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REAL TIME RISK ASSESSMENT AND OPERATIONAL CHANGES WITH
SEMI-AUTONOMOUS VEHICLES

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] The present application claims prionity to U.S. Provisional Application No.
62/295.383, entitled "REAL TIME RISK ASSESSMENT AND OPERATIONAL

CHANGES WITH SEMI-AUTONOMOUS VEHICLES,” filed February 15, 2016,
the contents of which are hereby incorporated by reference as non-limiting example

embodiments.

BACKGROUND

[02] Many vehicles include sensors and internal computer systems designed to monitor
and control vehicle operations, driving conditions, and driving functions. Advanced
vehicle systems can perform such tasks as detecting and correcting a loss of traction
on an 1cy road, sclf-parking, or detecting an imminent collision or unsafe driving
condition and automatically making evasive mancuvers. Additionally, vehicles can
include autonomous or semi-autonomous driving systems that assume all or part of

real-time driving functions to operate the vehicle without real-time mput.

[03] Growth 1n autonomous or semi-autonomous car adoption 1s expected to accelerate
significantly in the coming years and insurers will need to adapt quickly to the
changes. Theretore, there 1s a benefit in the art for an enhanced method and device
for calculating risks associated with vehicles operating in autonomous or semi-
autonomous modes to determine insurance related costs, determine lhiabilities, mitigate

risks, and provide drivers with proper msurance coverage.
SUMMARY

[04] The following presents a simphfied summary 1 order to provide a basic
understanding of some aspects of the disclosure. The summary 1s not an extensive
overview of the disclosure. It 1s neither intended to 1dentify key or critical elements
of the disclosure nor to delineate the scope of the disclosure. The following summary
merely presents some concepts of the disclosure 1n a simplified form as a prelude to

the description below.
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105]

106]

Aspects of the disclosure overcome problems and limitations of the prior art by
providing a route risk mitigation system which mcludes real-time information to
improve the safety of vehicles operating 1n semi-autonomous or autonomous modes.
The disclosure further discloses a method for mitigating the risks associated with
driving by assigning real-time risk values to road segments and then using those real-
time risk values to select less risky travel routes, mncluding less risky travel routes for

vehicles engaged 1 autonomous driving over the travel routes.

In accordance with aspects of the disclosure, a computing system 1s disclosed for
generating a data store (¢.g., database) of risk values. The system may receive various
types of information, mcluding but not limited to accident mformation, geographic
information, and vehicle information, and from one or more data sources. The system
calculates a risk value for an associated road segment. Subsequently, the computing
system may receive location information, real-time operation mmformation, (and/or
other information) and provide updated associated risk value. In an embodiment,
separate risk values can be determined for vehicles engaged i autonomous driving
over the road segment and vehicles engaged i manual driving over the road segment.
Other features and advantages of aspects of the disclosure will be apparent from the

description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

107]

108]

109]

[10]

Aspects of the disclosure may take physical form 1n certain parts and steps,
embodiments of which will be described 1n detail in the following description and

1llustrated 1n the accompanying drawings that form a part hercof, wherein:

Figure 1 depicts an 1llustrative operating environment 1n accordance with aspects of

the disclosure:

Figure 2 depicts 1llustrative steps for calculating the risk value of a route segment by
applying actuarial and/or statistical methods 1 accordance with aspects of the

disclosure:

Figure 3 depicts illustrative steps for determining and providing risk values to a

computing device i accordance with aspects of the disclosure;
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[11] Figure 4 depicts illustrative steps for calculating the risk value of a travel route 1n

accordance with aspects of the disclosure;

[12] Figure 5 depicts 1illustrative steps for determining liability for an accident 1n

accordance with aspects of the disclosure;

[13] Figurc 6 depicts 1illustrative steps for providing an insurance policy based on risk

consumption i accordance with aspects of the disclosure;

[14] Figure 7 depicts illustrative steps for analyzing historical accident information to
determine whether autonomous or manual driving over a travel route provides less

risk of accident;

[15] Figure 8 depicts illustrative steps for analyzing historical accident information to
adjust driving actions of an autonomous vehicle over a travel route 1n order to avoid

accidents which have occurred over the travel route:

[16] Figure 9 depicts illustrative steps for analyzing historical accident information to
determine risk values for available travel routes and select a travel route which

presents less risk of accident than other travel routes;

[17] Figure 10 depicts illustrative steps for alerting a driver to an upcoming vehicle control

change 1n accordance with various aspects of the disclosure; and

[18] Figure 11 depicts illustrative steps for analyzing information to determine whether an
updated autonomous mode or updated manual mode of driving over a travel route

provides less risk of accident.

[19] It will be apparent to one skilled 1n the art after review of the entirety of the disclosure
that the steps 1llustrated 1n the figures listed above may be performed 1n other than the

recited order, and that one or more steps 1llustrated in these figures may be optional.
DETAILED DESCRIPTION

[20] In accordance with aspects of the disclosure a route risk mitigation system 1s provided
which mcludes real-time information to improve the safety of vehicles operating 1n
semi-autonomous or autonomous modes. In an embodiment, a computing device may

receive various types of information, including but not limited to accident

-3 -
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information, geographic information, and vehicle information, and from one or more
data sources. The system may calculate a risk value for an associated road segment.
Subsequently, the computing system may receive location information, real-time
operation information, (and/or other information) and provide an updated associated
risk value. In an embodiment, separate risk values can be determined for vehicles
engaged 1 autonomous driving over the road segment and vehicles engaged 1n

manual driving over the road segment.

[21] Another aspect of the disclosure provides a method and device for calculating risks
assoclated with vehicles operating 1n autonomous or semi-autonomous modes to
determine insurance related costs, determine liabilities, mitigate risks, and provide
drivers with proper insurance coverage 1s disclosed. Aspects of the disclosure further
disclose determining a property of an mmsurance policy for coverage of a semi-
autonomous vehicle. The property of the imsurance policy may mnclude a premium,
deductible, coverage amount, or coverage term. The property of the insurance policy
may take into account a level of autonomous vehicle control capability and an ability
to switch back and forth between different control modes such as a non-autonomous

mode, a semi-autonomous control mode, and a fully autonomous control mode.

[22] In another aspect of the disclosure, msurance rates for a vehicle may change on a mile
by mile basis. For example, usage based msurance rates may vary from mile to mile
(or fraction thereof) depending on who 1s controlling the vehicle, where the vehicle 1s
operated and under what conditions the vehicle 1s being driven. In an embodiment,
usage based msurance may be subsidized by an OEM 1n case of autonomous or semi-

autonomous mode of vehicle operation.

[23] In accordance with an aspect of the disclosure, a computing system may determine for
various route segments whether a driver should be 1n control of the vehicle or whether
autonomous vehicle control 1s reccommended. In an embodiment, compliance or non-
comphiance with the recommendation may determine insurance rate adjustments to
policy premiums or pay per mile rates. In an embodiment, compliance may be
determined based on a predetermined transition time period 1n which a driver needs to
switch control of the vehicle after 1ssuance of a change of control recommendation.

In yet another embodiment, a driver’s mability to switch control for various reasons
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when recommended may or may not adjust liability should an accident occur

depending on the reason or reasons for the driver’s mnability.

[24] In accordance with aspects of the disclosure, a computing system 1s disclosed for
generating a data store (€.g., database) of risk values. The system may receive various
types of information, including but not limited to, accident information, geographic
information, and vehicle operation information during all segments of a trip or on
various segments of a trip. In an embodiment, the information may be used to

determine liabilities at the time of an accident.

[25] In an alternate embodiment 1n accordance with aspects of the disclosure, a personal
navigation device, mobile device, personal computing device, and/or vehicle
autonomous or semi-autonomous driving system may communicate with the database
of rnisk values. The devices may receive information about a travel route and use that
information to retrieve rnisk values for road segments in the travel route. The
aggregate of the risk values 1s sent for display on a screen of the device or for
recording 1n the memory of the device. The contents of memory may also be
uploaded to a data store for use by, e.g., mnsurance companies, to determine whether to
adjust a quote for isurance coverage or one or more aspects of current insurance
coverage such as premium, specific coverages, specific exclusions, rewards, special

ferms, €tc.

[26] In yet another embodiment, 1 accordance with aspects of the disclosure, a personal
navigation device, mobile device, personal computing device, and/or vehicle
autonomous or semi-autonomous driving system may access the database of risk
values to assist i 1dentifying and presenting alternate low-risk travel routes. The
driver, operator, or autonomous driving system may select among the various travel
routes presented, taking into account risk tolerance and/or cost of insurance.
Depending on the route selection, the vehicle’s insurance policy may be adjusted

accordingly, for either the current insurance policy or a future insurance policy.

[27] In accordance with aspects of the disclosure, an early notification system 1s disclosed
to alert a driver of an approaching unsafe autonomous or semi-autonomous driving
zone so that a driver may switch vehicle to a non-autonomous driving mode and

navigate safely through the identified location. In response to a determination of an

-5 -
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upcoming unsafe autonomous or semi-autonomous driving zone, the driver or system

may take appropriate actions in response to the early notification.

[28] In certain embodiments, vehicle sensors, vehicle OBD, and/or vehicle communication
systems, route risk determination systems disclosed herein, may collect, transmut,
and/or receive data pertaining to autonomous driving of the vehicles. In autonomous
driving, the vehicle fulfills all or part of the driving without being piloted by a driver.
An autonomous car can be also referred to as a dniverless car, selt-driving car, or
robot car. For example, 1n autonomous driving, a vehicle control computer may be
configured to operate all or some aspects of the vehicle driving, including but not
limited to acceleration, deceleration, steering, and/or route navigation. A vehicle with
an autonomous driving capability may sense its surroundings using the vchicle
sensors and/or receive mputs regarding control of the vehicle from the vehicle
communications systems, including but not limited to short range communication

systems, telematics, or other vehicle communication systems.

[29] In certain embodiments, a vehicle may be driven 1in a semi-autonomous driving mode.
A semi-autonomous driving mode may include an assist mode, a partial automation

mode, a conditional automation mode, or a high automation mode.

[30] In assist mode, a vehicle's computer-operated system may assist in emergency
situations. The system takes over either steering or acceleration i specific modes
using information about the driving environment. The driver may do everything else.
Exemplary autonomous features in the assisted mode may include lane keeping

automation, cruise control, electronic stability control, and automatic braking.

[31] In partial automation mode, the automation system may take control of steering and
acceleration 1 specific driving modes using nformation about the driving
environment. The driver may do everything else. This mode may be beneficial in low
speed environments, 1f there are no (or very few) intersections, and the driver 1s alert.
Exemplary autonomous features in the partial automation mode may include tratfic
jam assist and adaptive cruise control, in addition to or instead of the autonomous

features 1n the assisted mode.

[32] In conditional automation, the system may perform all (or most) aspects of the

dynamic driving task in specific driving modes. The driver may be available to

-6 -
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respond to a request by the autonomous system to intervene. For example, the driver
may be present i the driver’s seat but would not have to stay alert to the driving
environment. Exemplary autonomous features in the conditional automation mode
may 1nclude a traffic-jam autopilot system, in addition to, or instead of, the

autonomous features 1n the partial automation mode.

[33] In high automation mode, the system may perform all aspects of the dynamic driving
task m specific driving modes, even 1f the driver does not respond appropnately to a
request to intervene. For example, a full freeway autopilot system may be used. The
driver, in some circumstances, may mput a desired destination but might not be
expected to take an active role in driving the vehicle. Exemplary autonomous features
in the high automation mode may include a full freeway autopilot system, 1n addition

to or instead of the autonomous features mn the partial automation mode.

[34] An example of a suitable operating environment i which various aspects of the
disclosure may be implemented 1s shown 1n the architectural diagram of Figure 1. The
operating environment 1S only one example of a suitable operating environment and 1s
not mtended to suggest any limitation as to the scope of use or functionality of the
disclosures. The operating environment may be comprised of one or more data
sources 104, 106 n communication with a computing device 102. The computing
device 102 may use information communicated from the data sources 104, 106 to
oenerate values that may be stored in a conventional database format. In onc
embodiment, the computing device 102 may be a high-end server computer with one
or more processors 114 and memory 116 for storing and maintaining the values
ogenerated. The memory 116 storing and maintaining the values generated need not be
physically located in the computing device 102. Rather, the memory (¢.g., ROM,
flash memory, hard drive memory, RAID memory, ¢tc.) may be located in a remote
data store (¢.g., memory storage areca) physically located outside the computing device
102, but in communication with the computing device 102. In an embodiment, the

computing device 102 may be located 1n a vehicle or external to a vehicle.

[35] A personal computing device 108 (e.g., a personal computer, tablet PC, handheld
computing device, personal digital assistant, mobile device, etc.) may communicate
with the computing device 102. Similarly, a personal navigation device 110 (e.g., a

global positioning system (GPS), geographic information system (GIS), satellite

-7 -
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navigation system, mobile device, vehicle autonomous or semi-autonomous driving
system, other location tracking device, e¢tc.) may communicate with the computing
device 102. The communication between the computing device 102 and the other
devices 108, 110 may be through wired or wireless communication networks and/or
direct links. One or more networks may be 1n the form of a local arca network (LAN)
that has one or more of the well-known LAN topologies and may use a variety of
different protocols, such as Ethernet. One or more of the networks may be 1n the form
of a wide area network (WAN), such as the Internet. The computing device 102 and
other devices (e.g., devices 108, 110) may be connected to onec or more of the
nctworks via twisted pair wires, coaxial cable, fiber optics, radio waves or other
media. The term “network™ as used herein and depicted 1n the drawings should be
broadly mterpreted to include not only systems 1n which devices and/or data sources
arc coupled together via one or more communication paths, but also stand-alone
devices that may be coupled, from time to time, to such systems that have storage

capability.

[36] In another embodiment 1n accordance with aspects of the disclosure, a personal
navigation device 110 may operate 1n a stand-alone manner by locally storing some of
the database of values stored 1n the memory 116 of the computing device 102. For
example, a personal navigation device 110 (e.g., a GPS m an automobile or
autonomous driving system) may be comprised of a processor, memory, and/or input
devices 118 output devices 120 (e¢.g., keypad, display screen, speaker, etc.). The
memory may be comprised of a non-volatile memory that stores a database of values
used 1n calculating an estimated route rnisk for identified routes. Therefore, the
personal navigation device 110 need not communicate with a computing device 102
located at, for example, a remote location mm order to calculate identified routes.
Rather, the personal navigation device 110 may behave in a stand-alone manner and
use 1ts processor to calculate route rnisk values of identified routes. If desired, the
personal navigation device 110 may be updated with an updated database of values
after a period of time (¢.g., an annual patch with new risk values determined over the

prior year).

[37] In yet another embodiment mn accordance with aspects of the disclosure, a personal

computing device 108 may operate 1n a stand-alone manner by locally storing some of

-8 -
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the database of values stored in the memory 116 of the computing device 102. For
example, a personal computing device 108 may be comprised of a processor,
memory, mput device (e.g., keypad, CD-ROM dnive, DVD dnive, etc.), and output
device (e.g., display screen, printer, speaker, etc.). The memory may be comprised of
CD-ROM media that stores values used 1n calculating an estimated route risk for an
identified route. Therefore, the personal computing device 108 may use the mput
device to read the contents of the CD-ROM media 1n order to calculate a value for the
identified route. Rather, the personal computing device 108 may behave m a stand-
alonc manner and use 1ts processor to calculate a route risk value. If desired, the
personal computing device 108 may be provided with an updated database of values
(¢.g., 1n the form of updated CD-ROM media, over the network, etc.) after a period of
time. One skilled in the art will appreciate that personal computing device 108, 110,
112 need not be personal to a single user; rather, they may be shared among members

of a family, company, etc.

[38] The data sources 104, 106 may provide information to the computing device 102. In
onc embodiment 1n accordance with aspects of the disclosure, a data source may be a
computer which contains memory storing data and 1s configured to provide
information to the computing device 102. Some examples of providers of data
sources 1n accordance with aspects of the disclosure include, but are not limited to,
insurance companies, third-party nsurance data providers, autonomous vehicle
operation providers, government entitics, state highway patrol departments, local law
enforcement agencies, state departments of transportation, federal transportation
agencies, traffic information services, road hazard information sources, construction
information sources, weather mformation services, geographic mformation services,
vehicle manufacturers, vehicle safety organizations, and environmental information
services. For privacy protection reasons, in some embodiments of the disclosure,
access to the information 1n the data sources 104, 106 may be restricted to only
authorized computing devices 102 and for only permissible purposes. For example,
access to the data sources 104, 106 may be restricted to only those persons/entities
that have signed an agreement (¢.g., an clectronic agreement) acknowledging their

responsibilities with regard to the use and security to be accorded this information.
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[39] The computing device 102 may use the information from the data sources 104, 106 to
ogenerate values that may be used to calculate an estimated route risk. Some examples
of the information that the data sources 104, 106 may provide to the computing device
102 1nclude, but are not limited to, accident information, geographic information,
route information, level of autonomous vehicle implementation, driving conditions,
failure to react to early warmnings of route risk, failure to switch to manual mode when
alerted, selecting a more risky travel route when an alternate less risky but more time
consuming route was presented to the driver, and other types of information useful 1n

ogenerating a database of values for calculating an estimated route risk.

[40] Some examples of accident information include, but are not limited to, loss type,
applicable 1nsurance coverage(s) (c¢.g., bodily 1njury, property damage,
medical/personal mjury protection, collision, comprehensive, rental reitmbursement,
towing), loss cost, number of distinct accidents for the segment, time relevancy
validation, cause of loss (e.g., turned left into oncoming traftic, ran through red light,
rear-ended while attempting to stop, rear-ended while changing lanes, sideswiped
during normal driving, sideswiped while changing lanes, accident caused by tire
fallure (c.g., blow-out), accident caused by other malfunction of car, rolled over,
caught on fire or exploded, immersed mto a body of water or liquid, unknown, etc.),
impact type (€.g., collision with another automobile, collision with cyclist, collision
with pedestrian, collision with animal, collision with parked car, etc.), drugs or
alcohol mvolved, pedestrian mvolved, wildlife involved, type of wildlife involved,
speed of vehicle at time of mncident, direction the vehicle was traveling immediately
before the incident occurred, date of incident, time of day, night/day mdicator (1.¢.,
whether 1t was night or day at the time of the incident), temperature at time of
incident, weather conditions at time of incident (¢.g., sunny, downpour rain, light rain,
snow, fog, 1ce, sleet, hail, wind, hurricane, ¢tc.), road conditions at time of incident
(e.g., wet pavement, dry pavement, ¢tc.), and location (¢.g., geographic coordinates,
closest address, zip code, ctc.) of vehicle at time of incident, whether the vehicle was

engaged 1n autonomous or manual driving when the accident occurred.

[41] In an embodiment, accident information can be categorized. For example, 1n an
embodiment, accident information categories can include an accident type, cause of

accident, and/or probable cause of accident. For example, a cause of accident can

- 10 -
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include loss of control of vehicle and collision with wildlife. For example, a cause of
accident or probable cause of accident can include excess speed and lack vehicle

traction on the road.

[42] Accident mnformation associated with vehicle accidents may be stored in a database
format and may be compiled per road or route segment. One skilled 1n the art will
understand that the term segment may be mterchangeably used to describe a road or
routc segment, including but not limited to an ntersection, round about, bridge,
tunnel, ramp, parking lot, railroad crossing, or other feature that a vehicle may

encounter along a route.

[43] Some examples of geographic mformation include, but are not limited to, location
information and attribute information. Examples of attribute information include, but
arc not limited to, information about characteristics of a corresponding location
described by some location information: posted speed limit, construction arca
indicator (i.e., whether location has construction), topography type (e.g., flat, rolling
hills, steep hills, etc.), road type (e.g., residential, nterstate, 4-lane separated highway,
city street, country road, parking lot, ctc.), road feature (e.g., intersection, gentle
curve, blind curve, bridge, tunnel), number of intersections, whether a roundabout 1s
present, number of railroad crossings, whether a passing zone 1s present, whether a
merge 1S present, number of lanes, width of road/lanes, population density, condition
of road (e.g., new, worn, severely damaged with sink-holes, severely damaged with
crosion, road damage with potholes, gravel, dirt, paved, etc.), wildlife areca, state,
county, and/or municipality. Geographic information may also include other attribute
information about road segments, intersections, bridges, tunnels, railroad crossings,

and other roadway features.

[44] Location information for an intersection may include the latitude and longitude (e.g.,
ogcographic coordinates) of the geometric center of the intersection. The location may
be described in other embodiments using a closest address to the actual desired
location or mtersection. The intersection (i.e., location information) may also include
information that describes the geographic boundaries, for example, of the mtersection
which includes all information that 1s associated within a circular arca defined by the
coordinates of the center of the intersection and points within a specified radius of the

center. In another example of location mformation, a road segment may be defined
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by the latitude and longitude of its endpoints and/or an arca defined by the road shape
and a predetermined offset that forms a polygon. Segments may comprise
intersections, bridges, tunnels, rail road crossings or other roadway types and features.
Those skilled 1n the art will recognize that segments can be defined 1n many ways

without departing from the spirit of this disclosure.

[45] Some examples of vehicle mmformation include, but are not limited to, information that
describes vehicles that are associated with incidents (e.g., vehicle accidents, etc.) at a
particular location (e.g., a location corresponding to location information describing a
segment, mtersection, etc.) Vehicle mformation may include vehicle make, vehicle
model, vehicle year, and age. Vehicle information may also include mmformation
collected through one or more in-vehicle devices or systems such as an event data
recorder (EDR), onboard diagnostic system, global positioning satellite (GPS) device,
vehicle autonomous driving system; examples of this information include speed at
impact, brakes applied, throttle position, direction at impact, whether the vehicle 1s

engaged 1 manual or autonomous driving.

[46] In addition, driver behavior information may also be collected and utilized. Driver
behavior information may include information about the driver of a vehicle being
driven at the time of an incident. Other examples of driver information may include
age, gender, marital status, occupation, alcohol level in blood, credit score, distance
from home, cell phone usage (i.e., whether the driver was using a cell phone at the

time of the incident), number of occupants.

[47] In one embodiment in accordance with aspects of the disclosure, a data source 104
may provide the computing device 102 with accident immformation that 1s used to
oenerate values (e.g., create new values and/or update existing values). The
computing device 102 may use at least part of the received accident information to
calculate a value, associate the value with a road segment (or other location
information), and store the value 1 a database format. One skilled in the art will
appreciate, after thorough review of the entirety of the disclosure herem, that there
may be other types of mmformation that may be useful in generating a database of

values for use 1, among other things, calculating an estimated route risk.
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[48] For example, 1n accordance with aspects of the disclosure, a data source 104 may
provide the computing device 102 with geographic mmformation that 1s used to
generate new roadway feature risk values in a database of risk values and/or update
existing risk values; where the roadway feature may comprise intersections, road
segments, tunnels, bridges, or railroad crossings. Attributes associated with roadways
may also be used 1n part to generate risk values. The computing device 102 may use
at least part of the received geographic information to calculate a value, associate the
value with a road segment (or other location mmformation), and store the value 1 a
database format. Numerous examples of geographic information were provided
above. For example, a computing device 102 may receive geographic information
corresponding to a road segment comprising accident information and roadway
feature information and then calculate a risk value. Therefore, when calculating a risk
value, the system may use, mm onc example, the geographic mformation and the
accident 1nformation (1f any accident information 1s provided). In alternative
embodiments 1 accordance with aspects of the disclosure, the computing device may
use accident information, geographic information, vehicle information, and/or other
information, either alone or in combination, 1n calculating risk values 1n a database

format.

[49] The values generated by the computing device 102 may be associated with a road
segment containing the accident location and stored 1n a data store. Similar to a point
of interest (POI) stored 1n GPS systems, a pomt of risk (POR) 1s a road segment or
point on a map that has risk information associated with it. Points of risk may arise
because 1ncidents (e.g., accidents) have occurred at these points before. In accordance
with aspects of the disclosure, the road segment may be a predetermined length (e.g.,
1/4 mile) on a stretch of road. Alternatively, road segments may be points (i.e., where
the predetermined length 1s minimal) on a road. Furthermore, n some embodiments,
road segment may mclude one or more different roads that arc no farther than a
predetermined radius from a road segment 1dentifier. Such an embodiment may be
beneficial 1n a location, for example, where an unusually large number of streets

intersect, and 1t may be impractical to designate a single road for a road segment.

[S0] Referrmg to Figure 2, in accordance with aspects of the disclosure, a computing

device 102 may recerve accident information (in step 202), geographic information (in
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step 204), and/or vehicle information (1n step 206). The computing device 102 may
calculate (in step 212) the rnisk value for a road segment (or point of risk) by applying
actuarial techniques to the information that may be received from data sources 104,
106. In onec embodiment, the computing device 102 receives and stores the accident
information 1n a data store with the latitude/longitude and time of the incident. The
accident data 1s associated with a location and combined with other accident data
associated with the same location (1in step 210). Applying actuarial and/or statistical
modeling techniques involving multiple predictors, such as generalized linear models
and non-lincar models, a risk value may be calculated (212), and the calculated risk
value may be recorded in memory (116) (in step 214). The multiple predictors
involved 1n the statistical model used to calculate a risk value may include accident
information, geographic information, and vehicle information, including whether the
vehicle was operating autonomously or manually at the time of the accident.
Associating the risk value (1n step 208) with a line segment and/or point which best
pinpoints the area of the road in which the incident(s) occurred may be accomplished
by using established GIS locating technology (e.g., GPS ascertaining a geographically
determinable address, and assigning the data file to a segment’s or intersection’s
formal address determined by the system). For example, two or more accidents
located 1 an intersection or road segment may have shightly different addresses
depending on where within the intersection or segment the accident location was
determined to be. Therefore, the system may 1dentify a location based on business
rules. In another example, business rules may 1dentify an incident location using the
address of the nearest mtersection. In yet another example, the system may 1dentify
the location of an incident on a highway using segments based on mileage markers or
the lengths may be dynamically determined by creating segment lengths based on
relatively equal normalized risk values. Therefore, roadways that have stretches with
higher numbers of accidents may have shorter segments than stretches that have fewer
accidents. In another example, 1f the mcident occurred m a parking lot, the entire
parking lot may be associated with a formal address that includes all accidents located
within a determined area. One skilled 1in the art will appreciate after review of the
entirety of the disclosure that road segment mncludes a segment of road, a point on a

road, and other designations of a location (e.g., an entire parking lot).
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[S1] For example, an insurance claiam-handling processor may collect data about numerous
incidents such as collision, theft, weather damage, and other events that cause any one
of (or combination of) personal injury, vehicle damage, and damage to other vehicles
or property. Information about the accident may be collected through artifacts such as
first notice of loss (FNOL) reports and claim adjuster reports and may be stored 1n
onc or more data stores used by the insurer. Other data may also be collected at the
pomt and time when the incident occurred, and this mmformation (e.g., weather
conditions, traffic conditions, vehicle speed, etc.) may be stored with the other
accident mnformation. The information in these data stores may be distributed by data
sources 104, 106 1n accordance with aspects of the disclosure. In addition, some
information may also be recorded mn third-party data sources that may be accessible to
on¢ or more insurance companics. For example, traffic information (e.g., traffic
volume) and weather information may be retrieved 1n real-time (or near real-time)

from their respective data sources.

[S2] Referring to Figure 3, m accordance with aspects of the disclosure, the computing
device 102 may send (1n step 312) the nisk value corresponding to a road segment
when 1t recerves location information (1n step 302) requesting the risk associated with
a particular location. The particular location information may be in the form of
longitude/latitude coordinates, street address, intersection, closest address, or other
form of information. Furthermore, 1n an alternative embodiment, the accuracy of the
risk value may be improved by submitting the direction that a vehicle travels (or may
travel) through a road segment. The computing device 102 may receive (in step 304)
the vehicle direction and use 1t to determine the risk value associated with the vehicle
routc. For example, a dangerous intersection demonstrates high risk to a
vehicle/driver that passes through 1it. However, actuarial analysis (e.g., of data
showing many recorded accidents at the location) may show that 1t 1s more dangerous
if the driver 1s traveling northbound on the road segment and turns left. Therefore, the

vehicle direction may also be considered when retrieving the approprate risk value

(1n step 310).

[S3] Likewise, the computing device 102 may also receive (in step 308) other information
to enhance the accuracy of the risk value associated with a travel route. For example,

the computing device 102 may receive (1in step 306) the time of day when the driver 1s
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driving (or plans to drive) through a particular travel route. This information may
improve the accuracy of the risk value retrieved (1in step 310) for the travel route. For
example, a particular segment of road through a wildemess arca may have a higher
ratc of accidents involving deer during the night hours, but no accidents during the
daylight hours. Therefore, the time of day may also be considered when retrieving the
appropriate risk value (in step 310). In addition, the computing device may receive
(1n step 308) other mnformation to improve the accuracy of the rnisk value retrieved (in
step 310) for a travel route. Some examples of this other information include, but are
not limited to, the vehicle’s speed (e.g., a vehicle without a sport suspension
attempting to take a dangerous curve at a high speed), vehicle’s speed compared to

the posted speed limat, etc.

[S4] In accordance with aspects of the disclosure, a computer-readable medium storing
computer-executable instructions for performing the steps depicted in Figures 2 and 3
and/or described 1n the present disclosure 1s contemplated. The computer-executable
instructions may be configured for execution by a processor (e.g., processor 114 1n
computing device 102) and stored mm a memory (e.g., memory 116 in computing
device 102). Furthermore, as explained earlier, the computer-readable medium may
be embodied 1n a non-volatile memory (e.g., iIn a memory in personal navigation
device 110) or portable media (e.g., CD-ROM, DVD-ROM, USB flash, etc.

connected to personal computing device 108).

[S5] In accordance with aspects of the disclosure, a personal navigation device 110 may
calculate a route risk value for a travel route of a vehicle. The personal navigation
device 110 may be located, for example, 1n a drniver’s vehicle, as a component of an
autonomous dnving system, or m a mobile device 112 with location tracking
capabilitics. Alternatively, a personal computing device 108 may be used to calculate

the route risk value for a travel route of a vehicle.

[S6] For example, referring to Figure 4, a personal navigation device 110 may receive (in
step 402) travel route information. The travel route information may include, but 1s
not limited to, a start location, end location, road-by-road directions, and/or turn-by-
turn directions. The personal navigation device 110 may use the travel route
information and mapping software to determine the road segment upon which the

vehicle will travel, and retrieve (1n step 404) the risk value for that road segment. For
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cach subsequent road segment remaining in the travel route (see step 406), the
personal navigation device 110 may access the database of risk values to retrieve (in
step 404) the risk value for that road segment. As explained earlier, the database of
risk values may be stored locally to the personal navigation device 110, or may be

stored remotely and accessed through a wired/wireless link to the data store.

[S7] The nisk values retrieved (1n step 404) for the travel route may be aggregated (1n step
408) and a total risk value for the travel route may be sent (in step 410). In an
alternatec embodiment, the computing device 102 may count the number of cach type
of road risk along the travel route based on the values stored in the database. This
number may then be multiplied by a nisk-rating factor for the respective risk type. A
risk type may comprise intersections, locations of past accidents along a route,
rallroad crossings, merges, roadway class (residential, local, commercial, rural,
highways, limited access highways). Other risk types may include proximity to

businesses that sell alcohol, churches or bingo parlors.

[S8] The sum of this product over all nisk types may, 1n this alternate embodiment, equal
the total route risk value. The total route risk value may be divided by the distance
traveled to determine the route risk category for the travel route. For example, a route
risk category may be assigned based on a set of route risk value ranges for low,

medium, and high risk routes.

[S9] After being aggregated, the total risk value may be sent (1n step 410) to a viewable
display on the personal navigation device 110. Alternatively, the total risk value may
be sent (1n step 410) to a local/remote memory where 1t may be recorded and/or
monitored. For example, 1t may be desirable for a sate driver to have her total risk
value for all travel routes traveled over a time period to be uploaded to an insurance

company s data store.

[60] In step 411, personal navigation device 110 or other device may determine whether
the vehicle 1s currently being driven 1n autonomous, semi-autonomous mode, or non-

autonomous mode.

[61] The insurance company may then identify the driver as a lower-risk dniver (e.g., a
driver that travels on statistically lower-risk routes i the recommended driving mode

during lower-risk times) and provide the driver/vehicle with a discount and/or credit
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