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VEHICULAR TRAFFIC ALERTS FOR 
AVOIDANCE OF ABNORMAL TRAFFIC 

CONDITIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 62/211,337 (filed on Aug. 28, 2015); U.S. 
Provisional Application No. 62/262,671 (filed on Dec. 3, 
2015); U.S. Provisional Application No. 62/296,839 (filed 
on Feb. 18, 2016); U.S. Provisional Application No. 62/367, 
460 (filed on Jul. 27, 2016); U.S. Provisional Application 
No. 62/367,466 (filed on Jul. 27, 2016); U.S. Provisional 
Application No. 62/367,467 (filed on Jul. 27, 2016); U.S. 
Provisional Application No. 62/367,470 (filed on Jul. 27, 
2016); U.S. Provisional Application No. 62/367,474 (filed 
on Jul. 27, 2016); U.S. Provisional Application No. 62/367, 
479 (filed on Jul. 27, 2016); U.S. Provisional Application 
No. 62/369,531 (filed on Aug. 1, 2016); U.S. Provisional 
Application No. 62/369,537 (filed on Aug. 1, 2016); U.S. 
Provisional Application No. 62/369,552 (filed on Aug. 1, 
2016); U.S. Provisional Application No. 62/369,563 (filed 

2 
abnormal traffic condition has occurred in the vehicle's 
operating environment. Various aspects may include detect­
ing that an abnormal traffic condition exists in an operating 
environment of a vehicle and generating an electronic mes-

5 sage regarding the abnormal traffic condition. The electronic 
message may then be transmitted via the vehicle's trans­
ceiver using a wireless communication to the nearby vehicle 
to alert the nearby vehicle of the abnormal traffic condition 
and to allow the nearby vehicle to avoid the abnormal traffic 

10 condition. Examples of an abnormal traffic condition may 
include an erratic vehicle, an erratic driver, road construc­
tion, a closed highway exit, slowed or slowing traffic, 
slowed or slowing vehicular congestion, or one or more 
other vehicles braking ahead of the vehicle. The abnormal 

15 traffic condition may also be bad weather and the electronic 
message can be used to indicate a GPS location of the bad 
weather. An abnormal traffic condition may be detected by 
analyzing vehicular telematics data. In some embodiments, 
an alternate route may be generated to allow a nearby 

20 vehicle to avoid the abnormal traffic condition. In other 
embodiments, an auto insurance discount may be generated 
that is associated with the vehicle. 

on Aug. 1, 2016); and U.S. Provisional Application No. 
62/369,577 (filed on Aug. 1, 2016). The entirety of each of 
the foregoing provisional applications is incorporated by 25 
reference herein. 

The vehicle may include one or more processors, which 
can be vehicle-mounted sensors or vehicle-mounted proces­
sors. In some embodiments, transmitting the electronic 
message to a nearby vehicle may require transmitting the 

Additionally, the present application is related to co­
pending U.S. patent application Ser. No. 15/241,812 (filed 
on Aug. 19, 2016); co-pending U.S. patent application Ser. 
No. 15/241,817 (filed on Aug. 19, 2016); co-pending U.S. 
patent application Ser. No. 15/241,826 (filed on Aug. 19, 30 

2016); co-pending U.S. patent application Ser. No. 15/241, 
832 (filed on Aug. 19, 2016); co-pending U.S. patent appli­
cation Ser. No. 15/241,842 (filed on Aug. 19, 2016); co­
pending U.S. patent application Ser. No. 15/241,849 (filed 

electronic message to a one or more remote processors. The 
nearby vehicle can also be any of an autonomous vehicle, a 
semi-autonomous vehicle or a self-driving vehicle, in which 
each of the vehicles includes one or more processors for 
receiving the transmitted electronic message. A nearby 
vehicle may also be a vehicle at a location that is in a 
direction of travel to the operating environment of the 
vehicle. 

In other aspects, telematics data and/or geographic loca-
tion data may be collected, monitored, measured, and/or 
generated by one or more computing devices associated with 
a vehicle. The telematics data may include various metrics 
that indicate the direction, speed, acceleration, braking, 

on Aug. 19, 2016); co-pending U.S. patent application Ser. 35 

No. 15/241,859 (filed on Aug. 19, 2016); co-pending U.S. 
patent application Ser. No. 15/241,916 (filed on Aug. 19, 
2016); co-pending U.S. patent application Ser. No. 15/241, 
922 (filed on Aug. 19, 2016); and co-pending U.S. patent 
application Ser. No. 15/241,932 (filed on Aug. 19, 2016). 40 cornering, and/or motion of the vehicle in which the data is 

associated. The geographic location data may include a 
geographic location of the vehicle, such as latitude and 
longitude coordinates, for example. The one or more com­
puting devices may include smart vehicle controller, vehicle 

FIELD OF THE DISCLOSURE 

The present disclosure generally relates to vehicle and 
pedestrian safety, and, more particularly, to generating and 
collecting data at a connected vehicle, and using the data 
and/or vehicle-to-other device (V2x) wireless communica­
tion ( e.g., vehicle-to-vehicle or vehicle-to-infrastructure) 
and data transmission to facilitate safer vehicle travel and/or 
provide auto insurance cost savings to consumers. 

BACKGROUND 

Conventional telematics devices may collect certain types 
of data regarding vehicle operation. However, conventional 
telematics devices and data gathering techniques may have 
several drawbacks. Specifically, conventional telematics 
devices only monitor the movement and operating status of 
the vehicle in which they are disposed. Such data is limited 
to determining the vehicle location, whether the vehicle has 
been in an accident, or similar simple information regarding 
the vehicle. 

BRIEF SUMMARY 

In one aspect, an electronic message is sent from a vehicle 
to a nearby vehicle to alert the nearby vehicle that an 

45 central computer, an on-board computer integrated within 
the vehicle, a mobile device, and/or a combination of these 
devices working in conjunction with one another. The one or 
more computing devices may broadcast the telematics data 
and/or the geographic location data to one or more other 

50 devices via V2x communication, such as to other vehicles, 
infrastructure, remote servers, or mobile devices, including 
mobile devices of other drivers, pedestrians and/or cyclists. 

The telematics data and/or the geographic location data 
may be received and/or processed by one or more other 

55 computing devices to determine whether an anomalous 
condition exists, such as a traffic accident, for example. 
These one or more other computing devices may be vehicle 
computing devices, external computing devices ( e.g., a 
remote server), another mobile computing device, a smart 

60 traffic infrastructure device ( e.g., a smart traffic light), etc. If 
an anomalous condition is detected, the geographic location 
of the vehicle associated with the telematics data may be 
used as a condition to decide whether to generate an alert at 
( or send an alert notification to) the one or more other 

65 computing devices associated with nearby vehicles. 
The telematics, location, and/or other data collected or 

generated by a connected vehicle may be used for various 
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FIG. 10 illustrates a flow diagram of an exemplary 
vehicle-usage profile generation method. 

FIG. 11 illustrates a flow diagram of an exemplary traffic 
condition broadcast method. 

FIG. 12 illustrates a flow diagram of an exemplary alert 
generation and presentation method. 

FIG. 13 illustrates a flow diagram of an exemplary 
personal telematics data profile generation method. 

purposes. The data may be used by an insurance provider to 
generate auto insurance discount and/or risk averse profiles 
based upon average or typical vehicle travel environment. 
The data collected may be used for accident reconstruction 
and/or accident cause determination. The present embodi- 5 

ments may also entail electric or hybrid vehicle battery 
conservation. The data collected may be used to generate 
vehicle-usage profiles that more accurately reflect vehicle 
risk, or lack thereof, and facilitate more appropriate auto 
insurance pricing. The data collected may be used to gen­
erate a traffic condition broadcast that is broadcasted to 
nearby vehicles or smart infrastructure via V2x (such as 
Vehicle-to-Vehicle, Vehicle-to-Infrastructure or Vehicle-to­
Person) wireless communication. Individual consumers may 
also collected their own telematics data, and then share their 15 

data when they choose with various merchants, such as 
rental car companies, to get discounted pricing on products 

FIG. 14 illustrates a flow diagram of an exemplary shared 
10 vehicle usage monitoring method. 

FIG. 15 illustrates a flow diagram of an exemplary driver 
evaluation method in accordance. 

FIG. 16 illustrates a flow diagram of an exemplary vehicle 
alert method. 

FIG. 17 illustrates a flow diagram of an exemplary 
pedestrian warning method. 

The Figures depict preferred embodiments for purposes of 
illustration only. Alternative embodiments of the systems 
and methods illustrated herein may be employed without 

20 departing from the principles of the invention described 
herein. 

or services. 
Advantages will become more apparent to those of ordi­

nary skill in the art from the following description of the 
preferred embodiments which have been shown and 
described by way of illustration. As will be realized, the 
present embodiments may be capable of other and different 
embodiments, and their details are capable of modification 

DETAILED DESCRIPTION 

in various respects. Accordingly, the drawings and descrip- 25 

tion are to be regarded as illustrative in nature and not as 
The present embodiments relate to, inter alia, determining 

whether an anomalous condition is detected at the location 
of a vehicle using one or more computing devices within or 
otherwise associated with the vehicle. If the detected anoma­
lous condition may impact or affect another vehicle on the 

restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Figures described below depict various aspects of the 
system and methods disclosed therein. It should be under­
stood that each Figure depicts an embodiment of a particular 
aspect of the disclosed system and methods, and that each of 
the Figures is intended to accord with a possible embodi­
ment thereof. Further, wherever possible, the following 
description refers to the reference numerals included in the 
following Figures, in which features depicted in multiple 
Figures are designated with consistent reference numerals. 

There are shown in the drawings arrangements which are 
presently discussed, it being understood, however, that the 
present embodiments are not limited to the precise arrange­
ments and instrumentalities shown, wherein: 

FIG. 1 illustrates a block diagram of an exemplary tele­
matics collection system in accordance with an exemplary 
aspect of the present disclosure; 

FIG. 2 illustrates a block diagram of an exemplary system 
that collects telematics and/or other data, and uses V2x 
wireless communication to broadcast the data collected to 
other vehicles, mobile devices, remote servers, and smart 
infrastructure in accordance with an exemplary aspect of the 
present disclosure; and 

FIG. 3 illustrates a block diagram of an exemplary com­
puting device in accordance with an exemplary aspect of the 
present disclosure. 

FIG. 4 illustrates a flow diagram of an exemplary risk 
assessment method. 

FIG. 5 illustrates a flow diagram of an exemplary accident 
analysis method. 

FIG. 6 illustrates a flow diagram of an exemplary anoma­
lous condition monitoring method. 

FIG. 7 illustrates a flow diagram of an exemplary anoma­
lous condition analysis method. 

FIG. 8 illustrates a flow diagram of an exemplary battery 
conservation method. 

FIG. 9 illustrates a flow diagram of an exemplary vehicle­
usage profile generation method. 

30 road, embodiments are described to generate and/or send 
alert notifications to other vehicles that may be so affected. 
As further described throughout the disclosure, the process 
of detecting anomalous conditions and whether they apply to 
other vehicles may be performed through an analysis of 

35 geographic location data and/or telematics data broadcasted 
from one or more computing devices within or otherwise 
associated with one or more respective vehicles. 

The present embodiments may relate to collecting, trans­
mitting, and/or receiving telematics data; and may include a 

40 mobile device, a vehicle-mounted processor, computer 
server, web pages, applications, software modules, user 
interfaces, interactive display screens, memory units, and/or 
other electronic, electrical, and/or wireless communication 
equipment configured to provide the functionality discussed 

45 herein. As compared with the prior art, the present embodi­
ments include specifically configured computing equipment 
that provide for an enhanced method of collecting telematics 
and/or other vehicle/driving conditions related data, and 
performing certain actions based upon the data collected. 

50 Using the telematics and/or other data collected, in conjunc­
tion with the novel techniques discussed herein, recommen­
dations and/or travel/driving guidance may be provided to 
remote vehicles and/or drivers. 

The present embodiments may solve one or more tech-
55 nical problems related to (1) vehicle safety, and/or (2) 

vehicle navigation by using solutions or improvements in 
another technological field, namely telematics. Vehicle 
safety and vehicle navigation is often impacted by short­
term traffic events that occur with little or no warning. For 

60 instance, vehicle accidents may be caused by road construc­
tion, other vehicle accidents, traffic being temporarily re­
routed, unexpected bad weather, other drivers or vehicles, 
etc. 

To address these and other problems, telematics data 
65 (and/or driver behavior or vehicle information) may be 

captured in real-time, or near real-time, by a computing 
device, such as a vehicle-mounted computer, smart vehicle 
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controller, or a mobile device of a vehicle driver ( or pas­
senger). The computing device may be specifically config­
ured for gathering, collecting, and/or generating telematics 
and/or other data as a vehicle is traveling. 

For instance, the vehicle-mounted computer or the mobile 
device may be equipped with (i) various sensors and/or 
meters capable of generating telematics data (GPS unit, 
speed sensor, speedometer, odometer, gyroscope, compass, 
accelerometer, etc.) and/or (ii) an application, such as a 
Telematics Data Application or Telematics "App," that 
includes computer instructions and/or software modules 
stored in a non-transitory memory unit that control collect­
ing and generating telematics and/or other data. The com­
puting device and/or the application ( or Telematics App) 
may provide a software module, user interface, and/or 
interactive display screen configured to facilitate the data 
collection. The computing device and/or Telematics App 
executing thereon may be configured to prepare or otherwise 
format the telematics and/or other data collected or gener­
ated for transmission (via wireless communication and/or 
data transmission) to a mobile device of a second driver, a 
remote server, another (smart) vehicle, and/or smart infra­
structure-all of which may be equipped with its own 
Telematics App or other telematics related applications. The 
Telematics App may include other functionality, including 
the mobile device functionality discussed elsewhere herein. 

Alternatively, the computing device may remotely access 

6 
The computing device, such as a vehicle computer or a 

mobile device ( and/or Telematics App) may be configured to 
identify the type of traffic event and transmit the type of 
traffic event to other mobile devices, a remote server, smart 

5 vehicles, and/or smart infrastructure. In one embodiment, a 
mobile device (and/or Telematics App) may be in wireless 
communication with a smart vehicle control system of the 
vehicle, and the smart vehicle control system may transmit 
the telematics and/or other data, and/or any associated 

10 warnings, to a remote server, and/or roadside smart infra­
structure or nearby mobile device or vehicles of other 
drivers (such as to conserve battery power of the mobile 
device). 

Alternatively, the mobile device (and/or Telematics App) 
15 may transmit the telematics and/or other data collected via 

wireless communication and/or data transmission to a sec­
ond computing device-such as a second mobile device ( or 
another driver), a second and smart vehicle, a remote server, 
and/or road side infrastructure (smart street signs or road 

20 posts, smart toll booths, etc.). After which, the second and 
remote computing device may analyze the telematics and/or 
other data that is collected in real-time, or near real-time, to 
determine traffic events in real-time, or near real-time, 
respectively. Based upon the type and extent of traffic event 

25 detected, the second computing device may issue warnings, 
determine recommendations, and/or re-route vehicles. For 
instance, the second computing device may cause a display 
screen or user interface of a mobile device or smart vehicle 
controller of remote drivers to display a map with (1) a a web page, such as via wireless communication with a 

remote server. The web page may provide the computing 
device with the functionality to collect the telematics and/or 
other data as the vehicle is moving. Additionally or alter­
natively, the web page may allow the computing device to 
upload or transmit data in real-time, or near real-time, to a 
mobile device of a second driver, a remote server, smart 35 

infrastructure, and/or another (smart) vehicle. 

30 current route that the vehicle is on, (2) a virtual represen­
tation of the traffic event, and/or (3) an alternate or recom­
mended new route to an original destination that avoids the 
traffic event. 

An insurance provider may collect an insured's usage of 
the vehicle safety functionality provided herein, such as at 
an insurance provider remote server and/or via a mobile 
device application. Based upon an individual's usage and/or 
taking travel recommendations, such as travel recommen­
dations that reduce or lower risk and/or enhance driver or 

Additionally or alternatively, a smart vehicle controller or 
processor may be configured with the same functionality as 
that of the computing device described above. For instance, 
a smart vehicle controller may include an application, soft- 40 

ware module, or computer instructions that provide for the 
telematics and/or other data collection and generation func­
tionality discussed herein. The smart vehicle controller may 

vehicle safety, insurance policies (such as vehicle or life 
insurance policies) may be adjusted, generated, and/or 
updated. The insurance provider remote server may calcu­
late, update, and/or adjust insurance premiums, rates, dis­
counts, points, programs, etc., such as adjusting an insurance be in wired or wireless communication with various 

("smart" or "dumb") vehicle-mounted meters, sensors, and/ 
or detectors, such as speedometers, speed sensors, com­
passes, gyros, accelerometers, etc. that collect and/or gen­
erate telematics data and/or other data detailing or associated 
with vehicle operation, and/or driving or driver behavior. 

In one aspect, by solving problems with collecting tele­
matics data and/or other data associated with driver behavior 
and/or vehicle operation or performance, problems with 
vehicle navigation and/or vehicle operation may be 
resolved. For instance, telematics data associated with a first 
vehicle may be collected in real-time by a first vehicle 
computer or a mobile device of a first driver. The first 
vehicle may be specifically configured to gather or generate 
telematics and/or other driver/vehicle data in real-time as the 
first vehicle is traveling, such as via a Telematics App. If a 
traffic event is encountered, about to be encountered, and/or 
expected or anticipated to be encountered by the vehicle as 

45 discount or premium based upon the insured having the 
functionality discussed herein and/or the amount that the 
insured uses the functionality discussed herein. The updated 
insurance policies (and/or premiums, rates, discounts, etc.) 
may be communicated to insurance customers for their 

50 review, modification, and/or approval-such as via wireless 
communication or data transmission from a remote server to 
a mobile device or the insured. 
Telematics and Vehicle Navigation 

In one aspect, by solving problems with collecting tele-
55 matics data and/or other data associated with driver behavior 

and/or vehicle operation or performance, problems with 
vehicle navigation and/or vehicle operation may be 
resolved. For instance, telematics data associated with a first 
vehicle may be collected in real-time by vehicle computer or 

60 a mobile device of a first driver. The computing device may 
be specifically configured to gather or generate telematics 
and/or other driver/vehicle data in real-time as the vehicle is 
traveling. If a traffic event is encountered, about to be 

it travels (e.g., road construction; heavy traffic; congestion; 
bad weather conditions; unlawful, unexpected or erratic 
operation of other vehicles; questionable or abnormal driv­
ing behavior of other drivers; irresponsible or overly aggres- 65 

sive drivers; un-attentive or tired drivers, etc.), the telematics 
(and/or data) data collected may indicate such. 

encountered, and/or expected or anticipated to be encoun­
tered by the vehicle as it travels ( e.g., road construction; 
heavy traffic; congestion; bad weather conditions; unlawful, 
unexpected or erratic operation of other vehicles; question-
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able or abnormal driving behavior of other drivers; irrespon­
sible or overly aggressive drivers; un-attentive or tired 
drivers, etc.), the telematics (and/or other) data collected 
may indicate such. 

The computing device itself may be configured to identify 5 

the type of traffic event and transmit the type of traffic event 

8 
general-use on-board computer or processor(s) installed by 
the manufacturer of vehicle 108 or as an aftermarket modi­
fication to vehicle 108, for example. In various aspects, 
mobile computing device 110 and/or on-board computer 114 
may be a thin-client device configured to outsource any 
suitable portion of processing via communications with one 
or more external components. 

On-board computer 114 may supplement one or more 
functions performed by mobile computing device 110 
described herein by, for example, sending information to 
and/or receiving information from mobile computing device 
110. Mobile computing device 110 and/or on-board com­
puter 114 may communicate with one or more external 

to mobile devices, a remote server, smart vehicles, and/or 
smart infrastructure. In one embodiment, a mobile device 
collecting telematics data may be in wireless communication 
with a smart vehicle control system of the vehicle, and the 10 

smart vehicle control system may transmit the telematics 
and/or other data, and/or any associated warnings, to a 
remote server, and/or roadside smart infrastructure or nearby 
mobile device or vehicles of other drivers (such as to 
conserve battery power of the mobile device). 15 

components via links 112 and 118, respectively. Addition­
ally, mobile computing device 110 and on-board computer 
114 may communicate with one another directly via link 
116. 

Additionally or alternatively, the computing device ( e.g., 
vehicle processor, mobile device, or conventional telematics 
device) may transmit the telematics and/or other data col­
lected via wireless communication and/or data transmission 
to a second computing device-such as a second mobile 
device (or another driver), a second and smart vehicle, a 
remote server, and/or road side infrastructure (smart street 
signs or road posts, smart toll booths, etc.). After which, the 
second and remote computing device may analyze the 
telematics and/or other data that is collected in real-time, or 
near real-time, to determine traffic events in real-time, or 
near real-time, respectively. Based upon the type and extent 

In one aspect, mobile computing device 110 may be 
20 configured with suitable hardware and/or software ( e.g., one 

or more applications, programs, files, etc.) to determine a 
geographic location of mobile computing device 110 and, 
hence, vehicle 108, in which it is positioned. Additionally or 
alternatively, mobile computing device 110 may be config-

of traffic event detected, the second computing device may 
issue warnings, determine recommendations, and/or re-route 
vehicles. For instance, the second computing device may 
cause a display screen or user interface of a mobile device 
or smart vehicle controller of remote drivers to display a 
map with (1) a current route that the vehicle is on, (2) a 
virtual representation of the traffic event, and/or (3) an 
alternate or recommended new route to an original destina­
tion that avoids the traffic event. 

25 ured with suitable hardware and/or software to monitor, 
measure, generate, and/or collect one or more sensor metrics 
as part of the telematics data. Mobile computing device 110 
may be configured to broadcast the geographic location data 
and/or the one or more sensor metrics to one or more 

30 external components. 
In some aspects, the external components may include 

another mobile computing device substantially similar to or 
identical to mobile computing device 110. In accordance 
with such aspects, mobile computing device 110 may addi-

Exemplary Telematics Collection System 

35 tionally or alternatively be configured to receive geographic 
location data and/or sensor metrics broadcasted from 
another mobile computing device, the details of which are 
further discussed below. Mobile computing device 110 may 
be configured to determine, upon receiving the geographic 

FIG. 1 illustrates a block diagram of an exemplary tele­
matics collection system 100 in accordance with an exem­
plary aspect of the present disclosure. In some aspects, 
telematics collection system 100 may include hardware and 
software applications configured to measure, calculate, gen­
erate, and/or collect geographic location data and/or telem­
atics data indicative of the speed, direction, and/or motion of 
vehicle 108. Additionally or alternatively, telematics collec- 45 

tion system 100 may include hardware and software appli­
cations configured to receive and process geographic loca­
tion data and/or telematics data sent from another telematics 

40 location data and/or sensor metrics, whether an anomalous 
condition exists at the geographic location indicated by the 
geographic location data. If so, mobile computing device 
110 may be configured to generate one or more audio and/or 
video alerts indicative of the determined anomalous condi-

collection system, to determine whether an anomalous con­
dition has been detected, whether to generate an alert, and/or 50 

whether to send an alert notification. Telematics collection 

tion. 
On-board computer 114 may be configured to perform 

one or more functions otherwise performed by mobile 
computing device 110. However, on-board computer 114 
may additionally be configured to obtain geographic loca­
tion data and/or telematics data by communicating with one 
or more vehicle sensors that are integrated into vehicle 108. 
For example, on-board computer 114 may obtain geographic 
location data via communication with a vehicle-integrated 
global navigation satellite system (GNSS). To provide addi-

system 100 may include various data communication chan­
nels for facilitating data communications between the vari­
ous hardware and software components and/or communica­
tions with one or more external components. 55 tional examples, on-board computer 114 may obtain one or 

more metrics related to the speed, direction, and/or motion 
of vehicle 108 via any number of suitable sensors, such as 
speedometer sensors, braking sensors, airbag deployment 

To accomplish this, telematics collection system 100 may 
include any suitable number of computing devices, such as 
mobile computing device 110 and/or on-board computing 
device 114, for example. These computing devices may be 
disposed within vehicle 108, permanently installed in 60 

vehicle 108, or removably installed in vehicle 108. 
In the present aspects, mobile computing device 110 may 

be implemented as any suitable computing or mobile device, 
such as a mobile device (e.g., smartphone, tablet, laptop, 
wearable electronics, phablet, pager, personal digital assis- 65 

tant (PDA), smart glasses, smart watch or bracelet, etc.), 
while on-board computer 114 may be implemented as a 

sensors, crash detection sensors, accelerometers, etc. 
In one aspect, mobile computing device 110 and/or on-

board computer 114 may operate independently of one 
another to generate geographic location data and/or telem­
atics data, to receive geographic location data and/or tele­
matics data broadcasted from another telematics collection 
system, to determine whether to generate one or more alerts, 
and/or to generate one or more alert notifications. In accor­
dance with such aspects, telematics collection system 100 
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may include mobile computing device 110 but not on-board 
computer 114, and vice-versa. 

In other aspects, mobile computing device 110 and/or 
on-board computer 114 may operate in conjunction with one 
another to generate geographic location data and/or telem­
atics data, to receive geographic location data and/or tele­
matics data broadcasted from another telematics collection 
system, to determine whether to generate one or more alerts, 
and to generate one or more alert notifications. In accor­
dance with such aspects, telematics collection system 100 
may include both mobile computing device 110 and on­
board computer 114. Mobile computing device 110 and 
on-board computer 114 may share any suitable portion of 
processing between one another to facilitate the functional­
ity described herein. 

Upon receiving notification alerts from another telematics 
collection system, aspects include telematics collection sys­
tem 100 generating alerts via any suitable audio, video, 
and/or tactile techniques. For example, alerts may be gen­
erated via a display implemented by mobile computing 
device 110 and/or on-board computer 114. To provide 
another example, a tactile alert system 120 (e.g., a seat that 
can vibrate) may be configured to generate tactile alerts to a 
vehicle operator 106 when commanded by mobile comput­
ing device 110 and/or on-board computer 114. To provide 
another example, audible alerts may be generated via a 
speaker 122, which may be part of vehicle 108's integrated 
speaker system, for example. 

Although telematics collection system 100 is shown in 
FIG. 1 as including one mobile computing device 110 and 
one on-board computer 114, various aspects include telem­
atics collection system 100 implementing any suitable num­
ber of mobile computing devices 110 and/or on-board com­
puters 114. 
Exemplary Telematics Alert Notification System 

10 
another directly via peer-to-peer (P2P) wireless communi­
cation and/or data transfer. In other aspects, each of mobile 
computing devices 204.1 and 204.2 may be configured to 
communicate indirectly with one another and/or any suitable 

5 device via communications over network 201, such as 
external computing device 206 and/or infrastructure com­
ponent 208, for example. In still other aspects, each of 
mobile computing devices 204.1 and 204.2 may be config­
ured to communicate directly and indirectly with one and/or 

10 any suitable device, which may be concurrent communica­
tions or communications occurring at separate times. 

Each of mobile computing devices 204.1 and 204.2 may 
be configured to send data to and/or receive data from one 

15 
another and/or via network 201 using one or more suitable 
communication protocols, which may be the same commu­
nication protocols or different communication protocols as 
one another. To provide an example, mobile computing 
devices 204.1 and 204.2 may be configured to communicate 

20 with one another via a direct radio link 203a, which may 
utilize, for example, a Wi-Fi direct protocol, an ad-hoc 
cellular communication protocol, etc. Furthermore, mobile 
computing devices 204.1 and 204.2 may be configured to 
communicate with the vehicle on-board computers located 

25 in vehicles 202.1 and 202.1, respectively, utilizing a BLU­
ETOOTH communication protocol (radio link not shown). 

To provide additional examples, mobile computing 
devices 204.1 and 204.2 may be configured to communicate 
with one another via radio links 203b and 203c by each 

30 communicating with network 201 utilizing a cellular com­
munication protocol. As an additional example, mobile 
computing devices 204.1 and/or 204.2 may be configured to 
communicate with external computing device 206 via radio 
links 203b, 203c, and/or 203e. Still further, one or more of 

35 mobile computing devices 204.1 and/or 204.2 may also be 
configured to communicate with one or more smart infra­
structure components 208 directly (e.g., via radio link 203d) 
and/or indirectly ( e.g., via radio links 203c and 203/ via 

FIG. 2 illustrates a block diagram of an exemplary alert 
notification system 200 in accordance with an exemplary 
aspect of the present disclosure. In one aspect, alert notifi­
cation system 200 may include a network 201, N number of 
vehicles 202.1-202.N and respective mobile computing 40 

devices 204.1-204.N, an external computing device 206, 
and/or an infrastructure component 208. In one aspect, 
mobile computing devices 204 may be an implementation of 
mobile computing device 110, as shown in FIG. 1, while 
vehicles 202 may be an implementation of vehicle 108, also 
shown in FIG. 1. Each of vehicles 202.1 and 202.2 may have 

network 201) using any suitable communication protocols. 
Mobile computing devices 204.1 and 204.2 may be con-

figured to execute one or more algorithms, programs, appli­
cations, etc., to determine a geographic location of each 
respective mobile computing device (and thus their associ­
ated vehicle) to generate, measure, monitor, and/or collect 

45 one or more sensor metrics as telematics data, to broadcast 
the geographic data and/or telematics data via their respec­
tive radio links, to receive the geographic data and/or 
telematics data via their respective radio links, to determine 
whether an alert should be generated based upon the tele-

an associated on-board computer, which is not shown in 
FIG. 2 for purposes of brevity, but may be an implementa­
tion of on-board computer 114, as shown in FIG. 1. Each of 
vehicles 202.1 and 202.2 may be configured for wireless 
inter-vehicle communication, such as vehicle-to-vehicle 
(V2V) wireless communication and/or data transmission. 

Although alert notification system 200 is shown in FIG. 2 
as including one network 201, two mobile computing 
devices 204.1 and 204.2, two vehicles 202.1 and 202.2, one 
external computing device 206, and/or one infrastructure 
component 208, various aspects include alert notification 
system 200 implementing any suitable number of networks 
201, mobile computing devices 204, vehicles 202, external 
computing devices 206, and/or infrastructure components 
208. For example, alert notification system 200 may include 
a plurality of external computing devices 206 and more than 
two mobile computing devices 204, any suitable number of 
which being interconnected directly to one another and/or 
via network 201. 

In one aspect, each of mobile computing devices 204.1 
and 204.2 may be configured to communicate with one 

50 matics data and/or the geographic location data, to generate 
the one or more alerts, and/or to broadcast one or more alert 
notifications. 

Network 201 may be implemented as any suitable net­
work configured to facilitate communications between 

55 mobile computing devices 204.1 and/or 204.2 and one or 
more of external computing device 206 and/or smart infra­
structure component 208. For example, network 201 may 
include one or more telecommunication networks, nodes, 
and/or links used to facilitate data exchanges between one or 

60 more devices, and may facilitate a connection to the Internet 
for devices configured to communicate with network 201. 
Network 201 may include any suitable number of intercon­
nected network components that form an aggregate network 
system, such as dedicated access lines, plain ordinary tele-

65 phone lines, satellite links, cellular base stations, a public 
switched telephone network (PSTN), etc., or any suitable 
combination thereof. Network 201 may include, for 
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example, a proprietary network, a secure public internet, a 
mobile-based network, a virtual private network, etc. 

In aspects in which network 201 facilitates a connection 

12 
computing device 204.1 via links 203b and 203/ utilizing 
network 201. To provide another example, smart infrastruc­
ture component 208 may communicate with external com­
puting device 206 via links 203e and 203/utilizing network 

5 201. 
to the Internet, data communications may take place over the 
network 201 via one or more suitable Internet communica­
tion protocols. For example, network 201 may be imple­
mented as a wireless telephony network (e.g., GSM, 
CDMA, LTE, etc.), a Wi-Fi network (e.g., via one or more 
IEEE 802.11 Standards), a WiMAX network, a Bluetooth 
network, etc. Thus, links 203a-203/ may represent wired 10 

links, wireless links, or any suitable combination thereof. 
In aspects in which mobile computing devices 204.1 and 

204.2 communicate directly with one another in a peer-to­
peer fashion, network 201 may be bypassed and thus com­
munications between mobile computing devices 204.1 and 15 

204.2 and external computing device 206 may be unneces­
sary. For example, in some aspects, mobile computing 
device 204.1 may broadcast geographic location data and/or 
telematics data directly to mobile computing device 204.2. 

Smart infrastructure component 208 may be implemented 
as any suitable type of traffic infrastructure component 
configured to receive communications from and/or to send 
communications to other devices, such as external comput­
ing devices 204.1, 204.2 and/or external computing device 
206, for example. For example, smart infrastructure com­
ponent 208 may be implemented as a traffic light, a railroad 
crossing light, a construction notification sign, a roadside 
display configured to display messages, a billboard display, 
etc. 

In some aspects, smart infrastructure component 208 may 
be configured to receive geographic location data and/or 
telematics data from one or more other devices and to 

In this case, mobile computing device 204.2 may operate 
independently of network 201 to determine whether an alert 
should be generated at mobile computing device 204.2 
based upon the geographic location data and the telematics 
data. In accordance with such aspects, network 201 and 
external computing device 206 may be omitted. 

20 process this data to determine whether an anomalous con­
dition has been detected and whether the detected anoma-
lous condition satisfies a threshold distance condition with 
respect to smart infrastructure component 208. The thresh­
old distance condition may include, for example, the geo-

25 graphic location of the anomalous condition being within a 
threshold radius of smart infrastructure component 208, on 
the same road serviced by smart infrastructure component 
208, etc. If so, smart infrastructure component 208 may 

However, in other aspects, one or more of mobile com­
puting devices 204.1 and/or 204.2 may work in conjunction 
with external computing device 206 to generate alerts. For 
example, in some aspects, mobile computing device 204.1 
may broadcast geographic location data and/or telematics 30 

data, which is received by external computing device 206. In 
this case, external computing device 206 may be configured 

perform one or more relevant actions such as displaying one 
or more relevant messages to notify drivers in the vicinity, 
to modify traffic patterns, to change traffic light timing, to 
redirect traffic, etc. 

In other aspects, smart infrastructure component 208 may 
receive data indicating that an alert is to be generated and/or 

to determine whether an alert should be sent to mobile 
computing device 204.2 based upon the geographic location 
data and the telematics data. 35 the type of alert that is to be generated. In accordance with 

such aspects, one or more of mobile computing devices 
204.1, 204.2 and/or external computing device 206 may 
make the determination of whether an anomalous condition 
exists and is within a threshold distance of smart infrastruc-

External computing device 206 may be configured to 
execute various software applications, algorithms, and/or 
other suitable programs. External computing device 206 
may be implemented as any suitable type of device to 
facilitate the functionality as described herein. For example, 40 

external computing device 206 may be implemented as a 
network server, a web-server, a database server, one or more 
databases and/or storage devices, or any suitable combina­
tion thereof. Although illustrated as a single device in FIG. 
2, one or more portions of external computing device 206 45 

may be implemented as one or more storage devices that are 
physically co-located with external computing device 206, 
or as one or more storage devices utilizing different storage 
locations as a shared database structure (e.g. cloud storage). 

In some embodiments, external computing device 206 50 

may be configured to perform any suitable portion of the 
processing functions remotely that have been outsourced by 
one or more of mobile computing devices 204.1 and/or 
204.2. For example, mobile computing device 204.1 and/or 
204.2 may collect data ( e.g., geographic location data and/or 55 

telematics data) as described herein, but may send the data 
to external computing device 206 for remote processing 
instead of processing the data locally. In such embodiments, 
external computing device 206 may receive and process the 
data to determine whether an anomalous condition exists 60 

and, if so, whether to send an alert notification to one or 
more mobile computing devices 204.1 and 204.2. 

ture component 208. If so, the data received by smart 
infrastructure component 208 may be indicative of the type 
of anomalous condition, the location of the anomalous 
condition, commands to cause smart infrastructure compo­
nent 208 to perform one or more acts, the type of acts to 
perform, etc. 

To provide some illustrative examples, if smart infrastruc­
ture component 208 is implemented as a smart traffic light, 
smart infrastructure component 208 may change a traffic 
light from green to red (or vice-versa) or adjust a timing 
cycle to favor traffic in one direction over another. To 
provide another example, if smart infrastructure component 
208 is implemented as a traffic sign display, smart infra­
structure component 208 may display a warning message 
that the anomalous condition (e.g., a traffic accident) has 
been detected ahead and/or on a specific road corresponding 
to the geographic location data. 
Exemplary End-User/Destination Devices 

The following details regarding the determination of an 
anomalous condition are explained in this section with 
reference to computing device 300. In the present aspect, 
computing device 300 may be implemented as any suitable 
computing device, such as a mobile computing device (e.g., 
mobile computing device 100, as shown in FIG. 1). In 
another aspect, computing device 300 may be implemented 

Smart infrastructure component 208 may be configured to 
communicate with one or more devices directly and/or 
indirectly. For example, smart infrastructure component 208 
may be configured to communicate directly with mobile 
computing device 204.2 via link 203.d and/or with mobile 

65 as an on-board vehicle computer (e.g., on-board vehicle 
computer 114, as shown in FIG. 1). In still other aspects, 
computing device 300 may be implemented as a device 
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external to a vehicle ( e.g., remote computing device 206 or 
smart infrastructure component 208, as shown in FIG. 2). 

Depending upon the implementation of computing device 
300, the methods and processes utilized to determine the 
existence of anomalous conditions may be performed 
locally, remotely, or any suitable combination of local and 
remote processing techniques. 

FIG. 3 illustrates a block diagram of an exemplary com­
puting device 300 in accordance with an exemplary aspect 
of the present disclosure. Computing device 300 may be 
implemented as any suitable computing device configured to 
(1) monitor, measure, generate, and/or or collect telematics 
and/or other data (including image, video, and/or audio 
data); (2) broadcast the geographic location, telematics, 
and/or other data to one or more external components, such 
as via wireless communication and/or data transmission; (3) 
receive geographic location, telematics, and/or other data 
broadcasted from another device, such as via wireless com­
munication and/or data transmission; ( 4) determine whether 
an anomalous condition exists at the geographic location 
indicated by the geographic location data based upon the 
telematics and/or other data; (5) generate one or more alerts 
indicative of the anomalous condition; and/or ( 6) broadcast 
one or more alert notifications to other devices, such as via 
wireless communication and/or data transmission. 

Computing device 300 may include a display 316, a 
graphics processing unit (GPU) 318, a location acquisition 
unit 320, a speaker/microphone 322, a sensor array 326, a 
user interface 328, a communication unit 330, and/or a 
controller 340. 

In one aspect, controller 340 may include a program 
memory 302, a microprocessor (MP) 306, a random-access 
memory (RAM) 308, and/or an input/output (I/O) interface 
310, each of which may be interconnected via an address/ 
data bus 312. Controller 340 may be implemented as any 
suitable type and/or number of processors, such as a host 
processor for the relevant device in which computing device 
300 is implemented, for example. In some aspects, control­
ler 240 may be configured to communicate with additional 
data storage mechanisms that are not shown in FIG. 3 for 
purposes of brevity ( e.g., one or more hard disk drives, 
optical storage drives, solid state storage devices, etc.) that 
reside within or are otherwise associated with mobile com­
puting device 200. 

Program memory 302 may store data used in conjunction 
with one or more functions performed by computing device 
300 to facilitate the interaction between computing device 
300 and one or more other devices. For example, if com­
puting device 300 is implemented as a mobile computing 
device (e.g., mobile computing device 204.1, as shown in 
FIG. 2), then program memory 302 may store one or more 
programs, applications, algorithms, etc. that, when executed 
by controller 340, facilitate the interaction between mobile 
computing device 204.1 and (i) one or more networks (e.g., 
network 201), (ii) other mobile computing devices (e.g., 
mobile computing device 204.2), (iii) external computing 
devices (e.g., external computing device 206), (iv) vehicles 
(e.g., vehicle 108), (v) vehicle on-board computers (e.g., 
on-board computer 114), infrastructure components (e.g., 
smart infrastructure component 208), etc. 

In various aspects, program memory 302 may be imple­
mented as a non-transitory tangible computer readable 
media configured to store computer-readable instructions, 
that when executed by controller 340, cause controller 340 
to perform various acts. Program memory 302 may include 
an operating system 342, one or more software applications 
344, and one or more software routines 352. To provide 

14 
another example, program memory 302 may include other 
portions to store data that may be read from and written to 
by MP 306, such as data storage 360, for example. 

In one aspect, one or more MPs (micro-processors) 306 
5 may be configured to execute one or more of software 

applications 344, software routines 352 residing in program 
memory 302, and/or other suitable software applications. 
For example, operating system 342 may be implemented as 
any suitable operating system platform depending upon the 

10 particular implementation of computing device 300. For 
example, if computing device 300 is implemented as a 
mobile computing device, operating system 342 may be 
implemented as a mobile OS platform such as the iOS®, 
Android™, Palm® webOS, Windows® Mobile/Phone, 

15 BlackBerry® OS, or Symbian® OS mobile technology 
platforms, developed by Apple Inc., Google Inc., Palm Inc. 
(now Hewlett-Packard Company), Microsoft Corporation, 
Research in Motion (RIM), and Nokia, respectively. 

In one embodiment, data storage 360 may store data such 
20 as application data for the one or more software applications 

344, routine data for the one or more software routines 352, 
geographic location data and/or telematics data, etc. 

Display 316 may be implemented as any suitable type of 
display and may facilitate user interaction with computing 

25 device 300 in conjunction with user interface 328. For 
example, display 316 may be implemented as a capacitive 
touch screen display, a resistive touch screen display, etc. In 
various embodiments, display 316 may be configured to 
work in conjunction with controller 340 and/or GPU 318 to 

30 display alerts and/or notifications received from other 
devices indicative of detected anomalous conditions. 

Communication unit 330 may be configured to facilitate 
communications between computing device 300 and one or 
more other devices, such as other vehicle computing 

35 devices, other mobile computing devices, networks, external 
computing devices, smart infrastructure components, etc. As 
previously discussed with reference to FIGS. 1 and 2, 
computing device 300 may be configured to communicate 
with these other devices in accordance with any suitable 

40 number and type of communication protocols. Thus, in 
various aspects, communication unit 330 may be configured 
to support any suitable number and type of communication 
protocols based upon a particular network and/or device in 
which computing device 300 is communicating to facilitate 

45 this functionality. 
Communication unit 330 may be configured to support 

separate or concurrent communications, which may be the 
same type of communication protocol or different types of 
communication protocols. For example, communication unit 

50 330 may be configured to facilitate communications 
between computing device 300 and an external computing 
device ( e.g., external computing device 206) via cellular 
communications while facilitating communications between 
computing device 300 and the vehicle in which it is carried 

55 (e.g., vehicle 108) via BLUETOOTH communications. 
Communication unit 330 may be configured to broadcast 

data and/or to receive data in accordance with any suitable 
communications schedule. For example, communication 
unit 330 may be configured to broadcast geographic location 

60 data and/or telematics data every 15 seconds, every 30 
seconds, every minute, etc. As will be further discussed 
below, the geographic location data and/or telematics data 
may be sampled in accordance with any suitable sampling 
period. Thus, when broadcasted by communications unit 

65 330 in accordance with a recurring schedule, the geographic 
location data and/or telematics data may include a log or 
collection of the geographic location data and/or telematics 
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data that was sampled since the last data transmission. A 
suitable communication schedule may be selected as a 
tradeoff between a desired anomalous condition detection 
speed and battery usage of computing device 300, when 
applicable. 

16 
In one embodiment, speaker/microphone 322 may be con­
figured to play audible alerts. 

User-interface 328 may be implemented as any suitable 
device configured to collect user input, such as a "soft" 

5 keyboard displayed on display 316 of computing device 
300, a keyboard attached to computing device 300, an 
external keyboard communicating via a wired or a wireless 
connection (e.g., a BLUETOOTH keyboard), an external 
mouse, etc. 

Additionally or alternatively, aspects include communi­
cation unit 330 being configured to conditionally send data, 
which may be particularly advantageous when computing 
device 300 is implemented as a mobile computing device, as 
such conditions may help reduce power usage and prolong 10 

battery life. For example, communication unit 330 may be 
configured to only broadcast when telematics data has been 
sampled since the last transmission, which will be further 
discussed below with regards to sensor array 326. Controller 

15 
340 may determine whether data has been sampled since the 
last transmission by, for example, analyzing a memory 
address range (e.g., in data storage 360, RAM 308, etc.) 
associated with the storage of the telematics data and 
comparing the contents of this buffer to a known range of 20 

valid values. 

Sensor array 326 may be configured to measure any 
suitable number and/or type of sensor metrics as part of the 
telematics data. In one aspect, sensor array 326 may be 
implemented as one or more sensors positioned to determine 
the speed, force, heading, and/or direction associated with 
movements of computing device 300 and, thus, a vehicle in 
which computing device 300 is positioned. Additionally or 
alternatively, sensor array 326 may be configured to com­
municate with one or more portions of computing device 
300 to measure, collect, and/or generate one or more sensor 
metrics from one or more non-sensor sources, which will be 
further discussed below. 

To provide another example, aspects include communi­
cation unit 330 being additionally or alternatively configured 
to only broadcast telematics data when computing device 
300 is connected to a power source (e.g., an in-vehicle 
charger). To provide still another example, aspects include 
communication unit 330 being additionally or alternatively 
configured to only broadcast telematics data when commu­
nication unit 330 is connected to and/or communicating with 
a device identified as a vehicle. This may include, for 
example, identifying a BLUETOOTH connection as a valid 
vehicle connection to satisfy this condition upon installation 
and/or setup of the relevant application or program executed 
by computing device 300 to facilitate the functionality 
described herein. 

Location acquisition unit 320 may be configured to gen­
erate geographic location data utilizing any suitable global 
positioning techniques. For example, location acquisition 
unit 320 may communicate with one or more satellites 
and/or wireless transmitters to determine a location of 
computing device 300. Location acquisition unit 320 may 
use "Assisted Global Positioning System" (A-GPS), satellite 
GPS, or any other suitable global positioning protocol (e.g., 
the GLONASS system operated by the Russian government, 
the Galileo system operated by the European Union, etc.) to 
determine a geographic location of computing device 300. 

In one aspect, location acquisition unit 320 may periodi­
cally store one or more geographic locations of computing 
device 300 as geographic location data in any suitable 
portion of memory utilized by computing device 300 ( e.g., 
program memory 302, RAM 308, etc.) and/or to another 
device ( e.g., another mobile computing device, an external 
computing device, etc.). In this way, location acquisition 
unit 320 may sample the location of computing device 300 

To generate one or more sensor metrics, sensor array 326 
may include, for example, one or more cameras, acceler­
ometers, gyroscopes, magnetometers, barometers, thermom-

25 eters, proximity sensors, light sensors, Hall Effect sensors, 
audio or video recorders, etc. In aspects in which sensor 
array 326 includes one or more accelerometers, sensor array 
326 may be configured to measure and/or collect acceler­
ometer metric values utilizing an X-axis, Y-axis, and Z-axis 

30 accelerometer. In accordance with such aspects, sensor array 
326 may measure sensor metric values as a three-dimen­
sional accelerometer vector that represents the movement of 
computing device 300 in three dimensional space by com­
bining the outputs of the X-axis, Y-axis, and Z-axis accel-

35 erometers using any suitable techniques. 
In various aspects, sensor array 326 may be configured to 

sample the one or more sensor metrics in accordance with 
any suitable sampling rate and/or based upon one or more 
conditions being satisfied. For example, sensor array 326 

40 may be configured to implement one or more accelerometers 
to sample sensor metrics indicative of a g-force associated 
with vehicle braking, acceleration, and cornering at a rate of 
15 Hz, 30 Hz, 60 Hz, etc., which may be the same sampling 
rate as one another or different sampling rates. To provide 

45 another example, sensor array 326 may be configured to 
implement one or more gyroscopes to improve the accuracy 
of the measured one or more sensor metrics and to determine 
whether the phone is in use or stationary within a vehicle. To 
provide another example, sensor array 326 may implement 

50 a compass (magnetometer) to determine a direction or 
heading of a vehicle in which computing device 300 is 
located. 

in accordance with any suitable sampling rate ( e.g., every 5 55 

seconds, 10 seconds, 30 seconds, etc.) and store this geo­
graphic location data representing the position of computing 
device 300, and thus the vehicle in which it is travelling, 
over time. 

Again, sensor array 326 may additionally or alternatively 
communicate with other portions of computing device 300 
to obtain one or more sensor metrics even though these 
sensor metrics may not be measured by one or more sensors 
that are part of sensor array 326. For example, sensor array 
326 may communicate with one or more of location acqui­
sition unit 320, communication unit 330, and/or controller 

60 340 to obtain data such as timestamps synchronized to the 
sampling of one or more sensor metrics (which may be 
measured to within hundredths of a second or smaller 
resolutions), geographic location data (and correlated time-

Speaker/microphone 322 may be configured as one or 
more separate devices. Speaker/microphone 322 may 
include a microphone configured to detect sounds and to 
convert sounds to data suitable for communications via 
communications unit 330. Speaker/microphone 322 may 
additionally or alternatively include a speaker configured to 65 

play sound in response to data received from one or more 
components of computing device 300 ( e.g., controller 340). 

stamps thereof), a velocity based upon changes in the 
geographic location data over time, a battery level of com­
puting device 300, whether a battery of computing device 
300 is charging, whether computing device 300 is being 
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handled or otherwise in use, an operating status of comput­
ing device 300 (e.g., whether computing device 300 is 
unlocked and thus in use). 

In one aspect, sensor array 326 may sample one or more 
sensor metrics based upon one or more conditions being 
satisfied. For example, sensor array 326 may determine, 
based upon gyroscope sensor metrics, communication with 
controller 340, etc., whether computing device 300 is in use. 
If computing device 300 is in use ( e.g., when implemented 
as a mobile computing device) then the movement of 
computing device 300 within the vehicle may not truly 
represent the vehicle motion, thereby causing sensor metrics 
sampled during this time to be erroneous. Therefore, aspects 
include sensor array 326 sampling the one or more sensor 
metrics when computing device 300 is not in use, and 
otherwise not sampling the one or more sensor metrics. 

In one aspect, sensory array 326 may include one or more 
cameras and/or image capture devices. When sensory array 
326 is implemented with one or more cameras, these cam­
eras may be configured as any suitable type of camera 
configured to capture and/or store images and/or video. For 
example, when mobile computing device 300 is mounted in 
a vehicle, the camera may be configured to store images 
and/or video data of the road in front of the vehicle in which 
it is mounted, and to store this data to any suitable portion 
of program memory 302 ( e.g., data storage 360). Controller 
340 and/or MP 306 may analyze this data to generate one or 
more local alerts, to transmit signals indicative of detected 
alters to one or more other devices, etc., which is further 
discussed below with reference to the execution of anoma­
lous condition detection routine 358. 

Again, the telematics data broadcasted by computing 
device 300 may include one or more sensor metrics. How­
ever, the telematics data may additionally or alternatively 
include other external data that may be relevant in deter­
mining the presence of an anomalous condition. For 
example, the telematics data may include external data such 
as speed limit data correlated to a road upon which com­
puting device 300 is located (and thus the vehicle in which 
it is travelling), an indication of a type of road, a population 
density corresponding to the geographic location data, etc. 

18 
suitable portions of program memory 302 upon installation 
of a package file downloaded in such a manner. Examples of 
package download files may include downloads via the 
iTunes® store, the Google Play® store, the Windows 

5 Phone® store, downloading a package installation file from 
another computing device, etc. Once downloaded, alert 
notification application 346 may be installed on computing 
device 300 as part of an installation package such that, upon 
installation of alert notification application 346, telematics 

10 collection routine 354, geographic location determination 
routine 356, and/or anomalous condition detection routine 
358 may also be installed. 

In one embodiment, software applications 344 may 
include an alert notification application 346, which may be 

15 implemented as a series of machine-readable instructions for 
performing the various tasks associated with executing one 
or more embodiments described herein. In one aspect, alert 
notification application 346 may cooperate with one or more 
other hardware or software portions of computing device 

20 300 to facilitate these functions. 
To provide an illustrative example, alert notification 

application 344 may include instructions for performing 
tasks such as determining a geographic location of comput­
ing device 300 ( e.g., via communications with location 

25 acquisition unit 330), monitoring, measuring, generating, 
and/or collecting telematics data, broadcasting the geo­
graphic location data and/or the telematics data to one or 
more external devices, receiving geographic location data 
and/or telematics data from another computing device, 

30 determining whether an anomalous condition exists based 
upon the geographic location data and/or the telematics data, 
generating one or more alerts indicative of the determined 
anomalous condition, receiving user input, facilitating com­
munications between computing device 300 and one or more 

35 other devices in conjunction with communication unit 330, 
etc. 

Software applications 344 may include a web browser 
348. In some embodiments (e.g., when computing device 
300 is implemented as a mobile computing device), web 

40 browser 348 may be a native web browser application, such 
as Apple's Safari®, Google Chrome™ mobile web browser, 
Microsoft Internet Explorer® for Mobile, Opera Mobile™, 
etc. In other embodiments, web browser 348 may be imple­
mented as an embedded web browser. 

In some aspects, computing device 300 may obtain this 
external data by referencing the geographic location data to 
locally stored data (e.g., data stored in data storage 360) and 
broadcasting this data appended to or otherwise included 45 

with the sensor metrics data as part of the telematics data. In 
other aspects, the device receiving the telematics data ( e.g., 

Regardless of the implementation of web browser 348, 
various aspects include web browser 348 being implemented 
as a series of machine-readable instructions for interpreting 
and displaying web page information received from an 
external computing device (e.g., external computing device 
204.2, as shown in FIG. 2). This web page information may 
be utilized in conjunction with alert notification application 

a mobile computing device, an external computing device, 
an infrastructure component) may generate the external data 
locally or via communications with yet another device. As 50 

will be further discussed below, this external data may 
further assist the determination of whether an anomalous 
condition is present. 

346 to perform one or more function of the aspects as 
described herein. 

In some aspects, software applications 344 and/or soft­
ware routines 352 may reside in program memory 302 as 
default applications that may be bundled together with the 
OS of computing device 300. For example, web browser 348 
may be part of software applications 344 that are included 
with OS 342 implemented by computing device 300. 

In one embodiment, software routines 352 may include a 
55 telematics collection routine 354. Telematics collection rou-

In other aspects, software applications 344 and/or soft- 60 

ware routines 352 may be installed on computing device 300 
as one or more downloads, such as an executable package 
installation file downloaded from a suitable application store 
via a connection to the Internet. For example, alert notifi­
cation application 346, telematics collection routine 354, 65 

geographic location determination routine 356, and/or 
anomalous condition detection routine 358 may be stored to 

tine 354 may include instructions, that when executed by 
controller 340, facilitate sampling, monitoring, measuring, 
collecting, quantifying, storing, encrypting, transmitting, 
and/or broadcasting of telematics data. In some aspects, 
telematics collection routine 354 may facilitate collection of 
telematics data locally via one or more components of 
computing device 300 (e.g., via sensor array 326, location 
acquisition unit 320, controller 340, etc.). In other aspects, 
telematics collection routine 354 may facilitate the storage 
of telematics data received from another device (e.g., via 
communication unit 330). Such other devices may include 
external computing devices 206 (e.g., remote servers), infra-
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structure components 208 ( e.g., smart traffic signals, smart 
toll booths, embedded sensors within roadways or bridges, 
etc.), or additional sensors disposed within the vehicle 108 
(e.g., an aftermarket dashboard camera, a built-in forward 
proximity sensor, etc.). 

20 
indicate the speed of the first vehicle over a period of time. 
If the one or more sensor metrics indicate that the first 
vehicle's speed is below the speed limit by some threshold 
amount or proportion thereof (e.g., 20 mph in a 55 mph 

5 zone, 50% of the posted speed limit, etc.) and this is 
maintained for a threshold duration of time ( e.g., 30 seconds, 
one minute, two minutes, etc.) then controller 340 may, upon 
execution of anomalous condition detection routine 358, 
conclude that an anomalous condition has been detected. 

In one embodiment, software routines 352 may include a 
geographic location determination routine 356. Geographic 
location determination routine 356 may include instructions, 
that when executed by controller 340, facilitate sampling, 
measuring, collecting, quantifying, storing, transmitting, 10 

and/or broadcasting of geographic location data (e.g., lati­
tude and longitude coordinates, and/or GPS data). In some 
aspects, geographic location determination routine 356 may 
facilitate generating and/or storing geographic location data 
locally via one or more components of computing device 15 

300 (e.g., via location acquisition unit 320 and/or commu­
nication unit 330). In other aspects, geographic location 
determination routine 356 may facilitate the storage of 
geographic location data received from another device ( e.g., 
via communication unit 330). 

This anomalous condition may also be correlated to the 
geographic location associated with the geographic location 
data due to synchronization between the geographic location 
data and the sampled telematics data. 

Further continuing this example, upon determination of 
the anomalous condition, alert notification application 346 
may broadcast a notification indicating the detected anoma­
lous condition, the telematics data, and/or the geographic 
location data associated with the detected anomalous con-
dition. In one aspect, a second vehicle equipped with a 

20 second computing device 300 may receive this data and 
further determine whether the anomalous condition is rel-Additionally or alternatively, software routines 352 may 

include anomalous condition detection routine 358. Anoma­
lous condition detection routine 358 may include instruc­
tions, that when executed by controller 340, facilitate the 
determination of whether an anomalous condition exists 
based upon the telematics data, the geographic location data, 
and/or image and/or video data captured by one or more 
cameras or other imaging devices. An anomalous condition 
may include any suitable condition that indicates a deviation 
from normal traffic patterns. For example, if an accident 
occurs, traffic may slow down due to a car pileup, a 
reduction in available lanes, and/or rerouting of traffic. 
Because the telematics data may include data indicative of 
the speed limit at the location corresponding to the geo­
graphic location where the telematics data was sampled, a 
comparison between the speed of computing device 300 and 
the posted or other speed limit data (such as a comparison 
between mobile device or vehicle speed with a map of, 
and/or known, posted speed limit information) may indicate 
an anomalous condition. Furthermore, because each vehicle 
may sample and/or broadcast geographic location data and/ 
or telematics data in real time, the anomalous conditions 
may be detected with minimal delay as they occur. 

Although the speed of the vehicle may indicate an anoma­
lous condition, aspects include other types of anomalous 
conditions being detected based upon the telematics data. 
For example, an anomalous condition may be identified 
when the one or more sensor metrics indicate that an airbag 
has been deployed, and thus the vehicle associated with 
computing device 300 has been in an accident. This may be 
determined, for example, via an analysis of barometer 
readings matching a pressure versus time profile and/or via 
an indication from a dedicated airbag deployment sensor 
located in the vehicle. 

To provide another example, an anomalous condition may 
be identified based upon weather fluctuations associated 
with a rapid formation of ice, a sudden change from a paved 
to a dirt road, the triggering of a crash detection system, a 
threshold number of wheel slips and/or skids being sampled 
within a threshold sampling period (indicating slippery 
conditions), sensor metrics indicative of a rollover condi­
tion, a sudden stop (indicating a collision), a departure from 
the road (indicating a pulled over vehicle), etc. 

evant based upon the geographic relationship between the 
first and second devices, which is further discussed below. If 
the anomalous condition is relevant, then the second com-

25 puting device 300 may generate an alert indicating the 
anomalous condition. 

To provide another example by modifying the details of 
the previous one, aspects may include computing device 300 
broadcasting telematics data and/or geographic location data 

30 but not notification data. In accordance with such aspects, 
upon being received by a second computing device 300 
(e.g., a mobile computing device in a second vehicle, an 
external computing device, a smart infrastructure compo­
nent, etc.) the second computing device 300 may determine 

35 the relevance of the anomalous condition based upon the 
geographic relationship between itself and the first comput­
ing device 300. 

If the second computing device 300 determines that an 
anomalous condition, even if present, would be irrelevant or 

40 inapplicable based upon the distance between these devices 
or location relative to a direction of travel, the second 
computing device 300 may ignore the telematics data, 
thereby saving processing power and battery life. However, 
if the second computing device 300 determines that the 

45 geographic location data indicates a potentially relevant 
anomalous condition, the second computing device 300 may 
further process the telematics data and take the appropriate 
relevant action if an anomalous condition is found (e.g., 
issue an alert notification, generate an alert, display a 

50 warning message, etc.). 
To provide yet another example by further modifying the 

details in the previous two, aspects may include computing 
device 300 broadcasting the telematics data and geographic 
location data to an external computing device (e.g., to 

55 external computing device 206 via network 201, as shown in 
FIG. 2). In addition, the second computing device 300 
associated with the second vehicle may likewise broadcast 
telematics data and geographic location data to the external 
computing device. In accordance with such aspects, the 

60 external computing device may determine whether an 
anomalous condition exists and is relevant to each of the first 

To provide an illustrative example based upon a traffic 
accident, if a first vehicle carrying a first computing device 65 

300 is slowed down due to a traffic accident, then the one or 
more sensor metrics sampled by sensor array 326 will 

and second devices 300 based upon a geographic relation­
ship between the first and second devices 300. When rel­
evant, external computing device may be configured to send 
alert notifications to the first and/or second devices 300, 
which may include any suitable type of communications 
such as push notifications, a short messaging service (SMS) 
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message, an email, a notification that used in conjunction 
with the OS running on each receptive computing device 
300, etc. Upon receiving the notification from the external 
computing device, the first and/or second computing device 
300 may generate an alert indicating a description of the 5 

anomalous condition and/or its location. 

external computing device may calculate a geofence having 
a shape substantially matching the road upon which the first 
vehicle is travelling. 

The geofence may be calculated as having any suitable 
shape such that the appropriate vehicles are notified of the 
detected anomalous condition. For example, the geofence 
shape may follow the contours of the road and extend ahead 
of the first vehicle and behind the first vehicle some thresh­
old distances, which may be the same or different than one 

The geographic relationship between two or more devices 
300 may be utilized in several ways to determine the 
relevance of the anomalous condition. For instance, current 
speed, location, route, destination, and/or direction of travel 10 

of a first vehicle ( collecting and/or associated with the 
telematics data) may be individually or collectively com­
pared with current speed, location, route, destination, and/or 
direction of travel of a second vehicle traveling on the road. 

15 
As one example of the geographic relationship, a first 
vehicle location ( and associated with a travel or traffic event) 
may be compared with a second vehicle location, current 
route, and/or destination to determine whether the second 
vehicle should divert course or slow down to alleviate the 20 

another. To provide another example, the geofence shape 
may include other arterial roads that feed into the road upon 
which the first vehicle is travelling, roads that branch off of 
the road upon which the first vehicle is travelling, roads 
anticipated to be impacted by the anomalous condition, etc. 

In some aspects, the geofence may be adjusted or modi­
fied based upon a change in the location of computing device 
300. This change may be triggered using any suitable data 
indicative of potentially increasing road densities, such as 
changes in population density data associated with the 
geographic location of the computing device 300, changes in 
a type of road upon which computing device 300 is deter-risk of the second vehicle being involved in a collision or a 

traffic jam (as a result of the travel or traffic event that is 
identified by the telematics data). 

As another example of the geographic relationship, a 
radius from one vehicle or a line-of-sight distance between 
vehicles may be utilized and compared to a threshold 
distance. For example, if computing device 300 is imple­
mented as an external computing device and determines a 
line-of-sight distance between a first and second vehicle to 

mined to be travelling, time of day, weather conditions, 
known risk levels of areas or road segments (e.g., high-risk 
intersections), etc. Similarly, the geofence may be deter-

25 mined based upon speed at which the computing device 300 
is travelling, a time-to-distance threshold, or other such 
factors. Any distance or other thresholds described herein 
may also be similarly adjusted based upon such consider­
ations. 

For example, a first computing device 300 may be imple-
mented as a mobile computing device and associated with a 
first vehicle, while a second computing device 300 may be 
implemented as an external computing device. The external 
computing device may calculate an initial geofence as a 

be less than a threshold distance (e.g., a half mile, one mile, 30 

etc.), then the external computing device may issue an alert 
notification to both vehicles. In this way, an external com­
puting device may act as an alert management device, 
processing data and sending notifications to those devices 
for which a detected anomalous condition is relevant. 35 threshold distance radius centered about the first vehicle's 

In another example of the geographic relationship, the 
geographic location data may be correlated with a map 
database to associate the anomalous condition with a road 
and to determine the relevance of the anomalous condition 
based upon other vehicles sharing the road. The map data­
base may be stored, for example, in a suitable portion of 
computing device 300 (e.g., data storage 360) or retrieved 
via communications with one or more external computing 
devices. To provide an illustrative example, a computing 
device 300 may be implemented as an external computing 
device. The external computing device may determine, from 
telematics data and geographic location data received from 
a first computing device 300, that a first vehicle is located on 
a highway at a certain geographic location. If the external 
computing device determines that a second computing 
device 300 in a vehicle travelling on the same highway is 
within a threshold distance approaching the first vehicle, 
then the external computing device may issue an alert 
notification to the second vehicle. 

In yet other aspects, the geographic location data may be 
correlated with a geofence database to determine the rel­
evance of the anomalous condition based upon whether 
other vehicles are located inside the geofence. The geofence 
database may be stored, for example, in a suitable portion of 
computing device 300 (e.g., data storage 360) or retrieved 
via communications with one or more external computing 
devices. To provide another illustrative example, a comput­
ing device 300 may be implemented as an external comput­
ing device. The external computing device may determine, 
from telematics data and geographic location data received 
from a first computing device 300, that a first vehicle is 
located on a highway at a certain geographic location. The 

location. The geographic location data corresponding to the 
first vehicle's location may have associated population den­
sity data that is correlated with locally stored data or data 
retrieved by the external computing device. When the popu-

40 lation density data surpasses a threshold density value, the 
shape of the geofence may be adjusted from the radius 
centered about the first vehicle's location to include only the 
road upon which the first vehicle is travelling. In this way, 
computing device 300 may prevent false alert notifications 

45 from being sent to other vehicles travelling in close prox­
imity to the first vehicle, but on nearby roads unaffected by 
the detected anomalous condition. 

Although FIG. 3 depicts controller 340 as including one 
program memory 302, one MP 306, and one RAM 308, 

50 controller 340 may include any suitable number of program 
memory 302, MP 306, and RAM 308. Furthermore, 
although FIG. 3 depicts controller 340 as having a single I/0 
interface 310, controller 340 may include any suitable 
number and/or types of I/0 interfaces 310. In various 

55 aspects, controller 340 may implement RAM(s) 308 and 
program memories 302 as any suitable type of memory, such 
as non-transitory computer readable memories, semiconduc­
tor memories, magnetically readable memories, and/or opti­
cally readable memories, for example. 

60 Insurance Applications 
As noted herein, the present embodiments may be used to 

adjust, update, and/or generate insurance policies. Insurance 
policies, such as auto, usage-based, home, and/or household 
insurance policies, may be adjusted, updated, and/or gener-

65 ated for insureds or potential customers that have mobile 
devices and/or vehicles that are equipped or configured with 
one or more of the functionalities discussed herein. 
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to the insured's vehicle or mobile device for display for the 
insured's review and/or approval such that insurance dis­
counts are provided based upon a risk associated with the 
travel environment that an insured vehicle or insured typi-

For instance, insureds or family members may have 
mobile devices and/or a connected vehicle that are config­
ured to receive telematics data associated with other vehicles 
and/or abnormal road or travel conditions that other drivers 
are experiencing. The telematics may be received directly 
from other vehicles, or indirectly from smart infrastructure 
and/or insurance provider remote servers. As a result, the 
insureds and/or their family members may be timely notified 

5 cally travels within. The method may include additional, 
less, or alternate actions, including those discussed else­
where herein. 

For instance, the telematics and/or other data may indicate 
or include information detailing (i) an amount of pedestrian of traffic or travel events and then may take alternate routes 

( or even not drive or delay driving) to lower their risk of 
getting in an accident due to the traffic or travel events. An 
insurance provider may promote or reward such risk averse 
behavior and/or safer driving with lower insurance premi­
ums, rates, and/or increased discounts, such as for usage­
based or other types of auto insurance. 

10 traffic, and/or (ii) the types of streets/roads that the vehicle 
travels through on a daily or weekly basis, and the risk 
profile may reflect the amount of pedestrian traffic and/or 
types of streets. The telematics and/or other data may 
indicate or include information detailing (i) an amount of 

Discounts & Risk Profile Based Upon Travel Environment 
In one aspect, a computer-implemented method of pro­

viding auto insurance discounts may be provided. The 
method may include (1) receiving, via one or more proces­
sors (or associated transceivers), such as via wireless com­
munication or data transmission, telematics and/or other 
data from a vehicle or a mobile device of an insured; (2) 
determining, via the one or more processors, an average 
travel environment that the vehicle travels in, the average 
travel environment accounting for heavy or light pedestrian 
traffic and/or heavy or light vehicle traffic that the vehicle 
typically travels in; (3) using, via the one or more proces­
sors, the average travel environment to build a risk averse 
profile for the insured; (4) generating or updating, via the 
one or more processors, an auto insurance discount for the 
insured based upon their risk averse profile; and/or (5) 
transmitting, via the one or more processors ( or associated 
transceivers), the auto insurance discount to the insured's 
vehicle or mobile device for display for the insured' s review 
and/or approval such that insurance discounts are provided 
based upon a risk associated with the travel environment that 
an insured vehicle or insured typically travels within. The 
method may include additional, less, or alternate actions, 
including those discussed elsewhere herein. 

15 vehicle traffic, and/or (ii) the types of roads that the vehicle 
travels through or in on a daily or weekly basis, and the risk 
profile may reflect the amount of vehicle traffic and/or types 
of roads. The telematics and/or other data may be collected 
over one or more vehicle trips or days, and may be associ-

20 ated with multiple drivers of the vehicle, and/or the telem­
atics and/or other data may be used to identify the driver 
driving the vehicle during each trip. 

In another aspect, a computer-implemented method of 
providing auto insurance discounts may be provided. The 

25 method may include (1) receiving, via one or more proces­
sors (or associated transceivers), such as via wireless com­
munication or data transmission, telematics and/or other 
data from a vehicle controller/processor or a mobile device 
of an insured; (2) generating or building, via the one or more 

30 processors, a travel environment for the vehicle using or 
based upon the telematics and/or other data, the travel 
environment accounting for pedestrian traffic and/or vehicle 
traffic that the vehicle typically travels in or with; (3) 
generating or updating, via the one or more processors, an 

35 auto insurance discount for the insured or the vehicle based 

For instance, the telematics and/or other data may indicate 40 

or include information detailing (i) an amount of pedestrian 
traffic, and/or (ii) the types of streets that the vehicle travels 
through on a daily or weekly basis, and the risk averse 
profile may reflect the amount of pedestrian traffic and/or 
types of streets. The telematics and/or other data may 45 

indicate or include information detailing (i) an amount of 
vehicle traffic, and/or (ii) the types of roads that the vehicle 
travels through or in on a daily or weekly basis, and the risk 
averse profile may reflect the amount of vehicle traffic and/or 
types of roads. The telematics and/or other data may be 50 

collected over one or more vehicle trips or days. 
In another aspect, a computer-implemented method of 

providing auto insurance discounts may be provided. The 
method may include (1) receiving, via one or more proces­
sors (or associated transceivers), such as via wireless com- 55 

munication or data transmission, telematics and/or other 
data from a vehicle or a mobile device of an insured, the 
telematics and/or other data indicative of a travel environ­
ment of the vehicle; (2) determining, via the one or more 
processors, a risk profile for the vehicle that reflects a travel 60 

environment that the vehicle travels in, the travel environ­
ment accounting for pedestrian traffic and/or vehicle traffic 
that the vehicle typically travels in; (3) generating or updat­
ing, via the one or more processors, an auto insurance 
discount for the insured or the vehicle based upon the risk 65 

profile; and/or ( 4) transmitting, via the one or more proces­
sors ( or associated transceivers), the auto insurance discount 

upon the travel environment; and/or (4) transmitting, via the 
one or more processors ( or associated transceivers), the auto 
insurance discount to the insured's vehicle or mobile device 
for display for the insured's review and/or approval such 
that insurance discounts are provided based upon a risk 
associated with the travel environment that an insured 
vehicle or insured typically travels within. The method may 
include additional, less, or alternate actions, including those 
discussed elsewhere herein. 

For instance, the telematics and/or other data may indicate 
or include information detailing (i) an amount of pedestrian 
traffic, and/or (ii) the types of streets/roads that the vehicle 
travels through on a daily or weekly basis. The travel 
environment generated may reflect the amount of pedestrian 
traffic and/or types of streets/roads, and/or a level of risk 
associated with such. 

The telematics and/or other data may indicate or include 
information detailing (i) an amount of vehicle traffic, and/or 
(ii) the types of roads that the vehicle travels through or in 
on a daily or weekly basis. The travel environment generated 
may reflect the amount of vehicle traffic and/or types of 
roads, and/or a risk associated with such. 

The telematics and/or other data may be collected over 
one or more vehicle trips or days, and is associated with 
multiple drivers of the vehicle. The telematics and/or other 
data may be used to identify the driver driving the vehicle 
during each trip or day. 

In one aspect, a computer system configured to provide 
auto insurance discounts may be provided. The computer 
system may include one or more processors and/or trans­
ceivers. The one or more processors may be configured to: 
(1) receive, via a transceivers, such as via wireless commu-
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nication or data transmission, telematics and/or other data 
from a vehicle processor/transceiver or a mobile device of 
an insured; (2) determine an average travel environment that 
the vehicle travels in, the average travel environment 
accounting for heavy or light pedestrian traffic and/or heavy 
or light vehicle traffic that the vehicle typically travels in; (3) 
use the average travel environment to build a risk averse 
profile for the insured; (4) generate or update an auto 
insurance discount for the insured based upon their risk 
averse profile; and/or (5) transmit, via the transceiver, the 
auto insurance discount to the insured's vehicle processor or 
mobile device for display for the insured's review and/or 
approval such that insurance discounts are provided based 
upon a risk associated with the travel environment that an 
insured vehicle or insured typically travels within. The 
computer system may include additional, less, or alternate 
functionality, including that discussed elsewhere herein. 

For instance, the telematics and/or other data may indicate 

26 
with; (3) generate or update an auto insurance discount for 
the insured or the vehicle based upon the travel environ­
ment; and/or (4) transmit, via the transceivers, the auto 
insurance discount to the insured's vehicle or mobile device 

5 for display for the insured's review and/or approval such 
that insurance discounts are provided based upon a risk 
associated with the travel environment that an insured 
vehicle or insured typically travels within. The computer 
system may include additional, less, or alternate function-

10 ality, including that discussed elsewhere herein. 
FIG. 4 illustrates a flow diagram of an exemplary risk 

assessment method 400 for determining risks associated 
with operation of a vehicle 108. The method 400 may begin 
with receiving telematics data associated with vehicle opera-

15 tion over a period of time (block 402). Based upon this 
received telematics data, one or more typical travel envi­
ronments may be determined (block 404). From such typical 
travel environments, one or more risk levels associated with 
the vehicle 108 or one or more vehicle operators of the or include information detailing (i) an amount of pedestrian 

traffic, and/or (ii) the types of streets that the vehicle travels 
through on a daily or weekly basis, and the risk averse 
profile may reflect the amount of pedestrian traffic and/or 
types of streets. Additionally or alternatively, the telematics 
and/or other data may indicate or include information detail­
ing (i) an amount of vehicle traffic, and/or (ii) the types of 25 

roads that the vehicle travels through or in on a daily or 
weekly basis, and the risk averse profile may reflect the 
amount of vehicle traffic and/or types of roads. 

20 vehicle 108 may be determined (block 406). The risk levels 
determined may be used to further determine a discount for 
an insurance policy (block 408). The determined discount 
may then be presented to the vehicle owner, vehicle opera-
tor, or insured party for review or approval (block 410). 

At block 402, the external computing device 206 may 
receive data associated with vehicle operation of the vehicle 
108. The data may include information regarding the opera­
tion of the vehicle (e.g., speed, acceleration, braking, etc.) as 
well as information regarding the vehicle operating envi-The telematics and/or other data may be collected over 

one or more vehicle trips or days. Additionally or alterna­
tively, the telematics and/or other data may be associated 
with multiple drivers of the vehicle, and the telematics 
and/or other data may be used to identify a member of 
household driving the vehicle during each trip or day. 

30 ronment in which the vehicle 108 operates. The data regard­
ing the vehicle operating environment may include indica­
tions of the vehicle location and time of day associated with 
vehicle operation. In further embodiments, the operating 
environment data may also include data regarding traffic 

In another aspect, a computer system configured to pro­
vide auto insurance discounts may be provided. The com­
puter system may include one or more processors and 
transceivers. The one or more processors may be configured 
to: (1) receive, via a transceiver, such as via wireless 
communication or data transmission, telematics and/or other 
data from a vehicle processor/transceiver or a mobile device 
of an insured, the telematics and/or other data indicative of 

35 conditions, weather conditions, road conditions (e.g., con­
struction, lane closures, etc.), or other risk-related condi­
tions. Such other risk-related conditions may include level 
of pedestrian traffic, level of bicycle traffic, type of roadway, 
activity of wild animals on or near the roadway, or similar 

40 external conditions that may affect the risk associated with 
operation of the vehicle 108. The data may be received 
directly or indirectly from the vehicle 108 (i.e., from a 
mobile computing device 110 or on-board computer 114 
disposed within or associated with the vehicle 108). Data 

a travel environment of the vehicle; (2) determine a risk 
profile for the vehicle that reflects a travel environment that 
the vehicle travels in, the travel environment accounting for 
pedestrian traffic and/or vehicle traffic that the vehicle typi­
cally travels in; (3) generate or update an auto insurance 
discount for the insured or the vehicle based upon the risk 
profile; and/or ( 4) transmit, via the transceiver, the auto 
insurance discount to the insured's vehicle or mobile device 
for display for the insured's review and/or approval such 
that insurance discounts are provided based upon a risk 
associated with the travel environment that an insured 
vehicle or insured typically travels within. The computer 
system may include additional, less, or alternate function- 55 

ality, including that discussed elsewhere herein. 

45 may also be received from other vehicles 202 operating 
within the vicinity of the vehicle 108, from sensors of smart 
infrastructure components 208, or from databases or other 
sources based upon sensor data. For example, GPS location 
data obtained from a location acquisition unit 320 of a 

50 mobile computing device 110 within the vehicle 108 may be 
used to query weather data from the National Weather 
Service or other databases of weather data. In some embodi­
ments, the external computing device 206 may be one or 

In another aspect, a computer system configured to pro­
vide auto insurance discounts may be provided. The com­
puter system may include one or more processors and 
transceivers. The one or more processors may include (1) 60 

receive, via a transceivers, such as via wireless communi­
cation or data transmission, telematics and/or other data 
from a vehicle controller or processor, or a mobile device of 
an insured; (2) generate or build a travel environment for the 
vehicle using or based upon the telematics and/or other data, 65 

the travel environment accounting for pedestrian traffic 
and/or vehicle traffic that the vehicle typically travels in or 

more servers operated by or on behalf of an insurer or third 
party risk assessor to process data regarding vehicle usage. 

At block 404, the external computing device 206 may use 
the received data to determine one or more travel environ­
ments in which the vehicle 108 operates. This may include 
determining one or more typical, frequent, or average travel 
environments based upon the received data. Travel environ­
ments may include data regarding aspects of the operating 
environment through which the vehicle 108 travels that 
affect the probability of a vehicle accident or other loss 
event. Such aspects of the operating environment may 
include time of day, location ( e.g., city, suburban, rural, etc.), 
type of road ( e.g., residential streets, restricted access high-
way, etc.), traffic levels, pedestrian traffic levels, or other 
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similar aspects. Even in embodiments in which the data is 
received by the external computing device 206 on a con­
tinuous basis ( e.g., during vehicle operation or after each 
vehicle trip), a travel environment may be determined based 
upon data covering a period of operation ( e.g., a week, a 5 

month, ten vehicle trips, etc.). The one or more travel 
environments may include the usual operating environment 
for the vehicle 108, such as an environment associated with 
daily commuting. Where more than one travel environment 

computing device 110, on-board computer 114, or other 
external computing device 206 ( e.g., a home computer, 
tablet, laptop, etc.). In some embodiments, the discount may 
be presented for review and/or approval prior to being 
implemented. In further embodiments, the discount may be 
implemented by applying the discount to the insurance 
policy. In appropriate cases, the external computing device 
206 may facilitate appropriate funds transfers between an 
insurer and an insured related to the discount. 

is determined for the vehicle 108, each travel environment 
may be associated with a proportion of total vehicle opera­
tion spent in the travel environment. In some embodiments, 
the external computing device 206 may determine a travel 
environment profile for the vehicle 108, indicating the one 

10 Accident Cause Determination/Accident Reconstruction 

or more travel environments determined to be associated 15 

with the vehicle 108. Where multiple drivers use the same 
vehicle, travel environments may be determined for total 
vehicle usage or may be determined separately for each 
driver. 

In one aspect, a computer-implemented method of acci­
dent cause determination and/or accident reconstruction 
may be provided. The method may include (1) receiving, via 
one or more processors (or associated transceivers), such as 
via wireless communication or data transmission, smart 
traffic light data from a smart traffic light transceiver, the 
smart traffic light data including time-stamped data associ­
ated with times when the traffic light was red, green, and 
yellow before, during, and/or after a vehicle accident; (2) 
receiving, via the one or more processors ( or associated 
transceivers), such as via wireless communication or data 

At block 406, the external computing device 206 may 20 

determine risks associated with the vehicle 108 and/or a 
vehicle operator associated with the vehicle 108 based upon 
the determined one or more travel environments. The risks 
may be associated with vehicle operation in each of multiple 
travel environments or may be associated with a total risk 
across all travel environments. The risks may be indicative 
of levels of risk associated with a particular vehicle operator 

transmission, vehicle or mobile device time-stamped GPS 
(Global Positioning System) and/or speed data (and/or other 
telematics data) from a vehicle or mobile device transceiver 

25 acquired before, during, and/or after the vehicle accident; (3) 
comparing, via the one or more processors, the time­
stamped smart traffic light data with the time-stamped GPS 
and/or speed data ( and/or other telematics data) to determine 
if the vehicle or another vehicle was a cause of the vehicle 

of the vehicle 108, which may be expressed as scores, 
probabilities, categories, or other metrics. In some embodi­
ments, the risks may be determined as a risk profile or a risk 30 

averse profile, as discussed above. A risk profile may include 
information regarding the risks associated with operation of 
the vehicle 108 in the determined one or more travel 
environments, which may include risks associated with 
traffic levels, types of roadways, pedestrian traffic levels, etc. 

accident occurring at an intersection associated with the 
smart traffic light; and/or (4) updating, via the one or more 
processors, an insurance policy premium or discount based 
upon which vehicle caused the vehicle accident to facilitate 
not penalizing not-at-fault drivers and/or generating insur-

35 ance premiums or discounts more reflective of actual risk, or 
lack thereof, associated with certain types of vehicles and/or 
risk averse drivers. The one or more processors may include 
processors of one or more external computing devices 206, 
such as servers associated with an insurer, investigator, or 

A risk averse profile may be include information regarding 
the risks associated with a particular vehicle operator based 
upon the determined one or more travel environments, 
which may include risks associated with time of travel, 
traffic levels, types of roadways, location of vehicle opera­
tion, etc. In some embodiments, multiple risk profile or risk 
averse profiles may be determined for different combina­
tions of vehicle and drivers. 

At block 408, the external computing device 206 may 
determine a discount for an insurance policy associated with 
the vehicle 108 based upon the determined risks. The 
discount may be associated with the vehicle 108 or may be 
associated with a particular vehicle operator of the vehicle 
108. The discount may be determined based upon a com­
parison of the risks for the vehicle 108 or vehicle operator 
with usual risk levels for similarly situated vehicles or 
vehicle operators. For example, a discount may be deter­
mined because the vehicle 108 is primarily driven in low­
risk travel environments (e.g., daylight hour driving on 
low-traffic roads with little pedestrian traffic, etc.). A level of 
the discount may be determined based upon the difference 
between usual risk levels for similarly situated vehicles and 
the risk levels determined based upon the received data. 
Although this determination is described as a discount, it 
may similarly take the form of an incentive program, 
rewards points, a reduction in deductible, a change in 
premium, a change in coverage, or similar changes to an 
insurance policy. 

At block 410, the external computing device 206 may 
cause the discount to be presented to the vehicle owner, 
vehicle operator, insured party, or other interested person or 
organization. The discount may be presented via a mobile 

40 law enforcement agency. The method may include addi­
tional, less, or alternate actions, including those discussed 
herein. 

For instance, the method may include generating, via the 
one or more processors, a virtual reconstruction of the 

45 vehicle accident which includes a graphical representation 
of the traffic light changing. One or more vehicles involved 
in the vehicle accident may be autonomous or semi-autono­
mous vehicles. 

In another aspect, a computer-implemented method of 
50 accident cause determination and/or accident reconstruction 

may be provided. The method may include (1) receiving, via 
one or more processors (or associated transceivers), such as 
via wireless communication or data transmission, smart 
traffic light data from a smart traffic light transceiver, the 

55 smart traffic light data including time-stamped data associ­
ated with times when the traffic light was red, green, and 
yellow (before, during, and/or after a vehicle accident); (2) 
receiving, via the one or more processors ( or associated 
transceivers), such as via wireless communication or data 

60 transmission, vehicle or mobile device time-stamped GPS 
(Global Positioning System) and speed data (and/or other 
telematics data) from a vehicle or mobile device transceiver 
(acquired before, during, and/or after a vehicle accident); (3) 
comparing, via the one or more processors, the time-

65 stamped smart traffic light data with the time-stamped GPS 
and speed data to (i) determine if the vehicle was traveling 
in accordance with the color of the smart traffic light at a 
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time that a vehicle accident occurred at an intersection 
associated with the smart traffic light, or (ii) otherwise 
determine that the vehicle or driver (insured) did not cause 
the vehicle accident; and/or ( 4) updating, via the one or more 
processors, an insurance policy premium or discount based 
upon the vehicle or driver not causing the vehicle accident 
to facilitate not penalizing not-at-fault drivers and/or gen­
erating insurance premiums or discounts more reflective of 
actual risk, or lack thereof, associated with certain types of 
vehicles and/or risk averse drivers. Again, the one or more 
processors may include processors of one or more external 
computing devices 206, such as servers associated with an 
insurer, investigator, or law enforcement agency. The 
method may include additional, less, or alternate actions, 
including those discussed elsewhere herein. 

In one aspect, a computer system configured to perform 
accident reconstruction may be provided. The computer 
system may include one or more processors configured to: 
(1) receive, via a transceiver, such as via wireless commu­
nication or data transmission, smart traffic light data from a 
smart traffic light transceiver, the smart traffic light data 
including time-stamped data associated with times when the 
traffic light was red, green, and yellow before, during, and/or 
after a vehicle accident; (2) receive, via the transceiver, such 
as via wireless communication or data transmission, vehicle 
or mobile device time-stamped GPS (Global Positioning 
System), speed, braking, and/or acceleration data (acquired 
before, during, and/or after the vehicle accident) from a 
vehicle or mobile device transceiver; (3) compare the time­
stamped smart traffic light data with the time-stamped GPS 
and speed data to determine if the vehicle or another vehicle 
was a cause of the vehicle accident occurring at an inter­
section associated with the smart traffic light; and/or (4) 
update an insurance policy premium or discount based upon 
which vehicle caused the vehicle accident to facilitate not 
penalizing not-at-fault drivers and/or generating insurance 
premiums or discounts more reflective of actual risk, or lack 
thereof, associated with certain types of vehicles and/or risk 
averse drivers. Again, the one or more processors may 
include processors of one or more external computing 
devices 206, such as servers associated with an insurer, 
investigator, or law enforcement agency. The computer 
system may include additional, less, or alternate function­
ality, including that discussed elsewhere herein. 

30 
transceiver, such as via wireless communication or data 
transmission, vehicle or mobile device time-stamped GPS 
(Global Positioning System) and speed data (and/or other 
telematics data) from a vehicle or mobile device transceiver; 

5 (3) compare the time-stamped smart traffic light data with 
the time-stamped GPS and speed data (and/or other telem­
atics data, such as acceleration or braking data) to (i) 
determine if the vehicle was traveling in accordance with the 
color of the smart traffic light at a time that the vehicle 

10 accident occurred at an intersection associated with the 
smart traffic light, or (ii) otherwise determine that the vehicle 
or driver (insured) did not cause the vehicle accident; and/or 
(4) update an insurance policy premium or discount based 
upon the vehicle or driver not causing the vehicle accident 

15 to facilitate not penalizing not-at-fault drivers and/or gen­
erating insurance premiums or discounts more reflective of 
actual risk, or lack thereof, associated with certain types of 
vehicles and/or risk averse drivers. The computer system 
may include additional, less, or alternate functionality, 

20 including that discussed elsewhere herein. 
FIG. 5 illustrates a flow diagram of an exemplary accident 

analysis method 500 for determining the cause of an acci­
dent or reconstructing an accident using data from a smart 
infrastructure component 206. The method 500 may begin 

25 by receiving time-stamped data from one or more smart 
infrastructure components (block 502) and time-stamped 
data regarding one or more vehicles (block 504). From this 
received data, an accident cause may be determined by 
comparison of the data from the infrastructure components 

30 and vehicles (block 506). In some embodiments, determin­
ing the cause of an accident may include reconstructing 
some aspects of the accident, such as the position of one or 
more vehicles or the state of an infrastructure component 
( e.g., a smart traffic signal). Based upon the determination of 

35 the cause of the accident, an update or adjustment to an 
insurance policy may be determined (such as a discount for 
a driver not a fault) (block 508). Although the method is 
described as separately receiving the infrastructure compo­
nent data and the vehicle data, it should be understood that 

40 these may be received together or separately in any order in 
various embodiments. The data may be received by one or 
more external computing devices 206, such as servers asso­
ciated with an insurer, investigator, or law enforcement 
agency. 

For instance, the one or more processors may be further 45 

configured to generate a time-lapsed virtual reconstruction 
At block 502, an external computing device 206 may 

receive time-stamped data from one or more infrastructure 
components 208 ( or sensors attached to or disposed within 
infrastructure components 208). Such data may be received 
in response to a request for the data, such as during the 

of the vehicle accident which includes a graphical represen­
tation of the traffic light changing, and the speed and location 
of the vehicle with respect to the intersection. The one or 
more processors may be configured to transmit, via the 
transceiver, the updated auto insurance discount to the 
insured for their review and/or approval. The one or more 
vehicles involved in the vehicle accident may be autono­
mous or semi-autonomous vehicles. 

In another aspect, a computer system configured to per­
form accident reconstruction may be provided. The com­
puter system may include one or more processors, which 
may include processors of one or more external computing 
devices 206, such as servers associated with an insurer, 
investigator, or law enforcement agency. The one or more 
processors may be configured to: (1) receive, via a trans­
ceiver, such as via wireless communication or data trans­
mission, smart traffic light data from a smart traffic light 
transceiver, the smart traffic light data including time­
stamped data associated with times when the traffic light was 
red, green, and yellow (and acquired or generated before, 
during, or after a vehicle accident); (2) receive, via the 

50 insurance claims adjusting process following an accident. 
Such request may be made in near real-time as an anomalous 
event ( or potential anomalous event) occurs, or may be made 
at a later time to a server storing recorded data associated 
with one or more infrastructure components 208. Alterna-

55 tively, the infrastructure component 208 may determine that 
an anomalous event has occurred, such as an accident or 
near miss between vehicles, and transmit the time-stamped 
data to the external computing device 206. The time­
stamped infrastructure component data may include sensor 

60 data collected by the infrastructure component 208 or data 
regarding the state of the infrastructure component 208. For 
example, the data may indicate times when a traffic signal 
changed between various states ( e.g., when a traffic light 
changed between green, yellow, and red, when a railroad 

65 crossing signal sounded or lowered a gate, etc.). Sensor data 
may include sensed data regarding weather or traffic condi­
tions, such as temperature, precipitation (falling or accumu-
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operating environment at or around the time of an accident 
based upon data received from infrastructure components 
208 and vehicles 202. In some embodiments, a static or 
dynamic graphical representation of the vehicle operating 

lated), road icing ( e.g., accumulation of ice, presence of 
conditions conducive of icing, time since last salting or 
plowing, etc.), wind speed, construction work, lane closures, 
accidents, traffic flow ( e.g., vehicles per minute, average 
vehicle speed, vehicle spacing, etc.), or similar data. 

At block 504, the external computing device 206 may 
receive time-stamped data from one or more vehicles 108 
(202.1-202.N). The vehicle data may include telematics data 
collected by, generated by, or received from sensors by a 
mobile computing device 110 and/or on-board computer 114 
of each vehicle 108. Such vehicle data may include data 
regarding the operation, path, or movement of vehicles. For 
example, the vehicle data may indicate a series of locations 

5 environment may be generated for presentation to a user of 
the external computing device 206 by comparison of the 
received data. Such graphical representation may be a 2-D, 
3-D, or 4-D (moving 3-D) reconstruction of the accident, 
which may further include graphical indicators ( e.g., color 

10 coding, icons, etc.) of key events or conditions (e.g., signal 
changes, vehicle braking/acceleration, vehicle right of way, 
etc.). Such reconstructions may be presented to a user for 
determination or verification of fault for accidents. 

At block 508, the external computing device 206 may 
15 determine an update to an insurance policy associated with 

a vehicle 108 involved in the accident based upon the 
determination of the cause of the accident. The update may 
include a change to a premium, a coverage level, a coverage 
type, an exclusion, an insured driver, or other aspects of the 

of one or more vehicles 108 during a relevant time period 
(e.g., a time period including a vehicle accident). In some 
embodiments, such vehicle data may include location data 
(e.g., GPS location data, other geocoordinate data, or rela­
tive location data indicating position relative to other 
vehicles or infrastructure components), velocity data, accel­
eration data (e.g., increasing or decreasing speed), and/or 
operation data ( e.g., use of signals, application of brakes, 
throttle position, use of driver assistance functionalities of 
the vehicle, etc.). The vehicle data may be received only 
from the vehicle or vehicles of interest ( e.g., vehicles 
involved in an accident). Alternatively, or additionally, 
vehicle data may be received from other vehicles 202 in the 
vicinity of the vehicles of interest. Such other vehicle data 
may provide important information regarding traffic flow, 
road conditions, or movement of the vehicles of interest. The 
other vehicle data may be indicative of the other vehicles, 30 

environmental conditions, or vehicles of interest. In such 
manner, data regarding movement or operation of vehicles 

20 policy. Some updates may include not changing any aspects 
of the insurance policy, such as where the accident is 
determined to be caused by another vehicle. For example, a 
discount associated with a safe driving record may be 
maintained (or reinstated) upon determination that the acci-

25 dent was caused by another vehicle. As another example, a 
discount may be applied to the insurance policy associated 
with a driver of a vehicle 108 determined not to be at fault 
for the accident, which discount may offset an effect on the 

of interest may be obtained even for vehicles of interest that 
lack telematics data gathering capabilities (i.e., vehicles 108 
without any mobile computing devices 110, on-board com- 35 

puters 114, or similar components to collect or record 
vehicle telematics data). 

At block 506, the external computing device 206 may 
determine a cause of an accident, such as a collision. In some 
embodiments, such accidents may include a collision 40 

between vehicles, a collision between a vehicle and a 
pedestrian, a collision between a vehicle and infrastructure, 
a collision between a vehicle and animals, or a collision 
between a vehicle and another object ( e.g., debris in a 
roadway, a mailbox, a tree, etc.). In further embodiments, 45 

such accidents may encompass near misses that do not result 
in collisions or other high-risk events (e.g., vehicle spin­
outs, fishtailing, sliding off a roadway, etc.), regardless of 
whether any collision or damage occurred. Determination of 
the cause ( or causes) of an accident may be performed by 50 

comparison of the time-stamped data from infrastructure 
components 208 and/or vehicles 108. As an example, time­
stamped location and signal status data associated with a 
time period including a collision between two vehicles in an 
intersection may indicate that one of the two vehicles 55 

involved in the collision entered the intersection at an 
improper time (i.e., against a red light), thereby causing the 
accident. As another example, time-stamped data may indi­
cate that a vehicle 108 lost traction on a roadway with 
conditions conducive to the formation of ice, but that the 60 

vehicle 108 engaged in hard braking at the time of loss of 
traction. In some embodiments, the external computing 
device 206 may generate a virtual reconstruction of relevant 
portions of the operating environment in which an accident 
occurred. For example, the external computing device 206 65 

may generate a virtual reconstruction of the locations of one 
or more vehicles 202 or other objects within the vehicle 

insurance policy arising from the accident. In other 
instances, the update may include an indirect change to the 
insurance policy through a change to a risk assessment or 
risk profile associated with the vehicle 108 ( or a driver of the 
vehicle 108). The update may be presented to a vehicle 
owner or an insured party for review and/or approval in 
some embodiments. In other embodiments, the update may 
be implemented to adjust or maintain the insurance policy 
terms, which may include facilitating a payment, money 
transfer, or billing event. The method 500 may then termi­
nate. 

In some aspects, data from one or more vehicles 202.1-
202.N, infrastructure components 208, and/or other sources 
may be collected to determine the occurrence and causes of 
anomalous conditions. Such anomalous conditions may 
include accidents, near-misses, environmental conditions 
(e.g., traffic back-ups, potholes, flooding, etc.), or similar 
conditions that occur in a vehicle operation environment. 
Such data may be continuously monitored to determine the 
occurrence of anomalous conditions, or it may be stored to 
facilitate identification of anomalous conditions at a later 
time, if needed. 

FIG. 6 illustrates a flow diagram of an exemplary anoma­
lous condition monitoring method 600 for monitoring the 
environment in which a vehicle 108 is operating ( or located) 
and determining the occurrence of an anomalous condition 
in the vehicle environment. The method 600 may begin with 
monitoring the vehicle environment using sensor data from 
one or more sensors within the vehicle or vehicle environ­
ment (block 602). Based upon the sensor data, the occur­
rence of an anomalous condition may be determined (block 
604). Upon such determination, relevant sensor data may be 
recorded to facilitate analysis of the anomalous condition 
(block 606). In some embodiments, part or all of the 
recorded data may be transmitted to another computing 
device for further analysis (block 608). In some embodi­
ments, the vehicle environment may be monitored for 
anomalous conditions only while the vehicle is in operation, 
while in other embodiments the vehicle environment may be 
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monitored even when the vehicle is parked or otherwise at 
rest. Monitoring while the vehicle is parked may be of 
particular use in theft prevention and recovery. 

At block 602, the vehicle environment associated with the 
vehicle 108 may be monitored by one or more sensors 
disposed within the vehicle 108. Sensor data from other 
vehicles 202 and/or infrastructure components 208 may also 
be monitored. The sensor data may be communicated to a 
mobile computing device 110 or on-board computer 114 
within the vehicle 108 or to an external computing device 
206 for analysis, via the network 201 or direct communi­
cation links. For example, transceivers of vehicles within the 
vehicle environment may communicate sensor data or other 
data directly between vehicles 202, which may include 
distance between vehicles. The sensor data may indicate 
vehicle information, such as the location, movement, or path 
of the vehicle 108 or other vehicles 202 within the vehicle 
environment. The sensor data may similarly include envi­
ronmental information, such as the weather, traffic, construc­
tion, pedestrian, or similar conditions within the vehicle 
environment. Such sensor data may be stored in a memory 
associated with the vehicle 108 (such as a mobile computing 
device 110 or on-board computer 114) or associated with 
one or more external computing devices 206. 

At block 604, the mobile computing device 110, on-board 
computer 114, or external computing device 206 may deter­
mine the occurrence of an anomalous condition based upon 
the received sensor data. Such anomalous conditions may 
include accidents, weather conditions, traffic conditions, 
construction or other roadway condition, and/or high-risk 
conditions. High-risk conditions may include transient con­
ditions ( e.g., reckless driving, a vehicle swerving between 
lanes, blinding sun at dawn or dusk, heavy pedestrian traffic, 
etc.) or non-transient conditions (e.g., confusing or other­
wise high-risk intersections, blind comers, winding down­
slope road segments, etc.). When determined by the mobile 
computing device 110 or on-board computer 114, the 
anomalous condition may be related to the immediate 
vehicle environment ( e.g., accidents, reckless driving, 
impaired driving, vehicle emergencies, vehicle breakdowns, 
potholes, lane closures, etc.) in some embodiments. In 
further embodiments, the external computing device 206 
may also determine anomalous conditions affecting many 
drivers (e.g., traffic jams, heavy pedestrian traffic such as in 
the vicinity of a sporting event, etc.). Determining the 
occurrence of an anomalous condition may include compar­
ing sensor data with previously recorded data for the local 
environment (e.g., based upon GPS data) or for similar 
environments (e.g., residential streets within a city, rural 
highways, etc.). Additionally, or alternatively, determining 
the occurrence of an anomalous condition may include 
determining the occurrence of an anomalous condition indi­
cator based upon the sensor data ( e.g., distance between 
vehicles falling below a threshold, misalignment between 
vehicle orientation and path, rapid acceleration or braking, 
speed less than a threshold amount above or below a posted 
speed limit, etc.). 

At block 606, sensor data related to the anomalous 
condition may be recorded for further analysis. This may 
include recording sensor data for a period of time beginning 
before the determination of the occurrence of the anomalous 
condition at block 604 (such as by moving data from a buffer 
or volatile memory to a permanent storage or non-volatile 
memory) and extending for a period of time after determi­
nation of the anomalous condition. Sensor data may be 
stored locally within the vehicle 108, such as in data storage 
360 associated with the mobile computing device 110 or 

34 
on-board computer 114, or the sensor data may be stored in 
a memory or database associated with the external comput­
ing device 206. Alternatively, recording the sensor data may 
involve maintaining the sensor data only for a short period 

5 of time to transmit the data to an external computing device 
206. In some embodiments, recording sensor data related to 
the anomalous condition may involve activating one or more 
additional sensors, as discussed below. 

At block 608, the recorded sensor data may be transmitted 
10 to another computing device for further analysis. This may 

include transmitting the recorded sensor data from the 
vehicle 108 to the external computing device 206 via the 
network 201. Such transmission may begin immediately 
upon determination of the occurrence of the anomalous 

15 condition, or transmission may be delayed until some later 
time. For example, the transmission may be delayed until the 
vehicle 108 is garaged or the mobile computing device 110 
or on-board computer 114 is communicatively connected to 
a WiFi network. Alternatively, the recorded data may be 

20 directly collected from a local storage device disposed 
within the vehicle 108, such as a crash-resistant storage 
( e.g., a "black box" storage device). 

In particularly advantageous embodiments, the sensor 
data may be used to monitor the operation of other vehicles 

25 202 in the vicinity of the vehicle 108. In such embodiments, 
the mobile computing device 110 or on-board computer 114 
may process the data in real-time as it is received to 
determine whether an anomalous condition has occurred 
based upon the movement of other vehicles 202. For 

30 example, the sensor data may indicate that a vehicle 202.1 
is engaged in hard braking (indicated by a rapid decrease in 
speed), which may have been caused by a sudden lane 
change of a vehicle 202.2 ahead of vehicle 202.1. The hard 
braking may trigger the vehicle 108 to record data associated 

35 with the incident, which may be transmitted to an external 
computing device 206 for further analysis. Such further 
analysis may indicate that the vehicle 202.2 caused the 
anomalous condition by reckless vehicle operation. This 
information may be further used to appropriately adjust risk 

40 levels or insurance policies ( e.g., premiums, discounts, 
coverage levels, etc.) associated with the vehicles 202. For 
example, the sensor data recorded by vehicle 108 may 
include still or video images indicating the lane change of 
vehicle 202.2 caused an accident involving vehicle 202.1 

45 and another vehicle 202.3, without involving vehicle 202.1. 
Such sensor data may be used for legal proceedings, claims 
adjustment, and/or rate adjustment to ensure a proper assign­
ment of fault, as discussed below. 

FIG. 7 illustrates a flow diagram of an exemplary anoma-
50 lous condition analysis method 700 for analyzing the types 

and causes of anomalous conditions. The method 700 may 
begin by receiving data associated with an anomalous con­
dition recorded in accordance with method 600 above or 
otherwise (block 702). The received data may then be used 

55 to reconstruct the path of a vehicle within the vehicle 
operating environment (block 704), from which it may be 
determined whether the vehicle analyzed caused the anoma­
lous condition (block 706). An update to an insurance policy 
associated with the analyzed vehicle may then be deter-

60 mined and/or implemented based upon the determination of 
whether the vehicle analyzed caused the anomalous condi­
tion (block 708). The method 700 may be repeated for any 
number of vehicles within a vehicle operating environment 
based upon the received data. In some embodiments, mul-

65 tiple vehicles may be determined to be partially at fault for 
causing an anomalous condition, in which case fault may be 
apportioned between the vehicles. 

Page 41 of 62



US 9,805,601 Bl 
35 

At block 702, the external computing device 206 may 
receive data associated with an anomalous condition relating 

36 
exclusion, an insured driver, or other aspects of the policy to 
reflect the risk associated with the operation of the vehicle 
108. This may include a determination of a risk level or 
severity of the anomalous condition. For example, a multi-

to a vehicle 108. The data may be received from sensors 
within the vehicle 108 and/or within other vehicles 202 in 
proximity to the vehicle 108. Data may also be received 
from sensors of smart infrastructure components 206. The 
data may indicate the environmental conditions in which the 
vehicle 108 was operating, the location and movement of the 
vehicle 108, and/or the locations and movements of other 
vehicles 202. Such data may include GPS coordinates, as 
well as operating data from the vehicle 108 such as indica­
tions of speed and acceleration. Although the data may relate 

5 vehicle accident caused by the vehicle 108 may lead to the 
determination of a greater increase in a premium than would 
be determined for a near miss caused by the vehicle 108 
stopping abruptly. Some updates may include not changing 
any aspects of the insurance policy, such as where the 

10 vehicle 108 has been determined not to have caused the 

to the vehicle 108, it may also be associated with other 
vehicles 202 within the operating environment of the vehicle 
108, such as data indicating the positions of the other 15 

vehicles 202. Such data may be relevant to vehicle 108 by 
indicating the relative positions and movements of the 
vehicle 108 with respect to the other vehicles 202. 

At block 704, the external computing device 206 may 
reconstruct the movements or path of the vehicle 108 based 20 

upon the received sensor data. This may include interpola­
tion of the sensor data for times between sensor data points. 
The may also include estimation of the location or properties 

anomalous condition. In some embodiments, the update may 
be presented and/or implemented, as discussed elsewhere 
herein. 
Electric Vehicle Battery Conservation 

In one aspect, a computer-implemented method of acci­
dent cause determination and/or accident reconstruction for 
an electric or battery-powered vehicle may be provided. The 
method may include (1) receiving, via one or more proces­
sors (such as via a smart vehicle controller), an indication of 
a trigger event; (2) turning on, via the one or more proces­
sors, a front facing camera or video camera mounted on the 
vehicle, the front facing camera or video camera configured 
to acquire or take images in front of, or to the side of, a 
moving vehicle; and/or (3) transmitting, via the one or more 
processors (or an associated transceiver), the image data 
associated with the images acquired after the trigger event is 
detected to a remote server for computer analysis of the 
image data to facilitate not only accident reconstruction, but 
to also facilitate conserving a battery powering an electric 
vehicle and only turning on a video camera immediately 
prior to an anticipated or actual vehicle collision. The 
method may include additional, less, or alternate actions, 
including those discussed elsewhere herein. 

For instance, the trigger event may be any one or more of 

of the vehicle 108 at one or more points of time based upon 
sensor data from a plurality of other vehicles 202 (such as by 25 

triangulation). In some embodiments, properties of the 
vehicle 108 (e.g., whether the vehicle 108 signaled a tum, 
whether the vehicle 108 had illuminated its headlights, etc.) 
may be determined by analysis of the sensor data from the 
vehicle 108 and/or other vehicles 202 (such as by object 30 

detection in images of the vehicle 108). The reconstructed 
movements or path of the vehicle 108 may be associated 
with one or more reference times (e.g., time-stamps) to 
facilitate determination of the cause of the anomalous con­
dition. Also to facilitate such analysis, in some embodi­
ments, the movements or paths of other vehicles 202 and/or 
other aspects of the vehicle operating environment may be 
reconstructed for a period including the anomalous condi-

35 the following: the one or more processors detecting vehicle 
speed unexpectedly or rapidly decreasing; the one or more 
processors detecting the vehicle following distance unex­
pectedly or rapidly decreasing; the one or more processors 

tion. 
At block 706, the external computing device 206 may 40 

determine whether the vehicle 108 caused the anomalous 

detecting a brake pedal being engaged or otherwise triggered 
by brake system pressure; and/or the one or more processors 
detecting an animal in the vicinity of the vehicle, such as via 

condition based upon the received sensor data. This may 
involve comparing the reconstructed path of the vehicle 108 
with the paths of the other vehicle 202 in the vehicle 
operating environment and/or other environmental condi­
tions (e.g., the state of a traffic light at relevant times, the 
presence and location of a wild animal on the roadway, the 
movement of other vehicles 202, etc.). In some embodi­
ments, the vehicle 108 may be determined to have caused 
the anomalous condition, even where the vehicle 108 is not 
directly affected by the anomalous condition. For example, 
one or more other vehicles 202 within the vehicle operating 
environment may collide in a vehicle accident, but the 
vehicle 108 may not collide with any other vehicle 202 or 
other object within the vehicle operating environment. The 
movements of the vehicle 108 ( e.g., changing lanes without 
using a signal, swerving between lanes, cutting off one of the 
vehicle 202, etc.), however, may nonetheless be determined 
to be the cause of the vehicle accident. If the vehicle 108 is 

an infrared camera detecting a deer after sunset. Other 
trigger events may be used. 

In another aspect, a computer system configured to per-
45 form accident reconstruction for an electric or battery­

powered vehicle may be provided. The computer system 
may include one or more processors. The one or more 
processors may be configured to: (1) receive or determine an 
indication of a trigger event, such as via computer analysis 

50 of telematics and/or other data gathered by one or more 
sensors; (2) tum on a front facing camera or video camera 
(or other type of data recording system) mounted on the 
vehicle, the front facing camera or video camera configured 
to acquire or take images in front of, or to the side of, a 

55 moving vehicle; and/or (2) transmit, via a transceiver, the 
image data associated with the images acquired after the 
trigger event is detected to a remote server for computer 
analysis of the image data to facilitate not only accident 

determined to be the cause of the anomalous condition, a 60 

proportion of the fault for the anomalous condition may be 
further determined for the vehicle 108. 

reconstruction, but to also facilitate conserving a battery 
powering an electric vehicle and only turning on a video 
camera immediately prior to an anticipated or actual vehicle 
collision. The computer system may include additional, less, 
or alternate functionality, including that discussed elsewhere 
herein, and the trigger events may be those discussed above. 

At block 708, the external computing device 206 may 
determine an update to an insurance policy associated with 
a vehicle 108. If the vehicle 108 is determined to have 65 

caused the anomalous condition, the adjustment may include 
a change to a premium, a coverage level, a coverage type, an 

Although the methods described herein may be of par­
ticular value when used with electric vehicles due to the 
direct battery drain, the methods may also be implemented 
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to save fuel or power consumed by other vehicles (e.g., 
gasoline- or diesel-powered vehicles, hybrid vehicles, natu­
ral gas-powered vehicles, etc.). Similarly, sensors other than 
front facing cameras or video cameras may be activated 
when triggered, which may likewise reduce power con- 5 

sumption while recording particularly important data during 
vehicle operation. Such other sensors may be used in addi­
tion to, or as alternatives to, front facing cameras or video 

At block 804, the mobile computing device 110 or on­
board computer 114 receives an indication of a trigger event. 
The trigger event may be based upon the data from one or 
more sensors used to monitor the vehicle and its environ-
ment, as described above. The indication of the trigger event 
may be generated by the mobile computing device 110 or 
on-board computer 114 based upon the sensor data or may 
be received from another device within the system 200. For 
example, another vehicle 202 may generate and transmit the cameras. 

In some embodiments, one or more sensors may continu­
ally monitor vehicle operation. Such continuously monitor­
ing sensors may be supplemented by additional sensors 
( such as front facing cameras or video cameras) upon the 
occurrence of a trigger event. In some embodiments, such 
sensors may store data locally within a program memory or 
storage medium within the vehicle 108 until the occurrence 
of a trigger event, at which point some or all of the recorded 
data may be transmitted via the network 201 to an external 
computing device 206 for further storage and/or analysis. 
For example, speedometer data may be continuously 
recorded, but a recent period ( e.g., ten seconds, thirty 
seconds, five minutes, etc.) may be transmitted upon an 
indication of hard braking. Such data may be analyzed to 
determine whether the vehicle 108 was operated in an 
aggressive manner preceding the hard braking event (which 
may be associated with a heightened risk of a vehicle 
accident). In some embodiments, such determination may be 
used to assign fault for the accident and/or adjust an insur­
ance policy. 

FIG. 8 illustrates a flow diagram of an exemplary battery 
conservation method 800 for reducing drain on a power 
source while recording data relevant to accident reconstruc­
tion. The battery conservation method 800 may begin by 
monitoring the operation of a vehicle 108 by one or more 
sensors (block 802) until an indication of a trigger event is 
received (block 804). Upon receiving the indication of the 
trigger event, one or more additional sensors within the 
vehicle 108 may be activated (block 806) to record addi­
tional data associated with the vehicle operating environ­
ment (block 808). In some embodiments, the additional data 
recorded by the one or more additional sensors may be 
transmitted to an external computing device 206 for further 
analysis (block 810). When it is determined that the condi­
tion associated with the trigger event has been sufficiently 
recorded (block 812), the one or more additional sensors 
within the vehicle 108 are deactivated to conserver power 
(block 814). 

10 indication of the trigger event to the vehicle 108 directly or 
via the network 201. As another example, the external 
computing device 206 may generate and transmit the indi­
cation to the vehicle 108 via the network 201 based upon 
sensor data (e.g., GPS location data indicating the vehicle 

15 108 is approaching a dangerous intersection or traffic back­
up). As noted above, trigger events may include sudden 
changes in vehicle speed (either the vehicle 108 or another 
nearby vehicle 202), which may be caused by sharp turning, 
swerving, hard braking, or hard acceleration. Distances 

20 between the vehicle 108 and other objects (e.g., other 
vehicles 202, infrastructure components 208, pedestrians, 
animals on a roadway, etc.) may also be used as trigger 
event, either directly (e.g., a threshold distance to another 
object, such as one meter, three meters, etc.) or indirectly 

25 ( e.g., a rate of change in distance to another object, such as 
a decrease in distance of more than one meter per second, 
etc.). The presence of specified conditions may further be 
used as a trigger event, such as road construction, an animal 
identified in the roadway ( such as by infrared sensors), or 

30 rush hour driving (e.g., 4-6 p.m. on non-holiday weekdays). 
Some embodiments may use more or less inclusive metrics 
or thresholds to generate an indication of a trigger event. For 
example, each depression of a brake pedal may be a trigger 
event, including ordinary braking in the ordinary course of 

35 vehicle operation. 
At block 806, one or more additional sensors within the 

vehicle 108 are activated based upon the received indication 
of the trigger event. Such additional sensors may use par­
ticularly high levels of power or may have limited storage 

40 capacity. For example, high-quality digital cameras or high­
speed video cameras may be activated, which may use 
significant power and produce large amounts of data. Alter­
natively, the additional sensors may be similar in type or 
power consumption to other sensors used within the vehicle 

45 108, but the one or more additional sensors may provide 
additional data to allow reconstruction of an accident that 

At block 802, the method 800 may begin with monitoring 
the operation of the vehicle 108 or the environment in which 
the vehicle 108 is operating (such as other vehicles 202.1- 50 

202.N). This may include monitoring the speed, accelera­
tion, braking, trajectory, or location of the vehicle 108 using 

may occur. In some embodiments, the additional sensors 
may be disposed to record images, sounds, or other infor­
mation from the interior of the vehicle. 

At block 808, the one or more additional sensors may 
record data regarding the movement or operation of the 
vehicle 108 or regarding the vehicle operating environment 
in which the vehicle 108 is operating. Such data may be 
stored locally in a memory of a mobile computing device 
110 or on-board computer 114. In some embodiments, the 
recorded data may be transmitted via the network 201 to the 
external computing device 206 for storage or analysis. In yet 
further embodiments, recorded data may be stored locally 
within the mobile computing device 110 or on-board com­
puter 114 until such device is communicatively connected to 
a high-bandwidth network connection or a power source. 

a mobile computing device 110 or on-board computer 114. 
This may also include receiving data from sensors disposed 
within other vehicles 202 or infrastructure components 208. 55 

The data may include telematics data collected or received 
by a Telematics App, as discussed elsewhere herein. In some 
embodiments, the operation of the vehicle 108 may be 
monitored using only those sensors that are also used for 
vehicle control, navigation, or driver alerts ( e.g., adaptive 60 

cruise control, autonomous piloting, GPS location, or lane 
deviation warnings). In further embodiments, an external 
computing device 106 may monitor the vehicle 108 and is 
operating environment using data from sensors within the 
vehicle or environment. Because of the delay caused by such 65 

communications, however, a mobile computing device 110 
or on-board computer 114 may be used for such monitoring. 

At block 812, the mobile computing device 110 or on­
board computer 114 may determine that the conditions 
related to the trigger event have been sufficiently recorded. 
This may be based upon the occurrence of another condition 
(e.g., the vehicle 108 coming to a rest, reduction in accel­
eration below a threshold, leaving an area having road 
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construction or high population density, etc.) or based upon 
passage of time (e.g., a preset period of thirty seconds after 
activation, etc.). The amount of recording determined to be 
sufficient may depend upon the type of data recorded, as well 

40 
to: (1) receive, via a transceiver, such as via wireless 
communication or data transmission, telematics data for a 
vehicle for one or more trips; (2) determine, for each trip, 
which individual within a household was driving the 
vehicle, and/or determine their driving behavior for each trip 
based upon the telematics data; (3) use the telematics data 
received (and/or the individual driver and driving behavior 
determinations) to update or build a vehicle-usage profile for 
the vehicle, the vehicle-usage profile indicating how much 

as the type of event triggering the recording. Once it has 5 

been determined that the condition has been sufficiently 
recorded, the one or more additional sensors may be deac­
tivated or returned to a standby mode to conserver power 
within a battery or other power source of the vehicle 108 at 
block 814. 10 and what time of day each member of a household typically 

drives or uses the vehicle, and their driving behavior while 
driving the vehicle; and/or (4) update an auto insurance 
premium or discount for the household or the vehicle based 
upon the vehicle-usage profile to provide insurance cost 

The method 800 may then terminate or restart at block 
802. In some embodiments, the method 800 may operate 
continuously while the vehicle 108 is running or in opera­
tion. In alternatively embodiments, the method 800 may 
operate to monitor the vehicle's environment when the 
vehicle is not operating. In such embodiments, power con­
servation may be important to ensure sufficient power 
remains to start the vehicle. 
Generating Vehicle-Usage Profile to Provide Discounts 

In one aspect, a computer-implemented method of gen­
erating auto insurance discounts may be provided. The 
method may include (1) detecting or determining, via one or 
more processors, which individual within a household is 
driving a vehicle, such as by analyzing data from one or 
more sensors; (2) collecting, via the one or more processors, 
telematics data for that individual indicating their driving 
behavior for the vehicle for a single trip; (3) using the 
telematics data collected to update or build, via the one or 
more processors, a vehicle-usage profile for the vehicle, the 
vehicle-usage profile indicating how much and what time of 
day each member of a household typically drives or uses the 
vehicle, and their driving behavior while driving the vehicle; 
and/or ( 4) updating, via the one or more processors, an auto 
insurance premium or discount for the household or the 
vehicle based upon the vehicle-usage profile to provide 
insurance cost savings to lower risk households and/or risk 
averse drivers. The method may include transmitting, via the 
one or more processors (and/or associated transceiver), the 
updated auto insurance discount to the insured for their 
review and/or approval. The method may include additional, 
less, or alternate actions, including those discussed else­
where herein. 

In one aspect, a computer system configured to generate 
auto insurance discounts may be provided. The computer 
system including one or more processors and/or transceiv­
ers. The one or more processors may be configured to: (1) 
detect or determine which individual within a household is 
driving a vehicle from analyzing data received or generated 
from one or more sensors; (2) collect telematics data for that 
individual indicating their driving behavior for the vehicle 
for a single trip; (3) use the telematics data collected to 
update or build a vehicle-usage profile for the vehicle, the 
vehicle-usage profile indicating how much and what time of 
day each member of a household typically drives or uses the 
vehicle, and their driving behavior while driving the vehicle; 
and/ or ( 4) update an auto insurance premium or discount for 
the household or the vehicle based upon the vehicle-usage 
profile to provide insurance cost savings to lower risk 
households and/or risk averse drivers. The one or more 
processors may be configured to transmit, via a transceiver, 
the updated auto insurance discount to the insured or their 
mobile device for their review and/or approval. The com­
puter system may include additional, less, or alternate func­
tionality, including that discussed elsewhere herein. 

In another aspect, a computer system configured to gen­
erate auto insurance discounts may be provided. The com­
puter system may include one or more processors configured 

15 savings to lower risk households. The one or more proces­
sors may be configured to transmit, via a transceiver, the 
updated auto insurance discount to the insured for their 
review and/or approval. The computer system may include 
additional, less, or alternate functionality, including that 

20 discussed elsewhere herein. 
In one aspect, a computer-implemented method of gen­

erating auto insurance discounts may be provided. The 
method may include (1) receiving, via one or more proces­
sors (and/or an associated transceiver), such as via wireless 

25 communication or data transmission, telematics data for a 
vehicle for one or more trips; (2) determining, via the one or 
more processors, for each trip, which individual within a 
household was driving the vehicle, and/or determining their 
driving behavior for each trip based upon the telematics 

30 data; (3) using, via the one or more processors, the telem­
atics data received (and/or the individual driver and driving 
behavior determinations) to update or build a vehicle-usage 
profile for the vehicle, the vehicle-usage profile indicating 
how much and what time of day each member of a house-

35 hold typically drives or uses the vehicle, and their driving 
behavior while driving the vehicle; and/or (4) updating or 
generating, via the one or more processors, an auto insur­
ance premium or discount for the household or the vehicle 
based upon the vehicle-usage profile to provide insurance 

40 cost savings to lower risk households. The one or more 
processors may be configured to transmit, via a transceiver, 
the updated auto insurance discount to the insured for their 
review and/or approval. The method may include additional, 
less, or alternate actions, including those discussed else-

45 where herein. 
In another aspect, a computer-implemented method of 

generating auto insurance discounts may be provided. The 
method may include (1) detecting or determining, via one or 
more processors, which individual within a household is 

50 driving a vehicle or sitting in the driver's seat at the outset 
of a vehicle trip, such as by analyzing data from one or more 
sensors; (2) collecting, via the one or more processors, 
telematics data for that vehicle trip; (3) assigning (and 
storing) or associating, via the one or more processors, the 

55 telematics data for that vehicle trip to the individual within 
the household that was identified as the driver during the 
vehicle trip; ( 4) determining a driving score for the indi­
vidual and/or vehicle trip based upon the one or more 
processors analyzing the telematics data for the vehicle trip; 

60 (5) updating or building, via the one or more processors, a 
vehicle-usage profile for the vehicle based upon the telem­
atics data for the vehicle trip and/or the driving score, the 
vehicle-usage profile indicating how much and what time of 
day each member of a household typically drives or uses the 

65 vehicle, and their driving behavior while driving the vehicle; 
and/or (6) updating, via the one or more processors, an auto 
insurance premium or discount for the household or the 
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vehicle based upon the vehicle-usage profile to provide 
insurance cost savings to lower risk households and/or risk 
averse drivers. The one or more processors may be config­
ured to transmit, via a transceiver, the updated auto insur­
ance discount to the insured for their review and/or approval. 
The one or more processors may be local to vehicle, such as 
mounted within a mobile device and/or mounted on or 
within the vehicle or a vehicle controller. Additionally or 
alternatively, the one or more processors may be remote to 
the vehicle, such as a remote located server associated with 
an insurance provider. The method may include additional, 
less, or alternate actions, including those discussed else­
where herein. 

In another aspect, a computer system configured to gen­
erate auto insurance discounts may be provided. The com­
puter system may include one or more processors or trans­
ceivers. The one or more processors may be configured to: 
(1) detect or determine which individual within a household 
is driving a vehicle or sitting in the driver's seat at the outset 
of a vehicle trip, such as by analyzing data from one or more 
sensors, such as vehicle mounted sensors; (2) collect tele­
matics data for that vehicle trip; (3) assign (and store) or 
associate the telematics data for that vehicle trip to the 
individual within the household that was identified as the 
driver during the vehicle trip; (4) determine a driving score 
for the individual and/or vehicle trip based upon the one or 
more processors analyzing the telematics data for the vehicle 
trip; (5) update or build a vehicle-usage profile for the 
vehicle based upon the telematics data for the vehicle trip 
and/or the driving score, the vehicle-usage profile indicating 
how much and what time of day each member of a house­
hold typically drives or uses the vehicle, and their driving 
behavior while driving the vehicle (and/or otherwise 
accounting for driving behavior of each driver within a 
household); and/or (6) update an auto insurance premium or 
discount for the household or the vehicle based upon the 
vehicle-usage profile to provide insurance cost savings to 
lower risk households and/or risk averse drivers. The com­
puter system may include additional, less, or alternate func­
tionality, including that discussed elsewhere herein. 

42 
some embodiments, the identity may be first determined by 
a mobile computing device 110 or on-board computer 114 
and transmitted to the external computing device 206, which 
may then determine the identity based upon communications 

5 received from the mobile computing device 110 or on-board 
computer 114. The mobile computing device 110 or on­
board computer 114 may determine the driver of the vehicle 
108 by comparison of sensor data from one or more sensors, 
including microphones, digital optical cameras, infrared 

10 cameras, or similar sensors. The mobile computing device 
110, on-board computer 114, or external computing device 
206 may instead determine the identity of the driver by 
reference to an electronic signal generated by a device 
associated with the driver (e.g., a wearable computing 

15 device, a smartphone, a fitness tracker, etc.). In some 
embodiments, the location of one or more people within the 
vehicle 108 may be determined to identify the driver by 
sensor data, electronic signal, or otherwise. In further 
embodiments, the driver may be identified by receiving a 

20 manual entry of an indication of the driver's identity ( such 
as by logging in or selecting a user within a Telematics App). 

At block 904, the external computing device 206 may 
collect telematics data regarding vehicle operation while the 
vehicle 108 is being driven by the identified driver. This may 

25 include one or more vehicle trips over a period of time. The 
telematics data may include data regarding the vehicle 
operating environment ( e.g., information about a travel 
environment) or driving behavior (e.g., how the driver 
operates the vehicle with respect to speed, acceleration, 

30 braking, etc.). In some embodiments, the telematics data 
may be collected by the mobile computing device 110 or 
on-board computer 114 and transmitted to the external 
computing device 206 via the network 201. In further 
embodiments, the external computing device 206 may col-

35 lect the telematics data from one or more databases ( or other 
data storage devices) holding telematics data previously 
recorded by the mobile computing device 110 or on-board 
computer 114 (or by sensors communicatively connected 
thereto). In such manner, the external computing device 206 

40 may obtain telematics data regarding operation of the 
vehicle 108 by the driver. Such telematics data may be 
collected from a plurality of vehicle trips occurring over a 
span of time (e.g., one week, one month, etc.) to generate or 

For instance, the one or more processors may be config­
ured to transmit, via a transceiver, the updated auto insur­
ance discount to the insured for their review and/or approval. 
The one or more processors may be local to vehicle, such as 
mounted within a mobile device and/or mounted on or 45 

within the vehicle or a vehicle controller. The one or more 

update a vehicle-usage profile. 
At block 906, the external computing device 206 may 

generate or update a vehicle-usage profile associated with 
the vehicle 108. In some embodiments, the vehicle-usage 
profile may indicate the amount each driver uses the vehicle 
( e.g., total or proportional time driving, vehicle trips, miles 

processors may be remote to the vehicle, such as a remote 
located server associated with an insurance provider. 

FIG. 9 illustrates a flow diagram of an exemplary vehicle­
usage profile generation method 900 for generating and/or 
updating a profile of vehicle usage associated with a driver 
of a vehicle 108. The method 900 may begin with deter­
mining the identity of the driver of the vehicle 108 using 
sensor data or other means (block 902). Telematics data 
regarding the operation of the vehicle 108 by the driver may 
then be collected during a vehicle trip (block 904). The 
collected data may be used to generate or update a vehicle­
usage profile associated with the vehicle 108 and/or the 
driver (block 906). Based upon the vehicle-usage profile, an 
update or change to an insurance policy associated with the 
vehicle 108 may be determined (block 908) and presented to 
the vehicle owner, driver, or insured party for review or 
approval (block 910). The method 900 may be implemented 
by one or more external computing devices 206, such as one 
or more servers associated with an insurer. 

At block 902, the external computing device 206 may 
determine the identity of the driver of the vehicle 108. In 

50 driven, etc.). This usage information may include informa­
tion regarding the type of vehicle operating environment or 
travel environment in which the driver typically operates the 
vehicle 108. The vehicle-usage profile may further include 
information indicating the driving behavior of each driver of 

55 the vehicle 108. Such driving behavior information may 
include a driver score, a driver rating, or a driver profile 
indicating one or more risk levels associated with the 
manner in which the driver usually operates the vehicle 108 
( e.g., whether or the degree to which the driver is risk averse, 

60 aggressive, or inattentive while driving). This usage and 
behavior information may be useful in accurately assessing 
risk for insurance or other purposes when the vehicle 108 is 
regularly used by a plurality of drivers ( e.g., a family car, a 
shared vehicle, etc.). For example, a vehicle-usage profile 

65 may indicate that a first driver operates the vehicle 108 for 
a first amount of use ( e.g., 25% of the total miles driven each 
month, 50 miles per week, 25 hours per month, etc.) in a first 
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In one embodiment, this information may be aggregated 
among a plurality of drivers of a plurality of vehicles in a 
vehicle-sharing group or network, such that profiles may be 
generated for each driver or each vehicle using information 
regarding the vehicle usage and driving behavior of drivers 5 

from multiple trips using multiple vehicles. When a vehicle­
usage profile already exists, the external computing device 
206 may update the existing profile based upon new tele­
matics data, which updates may occur periodically or upon 
occurrence of an event (e.g., new telematics data from a 10 

vehicle trip becoming available). 
At block 908, the external computing device 206 may 

determine an update or change to an insurance policy based 
upon the current vehicle-usage profile. The update may 
include a change to a premium, a coverage level, a coverage 15 

type, an exclusion, an insured driver, or other aspects of the 
policy, as discussed elsewhere herein. Determining an 
update to an insurance policy may include determining a 
change in one or more risk levels associated with operation 
of the vehicle 108 (or vehicle operation by one or more 20 

drivers). This may include comparing current vehicle-usage 
profiles with older vehicle-usage profiles containing data 
prior to the update. For example, if an update to the 
vehicle-usage profile reveals that a higher-risk driver now 
drives the vehicle 108 fewer miles, a discount in proportion 25 

to the decreased risk may be determined. Some updates may 
include not changing any aspects of the insurance policy, 
such as when a change in risk levels associated with vehicle 
operation are below a threshold for updating the insurance 
policy. Such thresholds may be used to avoid frequent 30 

changes of de minimis value. 
At block 910, the update may be presented for review 

and/or approval. The external computing device 206 may 
cause the update to be presented to the vehicle owner, 
vehicle operator, insured party, or other interested person or 35 

organization. The update may be presented via a mobile 
computing device 110, on-board computer 114, or other 
external computing device 206 ( e.g., a home computer, 
tablet, laptop, etc.). In some embodiments, the update may 
be presented for review and/or approval prior to being 40 

implemented. In further embodiments, the update may be 
implemented by applying the update to the insurance policy. 

44 
on-board computer 114 via the network 201. For example, 
the mobile computing device 110 or on-board computer 114 
may automatically upload the telematics data to the external 
computing device 206 ( or a data storage associated there­
with) upon completion of a vehicle trip ( or at points during 
the trip). Alternatively, the external computing device 206 
may receive telematics data for a plurality of vehicle trips, 
which may or may not include multiple drivers. In some 
embodiments, the external computing device 206 may 
request and receive data from a database or other data 
storage mechanism. For example, the external computing 
device 206 may request only new data since a previous 
update of the vehicle-usage profile from a database. 

At block 1004, the external computing device 206 may 
determine the driver or drivers associated with the received 
telematics data. This may include determining one or more 
vehicle trips included in the received telematics data, which 
may be achieved by reference to vehicle movements, time­
stamps, indications of engine start-up or shut-down, etc. As 
noted elsewhere herein, the driver for each trip or portion of 
a trip may be determined by sensor data, electronic signals, 
or other means. The external computing device 206 may, 
therefore, associate a driver with each vehicle trip or portion 
thereof that is included in the received data. 

At block 1006, the external computing device 206 may 
determine a driving score for each of the identified drivers 
based upon the received telematics data. The driving score 
may indicate a level of driving skill or a risk level associated 
with the driving behavior of the driver. For example, the 
driving score may be adjusted from a baseline for positive or 
negative driving behaviors identified from the telematics 
data. For example, a driver may have a baseline of 80 points, 
from which 5 points may be subtracted for driving in heavy 
traffic conditions, 2 points may be subtracted for following 
too closely behind other vehicles, one point may be added 
for consistent use of turn signals, etc. The baseline may be 
a general baseline or may be the driver's previous cumula­
tive score prior to the update. Alternatively, the driving score 
may indicate a risk level associated with operation of the 
vehicle 108 by the driver, which may be based upon risks of 
both the driving behavior of the driver and the vehicle 
operating environment. In some embodiments, the driving 
score may include a plurality of sub-scores indicating 
aspects of driving behavior or an assessment of driving 

In appropriate cases, the external computing device 206 may 
facilitate appropriate payments or funds transfers between 
an insurer and an insured related to the update. 45 behavior in different travel environments. 

FIG. 10 illustrates a flow diagram of another exemplary 
vehicle-usage profile generation method 1000 for generating 
and/or updating a profile of vehicle usage associated with a 
driver of a vehicle 108. The method 1000 may begin by 
receiving telematics data associated with the operation of the 50 

vehicle 108 (block 1002). From this data, one or more 
drivers may be identified (block 1004), and a driving score 
may be determined for each identified driver (block 1006). 
The vehicle-usage profile may then be generated or updated 
based upon the determined driving scores and usage levels 55 

for the one or more drivers (block 1008). Based upon the 
vehicle-usage profile, an update or change to an insurance 
policy associated with the vehicle 108 may be determined 
(block 1010) and presented to the vehicle owner, driver, or 
insured party for review or approval (block 1012). The 60 

method 1000 may be implemented by one or more external 
computing devices 206, such as one or more servers asso­
ciated with an insurer. 

At block 1002, the external computing device 206 may 
receive telematics data associated with operation of the 65 

vehicle 108. Telematics data relating to a single vehicle trip 
may be received from the mobile computing device 110 or 

At block 1008, the external computing device 206 may 
generate or update a vehicle-usage profile based upon the 
driving scores determined for the one or more drivers and 
the level of vehicle usage of each driver. As above, the 
vehicle-usage profile may indicate the amount each driver 
uses the vehicle, the typical vehicle operating environment 
for each driver, and an indication of each driver's driving 
score. In some embodiments, indications of risk levels 
associated with each driver may be included in the vehicle­
usage profile. When a vehicle-usage profile already exists, 
the external computing device 206 may simply update the 
existing profile based upon new telematics data. 

At block 1010, the external computing device 206 may 
determine an update or change to an insurance policy based 
upon the current vehicle-usage profile. The update may 
include a change to a premium, a coverage level, a coverage 
type, an exclusion, an insured driver, or other aspects of the 
policy, as discussed elsewhere herein. Determining an 
update to an insurance policy may include determining a 
change in one or more risk levels associated with operation 
of the vehicle 108 (or vehicle operation by one or more 
drivers). The driving scores may be used to directly or 
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indirectly determine risks associated with each driver for 
purposes of determining updates or changes to the insurance 
policy. 

At block 1012, the external computing device 206 may 
further implement the update to the insurance policy. This 5 

may include causing information associated with the update 
or change to be presented to the vehicle owner, driver, 
insured party, or other interested person or organization for 
review and/or approval. The external computing device 206 
may further effect the implementation of the update by 10 

generating or adjusting records relating to the policy terms. 
In appropriate cases, the external computing device 206 may 
facilitate appropriate payments or funds transfers between 
an insurer and an insured related to the update. 

46 
The method may include additional, less, or alternate 
actions, including those discussed elsewhere herein. 

In one aspect, a computer system configured to generate 
traffic alerts and provide for abnormal traffic condition 
avoidance may be provided. The computer system compris­
ing one or more processors and/or transceivers (such as 
vehicle-mounted processors or sensors), the one or more 
processors configured to: (1) detect that an abnormal traffic 
condition exists in front of the vehicle; (2) generate an 
electronic message detailing the abnormal traffic condition; 
and/or (3) transmit, via an associated vehicle-mounted trans-
ceiver, the electronic message to nearby vehicles (and/or 
their associated vehicle controller/processors, such as with 
autonomous or self-driving vehicles) traveling behind the 

Traffic Condition Broadcast 15 vehicle via wireless communication or data transmission to 
alert other drivers of the abnormal traffic condition and to In one aspect, a computer-implemented method of gen­

erating traffic alerts and abnormal traffic condition avoid­
ance may be provided. The method may include (1) detect­
ing, via one or more processors (such as vehicle-mounted 
sensors or processors), that an abnormal traffic condition 20 

exists in front of the vehicle or in the vicinity of the vehicle; 
(2) generating, via the one or more processors, an electronic 
message detailing the abnormal traffic condition; and/or (3) 
transmitting, via the one or more processors (or an associ­
ated vehicle-mounted transceiver), the electronic message to 25 

nearby vehicles (and/or their associated vehicle controller/ 
processors, such as with autonomous or self-driving 
vehicles) traveling behind the vehicle via wireless commu­
nication or data transmission to alert other drivers of the 
abnormal traffic condition and to allow them to avoid the 30 

abnormal traffic condition to facilitate safer vehicle travel. 
The method may include additional, less, or alternate 
actions, including those discussed elsewhere herein. 

allow them to avoid the abnormal traffic condition to facili­
tate safer vehicle travel. The computer system may include 
additional, less, or alternate functionality, including that 
discussed elsewhere herein. 

For instance, the abnormal traffic condition may be (1) an 
erratic vehicle or driver; (2) road construction; (3) closed 
highway exit; (4) slowed or slowing traffic or congestion; 
and/or (5) vehicles braking ahead. The abnormal traffic 
condition may be bad weather (rain, sleet, snow, ice, freez­
ing rain, etc.), and the message indicates a GPS location of 
the bad weather. 

The system may be configured to generate, via the one or 
more processors or a remote processor (e.g., smart infra­
structure or remote server), an alternate route for nearby 
vehicles to take to avoid the abnormal traffic condition. The 
system may be configured to generate, via the one or more 
processors or a remote processor, an auto insurance discount 
for the vehicle having the abnormal traffic condition detec-For instance, the abnormal traffic condition may be (1) an 

erratic vehicle or driver; (2) road construction; (3) closed 
highway exit; (4) slowed or slowing traffic or congestion; 
and/or (5) vehicles braking ahead. The abnormal traffic 
condition may be bad weather (rain, sleet, snow, ice, freez­
ing rain, etc.), and the message may indicate a GPS location 
of the bad weather. The method may include generating, via 
the one or more processors or a remote processor ( e.g., smart 
infrastructure or remote server), an alternate route for nearby 
vehicles to take to avoid the abnormal traffic condition. The 
method may include generating, via the one or more pro­
cessors or a remote processor, an auto insurance discount for 
the vehicle having the abnormal traffic condition detection 
functionality and broadcasting the electronic message indi­
cating the abnormal traffic condition. 

35 tion functionality. 
In another aspect, a computer system configured to gen­

erate traffic alerts and provide for abnormal traffic condition 
avoidance may be provided. The computer system may 
include one or more vehicle-mounted processors and/or 

40 sensors configured to: (1) detect that an abnormal traffic 
condition exists, such as via analysis of vehicle telematics 
data (e.g., determining vehicle traveling through road con­
struction or congestion); (2) generate an electronic message 
detailing the abnormal traffic condition; and/or (3) transmit 

45 (such as transmitting only when the abnormal traffic condi­
tion exists to conserve energy), via an associated vehicle­
mounted transceiver, the electronic message to nearby 
vehicles (and/or their associated vehicle controller/proces­
sors, such as with autonomous or self-driving vehicles) In another aspect, a computer-implemented method of 

generating traffic alerts and providing for abnormal traffic 
condition avoidance may be provided. The method may 
include (1) detecting, via one or more processors (such as 
vehicle-mounted sensors or processors), that an abnormal 
traffic condition exists, such as via analysis of vehicle 
telematics data ( e.g., determining vehicle traveling through 55 

road construction or congestion); (2) generating, via the one 

50 traveling behind the vehicle via wireless communication or 
data transmission to alert other drivers of the abnormal 

or more processors, an electronic message detailing the 
abnormal traffic condition; and/or (3) transmitting (such as 
transmitting only when the abnormal traffic condition exists 
to conserve energy), via the one or more processors (or an 60 

associated vehicle-mounted transceiver), the electronic mes­
sage to nearby vehicles (and/or their associated vehicle 
controller/processors, such as with autonomous or self­
driving vehicles) traveling behind the vehicle via wireless 
communication or data transmission to alert other drivers of 65 

the abnormal traffic condition and to allow them to avoid the 
abnormal traffic condition to facilitate safer vehicle travel. 

traffic condition and to allow them to avoid the abnormal 
traffic condition to facilitate safer vehicle travel. 

FIGS. 11 and 12 illustrate methods of determining, gen­
erating, transmitting, receiving, and presenting alerts or 
notifications related to anomalous or abnormal conditions. 
The exemplary method illustrated in FIG. 11 may be used to 
detect such anomalous conditions and to generate and trans­
mit messages to inform other vehicles. The exemplary 
method illustrated in FIG. 12 may be used to receive, parse, 
and present alerts based upon such messages. Although the 
methods are described as being performed by mobile com­
puting devices 110 and/or on-board computers 114 associ­
ated with vehicles, some embodiments may instead perform 
some or all actions using one or more external computing 
devices 206, such as servers communicatively connected to 
the vehicles via the network 201. 
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of the accident. This may be detected based upon sensor data 
regarding vehicle braking, vehicle speed, number of vehicles 
on a segment of the roadway, and/or distance between 
vehicles. Based upon the sensor data, the occurrence of a 

FIG. 11 illustrates a flow diagram of an exemplary traffic 
condition broadcast method 1100 for detecting anomalous 
conditions in a vehicle operating environment and generat­
ing electronic messages to warn other vehicles. The method 
1100 may begin by collecting sensor data from one or more 
sensors within the vehicle operating environment of a 
vehicle 108 (block 1102). The sensor data may be processed 
to detect whether any anomalous conditions exist (block 
1104). When an anomalous condition is detected, an appro­
priate electronic message may then be generated regarding 
the anomalous condition (block 1106). The electronic mes­
sage may then be transmitted to nearby vehicles 202 via 
wireless communication to warn such other vehicles 202 of 
the anomalous condition (block 1108). 

5 traffic jam and/or accident may be detected by the mobile 
computing device 110 or on-board computer 114. As another 
example, heavy pedestrian traffic at the end of a sporting 
event or concert may lead to slow vehicle traffic flow and 
increased risk of a collision in an area. Sensor data may 

10 indicate an unusually high number of pedestrians in the area, 
as well as slow vehicle movement. This sensor data may be 
assessed by the mobile computing device 110 or on-board 
computer 114 to determine that an anomalous condition 
exists as a result of heavy pedestrian traffic. Alternatively, an 

At block 1102, the vehicle 108 may collect sensor data 
regarding the operating environment through which the 
vehicle 108 is traveling. The sensor data may be collected by 
a mobile computing device 110 or on-board computer 114 
associated with the vehicle 108. The sensor data may be 
collected from one or more sensors disposed within the 
vehicle 108 (including sensors disposed within the mobile 
computing device 110 located within the vehicle 108). The 
sensors may be built into the vehicle 108, the mobile 
computing device 110, or the on-board computer 114, or the 
sensors may be communicatively connected to the mobile 
computing device 110 or on-board computer 114 via wired 

15 external computing device 206 may detect heavy pedestrian 
traffic based upon GPS data from mobile devices of numer­
ous pedestrians in the area. As yet another example, the 
vehicle 108 may detect ice on the roadway based upon 
sensor data indicating a momentary or partial loss of traction 

20 by the vehicle 108. In some embodiments, a plurality of 
anomalous conditions may be detected based upon the same 
sensor data. 

At block 1106, the mobile computing device 110 or 
on-board computer 114 may generate an electronic message 

25 based upon the detected anomalous condition. The message 
may include information regarding the type and location of 
the anomalous condition. For example, the message may 
indicate an accident has occurred and a location of the 

or wireless connections. The sensors may monitor events 
within the vehicle 108 (e.g., acceleration, speed, sounds, 
etc.) or outside the vehicle 108 (e.g., number and location of 
other vehicles, movement of other vehicles, number of 30 

pedestrians near the vehicle 108, weather conditions, road 
integrity, construction, lane closures, etc.). In some embodi­
ments, sensor data may be collected from or by smart 
infrastructure components 208. Such infrastructure compo­
nents 208 may include sensors to generate sensor data 35 

regarding vehicle traffic passing a position ( e.g., vehicles 
passing through a toll booth, vehicle passing an embedded 
sensor in a roadway, state of a railroad crossing gate, etc.), 
pedestrian traffic ( e.g., number of pedestrians on a sidewalk, 
state of a pedestrian-activation button on a cross-walk 40 

signals, etc.), atmospheric conditions ( e.g., temperature, 
precipitation, wind, etc.), or other data regarding a local 
environment. Sensor data from infrastructure components 
208 may be transmitted wirelessly to a mobile computing 
device 110 or on-board computer 114 of a nearby vehicle, 45 

may be transmitted via the network 201 to an external 
computing device 206, or may be processed by the infra­
structure component 208 to generate an alert concerning an 
anomalous condition. In further embodiments, sensor data 
may be transmitted between vehicles to improve safety ( e.g., 50 

vehicles may transmit indications of sudden braking to warn 
nearby vehicles). 

At block 1104, the mobile computing device 110 or 
on-board computer 114 may determine whether an anoma­
lous condition exists based upon the received sensor data. 55 

Such anomalous conditions may include anomalous traffic 
conditions (e.g., traffic jams, accidents, heavy traffic con­
gestion, lane closures, ramp closures, potholes, slowing 
traffic, sudden braking, erratic vehicle operation, swerving, 
etc.), anomalous weather conditions (e.g., high winds, road 60 

ice, heavy precipitation, flooding, etc.), anomalous environ­
mental conditions ( e.g., heavy pedestrian traffic, pedestrians 
on the roadway, heavy bicycle traffic, wild animals on or 
near the roadway, etc.), or other similar anomalous condi­
tions relating to the vehicle operating environment through 65 

which the vehicle 108 is traveling. For example, an accident 
may result in a congestion and slowing of traffic in the area 

vehicle 108. The message may include an indication of 
severity or urgency of the anomalous condition or an indi­
cation of the duration of the condition. For example, a 
flooded roadway or closed bridge may be flagged as high 
importance or extremely urgent conditions, whereas a lane 
closure or slow-moving traffic may be left unlabeled or 
labeled as low-priority anomalous conditions. In some 
embodiments, the electronic message may be encoded for 
security or may use a standardized format for data trans­
mission. In further embodiments, the message may include 
information regarding the anomalous condition ( or other 
anomalous conditions in the vicinity of the vehicle 108) 
received by the vehicle 108 in one or more electronic 
messages from other vehicle 202. In such manner, the 
information regarding the anomalous condition may be 
automatically generated and updated in real time as a 
plurality of vehicles reach the location or communicate 
additional information. 

At block 1108, the mobile computing device 110 or 
on-board computer 114 of the vehicle 108 may transmit the 
electronic message to other nearby vehicles 202. In some 
embodiments, the vehicle 108 may transmit the electronic 
message on a dedicated frequency using one-way commu-
nications to any other vehicles that may be in the vicinity. In 
other embodiments, the vehicle 108 may transmit the elec­
tronic message (directly or indirectly) to identified vehicles 
202 near the vehicle 108. The vehicle 108 may similarly 
transmit the electronic message to an external computing 
device 206 via the network 201, which external computing 
device 206 may redirect the electronic message to appro­
priate vehicles 202 via the network 201. Where other 
vehicles 202 are specifically targeted to receive the elec­
tronic message from the vehicle 108, the vehicles 202 may 
be selected based upon proximity ( e.g., as determined by 
comparison of GPS coordinates) or based upon an antici­
pated path of the vehicles 202. For example, the vehicle 108 
may not transmit the electronic message to other vehicles 
202 that are near the anomalous condition but are also 
moving away from the anomalous condition, such as 
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vehicles 202 that have already passed the site of an accident. 
Instead, the vehicle 108 may transmit the electronic message 
(directly or indirectly) to other vehicles 202 that are further 
from the accident site but are traveling toward it. In other 
embodiments, the vehicle 108 may not distinguish between 5 

vehicles 202 based upon their path, with such determination 
of relevance being left to the vehicle 202 receiving the 
message. 

At block 1206, the mobile computing device 110 or 
on-board computer 114 may determine an alert or recom­
mendation regarding the anomalous condition. Determining 
alerts may include determining the level of detail to present 
to the driver of the vehicle 202 regarding the anomalous 
condition. For example, an icon may be presented on a map 
presented by a navigation system to indicate the location of 
an anomalous condition, which may include an indication of 
the general type of condition. In other embodiments, a FIG. 12 illustrates a flow diagram of an exemplary alert 

generation and presentation method 1200 for receiving 
electronic messages concerning anomalous conditions in the 
vehicle operating environment and taking actions based 
upon the contents such messages. The method 1200 may 
begin by receiving at a vehicle 202 an electronic message 
indicating the occurrence of an anomalous condition via 
wireless communication (block 1202). The electronic mes­
sage may then be processed to extract information regarding 
the anomalous condition from the message data (block 
1204). This information regarding the anomalous condition 
may be used to determine a response, which may include 
generating an alert and/or recommendation based upon the 
information (block 1206). The alert and/or recommendation 
may be presented to the driver of the vehicle 202 and/or 
implemented by a vehicle control or navigation system 
(block 1208). In some instances, the electronic message may 
be retransmitted (with or without modification) to other 
nearby vehicles to disseminate the information regarding the 
anomalous condition (block 1210). 

At block 1202, the vehicle 202 may receive the electronic 
message regarding the one or more detected anomalous 
conditions via wireless communication, such as electronic 
messages generated and transmitted as described above. The 
electronic message may be received directly or indirectly 
from a vehicle 108 generating the message, as discussed 
above, or the electronic message may be received from an 
external computing device 206 (such as a server associated 
with an insurer, navigation service, or travel alert service). 
The electronic message may be received by an antenna of 
the vehicle 202 or via a network communication connection 

10 warning may be presented to the driver, which may include 
information regarding the type and location of the anoma­
lous condition. When messages regarding multiple anoma­
lous conditions are received, the mobile computing device 
110 or on-board computer 114 may determine which and 

15 how many alerts to present. In further embodiments, the 
mobile computing device 110 or on-board computer 114 
may determine one or more recommendations regarding 
vehicle operation in view of the information received 
regarding one or more anomalous conditions. For example, 

20 an alternative route may be suggested to the driver to avoid 
a traffic jam or construction. As another example, an alert 
may include a recommendation to seek shelter when a 
severe storm is approaching. 

In some embodiments, determining the alert or recom-
25 mendation may include determining whether the anomalous 

condition is relevant to the vehicle 202. This may include 
comparing the location of the anomalous condition with a 
projected path of the vehicle 202. The projected path may be 
determined by simply following the road on which the 

30 vehicle 202 is traveling in the direction of travel, or it may 
be determined from a navigation system providing direc­
tions to a destination. In some embodiments, past vehicle 
travel may be used to project one or more probable paths for 
the vehicle 202. Anomalous conditions not falling within the 

35 vehicle path may be deemed irrelevant and suppressed in 
some embodiments. For example, an accident located on the 
same road but behind the vehicle 202 may be of little 
importance and may be ignored by the mobile computing 
device 110 or on-board computer 114. 

At block 1208, the mobile computing device 110 or 
on-board computer 114 may cause the determined alert or 
recommendation to be presented to the driver of the vehicle 
202. This may include causing a visual warning to be 
presented on a screen associated with the mobile computing 

of the mobile computing device 110 or on-board computer 40 

114. As noted above, the vehicle 202 may also receive 
electronic messages from smart infrastructure components 
208 in some embodiments. In some embodiments, the 
message may be received from transmitters associated with 
locations or vehicles of particular significance. For example, 
slow-moving vehicles (e.g., farm machinery, construction 
equipment, oversized load vehicles, etc.) or emergency 
vehicles (e.g., ambulances, fire trucks, police vehicles, etc.) 
may be equipped to transmit electronic messages indicating 
their presence to nearby vehicles 202. Similarly, portable 
communication devices may be used by pedestrians, 
cyclists, or others to notify vehicles of their presence by 
transmitting electronic messages. 

45 device 110 or on-board computer 114, an audible warning to 
be presented by a speaker, or other types of warnings to alter 
the driver of the anomalous condition. Recommendations 
may similarly be presented to the driver, such as by presen­
tation of text on a screen or as spoken recommendations. In 

50 some embodiments, a recommendation may be automati­
cally implemented, with or without notice to the driver. For 
example, a navigation system may automatically update 
directions to follow a recommended alternate route. As 

At block 1204, the mobile computing device 110 or 
on-board computer 114 may process the received electronic 55 

message to extract information regarding the anomalous 
condition. This may include determining types of anomalous 
conditions, locations associated with the anomalous condi­
tions, indications of urgency or importance of the message, 
and/or a time associated with the message. In some embodi- 60 

ments, this may also include determining multiple messages 
from vehicles 108 include information regarding the same 
anomalous condition (or aspects thereof). For example, a 
first message may be received regarding a traffic back-up 
beginning at a first point along the roadway, and a second 65 

message may be received indicating a lane closure or 
accident at a second point further along the roadway. 

another example, an autonomous vehicle may automatically 
follow an alternate route based upon the recommendation 
determined by the mobile computing device 110 or on-board 
computer 114. 

At block 1210, the mobile computing device 110 or 
on-board computer 114 may determine to retransmit the 
received electronic message to other nearby vehicles 202. In 
some embodiments, this may include adding additional 
information regarding the anomalous condition available to 
the vehicle 202 to the original electronic message. In other 
embodiments, the vehicle 202 may determine not to retrans­
mit the electronic message. For example, the range of the 
original transmission may be deemed sufficient to alert all 
vehicles in the vicinity of the anomalous condition, or an 
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external computing device 206 may direct the electronic 
message to other relevant vehicles. In some embodiments, 
the vehicle 202 may determine to retransmit the electronic 
message only after a delay period, which may facilitate 
distribution of the message to additional vehicles just enter­
ing the transmission range. For example, an electronic 
message regarding the beginning of a traffic jam may be 
delayed by fifteen seconds, such that faster moving vehicles 
approaching from behind may enter the transmission range 
in the interval between the original message transmission 
and the message retransmission. 
Using Personal Telematics Data for Rental/Insurance Dis­
counts 

In one aspect, a computer-implemented method of using 
telematics data during e-commerce may be provided. The 
method may include (1) collecting, via one or more proces­
sors associated with a customer, telematics data detailing the 
customer's typical driving behavior; (2) transmitting, via a 
transceiver under the direction or control of the one or more 
processors, the telematics data directly or indirectly to a 
rental car company remote server, such as via wireless 
communication or data transmission; and/or (3) receiving, 
via the transceiver under the direction or control of the one 
or more processors, a computer generated discount off the 
rental price associated with renting a rental vehicle from the 
rental car company to facilitate (i) rewarding safe driving 
with lower cost rental vehicles for risk averse drivers, and/or 
(ii) allow consumers to collect their own telematics data and 
enjoy cost savings if they decide to share their telematics 
data with various merchants. 

In another aspect, a computer-implemented method of 
using telematics data during e-commerce may be provided. 
The method may include (1) receiving, via one or more 
processors, telematics data detailing the customer's typical 
driving behavior; (2) determining, via the one or more 
processors, a discount for a rental car from computer analy­
sis of the customer's telematics data; and/or (3) transmitting, 
via a transceiver under the direction or control of the one or 
more processors, the rental car discount to a customer's 
mobile device, such as via wireless communication or data 
transmission, for the customer review and/or approval to 
facilitate (i) rewarding safe driving with lower cost rental 
vehicles for risk averse drivers, and/or (ii) allow consumers 

52 
the mobile computing device 110 or on-board computer 114. 
In some embodiments, the telematics data may be collected 
by a Telematics App. The telematics data may be any data 
relating to the usage, operating environment, or operation of 

5 the vehicle associated with the driver ( e.g., time, location, 
weather, traffic, type of road, pedestrian traffic, geographic 
area, speed, braking, acceleration, swerving, lane centering, 
distance from other vehicles, etc.). The telematics data may 
be stored within the mobile computing device 110 or on-

10 board computer 114, or the telematics data may be stored in 
a remote data storage device (e.g., in a database associated 
with a server or in a cloud computing data storage). The 
telematics data may be stored as a collection of data points, 
or it may be preprocessed into a summary form. For 

15 example, the data may be s=arized into a set of scores 
related to aspects of the driver's behavior when operating 
the vehicle 108 ( e.g., acceleration, braking, steering, traffic 
level, type of road, etc.). As another example, summary data 
regarding locations, times, and durations of vehicle opera-

20 tion may be recorded. As yet another example, summary 
data regarding only anomalous conditions or high-risk driv­
ing behavior may be recorded to reduce the amount of data 
stored. In some such situations, a summary of driving 
without anomalous or high-risk conditions may also be 

25 stored (e.g., total miles driven, total time driven, etc.). Such 
telematics data may be associated with all vehicle operation 
by the driver or may be limited to previous rental vehicle 
operation by the driver. 

At block 1304, the collected telematics data may be 
30 transmitted to a remote server (such as an external comput­

ing device 206) via the network 201. In some embodiments, 
the remote server may be associated with, operated by, or 
operated on behalf of an insurer, a vehicle rental company, 
or a third-party rating agency. A driver may operate a 

35 Telematics App installed on the mobile computing device 
110 or on-board computer 114 to transmit the telematics data 
to the remote server. The Telematics App may cause the 
telematics data ( or a s=ary thereof) to be transmitted 
from the mobile computing device 110 or on-board com-

40 puter 114 to the remote server in some embodiments. In 
other embodiments in which the telematics data is stored in 

to collect their own telematics data and enjoy cost savings if 
they decide to share their telematics data with various 45 

merchants. The foregoing methods may include additional, 
less, or alternate functionality, including that discussed 
elsewhere herein and/or may be implemented via one or 
more local or remote processors. 

a cloud storage or other remote storage device, the Telem­
atics App may cause the transmission of the telematics data 
from such storage device to the remote server. Alternatively, 
the Telematics App may retrieve the telematics data from the 
storage device and retransmit the telematics data to the 
remote server. In further embodiments, the telematics data 
may be transmitted in response to a request from the remote 
server. In yet further embodiments, the telematics data may 
be automatically transmitted to the remote server by the 
Telematics App Such automatic transmission may occur 

FIG. 13 illustrates a flow diagram of an exemplary 50 

personal telematics data profile generation method 1300 for 
generating a driving behavior profile used for rental dis­
counts. The method 1300 may be used by a driver to record, 
store, and share telematics data to obtain a discount for safe 
driving when renting a vehicle, such as a rental car or 55 

moving truck. The method 1300 may begin with the collec­
tion of telematics data regarding vehicle operation by a 
driver (block 1302). The telematics data may be transmitted 

either periodically or upon occurrence of an event, such as 
when new data is available and the mobile computing device 
110 or on-board computer 114 has a sufficient network 
connection or when a vehicle is returned to a vehicle rental 
facility. 

At block 1306, the remote server may determine a driving 
behavior profile for the driver based upon the telematics 
data. The driving behavior profile may include indications of 
risk levels associated with vehicle operation by the driver in 
one or more sets of operating conditions (e.g., vehicle 
operating environments, travel environments, geographic 
locations, weather conditions, etc.). Such indications ofrisk 
levels may include risk scores or risk categories associated 

to a remote server for analysis (block 1304). Based upon the 
transmitted telematics data, the server may determine or 60 

generate a driving behavior profile associated with the driver 
(block 1306). A discount on a vehicle rental may further be 
determined based upon the driving behavior profile (block 
1308). The discount may then be presented to the user and/or 
applied to the rental fee (block 1310). 65 with the driver. In some embodiments, the driving behavior 

profile may include only summary information regarding 
vehicle operation by the driver, while other embodiments 

At block 1302, telematics data may be collected using 
sensors disposed within or communicatively connected to 
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may include detailed information regarding such vehicle 
operation. The remote server may determine the risk levels 
by comparing the received telematics data against known 
loss rate associated with other drivers having similar driving 
habits or patterns (based upon the received telematics data). 
This may include analyzing the telematics data using 
machine learning algorithms or applying pre-determined 
statistical models to the telematics data received. Although 
the foregoing discussion describes the driving behavior 
profile as being determined by an external computing device 
206 beyond the control of the driver, some embodiments 
may include using the driver's mobile computing device 110 
(such as a smartphone) or on-board computer 114 to deter­
mine the driving behavior profile. In such embodiments, a 
Telematics App or other program installed on the mobile 
computing device 110 or on-board computer 114 may deter­
mine the driving behavior profile. Such driving behavior 
profile may then be transmitted to an external computing 
device 206 associated with the vehicle rental facility or may 
present a summary report that may be displayed when 
renting a vehicle. 

At block 1308, the external computing device 206 may 
determine a discount for the vehicle rental based upon the 
driving behavior profile. The discount may be determined 
based upon risk levels or categories indicated by the driving 
behavior profile to reflect the loss associated with the 
driver's operation of the rented vehicle. The appropriate 
discount based upon the indicated risk may be determined 
by appropriate actuarial methods based upon loss data from 
a plurality of drivers for whom telematics data or driving 
behavior profiles are available. In some embodiments, this 
may be supplemented with telematics or loss data specific to 
rental vehicles similar to that being rented by the driver. 
Such supplemental data may reflect differences in risk levels 
for rental vehicles, which may be of different design or have 
different operating characteristics from vehicle ordinarily 
operated by the driver. In some embodiments, the discount 
may include a reduction in rental price, a reduction in a 
premium on an insurance policy covering the rental vehicle, 
a lower deductible on such an insurance policy, an expanded 
coverage on such an insurance policy, or an additional 
coverage type available to the driver. In further embodi­
ments, increases in rental price, premiums, or deductibles 
may be determined based upon the driving behavior profile, 
or the vehicle rental facility may require a minimum level of 
insurance based upon the driving behavior profile. In other 
embodiments, a guaranteed minimum discount level may be 
offered to the driver in exchange for providing telematics 
data or a driving behavior profile to the vehicle rental 
facility. 

At block 1310, the discount may be presented for review 
and/or applied to a vehicle rental. The discount may be 
presented to the driver as part of a quoted price or as part of 
a plurality of options presented for selection when arranging 
to rent a vehicle. For example, each of a plurality of options 
indicating a price without a discount, a discount based upon 
the determined driving behavior profile, and a discounted 
price may be presented to the driver (e.g., a plurality of 
vehicles, days, or insurance options). Alternatively, the 
discount may be automatically applied to the rental price 
when the vehicle is rented. In still further embodiments, the 
discount may be applied when the rented vehicle is returned, 
and such discount may be based upon a driving behavior 
profile specific to operation of the rented vehicle by the 
driver. 

54 
Shared Vehicle Usage Monitoring and Feedback 

In one aspect, methods and systems for monitoring and 
providing feedback regarding vehicle operation may be 
provided. Such feedback may be useful for monitoring 

5 usage of shared vehicles or fleet management. The methods 
and systems may be used to monitor operation of a vehicle 
by a driver other than the vehicle owner, such as drivers of 
family vehicles, rental vehicles, car-share vehicles, or com­
pany vehicles ( e.g., delivery vans, company car pool 

10 
vehicles, etc.). In some embodiments, the methods and 
systems may operate in real-time or near real-time to pro­
vide notifications or metrics during vehicle operation. As an 
example, a parent may receive real-time notifications of 
aggressive driving of a family vehicle by a child, which 
notifications may be pushed to a mobile phone of the parent 

15 by SMS text messages or application-specific notifications. 
FIG. 14 illustrates a flow diagram of an exemplary shared 

vehicle usage monitoring method 1400 for reporting vehicle 
usage information to a vehicle owner or other interested 
party. The method 1400 may collect telematics data related 

20 to vehicle operation of a vehicle 108 (block 1402), which 
data may be associated with a driver or period of vehicle 
usage (block 1404). From such collected telematics data, 
one or more driving events may be identified (block 1406). 
Such driving events may be events indicative of improper 

25 driving behavior and/or prohibited vehicle usage. Based 
upon the identified driving events, a notification or report 
may be generated regarding operation of the vehicle 108 
(block 1408). The notification or report may then be trans­
mitted to an interested party, such as a vehicle owner (block 

30 1410). 
At block 1402, telematics data regarding vehicle opera­

tion of the vehicle 108 may be collected using one or more 
sensors. Such sensors may include accelerometers, speed­
ometers, tachometers, geopositioning devices, cameras, or 

35 other sensors disposed within the vehicle 108 (including 
sensors within a mobile computing device 110 within the 
vehicle), within other nearby vehicles 202 in proximity to 
the vehicle 108, and/or within the vehicle operating envi­
ronment of the vehicle 108 ( e.g., sensors disposed within 

40 smart infrastructure components 208). The telematics data 
may be collected locally by a mobile computing device 110 
or on-board computer 114 within the vehicle 108, or the 
telematics data may be collected by an external computing 
device 110 (such as a remote server associated with an 

45 insurer, the vehicle owner, or a third-party monitoring ser­
vice). The telematics data may be collected, recorded, and/or 
transmitted using a Telematics App of the mobile computing 
device 110 or on-board computer 114. In some embodi­
ments, the Telematics App may receive sensor data and 

50 transmit the sensor data ( or a summary thereof) to a remote 
server for further analysis. Regardless of the site of collec­
tion, the telematics data may include information regarding 
the times, locations, and manners of vehicle operation. For 
example, information regarding speed, braking, accelera-

55 tion, mobile phone usage, turn signal usage, or similar 
indication of driving behavior may be included in the 
telematics data. The telematics data may further include data 
indicating one or more drivers operating the vehicle 108. 

At block 1404, the mobile computing device 110, on-
60 board computer 114, or external computing device 206 may 

determine a driver and/or time period of vehicle operation 
based upon the received data and may further associate the 
determined driver and/or time period with the telematics 
data. This may include determining the identity of the driver 

65 based upon sensor data (e.g., an image from a camera), 
electronic signals (e.g., an identifying signal from a smart­
phone ), or other means ( e.g., driver selection of a user 
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identity in a Telematics App when beginning operation). The 
time period may be determined by reference to an internal 
clock of the mobile computing device 110, on-board com­
puter 114, or external computing device 206 or comparison 
of a date and time of the telematics data ( e.g., a timestamp) 
with a schedule of dates or times to determine a relative time 
period (e.g., daylight hours, twilight, night, weekdays, holi­
days, etc.). The driver and/or time period of vehicle opera­
tion may be associated with the telematics data regarding the 
operation of the vehicle 108. 

At block 1406, the mobile computing device 110, on­
board computer 114, or external computing device 206 may 
identify one or more driving events indicative of improper or 
prohibited driving behavior based upon the received telem­
atics data. This may include comparing vehicle usage with 
information regarding allowed or prohibited uses for the 
identified driver and/or time period. For example, a child 
driving a family vehicle may be prohibited from driving 
outside a predetermined geographic area or during certain 
nighttime hours (which may differ on weekends or holi­
days), but another child driving the same family vehicle may 
have different restrictions. As another example, an employee 
driving a fleet vehicle may be prohibited from driving on 
highways or deviating by more than a predetermined dis­
tance from a set route. As yet another example, use of a 
car-sharing vehicle for extended trips (e.g., multi-day trips, 
trips beyond 100 miles, etc.) may violate restrictions on use 
of the shared vehicle. Operation of the vehicle 108 beyond 
the allowed operating environment ( or in violation of pro­
hibitions on operation) may be identified by the mobile 
computing device 110, on-board computer 114, or external 
computing device 206 as a driving event indicating prohib­
ited vehicle operation. 

56 
associated urgency levels or types of driving events, while 
other types or lower-urgency driving events may not trigger 
alerts or notifications. In some embodiments, a cumulative 
score may be maintained during vehicle operation, in which 

5 case an alert or notification may be triggered when the score 
exceeds or drops below threshold levels. Such score may 
include a driver rating, and the threshold levels may vary 
according to the driver, time, location, or other factors 
involved. In some embodiments, a report may be generated 

10 periodically, upon completion of a vehicle trip, or upon 
request by a user (such as a vehicle owner). The report may 
include information regarding vehicle operation, including 
driving events. In this way, driving events that may not 

15 
trigger an alert or notification may nonetheless be included 
in a report regarding vehicle operation by the driver. 

At block 1410, the mobile computing device 110, on­
board computer 114, or external computing device 206 may 
transmit the alert, notification, or report to an interested 

20 party. The interested party may be a vehicle owner, a fleet 
manager, an insurer, other shared-vehicle owners/stakehold­
ers, a vehicle rental facility, or other parties with an interest 
in the vehicle 108. Alerts or notifications may be sent in 
real-time for some driving events or when cumulative driv-

25 ing behavior becomes unacceptable, as described above. 
This may include sending SMS text messages, automated 
phone calls, e-mail messages, or push alerts via an applica­
tion or program installed upon a mobile device or computing 
device of the interested party. Similarly, reports may be 

30 automatically transmitted to the interested party periodically 
(e.g., daily, weekly, etc.) or upon occurrence of an event 
( e.g., at the conclusion of a vehicle trip, upon return of the 
vehicle 108 to one or more predetermined parking or garag-
ing locations, etc.). 

In some embodiments, the interested party may be pre-
sented with an option to present immediate feedback to the 
driver. This may include sending messages or images to be 
presented to the driver via the mobile computing device 110 
or on-board computer. Such messages may be predefined 

40 ( e.g., "slow down") or may be entered by the interested 
party. This may also include an option to establish a voice 
communication connection (such as a mobile telephony 
connection) with the driver. In some embodiments, the 
interested party may similarly have an option to provide 

Similarly, the mobile computing device 110, on-board 
computer 114, or external computing device 206 may iden- 35 

tify improper vehicle operation based upon the telematics 
data regarding the driving behavior of the driver. Such 
improper driving behavior may include actions by the driver 
while operating the vehicle 108 that increase the risk of an 
accident or violate legal rules governing vehicle operation, 
such as one or more of the following: excessive acceleration, 
excessive speed, hard braking, sharp turning, rolling stops, 
tailgating, lane departure, swerving, or approaching too near 
another vehicle 202 during operation of the vehicle 108. For 
example, driving more than a threshold level above a speed 
limit, sharp braking, excessive acceleration, rolling stops, or 
lateral swerving may be identified as indicative of improper 
driving behavior. Use of a mobile phone during vehicle 
operation, hands-free operation in a construction zone or 
heavy traffic conditions, or similar distractions may also be 50 

identified as improper driving behavior. Excessive vehicle 
operation within a period of time (e.g., driving more than 
fourteen hours in a day, driving more than eleven consecu­
tive hours without a substantial break, etc.) may also be 
identified as a driving event indicative of improper vehicle 55 

operation. Driving events may be assigned a level of 
urgency, such that driving events associated with particu­
larly high-risk driving behavior may be indicated as being 
more urgent than driving events associated with lower-risk 
driving behavior. 

45 more general feedback or ratings for drivers based upon a 
driver report. Such feedback or ratings may be particularly 
useful in vehicle-sharing or vehicle rental contexts, where 
future rentals may be accepted or rejected based upon the 
feedback. 
Driver Evaluation and Warnings 

In one aspect, systems and methods for facilitating driver 
evaluations and warnings based upon such driver evalua­
tions may be provided. Such driver evaluations may be 
solicited or otherwise obtained from other drivers, thereby 
providing a more complete assessment of the evaluated 
driver's driving behavior. The systems and methods dis-
closed herein may further provide for feedback to the 
evaluated driver to help improve driving behavior. The 
driver evaluations may be combined with other data relating 

60 to a driver or vehicle, from which a driving score or profile 
may be generated. Driving scores or profiles may then be 
used to alert other drivers nearby the evaluated driver when 
the driver poses a significant risk of causing a vehicle 

At block 1408, the mobile computing device 110, on­
board computer 114, or external computing device 206 may 
generate one or more notifications, alerts, or reports based 
upon the determined driving events. Alerts or notifications 
may be generated in real-time (i.e., while vehicle operation 65 

is ongoing) or when a vehicle trip has been completed. Some 
driving events may trigger alerts or notifications based upon 

accident. In addition to other benefits relating to risk assess­
ment and warnings, the systems and methods disclosed 
herein may reduce risk by reducing road rage by providing 
a means of reporting negative driving behavior. 
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FIG. 15 illustrates a flow diagram of an exemplary driver 
evaluation method 1500 for facilitating driver evaluation of 
the operation of other vehicles 202 in the vicinity of the 
driver of a vehicle 108. The method 1500 may begin with 
monitoring other vehicles 202 within the vehicle operating 
environment of the vehicle 108 (block 1502) and identifying 
a target vehicle 202.1 to evaluate (block 1504). Data related 
to the operation of the target vehicle 202.1 may be recorded 
for use in identifying and/or evaluating the target vehicle 
202.1 (block 1506). An option to evaluate the target vehicle 
202.1 may be presented to the driver of the vehicle 108 
(block 1508), and an evaluation may be received from the 
driver (block 1510). The received evaluation (and, in some 
embodiments, telematics data regarding operation of the 
target vehicle 202.1) may be transmitted to a remote server 
(block 1512), where the evaluation may be associated with 
the target vehicle 202.1 and/or a vehicle operator of the 
target vehicle 202.1 (block 1514). The method 1500 may be 
implemented continuously or at appropriate intervals 
throughout the duration of vehicle operation to facilitate 
evaluation of a plurality of target vehicles 202.1, in some 
embodiments. 

At block 1502, the mobile computing device 110 or 
on-board computer 114 may monitor the operating environ­
ment of the vehicle 108 using sensor data from one or more 
sensors. This may include monitoring the absolute or rela­
tive positions and/or movement of a plurality of other 
vehicles 202 within the operating environment of the vehicle 
108. The sensors and sensor data may include any sensors 
described herein or similar sensors configured to generate or 
collect telematics data and/or other data regarding an oper­
ating environment of a vehicle. In some embodiments, 
power-saving methods of monitoring the vehicle operating 
environment may be implemented to limit the power used in 
environmental monitoring, as described elsewhere herein. In 
further embodiments, the monitoring may include ( or may 
be limited to using only) sensor data collected for other 
purposes, such as sensor data collected for vehicle naviga­
tion, collision avoidance, autonomous or semi-autonomous 
operation of the vehicle 108, etc. Thus, the data collected to 
monitor the vehicle operating environment may be collected 
from sensors or systems operating to provide warnings to the 
driver or control some aspects of operation of the vehicle 
108 (e.g., collision avoidance systems, adaptive cruise con­
trol systems, automatic lane centering systems, etc.). In 
other embodiments, the mobile computing device 110 or 
on-board computer 114 may include sensor data collected 
particularly for use in evaluating other vehicles 202 in the 
vehicle environment. 

At block 1504, the mobile computing device 110 or 
on-board computer 114 may identify a target vehicle 202.1 
from among one or more vehicles 202 within the operating 
environment of the vehicle 108. The target vehicle 202.1 
may be identified based upon a characteristic, condition, 
action, or movement of the target vehicle 202.1. For 
example, the target vehicle 202.1 may be identified based 
upon a proximity to the vehicle 108, such as a near collision 
within a collision threshold distance. As another example, 
the target vehicle 202.1 may be identified by another nega­
tive driving event, such as swerving between lanes, drifting 
onto a roadway shoulder, hard braking, or excessive accel­
eration. As yet another example, the target vehicle 202.1 
may be identified based upon an insurance policy associated 
with the target vehicle 202.1, such as by identifying the 
vehicle 202.1 ( e.g., using an image of a license plate or data 
received by V2V wireless communication) and matching the 
target vehicle 202.1 with an insurance policy (e.g., by 

58 
submitting a query to a database associated with an insurer 
providing insurance for the vehicle 108 via the network 201 
and external computing device 206). In some embodiments, 
the driver of the vehicle 108 may choose to identify the 

5 target vehicle 202.1 by providing an indication of the target 
vehicle 202.1 via the mobile computing device 110 or 
on-board computer 114. For example, the driver (or a 
passenger) of the vehicle 108 may input a command to 
identify and/or evaluate a nearby vehicle 202 via the mobile 

10 computing device 110 or on-board computer 114. One or 
more nearby vehicles 202 may be presented to the driver for 
further selection of the target vehicle 202.1, or the mobile 
computing device 110 or on-board computer 114 may sepa­
rately identify each nearby vehicle 202.1-N as a target 

15 vehicle for evaluation. In some embodiments, a plurality of 
target vehicles 202.1 may be identified, either sequentially 
or simultaneously. 

At block 1506, the mobile computing device 110 or 
on-board computer 114 may record sensor data regarding the 

20 identified target vehicle 202.1 from one or more sensors. The 
sensor data may include telematics or other data regarding 
the operation of the target vehicle 202.1, such as location, 
movement, path, proximity to other objects ( e.g., the vehicle 
108, other vehicles 202, or infrastructure components 208), 

25 wirelessly transmitted V2V communication data, or similar 
data regarding the operation of the target vehicle 202.1 
within the operating environment of the vehicle 108. The 
data may be recorded as received from the sensors ( e.g., full 
video from a camera, distance from the target vehicle 202.1, 

30 etc.), in a processed form ( e.g., determined speed or momen­
tum of the target vehicle 202.1), or in a summary form (e.g., 
images or times associated with changes in direction or 
speed of the vehicle 202.1). In some embodiments, the 
recorded data may be stored locally in a storage medium of 

35 the mobile computing device 110 or on-board computer 114, 
or some or all of the recorded data may be transmitted to an 
external computing device 206 via the network 201 in other 
embodiments. In further embodiments, the recorded sensor 
data may be obtained from one or more sensors disposed 

40 within the target vehicle 202.1, such as GPS units or 
accelerometer arrays. 

At block 1508, the mobile computing device 110 or 
on-board computer 114 may present an option to evaluate 
the operation of the target vehicle 202.1 to the driver of the 

45 vehicle 108 or to a passenger of the vehicle 108. The option 
to evaluate the operation of the target vehicle 202.1 may be 
presented immediately upon identification of the target 
vehicle 202.1, at a later point during operation of the vehicle 
108, or after operation of the vehicle 108 (i.e., after comple-

50 tion of the current vehicle trip). The option to perform an 
evaluation may be delayed until the conditions exist for safe 
evaluation by the driver, such as when the vehicle 108 has 
been parked and shut down. In some embodiments, the 
option may be presented to the driver via an e-mail, text 

55 message, or push notification from a Telematics App pre­
sented via the mobile computing device 110 or another 
computing device associated with the driver. In further 
embodiments, the option may be presented in a Telematics 
App when activated by the driver. The option to evaluate the 

60 operation of the target vehicle 202.1 may include one or 
more evaluation options indicating the driver's evaluation of 
the operation of the target vehicle 202.1. For example, the 
driver may be presented a set of evaluation options num­
bered one through five, indicating a scale of quality of 

65 operation. As another example, the driver may be presented 
a set of two evaluation options, one indicating proper vehicle 
operation and one indicating improper or unsafe vehicle 
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associated with the target vehicle 202.1 or the evaluated 
driver thereof may be revised based upon evaluations by 
other drivers ( e.g., a discount may be received for numerous 
positive evaluations or a discount may be rescinded for 

operation. The option to evaluate the operation of the target 
vehicle 202.1 may further include one or more evaluation 
options associated with actions of the target vehicle 202.1 
determined from the recorded data. For example, the 
recorded data may include a lane change of the target vehicle 
202.1, which may be identified and presented to the driver 
of the vehicle 108 for evaluation. 

At block 1510, the driver or other user of the mobile 
computing device 110, on-board computer 114, or other 
computing device may enter an evaluation of the operation 
of the target vehicle 202.1. The evaluation received by the 
mobile computing device 110, on-board computer 114, or 
other computing device may include one or more indications 

5 numerous negative evaluations by other drivers). Such revi­
sions may include changes to risk ratings, coverage 
amounts, coverage options, deductibles, premiums, dis­
counts, surcharges, or other aspects of the insurance policy. 
Such changes may be implemented immediately or upon 

10 renewal of the insurance policy. 
FIG. 16 illustrates a flow diagram of an exemplary vehicle 

alert method 1600 for warning drivers of proximity to other 
vehicles 202 associated with negative evaluations. The 
method 1600 may begin by monitoring the vehicle operating of aspects of operation of the target vehicle 202.1. Addi­

tionally, some embodiments may permit the vehicle operator 
to enter or record a free-form description of the operation 
(e.g., "he cut me off," "they nearly ran us off the road," "they 
let me merge onto the highway," etc.). Some embodiments 
may permit the driver to record a spoken description of the 
evaluation, such as when the evaluation occurs during 
ongoing operation of the vehicle 108. In some embodiments, 
an incentive may be offered to the driver of the vehicle 108 

15 environment of a vehicle 108 (block 1602). When the 
vehicle 108 is determined to be in proximity to another 
vehicle 202 (block 1604), the other vehicle 202 may be 
identified (block 1606), and evaluation data associated with 
the other vehicle 202 may be obtained (block 1608). The 

to encourage entering an evaluation of the target vehicle 
202.1, such as a credit or discount on an insurance policy 
associated with the vehicle 108 or the driver of the vehicle 
108. 

20 evaluation data may be used to determine whether the other 
vehicle 202 is associated with a heightened risk due to 
negative evaluations (block 1610). When the other vehicle 
202 is determined to pose a heightened risk (block 1612), an 
alert may be presented to the driver of the vehicle 108 to 

25 warn the driver to use caution when driving near the other 
vehicle 202 (block 1614). In some embodiments, the vehicle 
108 may further transmit a warning or the evaluation infor­
mation to other nearby vehicles. The method 1600 may be 
implemented continuously or at appropriate intervals 

At block 1512, the received evaluation may be transmit­
ted to an external computing device 206 (such as a remote 
server) via the network 201. The external computing device 
206 may be associated with an insurer or third-party driving 
evaluation system. The evaluation may be transmitted 
immediately or transmitted at a later time, such as when the 
vehicle trip is complete. In some embodiments, the recorded 
sensor data ( or a summary thereof) may also be transmitted 
together with the evaluation or may be separately transmit- 35 

ted. In further embodiments, the evaluation or an indication 

30 throughout the duration of vehicle operation to provide 
warnings regarding other vehicles 202 through a vehicle trip 
of the vehicle 108. 

of the general assessment contained in the evaluation ( e.g., 
positive evaluation, negative evaluation, etc.) may be trans­
mitted directly or via a remote server to the target vehicle 
202.1 to provide feedback regarding vehicle operation. For 40 

example, an alert may be sent to a transceiver of the vehicle 
202.1 indicating a negative evaluation has been received, 
which may include an indication of a cause of the negative 
evaluation (e.g., failure to signal a lane change, excessive 
lane changing, etc.). Such evaluations may be transmitted 45 

anonymously or may be associated with the evaluating 
vehicle 108, driver of the vehicle 108, or other person 
performing the evaluation. In some embodiments, the evalu­
ation or a warning based upon the evaluation may be 
transmitted to other vehicles 202 within the operating envi- 50 

ronment of the vehicle 108 to alert other drivers to poor 
driving behavior by the driver of the target vehicle 202.1. 

At block 1514, the evaluation may be associated with the 
target vehicle 202.1 and/or with a driver of the target vehicle 
202.1. This may include determining the current operator of 55 

the target vehicle 202.1 or determining an owner, insured 
driver, or other person associated with the target vehicle 
202.1. The evaluation may be associated with the target 
vehicle 202.1 and/or a driver thereof by adding the vehicle 
operation evaluation to a database with an indication of such 60 

association. Alternatively, the evaluation may be used to 
update a profile or score associated with the target vehicle 
202.1 and/or a driver thereof, such as by adjusting a 
weighted score or adjusting a level included within the 
profile. In further embodiments, the evaluation or profile 65 

may be used to warn other drivers and/or to determine or 
adjust an insurance policy. For example, an insurance policy 

At block 1602, the mobile computing device 110 or 
on-board computer 114 may monitor the operating environ­
ment of the vehicle 108 using data from one or more sensors. 
The sensors may include transceivers configured to receive 
wireless V2V communication from other vehicles 202 or 
from smart infrastructure 208 in the vehicle operating envi­
ronment. For example, V2V data may be wirelessly received 
by the vehicle 108 indicating the presence and/or identity of 
nearby vehicles 202. Other sensors may include still image 
or video cameras, GPS units, or other sensors discussed 
elsewhere herein. As discussed above with respect to block 
1502, monitoring the vehicle operating environment may 
include the power-saving methods described elsewhere 
herein, may include ( or may be limited to using only) sensor 
data collected for other purposes, or may include sensor data 
collected primarily ( or solely) for use in providing warnings 
regarding other vehicles 202. 

At block 1604, the mobile computing device 110 or 
on-board computer 114 may determine another vehicle 202 
is within proximity of the vehicle 108. Determining another 
vehicle 202 is proximal to the vehicle 108 may include 
determining that another vehicle 202 is operating within a 
monitoring distance threshold of the vehicle 108, which 
monitoring distance threshold may depend upon the oper-
ating conditions ( e.g., limited access highway, residential 
street, heavy traffic, low traffic, clear weather, icy road 
conditions, etc.). In some embodiments, the proximity deter­
mination may include determining whether the vehicles 108 
and 202 are approaching or separating, or it may include 
determining whether the vehicles 108 and 202 are on the 
same or intersecting roadways. For example, a nearby 
vehicle 202 on a surface street that does not intersect with a 
limited access highway on which the vehicle 108 is traveling 
may be disregarded regardless of straight-line distance 
between the vehicles. In further embodiments, projected 
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vehicle paths may be used to determine whether a vehicle 
202 is operating within proximity to the vehicle 108. 

At block 1606, the mobile computing device 110 or 
on-board computer 114 may identify the vehicle 202 oper­
ating in proximity to the vehicle 108. This may be accom- 5 

plished using the sensor data received from the one or more 
sensors at block 1602 or may be accomplished using addi­
tional data. For example, V2V data including a vehicle 
identifier may be received from a transceiver of the vehicle 
202. As an alternative example, a vehicle tag or license plate 10 

may be captured via a camera communicatively connected 

62 
risk when the received evaluation data indicates that the 
vehicle 202 ( or driver thereof) has received more than a 
threshold number of negative evaluations or has an evalu-
ation score below a lower threshold. Such metrics may 
indicate that the vehicle 202 is typically operated in an 
improper manner or in a manner that results in increased risk 
to nearby vehicles. 

In some embodiments, an external computing device 206 
may monitor the locations of the vehicle 108 and other 
vehicles 202 using GPS or similar data. For example, a 
remote server associated with an insurer or third-party 
warning system may monitor a plurality of vehicles in a 
geographic area. The external computing device 206 may 

to the mobile computing device 110 or on-board computer 
114, which may be processed to identify the vehicle 202. 
Other methods of vehicle identification as described else­
where herein may also be used. 

At block 1608, the mobile computing device 110 or 
on-board computer 114 obtains evaluation data regarding the 
identified vehicle 202. The evaluation data may be received 
from an external computing device 206 via the network 201 

15 
identify each vehicle and associate a driving evaluation 
score or profile with each vehicle. Based upon such scores 
or profiles, the external computing device 206 may deter­
mine that one or more vehicles 202 are associated with 
increased risks to other nearby vehicles 108, so the external 

in response to a request from the mobile computing device 
110 or on-board computer 114. The external computing 
device 206 may be a remote server associated with an 
insurer of the vehicle 108 or the vehicle 202, or it may be a 
remote server associated with a third-party driver evaluation 

20 computing device 206 may transmit indications of such risk 
to the vehicles 108 to cause alerts to be presented to the 
drivers of those vehicles. 

At block 1612, the mobile computing device 110 or 
on-board computer 114 may determine whether it has been 

25 determined that the identified vehicle 202 is associated with or rating agency. The evaluation data may instead be 
received directly from the vehicle 202, such as via wireless 
V2V communication. As yet another alternative, the evalu­
ation data may be stored in a local database stored in a 
memory device associated with the mobile computing 
device 110 or on-board computer 114, which may be 30 

updated periodically to include evaluation data regarding a 
plurality of vehicles operating in the geographic area in 
which the vehicle 108 is usually or currently operating. The 
evaluation data may be associated with the identified vehicle 
202 or a driver of the identified vehicle 202, as described 35 

above. The evaluation data may include scores, profiles, or 
other indications of risk associated with operation of the 
vehicle 202, such as those types of evaluation data described 
above. In some embodiments, the evaluation data may 
include a risk level associated with the operation of the 40 

identified vehicle 202 (generally, or by a particular driver), 
which may be specific to the operating conditions of the 
vehicle environment ( e.g., weather, traffic, road type, time of 
day, etc.). In some embodiments, the evaluation data may be 
received from a third vehicle operating within the same 45 

environment as the vehicle 108 and the identified vehicle 
202, such as from another vehicle that has identified the 
vehicle 202 and obtained associated evaluation data. 

At block 1610, the mobile computing device 110 or 
on-board computer 114 may determine whether the vehicle 50 

202 is associated with heightened risk levels based upon the 
received evaluation data. In some embodiments, this may 
include determining a risk level or score within a received 
profile that corresponds to the current conditions within the 
operating environment ( e.g., weather, traffic, road integrity, 55 

etc.). Determining whether there is a heightened risk level 
associated with the vehicle 202 may further include deter­
mining whether the evaluation data indicate that operation of 
the vehicle 202 in the current conditions ( or by the current 
driver, if identified) is associated with a risk level that is 60 

above an alert threshold. Such alert threshold may be 
dependent upon conditions in the operating environment, or 
it may be determined relative to other vehicles in the 
operating environment (e.g., a risk level one standard devia­
tion above the norm for vehicles operating in the geographic 65 

area of the vehicle 108). In some embodiments, the vehicle 
202 may be determined to be associated with a heightened 

a heightened risk based upon evaluation data. When the 
identified vehicle 202 has been determined to be associated 
with a heightened risk, the mobile computing device 110 or 
on-board computer 114 may generate and present a warning 
to the driver of the vehicle 108 (block 1614). This may 
include a visual, audible, or haptic alert, which may include 
information identifying the particular vehicle 202. The alert 
presented to the driver of the vehicle 108 may include 
information identifying the identified vehicle 202 in a man­
ner easily understandable by the driver, such as by relative 
position ( e.g., ahead fifty feet in the right lane), description 
of the vehicle 202 (e.g., blue sedan, red truck, etc.). In some 
embodiments, additional information regarding the identi­
fied vehicle 202 may be presented, such as a warning level 
( e.g., low, moderate, or high) or type of behavior typically 
associated with such vehicle 202 (e.g., aggressive driving, 
lane departures, distracted driving, etc.). Such information 
may then be used by the driver of vehicle 108 (or an 
autonomous operation feature controlling part or all of the 
operation of the vehicle 108) to adjust operation to limit 
exposure to the increased risk. Such actions may include 
rerouting the path of the vehicle 108 around one or more 
vehicles 202 associated with heightened risk. For example, 
a navigation system may generate an alternative route if the 
previously determined route for the vehicle 108 will inter­
sect with a sufficient number of high-risk vehicles, similar to 
the way such navigation system may route around antici­
pated heavy traffic areas (as described elsewhere herein). 
When the warning has been presented or other action has 
been taken, the method 1600 may terminate. When the 
identified vehicle 202 has been determined not to be asso­
ciated with a sufficiently heightened risk, the method 1600 
may also terminate. In either case, the method 1600 may 
restart at block 1602 until the vehicle 108 has completed a 
vehicle trip. 
Pedestrian and Cyclist Warnings 

In one aspect, systems and methods for warning drivers or 
passengers of nearby pedestrians and/or cyclists may be 
provided. Such systems and methods may monitor the 
environment near a vehicle to identify pedestrians or cyclists 
that may be approaching the vehicle or that the vehicle may 
be approaching. This may be particularly advantageous in 
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warning drivers or passengers not to open doors when 
bicyclists are approaching at high speed from behind a 
parked vehicle. 

FIG. 17 illustrates a flow diagram of an exemplary 
pedestrian warning method 1700 for alerting drivers to the 
presence of pedestrians or cyclists near a vehicle 108. The 
method 1700 may begin by monitoring the vehicle operating 
environment of the vehicle 108 for indications of the pres­
ence of pedestrians and/or cyclists (block 1702). Sensor data 
or other data may be used to identify one or more pedestrians 
and/or cyclists within a threshold distance of the vehicle 108 
(block 1704). Additionally, paths of the pedestrians and/or 
cyclists may be projected to determine whether any of the 
pedestrians or cyclists will pass within an alert threshold 
distance of the vehicle 108 (block 1706). When it is deter­
mined that at least one pedestrian or cyclist will pass within 
the alert threshold distance of the vehicle 108 (block 1708), 
an alert may be presented to the driver of the vehicle 108 to 
warn the driver of the presence of pedestrians and/or cyclists 
(block 1710). 

At block 1702, a mobile computing device 110 or on­
board computer 114 may monitor the environment around 
the vehicle 108 for indications of pedestrians, cyclists, or 
other objects moving within the vehicle operating environ­
ment (e.g., wild or domestic animals). The mobile comput­
ing device 110 or on-board computer 114 may monitor the 
environment using sensor data received from one or more 
sensors communicatively connected thereto, including any 

64 
At block 1706, the mobile computing device 110 or 

on-board computer 114 may determine whether the path of 
any of the identified pedestrians, cyclists, or other objects 
moving within the vehicle environment will pass within an 

5 alert threshold distance of the vehicle 108. This may include 
determining an expected path of the vehicle 108, as well as 
projected paths of one or more identified pedestrians or 
cyclists. The alert threshold distance may depend upon the 
speed of the vehicle 108 and/or the speed of the pedestrian 

10 or cyclist. In some embodiments, the alert threshold distance 
may approximate a distance a door of the vehicle 108 
typically opens. For example, a stopped vehicle 108 may 
have an alert threshold distance of one meter to approximate 
the distance a door of the vehicle 108 may open (thereby 

15 creating a risk of a collision with a pedestrian or cyclist 
passing near the vehicle 108). In some embodiments, the 
direction in which the pedestrian, cyclist, or other object 
may pass the vehicle 108 may be used to determine whether 
an alert should be generated. In further embodiments, the 

20 mobile computing device 110 or on-board computer 114 
may determine only those identified pedestrians, cyclists, or 
other objects that are expected to pass within the alert 
threshold distance of the vehicle 108 while within a road-
way. Thus, pedestrians walking on a sidewalk may not be 

25 determined to be within the alert threshold distance for 
purposes of warning the driver, but pedestrians within a 
crosswalk may be determined to be within the alert threshold 
distance. 

At block 1708, the mobile computing device 110 or 
on-board computer 114 may determine whether at least one 
pedestrian, cyclist, or other object has been determined to be 
expected to pass within the alert threshold distance of the 
vehicle 108 (and meet any further criteria applied). When at 
least one such pedestrian, cyclist, or other object has been 
determined to be present, at block 1710 the mobile comput­
ing device 110 or on-board computer 114 may generate and 
present an alert to the driver and/or passengers of the vehicle 
108. The alert may be audible, visual, haptic, or a combi­
nation of such alert types. In some embodiments, the alert 
may indicate a direction of the pedestrian, cyclist, or other 
object about which the driver and/or passengers are being 
warned. This may include an indication of a direction and/or 
distance. If no such pedestrians, cyclists, or other objects 
have been determined to be present in the vehicle operating 

of the sensor or types of sensor data described elsewhere 
herein. In some embodiments, the mobile computing device 30 

110 or on-board computer 114 may monitor the vehicle 
environment based upon electronic signals received from 
devices carried on or about the pedestrians or cyclists ( e.g., 
mobile phones, wearable devices, fitness trackers, signal 
generators, etc.). Such signals may be directly or indirectly 35 

received by the mobile computing device 110 or on-board 
computer 114. For example, a smartphone carried by a 
pedestrian may transmit a GPS location to a remote server 
(i.e., external computing device 206) via network 201, and 
the mobile computing device 110 within the vehicle 108 40 

may receive the GPS location of the pedestrian from the 
remote server via the network 201. As an alternative 
example, a smartphone carried by another pedestrian may 
transmit a Bluetooth signal that may be directly detected by 
the mobile computing device 110. 45 environment, the method 1700 may terminate or may con­

tinue to monitor the vehicle operating environment at block 
1702. In some embodiments, the method 1700 may continu­
ously operate until the vehicle 108 has been parked and all 
passengers therein have left the vehicle 108. 

At block 1704, the mobile computing device 110 or 
on-board computer 114 may identify one or more pedestri­
ans, cyclists, or other objects moving within the vehicle 
environment based upon the data collected. This may 
include identifying the pedestrians, cyclists, or other objects 
are within a threshold distance of the vehicle 108, which 
threshold distance may depend upon the speed at which the 
vehicle 108 is traveling. In some embodiments, only pedes­
trians or cyclists within the threshold distance in front of the 
vehicle 108 (i.e., within the threshold distance in the direc­
tion of vehicle travel) may be identified. In other embodi­
ments, pedestrians or cyclists behind the vehicle 108 may be 
identified if they are moving faster than the speed of the 
vehicle. In instances in which the vehicle 108 is stopped, all 
pedestrians or cyclists within the threshold distance may be 
identified. In alternative instances in which the vehicle 108 
is stopped, only cyclists or pedestrians approaching the 
vehicle 108 faster than a minimum speed threshold may be 
identified. For example, slowly walking pedestrians may not 
be identified because they do not present a significant risk, 
but a fast-moving bicyclist may be identified because a 
significant risk of an accident may exist. 

50 Discounts & Risk Profile Based Upon Travel Environment 
In one aspect, a computer system configured to generate 

a vehicle or driver risk profile may be provided. The 
computer system including one or more processors, sensors, 
and transceivers configured to: (1) receive, via wireless 

55 communication or data transmission over one or more radio 
links, telematics and sensor data from a vehicle or a mobile 
device of an insured; (2) determine an average travel envi­
ronment that the vehicle travels in from processor analysis 
of the telematics and sensor data, the average travel envi-

60 ronment accounting for an average amount of pedestrian 
traffic and an average amount of vehicle traffic that the 
vehicle typically travels in; (3) use the average travel 
environment to build or model a risk profile for the insured 
or vehicle; ( 4) generate or update an auto insurance discount 

65 or a usage-based auto insurance premium based upon their 
risk profile; and/or (5) transmit, via wireless communication 
or data transmission over one or more radio links, the auto 
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insurance discount or the usage-based auto insurance pre­
mium to the insured's vehicle or mobile device for display 

66 
vehicle traffic that the vehicle typically travels in; (3) using, 
via the one or more processors, the average travel environ­
ment to build a risk profile for the insured or vehicle; ( 4) 
generating or updating, via the one or more processors, an 

to facilitate the insured's review and approval such that 
insurance discounts are provided based upon a risk associ­
ated with the average travel environment that an insured 
vehicle or insured typically travels within. The system may 
include additional, less, or alternate functionality, including 
that discussed elsewhere herein. 

5 auto insurance discount or a usage-based auto insurance 
premium based upon their risk profile; and/or (5) transmit­
ting, via the one or more processors or associated transceiv­
ers via wireless communication or data transmission over 
one or more radio links, the auto insurance discount or the For instance, determining an average travel environment 

that the vehicle travels in from processor analysis of the 
telematics and sensor data may include inputting the tele­
matics and sensor data into a trained machine learning 
program that determines an average travel environment, the 
average travel environment including or identifying (i) a 
level of pedestrian traffic, and (ii) a level of vehicle traffic 
that the vehicle typically travels in. The sensor data may be 
collected or generated by one or more vehicle-mounted and 
front facing sensors, including one or more of: a camera, 
video recording, infrared device, radar unit, or other sensors 
mentioned herein. The telematics and sensor data indicates 20 

or includes information detailing (i) an amount of pedestrian 
traffic, and/or (ii) the types of streets that the vehicle travels 
through on a daily or weekly basis, and the risk averse 
profile reflects the amount of pedestrian traffic and/or types 

10 usage-based auto insurance premium to the insured's vehicle 
or mobile device for display to facilitate the insured's review 
and approval such that insurance discounts are provided 
based upon a risk associated with the average travel envi­
ronment that an insured vehicle or insured typically travels 

15 within. 

of streets. Each specific street (such as by name), or each 25 

type of street may include a risk or safety rating, or a risk or 
safety rating for a given time of day or year-such as 
different rating from daylight or nighttime, or rush hour, or 
for winter (snow buildup) vs. summer. 

The telematics or other data may indicate or include 30 

information detailing (i) an amount of vehicle traffic, and/or 
(ii) the types of roads that the vehicle travels through or in 
on a daily or weekly basis, and the risk averse profile reflects 
the amount of vehicle traffic and/or types of roads. The 
telematics or other data may be collected over one or more 35 

vehicle trips or days, and may indicate or include vehicle 
speed or average speed. The telematics and sensor data may 
indicate a number of intersection or smart street lights or 
infrastructure components that the vehicle travels through 
during a daily commute. The telematics and sensor data may 40 

include data originally generated or collected by smart 
infrastructure or other vehicles. The usage-based insurance 
may be priced per miles traveled or by period of time. 

In some embodiments, the telematics and/or sensor data 
may be input into a machine learning program that has been 45 

trained to determine an average travel environment that the 
vehicle travels in from processor analysis of the telematics 
and sensor data. The machine learning program may account 
for (i) an average amount of pedestrian traffic, and (ii) an 
average amount of vehicle traffic that the vehicle typically 50 

travels in when generating, building, or modeling the aver­
age travel environment for the vehicle. Additionally or 
alternatively, the telematics and/or sensor data, and/or the 
average travel environment determined may be input into 
another machine learning program to build or model a risk 55 

profile for (a) the insured, and/or (b) the vehicle. 

Determining, via the one or more processors, an average 
travel environment that the vehicle travels in from processor 
analysis of the telematics and sensor data may include 
inputting the telematics and sensor data into a trained 
machine learning program that determines an average travel 
environment that includes, characterizes, or otherwise iden-
tifies (i) a level of pedestrian traffic, and (ii) a level of vehicle 
traffic that the vehicle typically travels in. The method may 
include additional, less, or alternate actions, including those 
discussed elsewhere herein, and may be implemented via 
one or more local or remote processors, sensors, and trans-
ceivers executing computer-readable instructions stored on 
non-transitory computer-readable medium or media. 
Vehicle Collision Cause Determination & Reconstruction 

In one aspect, a computer system configured to determine 
causes of vehicle collisions and reconstruct collisions may 
be provided. The computer system may include one or more 
processors, sensors, or transceivers configured to: (1) 
receive, via wireless communication or data transmission 
over one or more radio frequency links, smart traffic light 
data from a smart traffic light transceiver, the smart traffic 
light data including time-stamped data associated with when 
the traffic light was red, green, and yellow before, during, 
and/or after a vehicle collision; (2) receive, via wireless 
communication or data transmission over one or more radio 
frequency links, vehicle or mobile device time-stamped GPS 
(Global Positioning System) and speed data from a vehicle 
or mobile device transceiver acquired before, during, and/or 
after the vehicle collision; (3) compare the time-stamped 
smart traffic light data with the time-stamped GPS and speed 
data to determine if the vehicle or another vehicle was a 
cause of the vehicle collision occurring at an intersection 
associated with the smart traffic light; and/or ( 4) update an 
insurance policy premium or discount based upon which 
vehicle caused the vehicle accident to facilitate not penal­
izing not-at-fault drivers and generating insurance premiums 
or discounts more reflective of actual risk, or lack thereof, 
associated with certain types of vehicles and/or risk averse 
drivers. The system may include additional, less, or alternate 
functionality, including that discussed elsewhere herein. 

For instance, the one or more processors may be further 
configured to generate a virtual reconstruction of the vehicle 
collision that includes a graphical representation of the 
traffic light changing. The one or more vehicles involved in 
the vehicle collision may be autonomous or semi-autono­
mous vehicles. The one or more processors may be further 
configured to generate a virtual reconstruction of the vehicle 
collision which includes a time-lapsed graphical represen­
tation of the speed and location of the vehicle and depicts the 

In another aspect, a computer-implemented method of 
generating risk profiles for vehicles may be provided. The 
method may include (1) receiving, by one or more proces­
sors or associated transceivers via wireless communication 60 

or data transmission over one or more radio links, telematics 
and sensor data from a vehicle or a mobile device of an 
insured; (2) determining, via the one or more processors, an 
average travel environment that the vehicle travels in from 
processor analysis of the telematics and sensor data, the 
average travel environment accounting for an average 
amount of pedestrian traffic and an average amount of 

65 traffic light changing. 
The one or more processors or transceivers may be further 

configured to receive telematics and sensor data indicating 
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time-stamped actions taken by the vehicle or driver, and 
compare the time-stamped actions taken by the vehicle or 
driver with the time-stamped smart traffic light data to 
determine fault, or lack thereof, for the vehicle collision. The 
one or more processors may be further configured to gen- 5 

erate a virtual reconstruction of the vehicle accident which 

68 
light at a time that a vehicle collision occurred at an 
intersection associated with the smart traffic light, or (ii) 
otherwise determine that the vehicle or driver did not cause 
the vehicle collision. The method may include inputting the 
time-stamped smart traffic light data, and telematics and 
sensor data received from the vehicle into a machine learn-
ing program that is trained to (i) determine if the vehicle was 
traveling in accordance with the color of the smart traffic 
light at a time that a vehicle collision occurred at an 

includes a time-lapsed graphical representation of the speed 
and location of the vehicle that is based upon the telematics 
and sensor data received from the vehicle, and visually 
depicts the traffic light changing. The sensor data may be 
collected or generated by one or more vehicle-mounted and 
front facing sensors, including one or more of: a camera, 
video recording, infrared device, or radar unit. The telem­
atics data may include acceleration, speed, braking, and 
cornering information. 

1 o intersection associated with the smart traffic light, or (ii) 
otherwise determine that the vehicle or driver did not cause 
the vehicle collision. 
Electric Vehicle Battery Conservation 

In one aspect, a computer system configured to perform 
15 accident reconstruction for an electric or battery-powered 

vehicle, the computer system comprising one or more 
vehicle-mounted processors, sensors, and transceivers 
mounted on an electric vehicle, the one or more processors, 

The one or more processors may further compare the 
time-stamped smart traffic light data with the time-stamped 
GPS and speed data to (i) determine if the vehicle was 
traveling in accordance with the color of the smart traffic 
light at a time that a vehicle collision occurred at an 20 

intersection associated with the smart traffic light, or (ii) 
otherwise determine that the vehicle or driver did not cause 
the vehicle collision. The time-stamped smart traffic light 
data, and telematics and sensor data received from the 
vehicle may be input into a machine learning program that 25 

is trained to (i) determine if the vehicle was traveling in 
accordance with the color of the smart traffic light at a time 
that a vehicle collision occurred at an intersection associated 
with the smart traffic light, or (ii) otherwise determine that 
the vehicle or driver did not cause the vehicle collision. 

sensors, and transceivers configured to: (1) receive or deter­
mine an indication of a trigger event from computer analysis 
oftelematics or sensor data gathered by one or more sensors; 
(2) tum on a front-facing camera or video camera mounted 
on the vehicle, the front-facing camera or video camera 
configured to acquire or take images in front of, or to the side 
of, a moving vehicle; and/or (3) transmit, via wireless 
communication or data transmission, the image data asso-
ciated with the images acquired after the trigger event is 
detected to a remote server for computer analysis of the 
image data to facilitate not only accident reconstruction and 

In another aspect, a computer-implemented method of 
vehicle collision cause determination and vehicle collision 
reconstruction may be provided. The method may include 

30 cause of loss determination, but to also facilitate conserving 
a battery powering an electric vehicle and only turning on a 
camera or video camera immediately prior to an anticipated 
or actual vehicle collision. The system may include addi­
tional, less, or alternate functionality, including that dis-(1) receiving, at or by one or more processors or associated 

transceivers via wireless communication or data transmis­
sion over one or more radio frequency links, smart traffic 
light data from a smart traffic light transceiver, the smart 
traffic light data including time-stamped data associated with 
when the traffic light was red, green, and yellow before, 
during, and/or after a vehicle collision; (2) receiving, at or by 40 

the one or more processors or associated transceivers via 
wireless communication or data transmission over one or 
more radio frequency links, vehicle or mobile device time­
stamped GPS (Global Positioning System) and speed data 
from a vehicle or mobile device transceiver acquired before, 45 

during, and/or after the vehicle collision; (3) comparing, via 
the one or more processors, the time-stamped smart traffic 
light data with the time-stamped GPS and speed data to 
determine if the vehicle or another vehicle was a cause of the 
vehicle collision occurring at an intersection associated with 
the smart traffic light; and/or (4) updating, via the one or 
more processors, an insurance policy premium or discount 
based upon which vehicle caused the vehicle accident to 
facilitate not penalizing not-at-fault drivers and generating 
insurance premiums or discounts more reflective of actual 
risk, or lack thereof, associated with certain types of vehicles 
and/or risk averse drivers. 

The method may include additional, less, or alternate 
actions, including those discussed elsewhere herein, and 
may be implemented via one or more local or remote 
processors, sensors, and transceivers executing computer­
readable instructions stored on non-transitory computer­
readable medium or media. For instance, the method may 
include comparing, via the one or more processors, the 
time-stamped smart traffic light data with the time-stamped 
GPS and speed data to (i) determine if the vehicle was 
traveling in accordance with the color of the smart traffic 

35 cussed elsewhere herein. 
The trigger event may be the one or more processors or 

sensors detecting vehicle speed unexpectedly or rapidly 
decreasing; detecting the vehicle following distance unex­
pectedly or rapidly decreasing; detecting a brake pedal being 
engaged or otherwise triggered by brake system pressure or 
force applied to the brakes being determined to be above a 
predetermined threshold; detecting vehicle deceleration 
above a predetermined threshold; detecting vehicle corner­
ing to be above a predetermined threshold, or detecting that 
vehicle unexpectedly swerved given vehicle GPS location or 
direction of the road; detecting an animal in the vicinity of 
the vehicle; and/or other events. For instance, the trigger 
event may be an infrared camera or radar unit detecting an 
animal in the vicinity of the vehicle, or the automatic 

50 deployment of a vehicle collision avoidance system or 
feature, or the detection of that automatic deployment. 

The one or more processors may be configured to receive 
or generate telematics and sensor data from vehicle-mounted 
sensors, and input the telematics and sensor data into a 

55 machine learning program that is trained to identify a trigger 
event potentially associated with, or associated with, a 
vehicle collision, or trigger event that indicates an anoma­
lous condition or a high risk of vehicle collision. 

In another aspect, a computer-implemented method of 
60 vehicle collision cause determination and/or reconstruction 

for an electric or battery-powered vehicle may be provided. 
The method may include (1) receiving or determining, via 
one or more processors, an indication of a trigger event; (2) 
turning on, via the one or more processors, a front-facing 

65 camera or video camera mounted on the vehicle, the front­
facing camera or video camera configured to acquire or take 
images in front of, or to the side of, a moving vehicle; and/or 
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(3) transm1ttmg, via the one or more processors or an 
associated transceiver, the image data associated with the 
images acquired after the trigger event is detected to a 
remote server for computer analysis of the image data to 
facilitate not only accident reconstruction, but to also facili- 5 

tate conserving a battery powering an electric vehicle and 
only turning on a video camera immediately prior to an 
anticipated or actual vehicle collision. 

The method may include additional, less, or alternate 
actions, including those discussed elsewhere herein, and 10 

may be implemented via one or more local or remote 
processors, sensors, and transceivers executing computer­
readable instructions stored on non-transitory computer­
readable medium or media. For instance, the one or more 

15 
processors may be configured to receive or generate telem­
atics and sensor data from vehicle-mounted sensors, and the 
method may include inputting the telematics and sensor data 
into a machine learning program that is trained to identify a 
trigger event potentially associated with, or associated with, 20 

a vehicle collision, or a trigger event that indicates an 
anomalous condition or a high risk of vehicle collision. 
Generating Vehicle-Usage Profile to Provide Discounts 

In one aspect, a computer system configured to generate 
a driving score for individuals and build vehicle-usage 25 

profiles may be provided. The computer system may include 
one or more processors, sensors, or transceivers configured 
to: (1) detect or determine which individual within a house­
hold is driving a vehicle or sitting in the driver's seat at the 
outset of a vehicle trip by analyzing sensor data from one or 30 

more vehicle-mounted sensors; (2) collect telematics data 
for that vehicle trip; (3) assign or associate the telematics 
data for that vehicle trip to the individual within the house­
hold that was identified as the driver during the vehicle trip; 
( 4) determine a driving score for the individual and vehicle 35 

trip based upon the one or more processors analyzing the 
telematics data for the vehicle trip; (5) update or build a 
vehicle-usage profile for the vehicle based upon the telem­
atics data for the vehicle trip or the driving score, the 
vehicle-usage profile indicating how much and what time of 40 

day each member of a household typically drives or uses the 
vehicle, and accounting for driving behavior of each driver 
within the household; and/or (6) update an auto insurance 
premium or discount for the household or the vehicle based 
upon the vehicle-usage profile to provide insurance cost 45 

savings to lower risk households and/or risk averse drivers. 
The computer system may include additional, less, or alter­
nate functionality, including that discussed elsewhere 
herein. 

70 
voice data of the driver that is captured or generated by one 
or more vehicle-mounted sensors. 

The one or more processors may detect or determine 
which individual within a household is driving a vehicle or 
is positioned to drive the vehicle (i.e., sitting in the driver's 
seat) at the outset of a vehicle trip by analyzing sensor data 
from one or more vehicle-mounted sensors includes the 
driver being authenticated by one or more of the following: 
PIN, voice recognition, facial scan, finger print scan, retina 
scan, authenticated key fob, and/or presence and/or identi­
fication of a mobile device ( e.g., smart phone, smart watch, 
or wearable electronics). The telematics data may be input 
into a trained machine learning program to determine a 
driving score for (i) the individual, and (ii) the vehicle trip. 
The telematics data may be input into a trained machine 
learning program to update or build a vehicle-usage profile 
for the vehicle that indicates how much and what time of day 
each member of a household typically drives or uses the 
vehicle, and accounts for driving behavior of each driver 
within the household. 

In another aspect, a computer-implemented method of 
generating a vehicle-usage profile may be provided. The 
method may include (1) detecting or determining, via one or 
more processors or sensors, which individual within a 
household is driving a vehicle or sitting in the driver's seat 
at the outset of a vehicle trip by analyzing sensor data from 
one or more vehicle-mounted sensors; (2) collecting, via the 
one or more processors or sensors, telematics data for that 
vehicle trip; (3) assigning, via the one or more processors, 
the telematics data for that vehicle trip to the individual 
within the household that was identified as the driver during 
the vehicle trip; (4) determining, via the one or more 
processors, a driving score for the individual and vehicle trip 
based upon the one or more processors analyzing the tele­
matics data for the vehicle trip; (5) updating or building, via 
the one or more processors, a vehicle-usage profile for the 
vehicle based upon the telematics data for the vehicle trip or 
the driving score, the vehicle-usage profile indicating how 
much and what time of day each member of a household 
typically drives or uses the vehicle, and accounting for 
driving behavior of each driver within the household; and/or 
(6) updating, via the one or more processors, an auto 
insurance premium or discount for the household or the 
vehicle based upon the vehicle-usage profile to provide 
insurance cost savings to lower risk households and/or risk 
averse drivers. 

The method may include inputting the telematics data into 
a trained machine learning program to determine a driving 
score for (i) the individual, and (ii) the vehicle trip. The 

For instance, the one or more processors may be further 
configured to transmit via wireless communication or data 
transmission over one or more radio frequency links, using 
a transceiver, the updated auto insurance discount to the 
insured's mobile device for their review and/or approval. 
The one or more processors and sensors may be local to 
vehicle, such as mounted within a mobile device, and/or 
mounted on or within the vehicle or a vehicle controller. The 
one or more processors may be remote to the vehicle, such 

50 method may include inputting the telematics data into a 
trained machine learning program to update or build a 
vehicle-usage profile for the vehicle, the vehicle-usage pro­
filing indicating how much and what time of day each 
member of a household drives or otherwise uses the vehicle 

as a remote located server associated with an insurance 
provider. The insurance premium may be associated with 
usage-based auto insurance. 

The sensor data may be input into a machine learning 
program trained to detect or determine which individual 
within a household is driving a vehicle or sitting in the 
driver's seat at the outset of a vehicle trip from the sensor 
data. The sensor data may include data from weight, seat, or 
pressure sensors, image data from one or more cameras, or 

55 on average, and accounts for driving behavior of each driver 
within the household. 
Machine Learning 

As discussed above, a processor or a processing element 
may be trained using supervised or unsupervised machine 

60 learning, and the machine learning program may employ a 
neural network, which may be a convolutional neural net­
work, a deep learning neural network, or a combined learn­
ing module or program that learns in two or more fields or 
areas of interest. Machine learning may involve identifying 

65 and recognizing patterns in existing data (such as telematics 
data; autonomous vehicle system, feature, or sensor data; 
autonomous vehicle system control signal data; vehicle-
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mounted sensor data; mobile device sensor data; and/or 
image or radar data) in order to facilitate making predictions 
for subsequent data (again, such as telematics data; autono­
mous vehicle system, feature, or sensor data; autonomous 
vehicle system control signal data; vehicle-mounted sensor 
data; mobile device sensor data; and/or image or radar data). 
Models may be created based upon example inputs of data 
in order to make valid and reliable predictions for novel 
inputs. 

Additionally or alternatively, the machine learning pro­
grams may be trained by inputting sample data sets or 
certain data into the programs, such as autonomous system 
sensor and/or vehicle-mounted, smart infrastructure, or 
mobile device sensor data, and other data discuss herein. The 
machine learning programs may utilize deep learning algo­
rithms are primarily focused on pattern recognition, and may 
be trained after processing multiple examples. The machine 
learning programs may include Bayesian program learning 
(BPL), voice recognition and synthesis, image or object 
recognition, optical character recognition, and/or natural 
language processing-either individually or in combination. 
The machine learning programs may also include natural 
language processing, semantic analysis, automatic reason­
ing, and/or machine learning. 

72 
In one aspect, telematics data, and/or other data, including 

the types of data discussed elsewhere herein, may be col­
lected or received by an insured's mobile device or smart 
vehicle, a Telematics Application running thereon, and/or an 

5 insurance provider remote server, such as via direct or 
indirect wireless communication or data transmission from 
a Telematics Application ("App") running on the insured's 
mobile device or smart vehicle, after the insured or customer 
affirmatively consents or otherwise opts-in to an insurance 

10 discount, reward, or other program. The insurance provider 
may then analyze the data received with the customer's 
permission to provide benefits to the customer. As a result, 
risk averse customers may receive insurance discounts or 
other insurance cost savings based upon data that reflects 

15 low risk driving behavior and/or technology that mitigates or 
prevents risk to (i) insured assets, such as vehicles or even 
homes, and/or (ii) vehicle operators or passengers. 

Although the disclosure provides several examples in 
terms of two vehicles, two mobile computing devices, two 

20 on-board computers, etc., aspects include any suitable num­
ber of mobile computing devices, vehicles, etc. For example, 
aspects include an external computing device receiving 
telematics data and/or geographic location data from a large 
number of mobile computing devices (e.g., 100 or more), 

25 and issuing alerts to those mobile computing devices in 
which the alerts are relevant in accordance with the various In supervised machine learning, a processing element 

may be provided with example inputs and their associated 
outputs, and may seek to discover a general rule that maps 
inputs to outputs, so that when subsequent novel inputs are 
provided the processing element may, based upon the dis- 30 

covered rule, accurately predict the correct or a preferred 
output. In unsupervised machine learning, the processing 
element may be required to find its own structure in unla­
beled example inputs. In one embodiment, machine learning 
techniques may be used to extract the sensed items, such as 35 

driving behaviors or vehicle operation, generated by one or 
more sensors, and under what conditions those items were 
encountered. 

techniques described herein. 
Although the following text sets forth a detailed descrip­

tion of numerous different embodiments, it should be under­
stood that the legal scope of the description is defined by the 
words of the claims set forth at the end of this patent and 
equivalents. The detailed description is to be construed as 
exemplary only and does not describe every possible 
embodiment since describing every possible embodiment 
would be impractical. Numerous alternative embodiments 
may be implemented, using either current technology or 
technology developed after the filing date of this patent, 
which would still fall within the scope of the claims. 

Additionally, the machine learning programs may be 
trained with autonomous system data, autonomous sensor 40 

data, and/or vehicle-mounted or mobile device sensor data 
to identify actions taken by the autonomous vehicle before, 
during, and/or after vehicle collisions; identify who was 
behind the wheel of the vehicle (whether actively driving, or 
riding along as the autonomous vehicle autonomously 45 

drove); identify actions taken by the human driver and/or 
autonomous system, and under what (road, traffic, conges­
tion, or weather) conditions those actions were directed by 
the autonomous vehicle or the human driver; identify dam­
age ( or the extent of damage) to insurable vehicles after an 50 

insurance-related event or vehicle collision; and/or generate 
proposed insurance claims for insureds after an insurance­
related event. 

The following additional considerations apply to the 
foregoing discussion. Throughout this specification, plural 
instances may implement components, operations, or struc­
tures described as a single instance. Although individual 
operations of one or more methods are illustrated and 
described as separate operations, one or more of the indi-
vidual operations may be performed concurrently, and noth­
ing requires that the operations be performed in the order 
illustrated. Structures and functionality presented as separate 
components in example configurations may be implemented 
as a combined structure or component. Similarly, structures 
and functionality presented as a single component may be 
implemented as separate components. These and other 
variations, modifications, additions, and improvements fall 
within the scope of the subject matter herein. 

Additionally, certain embodiments are described herein as 
ADDITIONAL CONSIDERATIONS 

With the foregoing, an insurance customer may opt-in to 
a rewards, insurance discount, or other type of program. 
After the insurance customer provides their permission or 
affirmative consent, an insurance provider telematics appli­
cation and/or remote server may collect telematics and/or 
other data (including image or audio data) associated with 
insured assets, including before, during, and/or after an 
insurance-related event or vehicle collision. In return, risk 
averse drivers, and/or vehicle owners may receive discounts 
or insurance cost savings related to auto, home, life, and 
other types of insurance from the insurance provider. 

55 including logic or a number of routines, subroutines, appli­
cations, or instructions. These may constitute either software 
( e.g., code embodied on a machine-readable medium or in a 
transmission signal) or hardware. In hardware, the routines, 
etc., are tangible units capable of performing certain opera-

60 tions and may be configured or arranged in a certain manner. 
In example embodiments, one or more computer systems 
(e.g., a standalone, client or server computer system) or one 
or more hardware modules of a computer system (e.g., a 
processor or a group of processors) may be configured by 

65 software ( e.g., an application or application portion) as a 
hardware module that operates to perform certain operations 
as described herein. 
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may be distributed among the one or more processors, not 
only residing within a single machine, but deployed across 
a number of machines. In some example embodiments, the 
processor or processors may be located in a single location, 

In various embodiments, a hardware module may be 
implemented mechanically or electronically. For example, a 
hardware module may comprise dedicated circuitry or logic 
that is permanently configured (e.g., as a special-purpose 
processor, such as a field programmable gate array (FPGA) 
or an application-specific integrated circuit (ASIC)) to per­
form certain operations. A hardware module may also com­
prise prograrmnable logic or circuitry (e.g., as encompassed 
within a general-purpose processor or other programmable 
processor) that is temporarily configured by software to 
perform certain operations. It will be appreciated that the 
decision to implement a hardware module mechanically, in 
dedicated and permanently configured circuitry, or in tem­
porarily configured circuitry ( e.g., configured by software) 
may be driven by cost and time considerations. 

5 while in other embodiments the processors may be distrib­
uted across a number of locations. 

The performance of certain of the operations may be 
distributed among the one or more processors, not only 
residing within a single machine, but deployed across a 

10 number of machines. In some example embodiments, the 
one or more processors or processor-implemented modules 
may be located in a single geographic location ( e.g., within 
a home environment, an office environment, or a server 

Accordingly, the term "hardware module" should be 
understood to encompass a tangible entity, be that an entity 
that is physically constructed, permanently configured ( e.g., 
hardwired), or temporarily configured ( e.g., programmed) to 
operate in a certain manner or to perform certain operations 
described herein. Considering embodiments in which hard­
ware modules are temporarily configured ( e.g., pro­
grammed), each of the hardware modules need not be 
configured or instantiated at any one instance in time. For 
example, where the hardware modules comprise a general­
purpose processor configured using software, the general­
purpose processor may be configured as respective different 
hardware modules at different times. Software may accord­
ingly configure a processor, for example, to constitute a 
particular hardware module at one instance of time and to 
constitute a different hardware module at a different instance 
of time. 

15 
farm). In other embodiments, the one or more processors or 
processor-implemented modules may be distributed across a 
number of geographic locations. 

This detailed description is to be construed as exemplary 
only and does not describe every possible embodiment, as 

20 describing every possible embodiment would be impracti­
cal, if not impossible. One may be implement numerous 
alternate embodiments, using either current technology or 
technology developed after the filing date of this application. 

Those of ordinary skill in the art will recognize that a wide 
25 variety of modifications, alterations, and combinations can 

be made with respect to the above described embodiments 
without departing from the scope of the invention, and that 
such modifications, alterations, and combinations are to be 
viewed as being within the ambit of the inventive concept. 

30 The patent claims at the end of this patent application are 
not intended to be construed under 35 U.S.C. §112(f) unless 
traditional means-plus-function language is expressly 
recited, such as "means for" or "step for" language being 

35 
explicitly recited in the claim(s). The systems and methods 
described herein are directed to an improvement to computer 
functionality, and improve the functioning of conventional 

Hardware modules may provide information to, and 
receive information from, other hardware modules. Accord­
ingly, the described hardware modules may be regarded as 
being communicatively coupled. Where multiple of such 
hardware modules exist contemporaneously, communica­
tions may be achieved through signal transmission ( e.g., 
over appropriate circuits and buses) that connect the hard­
ware modules. In embodiments in which multiple hardware 40 

modules are configured or instantiated at different times, 
communications between such hardware modules may be 
achieved, for example, through the storage and retrieval of 
information in memory structures to which the multiple 
hardware modules have access. For example, one hardware 45 

module may perform an operation and store the output of 
that operation in a memory device to which it is communi­
catively coupled. A further hardware module may then, at a 
later time, access the memory device to retrieve and process 
the stored output. Hardware modules may also initiate 50 

communications with input or output devices, and may 
operate on a resource (e.g., a collection of information). 

The various operations of example methods described 
herein may be performed, at least partially, by one or more 
processors that are temporarily configured (e.g., by soft- 55 

ware) or permanently configured to perform the relevant 
operations. Whether temporarily or permanently configured, 
such processors may constitute processor-implemented 
modules that operate to perform one or more operations or 
functions. The modules referred to herein may, in some 60 

example embodiments, comprise processor-implemented 
modules. 

Similarly, the methods or routines described herein may 
be at least partially processor-implemented. For example, at 
least some of the operations of a method may be performed 65 

by one or more processors or processor-implemented hard­
ware modules. The performance of certain of the operations 

computers. 

What is claimed is: 
1. A computer-implemented method of generating a 

vehicle-to-vehicle traffic alert, the method comprising: 
detecting, via one or more processors, that an abnormal 

traffic condition exists in an operating environment of 
a vehicle; 

generating, via the one or more processors, an electronic 
message regarding the abnormal traffic condition; 

transmitting, via a vehicle-mounted transceiver associated 
with the vehicle, the electronic message to a nearby 
vehicle, wherein the electronic message is transmitted 
via wireless communication to alert the nearby vehicle 
of the abnormal traffic condition and to allow the 
nearby vehicle to avoid the abnormal traffic condition; 
and 

updating a risk aversion profile associated with a vehicle 
operator of the nearby vehicle based upon the elec­
tronic message, wherein the risk aversion profile is 
associated with a travel environment for the nearby 
vehicle, the travel environment including at least an 
environment where the nearby vehicle has traveled two 
or more times. 

2. The computer-implemented method of claim 1, 
wherein the abnormal traffic condition is one or more of the 
following: an erratic vehicle, an erratic driver, road con­
struction, a closed highway exit, slowed or slowing traffic, 
slowed or slowing vehicular congestion, or one or more 
other vehicles braking ahead of the vehicle. 
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3. The computer-implemented method of claim 1, 
wherein the abnormal traffic condition is bad weather and 
the electronic message indicates a GPS location of the bad 
weather. 

4. The computer-implemented method of claim 1, the 5 

method further comprising generating an auto msurance 
discount associated with the vehicle. 

5. The computer-implemented method of claim 1, 
wherein the nearby vehicle comprises one or more of the 
following: an autonomous vehicle, a semi-autonomous 10 

vehicle or a self-driving vehicle, and wherein the nearby 
vehicle includes one or more processors for receiving the 
transmitted electronic message. 

6. The computer-implemented method of claim 1, 
15 

wherein the transmitting the electronic message to the 
nearby vehicle requires transmitting the electronic message 
to one or more remote processors. 

7. The computer-implemented method of claim 1 
wherein the abnormal traffic condition is detected by ana~ 
lyzing vehicular telematics data. 

20 

8. The computer-implemented method of claim 1, 
wherein the nearby vehicle travels to the operating environ­
ment of the vehicle. 

9. The computer-implemented method of claim 1, the 
method further comprising transmitting the electronic mes-
sage to a smart infrastructure component, wherein the smart 
infrastructure component: 

25 

analyzes the electronic message to determine a type of 
anomalous condition for the abnormal traffic condition· 30 
and ' 

76 
transmit, via a vehicle-mounted transceiver associated 

with the vehicle, the electronic message to a nearby 
vehicle, wherein the electronic message is transmitted 
via wireless communication to alert the nearby vehicle 
of the abnormal traffic condition and to allow the 
nearby vehicle to avoid the abnormal traffic condition· 
and ' 

update a risk aversion profile associated with a vehicle 
operator of the nearby vehicle based upon the elec­
tronic message, wherein the risk aversion profile is 
ass~ciated with a travel environment for the nearby 
vehicle, the travel environment including at least an 
environment where the nearby vehicle has traveled two 
or more times. 

12. The computer system of claim 11, wherein the abnor-
mal traffic condition is one or more of the following: an 
erratic vehicle, an erratic driver, road construction, a closed 
highway exit, slowed or slowing traffic, slowed or slowing 
vehicular congestion, or one or more other vehicles braking 
ahead of the vehicle. 

13. The computer system of claim 11, wherein the abnor­
mal traffic condition is bad weather and the electronic 
message indicates a GPS location of the bad weather. 

14. The computer system of claim 11, the system further 
configured to generate an alternate route for the nearby 
vehicle to take to avoid the abnormal traffic condition. 

15. The computer system of claim 11, the system further 
configured to generate, an auto insurance discount associ­
ated with the vehicle. 

16. The computer system of claim 11, wherein the one or 
more processors is one or more of the following: vehicle­
mounted sensors or vehicle-mounted processors. performs an action based on the type of anomalous 

condition in order to modify the anomalous condition. 
10. The computer-implemented method of claim 1, 

wherein the electronic message contains location informa­
tion of the abnormal traffic condition, and wherein the 
nearby vehicle ignores the electronic message when the 
location information indicates that the abnormal traffic con­
dition is beyond a threshold distance from the nearby 
vehicle. 

17. The computer system of claim 11, wherein the nearby 
vehicle comprises one or more of the following: an autono­
mous vehicle, a semi-autonomous vehicle or a self-driving 

35 vehicle, and wherein the nearby vehicle includes one or 
more processors for receiving the transmitted electronic 
message. 

11. A computer system configured to generate a vehicle­
to-vehicle traffic alert, the computer system comprising one 
or more processors, the one or more processors configured 
to: 

detect that an abnormal traffic condition exists in an 
operating environment of a vehicle; 

generate an electronic message regarding the abnormal 
traffic condition; 

18. The computer system of claim 11, wherein the trans­
mission of the electronic message to the nearby vehicle 

40 requires transmission of the electronic message to one or 
more remote processors. 

45 

19. The computer system of claim 11, wherein the abnor­
mal traffic condition is detected by analyzing vehicular 
telematics data. 

20. The computer system of claim 11, wherein the nearby 
vehicle travels to the operating environment of the vehicle. 

* * * * * 
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