Substandard vehicle performance, (ii) abnormal or 
Substandard vehicle operation, (iii) abnormal or Substandard 
vehicle behavior, (iv) abnormal or substandard roadway 
condition, (v) risk to roadway travel Safety, (vi) roadway 
capacity exceeding acceptable levels, (vii) deficient roadway 
design, (viii) traffic condition exceeding acceptable levels, 
and (ix) inadequate, malfunctioning or missing traffic con 
trol feature. 

13. The method as recited in claim 1, wherein the pro 
cessing Step further includes the Steps of: 

providing predetermined reference data; 

comparing the collected data to the reference data; and 
determining whether at least one event has occurred, 

using the data comparison. 
14. The method as recited in claim 13, wherein the 

providing Step further includes the Step of 
Storing the predetermined reference data in the user 

Vehicle environment. 
15. The method as recited in claim 13, wherein the 

reference data includes geospatial roadway infrastructure 
information. 

16. The method as recited in claim 13, wherein the 
reference data includes roadway feature information and 
corresponding location information. 

17. The method as recited in claim 13, wherein the 
reference data includes location-specific historical informa 
tion. Patent Owner Ex. 2002, p. 24
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18. The method as recited in claim 13, wherein the 
reference data includes location-specific theoretical infor 
mation based on at least one roadway Specification. 

19. The method as recited in claim 1, further includes the 
Step of 

the vehicle environment associating a location indicator 
of the vehicle to the at least one event indicator, the 
asSociation forming part of the communication. 

20. A System for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a facility; 

at least one vehicle environment including a respective 
vehicle on-board System comprising: 

a data System, the data System being operably configured 
to collect data generated within the respective vehicle 
environment, 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least 
one event, the processor being operably configured 
further to generate at least one event indicator upon a 
determination of event occurrence, and 

a communication unit, the communication unit being 
operatively coupled to at least one of the data System 
and the processor, the communication unit being oper 
ably configured to Send a communication to the facility 
including the at least one event indicator; 

Said facility being operably configured (i) to process any 
communication received from a respective vehicle 
environment to determine whether the received com 
munication contains information having relevance to 
any other vehicle, and (ii) to communicate information 
to any vehicle associated with the relevance determi 
nation, the facility communication including informa 
tion indicative of the at least one event indicator 
asSociated with the received vehicle communication. 

21. The system as recited in claim 20, wherein the facility 
further includes: 

a means to compare location information pertaining to the 
respective vehicle associated with a received vehicle 
communication to data indicative of a current or 
expected travel route for at least one other vehicle. 

22. The system as recited in claim 20, wherein the facility 
further includes: 

a means to determine a correlation between location 
information pertaining to the respective vehicle asso 
ciated with a received vehicle communication and data 
indicative of a current or expected travel route for at 
least one other vehicle. 

23. The system as recited in claim 20, wherein the 
respective vehicle on-board System of at least one vehicle 
environment further includes: 

a means to generate navigational information, in response 
to a communication received from Said facility includ 
ing information indicative of at least one event indica 
tor issuing from another vehicle environment. 

24. The system as recited in claim 23, wherein the 
navigational information being indicative of rerouting. 
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25. The system as recited in claim 20, wherein the 
communication of information from the vehicle environ 
ment to Said facility includes information relating to at least 
one of: (i) user vehicle operation, (ii) user vehicle behavior, 
(iii) roadway condition, (iv) roadway travel safety, (v) 
roadway capacity, and (vi) traffic condition. 

26. The system as recited in claim 20, wherein the data 
System further includes: 

a Sensor assembly. 
27. The system as recited in claim 20, wherein the data 

System being operably configured further to collect data 
from at least one communication bus of the vehicle envi 
rOnment. 

28. The system as recited in claim 20, wherein the data 
System being operably configured further to collect data 
from Standard vehicle equipment. 

29. The system as recited in claim 20, wherein the vehicle 
on-board System further includes: 

a module, the module being operably configured to asso 
ciate a location indicator of the vehicle to at least one 
of the collected data and the processing results. 

30. The system as recited in claim 20, wherein the vehicle 
on-board System further includes: 

a data Storage, the data Storage containing predetermined 
reference data. 

31. The system as recited in claim 30, wherein the 
processor being operably configured further (i) to compare 
the collected data to the reference data, and (ii) to determine 
whether at least one event has occurred, using the data 
comparison. 

32. The system as recited in claim 30, wherein the 
reference data includes geospatial roadway infrastructure 
information. 

33. The system as recited in claim 30, wherein the 
reference data includes roadway feature information and 
corresponding location information. 

34. The system as recited in claim 30, wherein the 
reference data includes location-specific historical informa 
tion. 

35. The system as recited in claim 30, wherein the 
reference data includes location-specific theoretical infor 
mation based on at least one roadway Specification. 

36. The system as recited in claim 20, wherein the vehicle 
on-board System further includes: 

a means to render the processing results into a form 
perceptible to an occupant of the vehicle environment. 

37. The system as recited in claim 36, wherein the 
rendering means further includes a display. 

38. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a communication network, 
at least one vehicle environment including a respective 

Vehicle on-board System comprising: 
a data System, the data System being operably configured 

to collect data generated within the respective vehicle 
environment, 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least Patent Owner Ex. 2002, p. 25
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one event, the processor being operably configured 
further to generate at least one event indicator upon a 
determination of event occurrence, and 

a communication unit, the communication unit being 
operatively coupled to at least one of the data System 
and the processor, the communication unit being oper 
ably configured to Send a communication to the com 
munication network including the at least one event 
indicator. 

39. The system as recited in claim 38, wherein the vehicle 
on-board System further includes: 

a first means, responsive to receipt of a communication 
from another vehicle environment including at least 
one event indicator, for determining relevance of the at 
least one event indicator to the recipient vehicle envi 
rOnment. 

40. The system as recited in claim 39, wherein the vehicle 
on-board System further includes: 
means for generating navigational information according 

to the at least one event indicator of the received 
communication, in response to an affirmative relevance 
determination by the first means. 

41. The system as recited in claim 38, wherein the vehicle 
on-board System further includes: 

a first means, responsive to receipt of a communication 
from another vehicle environment including at least 
one event indicator and a vehicle location indicator 
asSociated there with, for comparing the vehicle loca 
tion indicator to data indicative of travel plans for the 
recipient vehicle environment. 

42. The system as recited in claim 41, wherein the vehicle 
on-board System further includes: 
means for generating navigational information according 

to the at least one event indicator of the received 
communication, in response to the comparison made by 
the first means Satisfying Specified criteria. 

43. A method for use in an environment where a plurality 
of vehicles are traveling in a roadway network, each vehicle 
defining a respective vehicle environment, Said method 
comprising the Steps of: 

at least one vehicle environment collecting data generated 
within the respective vehicle environment; 

the at least one vehicle environment respectively process 
ing the respective collected data to determine the 
occurrence of at least one event; 

the at least one vehicle environment respectively gener 
ating at least one respective event indicator upon a 
determination of event occurrence, and 

processing the at least one event indicator generated by 
the at least one vehicle environment to determine 
relevance of the at least one event indicator to main 
tenance of the roadway network. 

44. The method as recited in claim 43, further includes the 
Steps of: 

identifying each event indicator associated with a respec 
tive determination of relevance; and 

causing the transmittal of a communication to an appro 
priate roadway maintenance entity or responsible trans 
portation authority in reference to at least one identified 

Mar. 24, 2005 

event indicator, the communication including informa 
tion indicative of the respective identified event indi 
cator and a location indicator of the vehicle environ 
ment associated there with. 

45. The method as recited in claim 44, further includes the 
Step of: 

causing the dispatch of a maintenance crew to a portion of 
the roadway network associated with the location indi 
cator of the vehicle environment associated with a 
respective identified event indicator. 

46. The method as recited in claim 44, further includes the 
Step of: 

formulating a maintenance work program in reference to 
a portion of the roadway network associated with the 
location indicator of the vehicle environment associ 
ated with a respective identified event indicator. 

47. The method as recited in claim 43, further includes the 
Step of: 

issuing a communication including information indicative 
of a respective event indicator determined to be rel 
evant and a location indicator for the respective vehicle 
environment associated therewith, the communication 
issuing to an appropriate roadway maintenance entity 
or responsible transportation authority. 

48. The method as recited in claim 43, wherein the 
collected data relating to at least one of: (i) vehicle perfor 
mance, (ii) Vehicle operation, (iii) vehicle behavior, (iv) 
roadway condition, (v) roadway travel Safety, (vi) roadway 
capacity, (vii) roadway design, (viii) traffic condition, and 
(ix) traffic control feature. 

49. The method as recited in claim 48, wherein the 
occurrence of an event signifying at least one of: (i) abnor 
mal or Substandard vehicle performance, (ii) abnormal or 
Substandard vehicle operation, (iii) abnormal or Substandard 
vehicle behavior, (iv) abnormal or substandard roadway 
condition, (v) risk to roadway travel Safety, (vi) roadway 
capacity exceeding acceptable levels, (vii) deficient roadway 
design, (viii) traffic condition exceeding acceptable levels, 
and (ix) inadequate, malfunctioning or missing traffic con 
trol feature. 

50. The method as recited in claim 43, wherein the 
relevance determination made by the processing Step in 
respect of a respective event indicator being formulated to 
ascertain whether the respective event indicator being 
indicative of the need for maintenance to be performed to the 
roadway network. 

51. A method for use in an environment where a plurality 
of vehicles are traveling in a roadway network, each vehicle 
defining a respective vehicle environment, Said method 
comprising the Steps of: 

collecting data generated within at least one vehicle 
environment; and 

processing the collected data to determine the occurrence 
of at least one event relating to at least one maintainable 
feature of the roadway network. 

52. The method as recited in claim 51, wherein the 
processing Step further includes the Step of: 

generating at least one respective event indicator upon a 
respective determination of event occurrence. Patent Owner Ex. 2002, p. 26
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53. The method as recited in claim 52, further includes the 
Step of 

processing the at least one generated event indicator to 
determine relevance of the at least one event indicator 
to maintenance of the roadway network. 

54. The method as recited in claim 53, further includes the 
Steps of: 

identifying each event indicator associated with a respec 
tive determination of relevance; and 

causing the transmittal of a communication to an appro 
priate roadway maintenance entity or responsible trans 
portation authority in reference to at least one identified 
event indicator, the communication including informa 
tion indicative of the respective identified event indi 
cator and a location indicator of the vehicle environ 
ment associated therewith. 

55. The method as recited in claim 53, wherein the 
relevance determination made by the processing Step in 
respect of a respective event indicator being formulated to 
ascertain whether the respective event indicator being 
indicative of the need for maintenance to be performed to the 
roadway network. 

56. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a first means for collecting data generated within at least 
one vehicle environment; 

a Second means for processing the collected data to 
determine the occurrence of at least one event; 

a third means for generating at least one respective event 
indicator upon a respective determination of event 
occurrence by Said Second means, and 

a fourth means for processing the at least one event 
indicator generated by Said third means to determine 
relevance of the at least one event indicator to main 
tenance of the roadway network. 

57. The system as recited in claim 56, wherein said first 
means, Said Second means, and Said third means being 
constituted by at least one vehicle on-board System each 
dedicated to a respective vehicle environment. 

58. The system as recited in claim 56, further includes: 

means for identifying each event indicator associated with 
a respective determination of relevance, and 

means for causing the transmittal of a communication to 
an appropriate roadway maintenance entity or respon 
Sible transportation authority in reference to at least one 
identified event indicator, the communication including 
information indicative of the respective identified event 
indicator and a location indicator of the vehicle envi 
ronment associated therewith. 

59. The system as recited in claim 56, wherein said fourth 
means further includes: 

means, in respect of a respective event indicator, for 
determining whether the respective event indicator 
being indicative of the need for maintenance to be 
performed to the roadway network. 
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60. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

first means for collecting data generated within at least 
one vehicle environment; and 

Second means for processing the collected data to deter 
mine the occurrence of at least one event relevant to at 
least one maintainable feature of the roadway network. 

61. The system as recited in claim 60, wherein said second 
means further includes: 

means for respectively generating at least one respective 
event indicator upon a respective determination of 
eVent Occurrence. 

62. The system as recited in claim 61, further includes: 
means for causing the transmittal of a communication to 

an appropriate roadway maintenance entity or respon 
Sible transportation authority in reference to at least one 
respective event indicator, the communication includ 
ing information indicative of the respective event indi 
cator and a location indicator of the vehicle environ 
ment associated there with. 

63. The system as recited in claim 60, wherein the 
relevance determination performed by Said Second means in 
reference to a respective event being formulated to deter 
mine whether the respective event being indicative of the 
need for maintenance to be performed to the roadway 
network. 

64. A System for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a facility; 

at least one vehicle environment including a respective 
Vehicle on-board System comprising: 

a data System, the data System being operably configured 
to collect data generated within the respective vehicle 
environment, 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least 
one event, the processor being operably configured 
further to generate at least one event indicator upon a 
determination of event occurrence, and 

a communication unit, the communication unit being 
operatively coupled to at least one of the data System 
and the processor, the communication unit being oper 
ably configured to Send a communication to the facility 
including the at least one event indicator; 

said facility being operably configured (i) to process any 
communication received from a respective vehicle 
environment to determine whether the received com 
munication contains information having relevance to 
roadway maintenance, and (ii) to communicate infor 
mation to an appropriate roadway maintenance entity 
or responsible transportation authority in reference to a 
processed communication determined to be relevant, 
the facility communication including information 
indicative of the at least one event indicator associated 
with the relevant received vehicle communication. Patent Owner Ex. 2002, p. 27
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65. The system as recited in claim 64, wherein the vehicle 
on-board System further includes: 

a module, the module being operably configured to asso 
ciate a location indicator of the vehicle to at least one 
of the collected data and the processing results. 

66. A method for use in an environment where a plurality 
of vehicles are traveling in a roadway network, each vehicle 
defining a respective vehicle environment, Said method 
comprising the Steps of: 

at least one vehicle environment collecting data generated 
within the respective vehicle environment; 

the at least one vehicle environment respectively process 
ing the respective collected data to determine the 
occurrence of at least one event; 

the at least one vehicle environment respectively gener 
ating at least one respective event indicator upon a 
determination of event occurrence, and 

processing the at least one event indicator generated by 
the at least one vehicle environment to determine 
relevance of the at least one event indicator to at least 
one functionality of the respective vehicle environ 
ment. 

67. The method as recited in claim 66, further includes the 
Steps of: 

identifying each event indicator associated with a respec 
tive determination of relevance; and 

causing the transmittal of a communication to an appro 
priate vehicle manufacturer or vehicle equipment 
manufacturer in reference to at least one identified 
event indicator, the communication including informa 
tion indicative of the respective identified event indi 
CatOr. 

68. The method as recited in claim 66, further includes the 
Step of 

issuing a communication including information indicative 
of a respective event indicator determined to be rel 
evant, the communication issuing to an appropriate 
vehicle manufacturer or vehicle equipment manufac 
turer. 

69. The method as recited in claim 66, wherein the 
collected data relating to at least one of: (i) vehicle perfor 
mance, (ii) Vehicle operation, (iii) Vehicle behavior, (iv) 
roadway condition, (v) roadway travel Safety, (vi) roadway 
capacity, (vii) roadway design, (viii) traffic condition, and 
(ix) traffic control feature. 

70. The method as recited in claim 69, wherein the 
occurrence of an event signifying at least one of: (i) abnor 
mal or Substandard vehicle performance, (ii) abnormal or 
Substandard vehicle operation, (iii) abnormal or Substandard 
vehicle behavior, (iv) abnormal or substandard roadway 
condition, (v) risk to roadway travel Safety, (vi) roadway 
capacity exceeding acceptable levels, (vii) deficient roadway 
design, (viii) traffic condition exceeding acceptable levels, 
and (ix) inadequate, malfunctioning or missing traffic con 
trol feature. 

71. The method as recited in claim 66, wherein the 
relevance determination made by the processing Step in 
respect of a respective event indicator being formulated to 
ascertain whether the respective event indicator being 
indicative of at least one of a vehicle operational condition, 
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a vehicle performance measure, and a vehicle functionality 
failing to meet prescribed criteria. 

72. A method for use in an environment where a plurality 
of vehicles are traveling in a roadway network, each vehicle 
defining a respective vehicle environment, Said method 
comprising the Steps of: 

collecting data generated within at least one vehicle 
environment; and 

processing the collected data to determine the occurrence 
of at least one event relating to at least one functionality 
of a respective vehicle environment. 

73. The method as recited in claim 72, wherein the 
processing Step further includes the Step of: 

generating at least one respective event indicator upon a 
respective determination of event occurrence. 

74. The method as recited in claim 73, further includes the 
Step of: 

processing the at least one generated event indicator to 
determine relevance of the at least one event indicator 
to at least one of vehicle operation-related Specifica 
tions and vehicle performance-related Specifications. 

75. The method as recited in claim 74, further includes the 
Steps of 

identifying each event indicator associated with a respec 
tive determination of relevance; and 

causing the transmittal of a communication to an appro 
priate vehicle manufacturer or vehicle equipment 
manufacturer in reference to at least one identified 
event indicator, the communication including informa 
tion indicative of the respective identified event indi 
Cator. 

76. The method as recited in claim 72, wherein the 
relational determination made by the processing Step in 
respect of a respective event indicator being formulated to 
ascertain whether the respective event indicator being 
indicative of any non-Standard or abnormal condition mani 
festing in the operation, performance, or functioning of the 
respective vehicle environment. 

77. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a first means for collecting data generated within at least 
one vehicle environment; 

a Second means for processing the collected data to 
determine the occurrence of at least one event; 

a third means for generating at least one respective event 
indicator upon a respective determination of event 
occurrence by Said Second means, and 

a fourth means for processing the at least one event 
indicator generated by Said third means to determine 
relevance of the at least one event indicator to at least 
one functionality of the respective vehicle environ 
ment. 

78. The system as recited in claim 77, wherein said first 
means, Said Second means, and Said third means being 
constituted by at least one vehicle on-board System each 
dedicated to a respective vehicle environment. Patent Owner Ex. 2002, p. 28
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79. The system as recited in claim 77, further includes: 
means for identifying each event indicator associated with 

a respective determination of relevance, and 
means for causing the transmittal of a communication to 

an appropriate vehicle manufacturer or vehicle equip 
ment manufacturer in reference to at least one identified 
event indicator, the communication including informa 
tion indicative of the respective identified event indi 
CatOr. 

80. The system as recited in claim 77, wherein said fourth 
means further includes: 

means, in respect of a respective event indicator, for 
determining whether the respective event indicator 
being indicative of at least one of a vehicle operational 
condition, a vehicle performance measure, and a 
vehicle functionality failing to meet prescribed criteria. 

81. A System for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

first means for collecting data generated within at least 
one vehicle environment; and 

Second means for processing the collected data to deter 
mine the occurrence of at least one event relevant to at 
least one functionality of the respective vehicle envi 
rOnment. 

82. The system as recited in claim 81, wherein said second 
means further includes: 

means for respectively generating at least one respective 
event indicator upon a respective determination of 
eVent Occurrence. 

83. The system as recited in claim 82, further includes: 
means for causing the transmittal of a communication to 

an appropriate vehicle manufacturer or vehicle equip 
ment manufacturer in reference to at least one identified 
event indicator, the communication including informa 
tion indicative of the respective event indicator. 

84. The system as recited in claim 81, wherein the 
relevance determination performed by Said Second means in 
reference to a respective event being formulated to deter 
mine whether the respective event being indicative of at 
least one of a vehicle operational condition, a vehicle 
performance measure, and a vehicle functionality failing to 
meet prescribed criteria. 

85. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a facility; 
at least one vehicle environment including a respective 

vehicle on-board System comprising: 
a data System, the data System being operably configured 

to collect data generated within the respective vehicle 
environment, 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least 
one event, the processor being operably configured 
further to generate at least one event indicator upon a 
determination of event occurrence, and 
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a communication unit, the communication unit being 
operatively coupled to at least one of the data System 
and the processor, the communication unit being oper 
ably configured to Send a communication to the facility 
including the at least one event indicator; 

said facility being operably configured (i) to process any 
communication received from a respective vehicle 
environment to determine whether the received com 
munication contains information having relevance to at 
least one functionality of the respective vehicle envi 
ronment, and (ii) to communicate information to an 
appropriate vehicle manufacturer or vehicle equipment 
manufacturer in reference to a processed communica 
tion determined to be relevant, the facility communi 
cation including information indicative of the at least 
one event indicator associated with the relevant 
received vehicle communication. 

86. A method for use in an environment where a plurality 
of vehicles are traveling in a roadway network, each vehicle 
defining a respective vehicle environment, Said method 
comprising the Steps of: 

at least one vehicle environment collecting data generated 
within the respective vehicle environment; 

the at least one vehicle environment respectively process 
ing the respective collected data to determine the 
occurrence of at least one event; 

the at least one vehicle environment respectively gener 
ating at least one respective event indicator upon a 
determination of event occurrence, and 

processing the at least one event indicator generated by 
the at least one vehicle environment to determine 
relevance of the at least one event indicator to at least 
one of traffic-related measure and roadway infrastruc 
ture. 

87. The method as recited in claim 86, further includes the 
Steps of 

identifying each event indicator associated with a respec 
tive determination of relevance; and 

causing the transmittal of a communication to an appro 
priate governmental body in reference to at least one 
identified event indicator, the communication including 
information indicative of the respective identified event 
indicator and a location indicator of the vehicle envi 
ronment associated there with. 

88. The method as recited in claim 86, further includes the 
Step of: 

issuing a communication including information indicative 
of a respective event indicator determined to be rel 
evant and a location indicator of the vehicle environ 
ment associated there with, the communication issuing 
to an appropriate governmental body. 

89. The method as recited in claim 86, wherein the 
collected data relating to at least one of: (i) vehicle perfor 
mance, (ii) Vehicle operation, (iii) Vehicle behavior, (iv) 
roadway condition, (v) roadway travel Safety, (vi) roadway 
capacity, (vii) roadway design, (viii) traffic condition, and 
(ix) traffic control feature. 

90. The method as recited in claim 89, wherein the 
occurrence of an event signifying at least one of: (i) abnor 
mal or Substandard vehicle performance, (ii) abnormal or Patent Owner Ex. 2002, p. 29
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Substandard vehicle operation, (iii) abnormal or Substandard 
vehicle behavior, (iv) abnormal or substandard roadway 
condition, (v) risk to roadway travel Safety, (vi) roadway 
capacity exceeding acceptable levels, (vii) deficient roadway 
design, (viii) traffic condition exceeding acceptable levels, 
and (ix) inadequate, malfunctioning or missing traffic con 
trol feature. 

91. The method as recited in claim 86, wherein the 
relevance determination made by the processing Step, in 
respect of a respective event indicator possibly pertaining to 
roadway infrastructure, being formulated to ascertain 
whether the respective event indicator being indicative of at 
least one of roadway condition, roadway hazard, and road 
way design problem. 

92. A method for use in an environment where a plurality 
of vehicles are traveling in a roadway network, each vehicle 
defining a respective vehicle environment, Said method 
comprising the Steps of: 

collecting data generated within at least one vehicle 
environment; and 

processing the collected data to determine the occurrence 
of at least one event relating to at least one of traffic 
related measure and roadway infrastructure. 

93. The method as recited in claim 92, wherein the 
processing Step further includes the Step of: 

generating at least one respective event indicator upon a 
respective determination of event occurrence. 

94. The method as recited in claim 93, further includes the 
Step of 

processing the at least one generated event indicator to 
determine relevance of the at least one event indicator 
to at least one of roadway condition, roadway hazard, 
and roadway design problem, as regarding the occur 
rence of an event possibly pertaining to roadway infra 
Structure. 

95. The method as recited in claim 94, further includes the 
Steps of: 

identifying each event indicator associated with a respec 
tive determination of relevance; and 

causing the transmittal of a communication to an appro 
priate governmental body in reference to at least one 
identified event indicator, the communication including 
information indicative of the respective identified event 
indicator and a location indicator of the vehicle envi 
ronment associated therewith. 

96. The method as recited in claim 92, wherein the 
relational determination made by the processing Step, in 
respect of a respective event indicator possibly pertaining to 
roadway infrastructure, being formulated to ascertain 
whether the respective event indicator being indicative of at 
least one of roadway condition, roadway hazard, and road 
way design problem. 

97. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

a first means for collecting data generated within at least 
one vehicle environment; 

a Second means for processing the collected data to 
determine the occurrence of at least one event; 
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a third means for generating at least one respective event 
indicator upon a respective determination of event 
occurrence by Said Second means, and 

a fourth means for processing the at least one event 
indicator generated by Said third means to determine 
relevance of the at least one event indicator to at least 
one of traffic-related measure and roadway infrastruc 
ture. 

98. The system as recited in claim 97, wherein said first 
means, Said Second means, and Said third means being 
constituted by at least one vehicle on-board System each 
dedicated to a respective vehicle environment. 

99. The system as recited in claim 97, further includes: 
means for identifying each event indicator associated with 

a respective determination of relevance, and 
means for causing the transmittal of a communication to 

an appropriate governmental body in reference to at 
least one identified event indicator, the communication 
including information indicative of the respective iden 
tified event indicator and a location indicator of the 
Vehicle environment associated there with. 

100. The system as recited in claim 97, wherein said 
fourth means further includes: 

means, in respect of a respective event indicator possibly 
pertaining to roadway infrastructure, for determining 
whether the respective event indicator being indicative 
of at least one of roadway condition, roadway hazard, 
and roadway design problem. 

101. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: 

first means for collecting data generated within at least 
one vehicle environment; and 

Second means for processing the collected data to deter 
mine the occurrence of at least one event relevant to at 
least one of traffic-related measure and roadway infra 
Structure. 

102. The system as recited in claim 101, wherein said 
Second means further includes: 

means for respectively generating at least one respective 
event indicator upon a respective determination of 
eVent Occurrence. 

103. The system as recited in claim 102, further includes: 
means for causing the transmittal of a communication to 

an appropriate governmental body in reference to at 
least one identified event indicator, the communication 
including information indicative of the respective event 
indicator and a location indicator of the vehicle envi 
ronment associated there with. 

104. The system as recited in claim 101, wherein the 
relevance determination performed by Said Second means, in 
reference to a respective event possibly pertaining to road 
way infrastructure, being formulated to determine whether 
the respective event being indicative of at least one of 
roadway condition, roadway hazard, and roadway design 
problem. 

105. A system for use in an environment where a plurality 
of in-use vehicles each defining a respective vehicle envi 
ronment are traveling in a roadway network, Said System 
comprising: Patent Owner Ex. 2002, p. 30
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a facility; 

at least one vehicle environment including a respective 
vehicle on-board System comprising: 

a data System, the data System being operably configured 
to collect data generated within the respective vehicle 
environment, 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least 
one event, the processor being operably configured 
further to generate at least one event indicator upon a 
determination of event occurrence, and 

communication unit, the communication unit being 
operatively coupled to at least one of the data System 
and the processor, the communication unit being oper 
ably configured to Send a communication to the facility 
including the at least one event indicator; 

Said facility being operably configured (i) to process any 
communication received from a respective vehicle 
environment to determine whether the received com 
munication contains information having relevance to at 
least one of traffic-related measure and roadway infra 
Structure, and (ii) to communicate information to an 
appropriate governmental body in reference to a pro 
cessed communication determined to be relevant, the 
facility communication including information indica 
tive of the at least one event indicator associated with 
the relevant received vehicle communication and a 
location indicator of the vehicle environment associ 
ated therewith. 

106. A method for use in association with a vehicle 
traveling on a roadway, the vehicle defining an environment, 
Said method comprising the Steps of: 

the vehicle environment collecting data generated within 
the vehicle environment; and 

the vehicle environment processing the collected data to 
determine the occurrence of at least one event. 

107. The method as recited in claim 106, wherein the 
collected data relating to at least one of: (i) vehicle perfor 
mance, (ii) Vehicle operation, (iii) Vehicle behavior, (iv) 
roadway condition, (v) roadway travel Safety, (vi) roadway 
capacity, (vii) roadway design, (viii) traffic condition, and 
(ix) traffic control feature. 

108. The method as recited in claim 106, wherein the 
occurrence of an event signifying a data value falling outside 
an allowable level or range. 

109. The method as recited in claim 108, wherein the 
occurrence of an event signifying at least one of: (i) abnor 
mal or Substandard vehicle performance, (ii) abnormal or 
Substandard vehicle operation, (iii) abnormal or Substandard 
vehicle behavior, (iv) abnormal or substandard roadway 
condition, (v) risk to roadway travel Safety, (vi) roadway 
capacity exceeding acceptable levels, (vii) deficient roadway 
design, (viii) traffic condition exceeding acceptable levels, 
and (ix) inadequate, malfunctioning or missing traffic con 
trol feature. 

110. The method as recited in claim 106, wherein the 
processing Step further includes the Steps of 

providing predetermined reference data; 

comparing the collected data to the reference data; and 
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determining whether at least one event has occurred, 
using the data comparison. 

111. The method as recited in claim 110, wherein the 
providing Step further includes the Step of 

Storing the predetermined reference data in the vehicle 
environment. 

112. The method as recited in claim 110, wherein the 
reference data includes geospatial roadway infrastructure 
information. 

113. The method as recited in claim 110, wherein the 
reference data includes roadway feature information and 
corresponding location information. 

114. The method as recited in claim 110, wherein the 
reference data includes location-specific historical informa 
tion. 

115. The method as recited in claim 110, wherein the 
reference data includes location-specific theoretical infor 
mation based on at least one roadway Specification. 

116. The method as recited in claim 106, further includes 
the step of: 

the vehicle environment associating a location indicator 
of the vehicle to at least one of the collected data and 
the processing results. 

117. The method as recited in claim 116, further includes 
the step of: 

the vehicle environment communicating at least one of 
the collected data, the processing results, and the 
Vehicle location indicator associated there with to a 
location apart from the vehicle environment. 

118. The method as recited in claim 116, further includes 
the step of: 

the vehicle environment communicating at least one of 
the collected data, the processing results, and the 
Vehicle location indicator associated there with to at 
least one other vehicle. 

119. The method as recited in claim 106, further includes 
the step of: 

communicating the processing results in perceptible form 
to an occupant of the vehicle environment. 

120. The method as recited in claim 119, wherein the 
communicating Step further includes the Step of 

displaying the processing results. 
121. A vehicle on-board system for use with a vehicle, the 

vehicle defining an environment, Said System comprising: 
a data System, the data System being operably configured 

to collect data generated within the vehicle environ 
ment; and 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least 
One event. 

122. The system as recited in claim 121, wherein the data 
System further includes: 

a Sensor assembly. 
123. The system as recited in claim 121, wherein the data 

System being operably configured further to collect data 
from at least one communication bus of the vehicle. 

124. The system as recited in claim 121, wherein the data 
System being operably configured further to collect data 
from Standard vehicle equipment. Patent Owner Ex. 2002, p. 31
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125. The system as recited in claim 121, further includes: 
a module, the module being operably configured to asso 

ciate a location indicator of the vehicle to at least one 
of the collected data and the processing results. 

126. The system as recited in claim 125, further includes: 
a communication unit, the communication unit being 

operatively coupled to at least one of the data System, 
the processor, and the module. 

127. The system as recited in claim 126, wherein the 
communication unit being operably configured to Send a 
communication to a location apart from the vehicle envi 
ronment, the communication including at least one of the 
collected data, the processing results, and the vehicle loca 
tion indicator associated therewith. 

128. The system as recited in claim 126, wherein the 
communication unit being operably configured to Send a 
communication to at least one other vehicle, the communi 
cation including at least one of the collected data, the 
processing results, and the vehicle location indicator asso 
ciated therewith. 

129. The system as recited in claim 121, wherein the 
collected data relating to at least one of: (i) vehicle perfor 
mance, (ii) Vehicle operation, (iii) Vehicle behavior, (iv) 
roadway condition, (v) roadway travel Safety, (vi) roadway 
capacity, (vii) roadway design, (viii) traffic condition, and 
(ix) traffic control feature. 

130. The system as recited in claim 121, wherein the 
processor having at least one functionality operably config 
ured to determine the occurrence of at least one event 
Signifying at least one of: (i) abnormal or Substandard 
vehicle performance, (ii) abnormal or Substandard vehicle 
operation, (iii) abnormal or Substandard vehicle behavior, 
(iv) abnormal or Substandard roadway condition, (v) risk to 
roadway travel Safety, (vi) roadway capacity exceeding 
acceptable levels, (vii) deficient roadway design, (viii) traffic 
condition exceeding acceptable levels, and (ix) inadequate, 
malfunctioning or missing traffic control feature. 

131. The system as recited in claim 121, further includes: 
a data Storage, the data Storage containing predetermined 

reference data. 
132. The system as recited in claim 131, wherein the 

processor being operably configured further (i) to compare 
the collected data to the reference data, and (ii) to determine 
whether at least one event has occurred, using the data 
comparison. 

133. The system as recited in claim 131, wherein the 
reference data includes geospatial roadway infrastructure 
information. 

134. The system as recited in claim 131, wherein the 
reference data includes roadway feature information and 
corresponding location information. 

135. The system as recited in claim 131, wherein the 
reference data includes location-Specific historical informa 
tion. 

136. The system as recited in claim 131, wherein the 
reference data includes location-specific theoretical infor 
mation based on at least one roadway Specification. 

137. The system as recited in claim 121, further includes: 
a means to render the processing results into a form 

perceptible to an occupant of the vehicle environment. 
138. The system as recited in claim 137, wherein the 

rendering means further includes a display. 
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139. A method for use in association with a plurality of 
vehicles each defining a respective environment, the plural 
ity of vehicles traveling in a roadway environment, Said 
method comprising the Steps of 

a central facility operably receiving a respective commu 
nication from at least one vehicle environment, each 
respective vehicle communication comprising (i) at 
least one event indicator indicative of the occurrence of 
an event relating to the associated vehicle environment, 
and (ii) a location indicator indicative of the location of 
the vehicle; and 

the central facility processing any communication 
received from a respective vehicle environment. 

140. The method as recited in claim 139, wherein the 
processing Step further includes the Step of: 

determining a relevance of the vehicle communication to 
at least one user application. 

141. The method as recited in claim 140, further includes 
the step of: 

issuing a communication to a user associated with an 
affirmative relevance determination. 

142. The method as recited in claim 141, wherein the 
issued communication includes information indicative of the 
at least one event indicator associated with the respective 
relevant vehicle communication and the location indicator of 
the vehicle associated therewith. 

143. The method as recited in claim 139, wherein the 
processing Step further includes, in respect of each received 
communication, the Steps of 

determining whether the received communication con 
tains information having relevance to any other vehicle; 
and 

communicating information to any vehicle associated 
with the relevance determination, the communicated 
information including information indicative of the at 
least one event indicator associated with the received 
Vehicle communication. 

144. The method as recited in claim 143, wherein the 
determining Step further includes the Step of 

comparing the location indicator of the vehicle associated 
with the received communication to roadway travel 
information of another vehicle. 

145. The method as recited in claim 144, further includes 
the Steps of: 

identifying, based on the comparison results, any vehicle 
asSociated with a respective comparison result Satisfy 
ing a Specified criteria; and 

formulating, in respect of each identified vehicle, a rerout 
ing plan for the identified vehicle, based on roadway 
travel information associated therewith and the location 
indicator of the vehicle associated with the respective 
received communication. 

146. The method as recited in claim 139, wherein the 
processing Step further includes, in respect of each received 
communication, the Step of: 

determining whether the received communication con 
tains information having relevance to maintenance of 
the roadway environment. Patent Owner Ex. 2002, p. 32
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147. The method as recited in claim 146, further includes 
the step of: 

communicating information to an appropriate roadway 
maintenance entity or responsible transportation 
authority associated with an affirmative relevance 
determination, the communicated information includ 
ing information indicative of the at least one event 
indicator associated with the received vehicle commu 
nication and a location indicator of the vehicle envi 
ronment associated therewith. 

148. The method as recited in claim 139, wherein the 
processing Step further includes, in respect of each received 
communication, the Step of: 

determining whether the received communication con 
tains information having relevance to at least one 
functionality of the respective vehicle environment 
asSociated there with. 

149. The method as recited in claim 148, further includes 
the step of: 

communicating information to an appropriate vehicle 
manufacturer or vehicle equipment manufacturer asso 
ciated with an affirmative relevance determination, the 
communicated information including information 
indicative of the at least one event indicator associated 
with the received vehicle communication. 

150. The method as recited in claim 139, wherein the 
processing Step further includes, in respect of each received 
communication, the Step of: 

determining whether the received communication con 
tains information having relevance to at least one of 
traffic-related measure and roadway infrastructure. 

151. The method as recited in claim 150, further includes 
the step of: 

communicating information to an appropriate govern 
mental body associated with an affirmative relevance 
determination, the communicated information includ 
ing information indicative of the at least one event 
indicator associated with the received vehicle commu 
nication and a location indicator of the vehicle envi 
ronment associated therewith. 

152. A system for use in association with a plurality of 
vehicles each defining a respective environment, the plural 
ity of vehicles traveling in a roadway environment, Said 
System comprising: 

a communication network, and 

a central facility, Said central facility being operably 
configured to enable communication with at least one 
vehicle environment via Said communication network; 

Said central facility being operably configured to receive 
a respective communication from at least one vehicle 
environment, each respective vehicle communication 
comprising: (i) at least one event indicator indicative of 
the occurrence of an event relating to the associated 
vehicle environment, and (ii) a location indicator 
indicative of the location of the vehicle; 

Said central facility being operably configured to proceSS 
any communication received from a respective vehicle 
environment. 
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153. The system as recited in claim 152, wherein said 
central facility being operably configured further to deter 
mine a relevance of the vehicle communication to at least 
one user application. 

154. The system as recited in claim 153, wherein said 
central facility being operably configured further to issue a 
communication to a user associated with an affirmative 
relevance determination. 

155. The system as recited in claim 154, wherein the 
issued communication includes information indicative of the 
at least one event indicator associated with the respective 
relevant vehicle communication and the location indicator of 
the vehicle associated therewith. 

156. The system as recited in claim 152, wherein said 
central facility being operably configured further, in respect 
of each received communication, (i) to determine whether 
the received communication contains information having 
relevance to any other vehicle, and (ii) to communicate 
information to any vehicle associated with the relevance 
determination, the communicated information including 
information indicative of the at least one event indicator 
asSociated with the received vehicle communication. 

157. The system as recited in claim 156, wherein said 
central facility being operably configured further to compare 
the location indicator of the vehicle associated with the 
received communication to roadway travel information of 
another vehicle. 

158. The system as recited in claim 157, wherein said 
central facility being operably configured further (i) to 
identify, based on the comparison results, any vehicle asso 
ciated with a respective comparison result Satisfying a 
Specified criteria, and (ii) to formulate, in respect of each 
identified vehicle, a rerouting plan for the identified vehicle, 
based on roadway travel information associated there with 
and the location indicator of the vehicle associated with the 
respective received communication. 

159. The system as recited in claim 152, wherein said 
central facility being operably configured further, in respect 
of each received communication, to determine whether the 
received communication contains information having rel 
evance to maintenance of the roadway environment. 

160. The system as recited in claim 159, wherein said 
central facility being operably configured further to com 
municate information to an appropriate roadway mainte 
nance entity or responsible transportation authority associ 
ated with an affirmative relevance determination, the 
communicated information including information indicative 
of the at least one event indicator associated with the 
received vehicle communication and a location indicator of 
the vehicle environment associated therewith. 

161. The system as recited in claim 152, wherein said 
central facility being operably configured further, in respect 
of each received communication, to determine whether the 
received communication contains information having rel 
evance to at least one functionality of the respective vehicle 
environment associated there with. 

162. The system as recited in claim 161, wherein said 
central facility being operably configured further to com 
municate information to an appropriate vehicle manufac 
turer or vehicle equipment manufacturer associated with an 
affirmative relevance determination, the communicated 
information including information indicative of the at least 
one event indicator associated with the received vehicle 
communication. Patent Owner Ex. 2002, p. 33
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163. The system as recited in claim 152, wherein said 
central facility being operably configured further, in respect 
of each received communication, to determine whether the 
received communication contains information having rel 
evance to at least one of traffic-related measure and roadway 
infrastructure. 

164. The system as recited in claim 163, wherein said 
central facility being operably configured further to com 
municate information to an appropriate governmental body 
asSociated with an affirmative relevance determination, the 
communicated information including information indicative 
of the at least one event indicator associated with the 
received vehicle communication and a location indicator of 
the vehicle environment associated therewith. 

165. A system for use in an environment where a plurality 
of vehicles each defining a respective vehicle environment 
are traveling in a roadway network, Said System comprising: 

a central facility, Said central facility being operably 
configured to enable communication with at least one 
vehicle environment; 

at least one vehicle environment including a respective 
vehicle on-board System comprising: 

a data System, the data System being operably configured 
to collect data generated within the respective vehicle 
environment, 

a processor, the processor being operably configured to 
process the data to determine the occurrence of at least 
one event, the processor being operably configured 
further to generate at least one event indicator upon a 
determination of event occurrence, and 

a communication unit, the communication unit being 
operatively coupled to at least one of the data System 
and the processor, the communication unit being oper 
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ably configured to Send a communication to the central 
facility including the at least one event indicator; 

said central facility being operably configured (i) to 
process any communication received from a respective 
vehicle environment to determine whether the received 
communication contains information having relevance 
to at least one user application, and (ii) to issue a 
communication to a user associated with an affirmative 
relevance determination. 

166. The system as recited in claim 165, wherein the 
communication issued by the central facility includes infor 
mation indicative of the at least one event indicator associ 
ated with the respective relevant vehicle communication and 
the location indicator of the vehicle associated there with. 

167. The system as recited in claim 165, wherein the 
central facility further includes: 

a means to proceSS any communication received from a 
respective vehicle environment to determine whether 
the received communication contains information hav 
ing relevance to at least one other vehicle; and 

a means to communicate information to any vehicle 
asSociated with the relevance determination. 

168. The system as recited in claim 165, wherein the 
central facility further includes: 

a means to proceSS any communication received from a 
respective vehicle environment to determine whether 
the received communication contains information hav 
ing relevance to roadway maintenance; and 

a means to communicate information to any roadway 
maintenance entity associated with the relevance deter 
mination. 
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