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METHOD AND SYSTEM FOR RISK DETERMINATION OF A ROUTE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US Provisional Application number
62/942,907, filed 03-DEC-2019, and US Provisional Application number 63/051,593,

filed 14-JUL-2020, each which 1s incorporated in its entirety by this reference.

TECHNICAL FIELD

[0002] This invention relates generally to the vehicle telematics field, and more
specifically to a new and useful method and system for determining the risk associated

with a route in the vehicle telematics field.

BACKGROUND

[0003] Vehicular collisions are accountable for a significant number of deaths per
year, and a high percentage of these collisions can be attributed to the driver’s behavior,
and also be highly dependent on the particular route that the driver is traversing. While
conventional systems and methods can assess and recommend routes to users based on
time to destination and/or distance alone, these factors do not reflect the most favorable
routes for a user to drive in terms of safety and/or other important factors.

[0004] Thus, there 1s a need in the vehicle telematics field to create a new and useful
method and system for identifying and recommending routes to minimize the driver’s

risk of collision.
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BRIEF DESCRIPTION OF THE FIGURES

[0005] FIGURE 1 i1s a schematic of the method 100 for risk determination of a
route.

[0006] FIGURE 2 depicts a variation of the route segments making up each of a set
of routes.

[0007] FIGURES 3A-3F depict a variation of the organization and aggregation of

data associated with a set of routes traveled by a set of drivers.

[0008] FIGURE 4 depicts a schematic of sensor data, events, and outputs of a

variation of the method 100.

[0009] FIGURE 5 depicts a variation of a driver score visualization provided as an

output in variations of the method 100.

[0010] FIGURE 6 depicts a variation of a route risk visualization provided as an

output 1n variations of the method 100.

[0011] FIGURE 7 depicts a schematic variation of a set of inputs used In

determining a model for route risk determination.

[0012] FIGURE 8 depicts a variation of a set of inputs involved in the method 100.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] The following description of the preferred embodiments of the invention is
not intended to limit the invention to these preferred embodiments, but rather to enable
any person skilled in the art to make and use this invention.

1. Overview

[0014] As shown in FIGURE 1, the method 100 for risk determination of a route
includes collecting a set of inputs S110 and determining a set of risk scores Si4o0.
Additionally, the method 100 can include any or all of: processing the set of inputs S120;
organizing the set of inputs S125; determining a model based on the set of inputs S130;

determining a set of risk scores 140; producing an outputs based on the set of risk scores

S150; and/or any other suitable processes.
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[0015] Further additionally or alternatively, the method 100 can include any or all
of the methods, processes, embodiments, and/or examples described in any or all of: US
Application serial number 14/566,406, filed 10-DEC-2014, now issued as US Patent serial
number 9,996,811; US Application serial number 15/243,513, filed 22-AUG-2016, now
1ssued as US Patent serial number 9,733,089; US Application serial number 15/243,565,
filed 22-AUG-2016, now issued as US Patent serial number 9,818,239; US Application
serial number 15/702,601, filed 12-SEP-2017, now issued as US Patent serial number
0,955,319; US Application serial number 15/835,284, filed 07-DEC-2017; US Application
serial number 15/401,761, filed 09-JAN-2017, now 1ssued as US Patent serial number
10,154,382, US Application serial number 16/022,120, filed 28-JUN-2018, US
Application serial number 16/022,184, filed 28-JUN-2018, now issued as US Patent serial
number 10,304,329; US Application serial number 16/166,895, filed 22-OCT-2018, now
1ssued as US Patent serial number 10,559,196; and US Application serial number
16/201,955, filed 27-NOV-2018, now issued as US Patent serial number 10,278,039; each
of which is incorporated herein in its entirety by this reference

[0016] The method 100 is preterably performed with a system as described below,
but can additionally or alternatively be performed with any other suitable system(s).
Further additionally or alternatively, the method 100 can be performed with any or all of
the systems, components, embodiments, and/or examples described in any or all of: the

applications described above.

2, Benefits

[0017] The method and system can confer several benefits over current systems
and methods.

[0018] In a first set of variations, the method and/or system confers the benefit of

a risk associated with a route and/or route segment based on numerous factors (e.g.,
human driving behavior, temporal considerations, road infrastructure, etc.), which can in
turn be used for multiple different applications, such as in helping drivers make more
informed navigation choices. In specific examples, for instance, the method enables
drivers to take into account factors beyond time of arrival and distance, such as route

safety (e.g., based on predicted risk of collision), when choosing a route to traverse.
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[0019] In a second set of variations, additional or alternative to those described
above, the method and/or system confers the benefit of assessing and/or informing road
infrastructure safety. In specific examples, for instance, the risk associated with various
features of and/or changes to road infrastructure (e.g., left turn light added to an
intersection, 4-way stop changed to a roundabout, etc.) can be determined. In specific
examples, this information can be used in any or all of the following: predicting the effect
of an infrastructure change prior to implementing it; recommending a change in
infrastructure to officials (e.g., city planning officials, civil engineers, etc.); reporting an
infrastructure feature associated with a high risk of collision; and/or produce any other
suitable outcome(s).

[0020] In a third set of variations, additional or alternative to those described
above, the method and/or system confers the benefit of leveraging continuously collected
data associated with a set of drivers (e.g., aggregated set of drivers, multiple drivers,
thousands of drivers, tens of thousands of drivers, etc.), along with location information,
to determine and attribute a risk factor to routes in one or more regions and/or
throughout the United States and/or within a global framework. In specific examples,
different behaviors of drivers collected using telematic data can be used in combination
with collision information from one or more databases to determine a model which can
accurately quantify and/or predict the risk for a collision at various different locations
and/or routes. Additionally or alternatively, this telematic data can be used to update the
model.

[0021] In specific examples, the method i1s designed to work with incomplete
information associated with the set of drivers, such as incomplete GPS traces of the route
driven by the driver, wherein a subset or all of the route segments driven by the user can
be determined (e.g., with a map, with driver input, based on previous routes taken by the
driver, based on routes from an aggregated set of users, etc.).

[0022] In additional or alternative specific examples, the telematic data used to
determine the driver behaviors is collected entirely from a mobile device or a
supplementary device (e.g., computing device) arranged within and/or retrofitted to the
vehicle, wherein, no information is taken from sensors within the vehicle (e.g., OEM

sensors) and/or added to the vehicle in the context of an autonomous vehicle.
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[0023] In a fourth set of variations, additional or alternative to those described
above, the method and/or system confers the benefit of better informing human drivers
on the risk associated with any or all of: routes they have taken (e.g., which routes
commonly taken by the driver are the riskiest), routes they are currently taking (e.g., to
dynamically adjust the route in a navigation application, to send a notification to the
driver, etc.), and/or routes they may take (e.g., to enable the driver to select one from a
set of multiple routes based on the risk score). Additionally or alternatively, any of these
benefits can be applied to mitigate risk associated with operation of an autonomous
vehicle.

[0024] In a fifth set of variations, additional or alternative to those described above,
the method and/or system enables the risk determined for routes, route segments, and/or
regions to be used in determining one or more outputs for an insurance company, such
as an insurance rate and/or insurance rate adjustment based on any or all of: a region in
which the driver lives; a common set of routes driven by the driver; the particular driver’s

behavior relative to the risk of the route; and/or any other suitable information.

[0025] Additionally or alternatively, the method and/or system can confer any
other suitable benefits.

3. System

[0026] The system for route risk determination preferably functions to determine

the risk associated with one or more routes and/or route segments. Additionally or
alternatively, the system can function to determine the model with which the route risk is
determined, produce one or more outputs based on the route risk, perform any or all of
the processes of the method 100, and/or perform any other suitable functions.
Additionally or alternatively, the method 100 can be performed with any other suitable
system(s).

[0027] The system for risk determination of a route preferably includes a model
(e.g., as described below), wherein the model functions to determine a risk score
assoclated with each of a set of route segments. Additionally or alternatively, the model
can function to determine any other suitable outputs, and/or the system can include any

other suitable components.
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[0028] The system can include one or more client applications, such as those
executing on a user device, which can function to collect information with which to
determine one or more scores as described below, process the information, display or
otherwise present an output to a user, and/or pertorm any other suitable function(s). In
preferred variations, for instance, the system includes and/or interfaces with a client
application executing on a user device (e.g., mobile device, stationary device,
supplementary device, 34 party hardware device such as that placed in a vehicle by an
Insurance company and/or other entity, etc.) and/or any other suitable components.
[0029] The client application can optionally include and/or be in communication
with other client applications and/or client application features on a user device (e.g., a
navigation client application, a weather client application, a clock client application, etc.).
Additionally or alternatively, the client application can operate in absence of
communication with other client applications.

[0030] The client application is preferably a telematics application, which functions
to receive information from one or more sensors (e.g., as described in S110), such as those
In a user device, but can additionally or alternatively include any other suitable client
applications configured to collect information from any sensor systems (e.g., vehicle
sensors such as OEM sensors, radar and/or lidar sensors and/or cameras of an
autonomous vehicle, etc.)

[0031] The system can optionally include and/or be configured to intertace with a
user device (e.g., mobile device). The user device can include any or all of: a mobile device
(e.g., cell phone, tablet, etc.), a personal user device (e.g., driver’s user device, passenger’s
user device, etc.), a supplementary device (e.g., a 3 party hardware device, etc.), and/or
any other suitable devices and/or combination of devices. Examples of the user device
include a tablet, smartphone, mobile phone, laptop, watch, wearable device (e.g., glasses),
or any other suitable user device. The user device can include any or all of: power storage
(e.g., a battery), processing systems (e.g., CPU, GPU, memory, etc.), user outputs (e.g.,
display, speaker, vibration mechanism, etc.), user inputs (e.g., a keyboard, touchscreen,
microphone, etc.), a location system (e.g., a GPS system), sensors (e.g., optical sensors,
such as light sensors and cameras, orientation sensors, such as accelerometers,

gyroscopes, and altimeters, audio sensors such as microphones, magnetometers,
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csravitational sensors, etc.), data communication system (e.g., a WiF1 transceiver(s),
Bluetooth transceiver(s), cellular transceiver(s), etc.), or any other suitable component.
[0032] Additionally or alternatively, a supplementary device can be different from
and/or separate from other user devices (e.g., wherein the user device i1s owned by the
driver and/or passenger and wherein the supplementary device 1s owned by a 34 party
entity such as an insurance company and/or private company and/or public company,
etc.), and/or the system can include and/or interface with any other suitable devices.
[0033] The system can optionally include and/or be configured to interface with a
sensor system (e.g., as part of a user device, separate from a user device, as part of a
supplementary device, separate from a supplementary device, as part of the vehicle such
as an OEM sensor system, etc.), which can include any or all of: motion sensors (e.g.,
accelerometer, gyroscope, magnetometer, orientation sensor, etc.), which can function to
detect any or all of: user device movement, user device orientation, vehicle movement,
vehicle orientation, position of user device within the vehicle, and/or any other suitable
information; proximity sensors (e.g., optical sensors, capacitive sensors, etc.), which can
function to detect and/or classity a user’s handling of a user device; location sensors (e.g.,
GPS); any or all of the sensors described above; any or all of the sensors described below;
and/or any other suitable sensors. In preferred variations, the set of sensors includes any
or all of: a GPS sensor, an accelerometer, a gyroscope, a magnetometer, and a gravity
sensor. Additionally or alternatively, the sensor system can include any other suitable
Sensors.

[0034] In a first set of variations, the system includes a set of sensors onboard a
user device (e.g., placed within the vehicle, coupled to the vehicle, secured to an interior
surtace of the vehicle, secured to an exterior surtace of the vehicle, etc.), wherein the
sensors onboard the user device are used to collect inputs (e.g., as described in S110) with
which to determine a set of driving events associated with a driver of the vehicle and/or
the vehicle (e.g., an autonomous vehicle). Additionally or alternatively, inputs can be
collected from any other sensors and/or components, such as any or all of: the vehicle
itself (e.g., from Original Equipment Manufacturer [OEM] sensors, from a speedometer
of the vehicle, from an accelerometer of the vehicle, from a scale for determining the cargo

load of a truck, from a weight sensor, etc.), supplementary sensors added to (e.g., fixed
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to, coupled to an exterior of, etc.) the vehicle (e.g., radar sensors, lidar sensors, cameras,
etc.), and/or any other suitable sensors.

[0035] In a set of specific examples, the set of inputs used to determine a set of
driving events are collected only from a personal user device (e.g., mobile phone, etc.)
assoclated with the driver and/or a passenger of the vehicle. In another set of specific
examples, the set of inputs used to determine a set of driving events are collected only
from a supplementary device, such as a 3rd party device with a set of sensors and a
processing subsystem and/or computing subsystem, removably coupled to the vehicle
(e.g., removably coupled to a charging port of the vehicle).

[0036] Additionally or alternatively, the sensors can be from any devices and/or
combination of devices.

[0037] The system preferably includes and/or intertaces with a vehicle, wherein the
vehicle can be an automotive vehicle (e.g., a car, truck, SUV, etc.), a light electric vehicle
(e.g., an electric bike, an electric scooter, an electric skateboard, any other suitable electric
vehicle that 1s configured to carry at least one human, ete.), an aerial vehicle (e.g., a fixed
wing aircraft, a rotary wing aircraft, a drone, a hovercratt, etc.), a mass transit land vehicle
(e.g., a bus, a locomotive train, a light-rail train, etc.), an aquatic vehicle (e.g., a pleasure
craft, a ferry, a hydrofoil craft, etc.), and/or any other suitable vehicle. The vehicle is
preferably configured to be driven by a human operator (e.g., under manual operation,
under semi-autonomous operation, etc.), but can additionally or alternatively be
configured to be driven under autonomous operation, and/or any combination.

[0038] The system further preferably includes and/or interface with a computing
subsystem, wherein the computing subsystem functions to perform any or all of:
processing of the set of inputs; organization of the set of inputs; implementing any or all
of a model; determination of a set of risk scores; producing an output based on the set of
risk scores; and/or can be used to perform any other processes and/or combination of
processes. The computing subsystem is preferably arranged at least partially remotely
(e.g., at a remote computing subsystem, cloud computing subsystem, etc.), but can
additionally or alternatively be arranged locally (e.g., at an onboard computing subsystem
of the user device, at a computing subsystem of the vehicle, etc.), and/or at any other

suitable locations. Additionally or alternatively, the computing subsystem can be
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arranged at any or all of: one or more system components, remotely arranged, distributed
among multiple components and/or remotely arranged, and/or otherwise arranged. such
as an onboard computing subsystem of a user device in communication with a remote
computing subsystem.

[0039] In preferred variations, a model used to determine a set of risk scores
and/or one or more outputs of the model (e.g., lookup table of risk scores, set of
predetermined route segments and associated risk scores, etc.) 1s located (e.g., stored,
referenced from, etc.) at a remote computing subsystem, wherein a computing subsystem
of the user device is in communication with the remote computing subsystem, such that
the user device can transmit sensor information and/or driving events (e.g., determined
at the onboard computing subsystem, determined at the remote computing subsystem,
etc.) to the remote computing subsystem for processing (e.g., by the model, based on
outputs of the model such as a set or risk scores, etc.). Additionally or alternatively, the
model and/or one or more model outputs can be located locally (e.g., stored at a client
application, stored at a user device, etc.) and/or any other computing subsystems can be
implemented.

[0040] The computing subsystem can include any suitable subcomponents, such as
a any or all of: memory, storage, processing (e.g., CPUs, GPUs, processes, system-on-a-

chip, etc.), and/or any other suitable components.

[0041] Additionally or alternatively, the system can include any other suitable
components.

4. Method

[0042] As shown 1in FIGURE 1, the method 100 for risk determination of a route

includes collecting a set of inputs S110 and determining a set of risk scores Si4o0.
Additionally, the method 100 can include any or all of: processing the set of inputs S120;
organizing the set of inputs S125; determining a model based on the set of inputs S130;
determining a set of risk scores 140; producing an outputs based on the set of risk scores
S150; and/or any other suitable processes.

[0043] Further additionally or alternatively, the method 100 can include any or all
of the methods, processes, embodiments, and/or examples described in any or all of the

applications described above.
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[0044] The method 100 functions to assess a risk associated with a particular route,
which can subsequently used to produce one or more outputs based on the risk, such as,
but not limited to, any or all of: an informed selection of a route by a driver; the providing
of navigation instructions which align with an optimal route in light of its risk; a
notification to a driver and/or other entities related to the risk of the route; informed
decision making by one or more entities (e.g., insurance companies, infrastructure
agencies, etc.) in light of the risk of a route; and/or the method 100 can function to
produce any other suitable outputs. Additionally or alternatively, the method 100 can
function to produce and/or validate a model with which to determine the risk associated
with a route and/or a set of route segments (equivalently referred to herein as route links
and/or road links). Further additionally or alternatively, the method 100 can function to

perform any other suitable functions.

[0045] The method 100 is preterably performed with a system as described above,
but can additionally or alternatively be performed with any other suitable system(s).

4.1 Method: Collecting a set of inputs S110

[0046] The method 100 includes collecting a set of inputs S110, which functions to

collect information with which to ultimately one or more outputs based on a set of risk
scores. Additionally or alternatively, S110 can function to collect information with which
to determine a model and/or a set of model parameters (e.g., set of weights) used to
determine the set of risk scores, collect information with which to update a model, and/or
can perform any other suitable functions.

[0047] S110 1s preferably performed contemporaneously with (e.g., prior to,
during, partially overlapping with, fully overlapping, after, etc.) the traversal of a route by
a driver, such as at any or all of: prior to initiation of the route (e.g., as the driver is
entering a destination into a navigation application, as the drive is entering the vehicle,
upon Initial movement of the vehicle, etc.); at initiation of the route (e.g., upon initial
movement of the vehicle); while the vehicle is traversing the route; at determination of
the route (e.g., until determining that the vehicle has ceased motion, until determining
that a predetermined time has passed since the vehicle has ceased motion, ete.); and/or
at any other suitable time(s). Additionally or alternatively, S110 can be performed at any

other suitable time(s).
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[0048] S110 1s preferably performed at least once during the method 100, and
additionally or alternatively any or all of: multiple times (e.g., continuously, at a
predetermined frequency, prior to any or all of the processes, during any or all of the
processes, after any or all of the processes, etc.). Further additionally or alternatively, the
method 100 can be performed in absence of S110.

[0049] In preferred variations in which an output 1s produced by a set of risk scores,
S110 can be collected at any or all of these times (e.g., depending on what output 1s
desired). In specific examples in which route options are provided to a user and/or
automatically selected based on risk, S110 can, for instance, be performed prior to
traversal of the route when a user is entering a destination into a navigation client
application. Additionally or alternatively, S110 can be performed any or all of: throughout
the traversal of the route (e.g., continuously, at a predetermined frequency, etc.), at all
times (e.g., checking at a predetermined frequency to see if vehicle is moving), in response
to a trigger, and/or at any other suitable times.

[0050] In preferred variations in which a model is determined for assigning a risk
score to a route and/or set of route segments, inputs are preferably collected multiple
times for an aggregated set of users, such as continuously (e.g., at a predetermined
frequency) while the user is driving and/or the vehicle 1s in operation.

[0051] S110 preferably includes collecting data associated with a set of route
segments, which functions to provide information with which a determination of route
risk (and/or inversely route safety) can be determined. Additionally or alternatively, S110
can function to provide information with which a determination of driver safety can be
determined and/or produce any other suitable output(s), such as any or all of those
described in subsequent processes of the method.

[0052] A route herein refers to a particular course traversed by a vehicle during a
trip, wherein a trip is preferably defined by a starting point and an ending point
(equivalently referred to herein as a destination), but can additionally or alternatively be
defined 1n any other suitable way(s). The route can include any suitable roadways and
combinations of roadways, such as any or all of: highways, motorways, residential roads,

service roads, and/or any other suitable roadways.

11
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[0053] Each route is preferably defined by a set of route segments, which serve as
“puilding blocks” for constructing the route traversed by the vehicle during its trip. The
route segments are preferably virtual representations of a portion of a roadway, but can
additionally or alternatively include one or more tangible components, such as the
corresponding portion of the roadway. The route segments are preferably defined such
that they can construct numerous possible routes through the modular combination of
adjacent route segments, wherein any route is constructed from a series of route
segments. In some variations, for instance, the set of possible route segments optionally
includes intersections as a first subset of route segments and includes the portions of road
connecting the intersections as a second subset of route segments. Intersections can refer
to any or all of: traffic light intersections, stop sign intersections (e.g., 2-way stops, 4-way
stops, etc.), roundabouts, highway features (e.g., on ramps, off ramps, congested and/or
otherwise complicated areas, etc.), intersections associated with yield signs, and/or any
other suitable road infrastructure features. In at least the second subset of road segments,
the road segments can be variable in length. In some examples, for instance, the roadway
between two Intersections i1s defined as a single route segment. Additionally, the first
subset of route segments can be variable in length. Additionally or alternatively, however,
any or all of the route segments can be defined to be uniform or substantially uniform
(e.g., defining a distance below a predetermined threshold, defining a distance above a
predetermined threshold, defining a distance between a minimum threshold and a
maximum threshold, etc.). Further additionally or alternatively, the route segments can
be otherwise defined.

[0054] In preferred variations, for instance, a route traveled by a vehicle 1s defined
as a sequence of route segments, wherein each of the sequence of route segments is
defined as at least one of: a segment of a road and an intersection. In a specific example,
the set of route segments from which a sequence of route segments 1s chosen includes a
set of intersections in a geographic region along with the sections of road which connect
the intersections, wherein the section of road connecting two Intersections preferably
forms a single route segment, but can additionally or alternatively form multiple route
segments. In a second specific example, the set of route segments from which the

sequence of route segments 1s chosen includes a set of intersections along with the

12
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sections of road which connect the intersections, wherein the section of road connecting
two intersections can form any number of route segments such that each route segment
1Is of a uniform length or a substantially uniform length (e.g., within a set of
distance/length thresholds). Additionally or alternatively, the route segments can include
only the segments connecting intersections, only the intersections, and/or can be
otherwise defined.

[0055] In a first set of variations, S110 includes collecting a set of route segment
parameters, such as route segment identifiers (route segment IDs) and/or any other
parameters associated with a particular route segment (e.g., location(s), distance,
estimated millions of miles traveled on route segment per year, etc.). In specific examples,
the route segment parameters are collected when determining the model and optionally
when determining a set of one or more outputs, which can function to perform any or all
of: informing data organization of other inputs (e.g., assign sensor information to the
proper route segment based on location information collected at a user device); determine
the risk associated with the route segment; and/or perform any other suitable functions.
[0056] The route segment parameters are preferably predetermined and collected
from a database, such as a map database (e.g., OpenStreetMap [OSM] database,
navigation/map client application database, privately owned database, publicly owned
and/or available database, etc.). Additionally or alternatively, the route segment
parameters can be received from any other suitable sources, dynamically determined
(e.g., during the method 100, prior to the method 100, etc.), and/or otherwise
determined.

[0057] At least a portion of the set of inputs includes sensor inputs collected from
a sensor system (e.g., from a user device, from the vehicle, etc.) such as from any or all of:
a GPS sensor, accelerometer, gyroscope, magnetometer, gravitational sensor, and/or any
other suitable sensors. Additionally or alternatively, any or all of the data can be collected
from a processing system (e.g., system on a chip, integrated circuit, CPU, etc.) of the user
device, a remote computing system (e.g., cloud computing system), the vehicle, a clock
(e.g., a real time clock [RTC] of the user device), a secondary client application (e.g., a
navigation application, a weather application, etc.) of the user device, and/or any other

suitable information source. Additionally or alternatively, the inputs can be otherwise
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collected. The sensor inputs are further preferably collected at a client application
executing on the user device and/or a software development kit (SDK) associated with the
client application, but can additionally or alternatively be collected from a remote
computing system, remote storage, a remote set of sensors (e.g., external sensors in an
environment of the vehicle), and/or at any other suitable component(s).

[0058] As shown in FIGURE 1, the sensor inputs can include any or all of: location
information (e.g., latitude and longitude, GPS coordinates, a GPS trace, a partial GPS
trace, a route identifier, a route segment identifier, an address, a vehicle pose, etc.),
motion information (e.g., acceleration information, speed and/or velocity information,
position-velocity-acceleration [PVA] data, etc.), and/or orientation information (e.g.,
gyroscopic Information, magnetometer information, etc.). Additionally or alternatively,
the sensor information can include any or all of: optical information (e.g., from one or
more cameras, from a camera ot the user device, from a camera tixed to the vehicle, from
a camera In an environment of the vehicle, from a stream showing local weather
conditions, from a stream showing road conditions, etc.), radar information, lidar
information, temperature information (e.g., from a temperature sensor of the user
device), humidity information (e.g., from a humidity sensor), pressure information (e.g.,
to detect a change of pressure of the vehicle such as due to airbag deployment), contact
information (e.g., from a contact sensor of the user device to detect device
usage/handling, from an optical sensor of the user device to detect device usage/handling,
etc.), proximity information (e.g., from a proximity sensor of the vehicle to detect
closeness of the vehicle to another vehicle and/or object), and/or any other suitable
information from any suitable sensors.

[0059] Additionally or alternatively, any other suitable inputs can be collected from
any or all of: a client application, a user device, a computing system, a database, and/or
any other suitable components. In some variations, for instance, the set of inputs can
include any or all of: information associated with a user’s usage of a user device (e.g., while
driving, client application usage, device handling information, etc.); historical
information associated with the user (e.g., historical routes driven by user); vehicle

information (e.g., make and model); user preferences (e.g., maximum risk threshold,
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maximum extra distance willing to be traveled for a safer route, maximum extra time
willing to be spent for a safer route, etc.); and/or any other suitable inputs.

[0060] The sensor inputs can be collected continuously (e.g., for the duration of the
trip, while the vehicle 1s moving, while the vehicle has a speed above a predetermined
threshold, etc.), at a predetermined frequency, intermittently, in response to a trigger,
and/or collected at any suitable time(s) (e.g., as described above).

[0061] The set of inputs preterably includes location information (e.g., from the
sensor system, from a database, from another source, etc.), such as Global Positioning
System (GPS) information and/or Geographic Information System (GIS) information,
which functions to properly locate and assign the risk scores determined in subsequent
processes of the method. In preferred variations, for instance, sensor data is collected
from one or more sensors of the user device (e.g., accelerometer data, orientation data,
etc.) while the vehicle 1s driving, location data 1s collected from a GPS system (e.g., of the
user device, of the vehicle, etc.) contemporaneously with the sensor data, and the sensor
data and the location data are attributed to (e.g., assigned to) road infrastructure (e.g.,
routes, roadways, intersections, etc.), such as a route segment (e.g., predetermined route
segment as described above), through GIS information and any number of GIS tools (e.g.,
lat-long variable, Geo-hash, etc.). Additionally or alternatively, the location information
can be otherwise suitably used.

[0062] The location information can additionally include traffic and/or route
information, such as any or all of: a speed limit associated with the route; road conditions
assoclated with the route (e.g., smooth surtace, potholes, clarity of lane markings such as
lane lines, curvature around turns, etc.); a level of traffic associated with the route; a
temporary or permanent zoning associated with the route (e.g., pedestrian zone, biking
zone, school zone, hospital zone, construction, residential zone, high density residential
zone, etc.); infrastructure features associated with the route (e.g., tratfic intersection with
or without traffic lights, traffic intersection with or without stop signs, highway entry
and/or exit ramps, etc.), and/or any other suitable information.

[0063] The location information can be any or all of: predetermined (e.g., a
prescribed speed limit); dynamically determined (e.g., based on information collected at

one or more sensors of a sensor subsystem such as a camera); determined from an
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information source (e.g., internet, secondary client application, etc.); determined in any
suitable combination of these ways; and/or otherwise determined.

[0064] In some variations, the location information (e.g., traffic information) is
used to determine a volume of tratfic per mile associated with the trip, wherein the volume
of traffic can include a number of vehicles (e.g., surrounding the vehicle, within a
predetermined radius of the vehicle, having a driver with a user device executing the client
application and/or SDK, etc.). Additionally or alternatively, the volume of tratfic can be
determined based on a movement parameter associated with the vehicle (e.g., speed,
acceleration, frequency of stops, etc.), and/or any other suitable parameters.

[0065] Additionally or alternatively, location information from an aggregated set
of drivers can be used when building a model (e.g., as described below) to determine, for
instance, any or all of: an average number of miles driven on a particular route segment,
a most popular route segment driven by a user, and/or any other suitable information.
[0066] The set of inputs can optionally include driver information (e.g., a driver
risk score), which functions to determine a driver behavior associated with each of set ot
drivers, further preferably the riskiness of a driver’s behavior (e.g., in the form of a driver
risk score), wherein the driver data can include any or all of: vehicle speed (e.g., as
compared to the speed limit of the associated route segment); vehicle acceleration (e.g.,
aggressive acceleration, acceleration above a predetermined threshold, etc.); abrupt
changes in driving (e.g., abrupt changes in velocity, abrupt changes in direction, hard
turns, etc.); a device usage (e.g., an amount of mobile device usage while driving, a type
of mobile device usage while driving, a phone call amount and/or frequency, a texting
amount and/or frequency, etc.); vehicle braking (e.g., hard braking); an incidence of
collisions, an incidence of near-collisions, and/or any other suitable parameters. The
driver information can additionally or alternatively be used for any or all of: adjusting a
risk score of a route (e.g., to remove the effects of an always-risky driver who drives on
the route, to attribute the riskiness of drivers to the routes they are currently traveling on,
etc.), and/or can be used in any other suitable ways.

[0067] The driver information can optionally include a driver risk score, wherein
the risk score can be determined based on any or all of: a set of algorithms, a set of models

(e.g., deep learning models, machine learning models, neural nets, etc.), and/or any other
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suitable processes. Additionally or alternatively, determining the driver behavior can
include any or all of the methods, processes, embodiments, and examples described in US
Application serial number 15/835,284, filed 07-DEC-2017, which is incorporated herein
in 1ts entirety by this reference.

[0068] Determining a driver behavior can optionally include distinguishing a
driver from a passenger, such as through any or all of the methods, processes,
embodiments, and examples described in US Application serial number 16/022,120, filed
28-JUN-2018, which is incorporated herein in its entirety by this reference.

[0069] The data can optionally include temporal information, which functions to
determine the contributions that various temporal factors can have on the rating (e.g.,
riskiness, safety, etc.) of a route. Additionally or alternatively, the temporal information
can function to organize and/or categorize any or all of the other data collected, such as
in any or all of the processes of S125.

[0070] The temporal parameters can include, for instance, any or all of: a time of
day at which information is being collected (e.g., morning, afternoon, night, 8am, 8:15am,
etc.), a time of year at which information is being collected (e.g., particular month,
particular season, etc.), and/or any other suitable parameters, which can individually
and/or collectively function to assess the risk of a route based on any or all of: traffic (e.g.,
rush hour) conditions, lighting conditions (e.g., based on time of day and/or time of year),
weather conditions (e.g., snow, sun, etc.), and/or any other suitable temporally-related
parameters.

[0071] The temporal parameters are preferably collected from a clock (e.g., real
time clock [RTC]) of a sensor system and/or the user device, but can additionally or
alternatively be collected from a remote computing subsystem, a website, and/or any
suitable information source.

[0072] In some variations, the temporal information functions to organize the
other data collected in S110 1n a time-slotted fashion (e.g., In 15-minute time slots, in less
than 15-minute time slots, in greater than 15-minute time slots, etc.), wherein the time-
slots of data can be used to determine a risk score for a route according to the time of day

and/or year that the driver is taking the trip.
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[0073] Additionally or alternatively, the data collected in S110 can include
environmental information, such as any or all of: weather (e.g., snow, rain, sleet, fog, etc.),
temperature, humidity, light, and/or other suitable information. Further additionally or
alternatively, any other suitable data can be collected in S110.

[0074] The set of inputs preferably includes inputs from a set of one or more
databases (e.g., lookup tables), wherein the database inputs are preferably used in
building a model for determining risk scores (e.g., as described below). Additionally or
alternatively, this information can be collected from other sources (e.g., from the sensor
system inputs) and/or S110 can be performed in absence of collecting database
information.

[0075] The set of databases preferably includes one or more databases which
include collision information associate with the regions containing the route segments for
which risk scores are determined for with a model. These can include (e.g., as shown In
FIGURE 7), but are not limited to, any or all of: a database indicating the number of
collisions occurring in the region (e.g., in the past year, in the past 2 years, annual average,
etc.) and the location (e.g., latitude and longitude, GPS coordinates, closest address, route
segment identifier, etc.) in which the collision occurred; a database including an overall
collision frequency occurring in the region (e.g., collisions per millions of miles) and/or
an average number of total miles driven in the region by all vehicles (e.g., number of
millions of miles driven annually in the region); a database including the route segment
parameters (e.g., OSM database); and/or any other suitable databases.

[0076] S110 can optionally include receiving the route risk scores in S140, wherein
the route risk scores are preferably determined by a model (e.g., as described below).
[0077] Additionally or alternatively, any other suitable inputs can be received in
S110 from any suitable sources and/or combination of sources.

[0078] In a first set of variations, S110 includes collecting data from a sensor system
of the user device, which i1s subsequently used to determine a set of driving events (e.g.,
driver’s acceleration patterns, driver’s hard braking, driver’s mobile device usage and
interactions, driver’s speeding, and driver’s dangerous turn patterns) associated with the
driver’s traversal of a route and location information (e.g., GPS data) characterizing the

location of the route, which is subsequently used to associate the inputs with one or more

13



WO 2021/113475 PCT/US2020/063060

routes segments. Additionally or alternatively, S110 can include collecting database
information with which to determine the risk score(s) associated with one or more routes.
In specific examples, the data is collected from any or all of: a GPS sensor, an
accelerometer, a gyroscope, a magnetometer, and a gravitational sensor of the user device,
which can be used to determine any or all of: a driver behavior, a route location, route
feature (e.g., traffic), and/or any other suitable information. Additionally, one or more
temporal parameters can be determined and/or associated with the data.

[0079] In specific examples, the sensor system is part of a mobile user device (e.g.,
smart phone) of the driver, wherein the mobile user device is arranged within the vehicle
(e.g., mounted to a dashboard, in a driver’s pocket, on a seat, etc.) during driving.

[0080] In additional or alternative specific examples, the sensor system 1s part of a
3rd party device, wherein the 3rd party device is arranged within and/or coupled to the
vehicle.

[0081] Additionally or alternatively, the sensor system can be otherwise distributed
among and/or arranged within components.

[0082] In a second set of variations, additional or alternative to the 1st, S110
includes collecting navigation information, such as a destination of the driver, wherein
the destination is used subsequently in the method to recommend and/or select a route
for the driver based on the risk scores associated with one or more potential routes which
can be taken to reach the destination. Additionally or alternatively, S110 can include
receiving dynamic navigation and/or location information with which to adjust
navigation instructions for the driver (e.g., to adjust to a lower risk route).

[0083] In a third set of variations, additional or alternative to those described
above, In which a model 1s subsequently determined, S110 includes collecting sensor
information from a set of user devices associated with an aggregated set of multiple
drivers (e.g., driving routes freely), along with information from a set of collision
databases and a map database identifying a predetermined set of route segments, wherein
the model is determined based on the inputs.

[0084] Additionally or alternatively, S110 can be otherwise performed.

4.2 Method: Processing the set of inputs S120
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[0085] The method 100 includes processing the set of inputs S120, which functions
to interpret the set of inputs and prepare them for use in determining the risk associated
with a route and/or a model for determining the risk associated with a route. Additionally
or alternatively, S120 can function to clean up (e.g., through signals processing, noise
removal, etc.) any or all of the set of inputs, fill in missing information associated with
any or all of the set of inputs (e.g., a partial GPS trace), and/or perform any other suitable
function(s).

[0086] S120 1s preferably performed in response to S110, but can additionally or
alternatively be performed at any or all of: multiple times throughout the method (e.g.,
continuously, at a predetermined frequency, etc.), in response to a trigger, and/or at any
other suitable times. Further additionally or alternatively, the method 100 can be
performed in absence of S120.

[0087] S120 1s preferably performed at a remote computing system, but can
additionally or alternatively be performed at any or all of: a user device (e.g., a processing
system of the user device), a client application executing on the user device and/or an
SDK associated with the client application, and/or any other computing systems. In
preferred variations in which a model is determined, for instance, Si120 includes
collecting, at a remote computing system, data from a set of multiple user devices
assoclated with a set of users, wherein the data is used to determine a set of events,
wherein the set of events are then associated with the proper route segments at which the
events occurred.

[0088] S120 preferably includes determining a set of driving events based on the
set of inputs, which functions to enable risky driver behavior to be detected and used in
the determination of the route risk score(s) (and/or the determination of a model used to
determine the route risk score(s)). Additionally or alternatively, driving events can be
otherwise determined, S120 can be performed in absence of determining driving events,
and/or S120 can be otherwise suitably performed.

[0089] In some variations, for instance, determining a set of events based on the
set of inputs functions to determine actual and potential contributors to the relative satfety
of route segments, and in turn the risk associated for routes that a driver may traverse

and/or 1s traversing.
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[0090] The set of inputs used to determine the events preferably includes at least
sensor information, further preferably sensor information collected at one or more user
devices. Additionally or alternatively, the set of events can be determined based on other
sensors, other inputs (e.g., databases), and/or otherwise suitably determined.

[0091] The set of events can include actual events, predicted events, or any
combination of actual and predicted events.

[0092] The set of events can include collision events corresponding to detected
collisions, which can be detected through any or all of the methods, processes,
embodiments, and examples described in US Application serial number 15/243,565, filed
22-AUG-2016, which is incorporated herein in its entirety by this reference. In variations,
for instance, detecting a collision event can include extracting one or more movement
features from at least one of a movement dataset and a supplementary dataset, such as
from data collected in S110, wherein the movement features are preferably associated
with at least one of a position, a velocity, and an acceleration characterizing the movement
of the vehicle during a time period. Movement features can include any one or more of:
raw movement data (e.g., raw location data, raw motion data, etc.), processed movement
data (e.g., through a processing operation described above), movement profiles (e.g.,
driving profile, braking profile, position profile, speed profile, acceleration profile,
turning profile, etc.), identified driving actions (e.g., parking, acceleration, braking, short
following, lane-departure, freewheeling, U-turn, left turn, right turn, over-revving,
stationary vehicle, moving vehicle, etc.), vehicle motion characteristics, and/or any other
suitable features.

[0093] In specific examples, detecting a collision event can include calculating a
vehicle braking profile and/or stopping distance from movement data (and/or from
supplementary data). A vehicle braking profile can be calculated from vehicle deceleration
over time. Stopping distance can be calculated from distance traveled between initiation
of deceleration and a vehicle stopping.

[0094] In other specific examples, detecting a collision event can include
identifying or estimating an acceleration feature describing changes in wvehicle

acceleration.
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[0095] In yet other specific examples, detecting a collision event can include
deriving movement features from any or all of: image and/or video analysis of media
captured by one or more cameras associated with the vehicle (e.g., mobile computing
device cameras, vehicle cameras, etc.); interpreting speech recorded by microphones of
the navigation device to extract driving profile features (e.g., describing driver behavior)
and/or detect a sound associated with a collision (e.g., sound of vehicle contact, sound of
airbag deployment, etc.); interpreting speech based on meaning (e.g., driver behavior can
be detected based on what people say) and/or emotion (e.g., driver behavior can be
detected based on identified emotions); extracting a vertical vehicular motion feature
(e.g., from vertical accelerometer data) describing motion of the vehicle perpendicular a
road surface; determining an accident based on radar and/or lidar information; and/or
based on any other suitable information and processes.

[0096] The collision events can additionally or alternatively be determined based
on other suitable inputs and/or data, such as any or all of: collision data from a news
source (e.g., reporting active collisions), a GIS database, historical collision records
and/or databases, and/or any other suitable information.

[0097] In specific examples, determining collision events includes receiving
collision information and the corresponding location of each collision from a collision
database and optionally any other information from any databases and/or information
sources.

[0098] The set of events further preferably includes a set of potential collision
events (e.g., as shown in FIGURE 4), equivalently referred to herein as dangerous events
and/or risky events, which have a potentially high propensity for causing a collision, and
can function to produce a robust method for determining collision risk in absence of a
large amount of actual collision event data, since collision events are relatively rare (e.g.,
conventionally measured as a number of events per million miles). The set of dangerous
events need not result in a collision, but can instead be events which are any or all of:
involved 1n a significant percentage of collision events (e.g., percentage above a
predetermined threshold); involved in near-miss collision events; involved in minor

collision events; involved in major collision events; are reported by a driver; and/or are
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otherwise classified. Additionally or alternatively, the dangerous events can include actual
collision events, such as those described above.

[0099] The set of potential collision events is preferably determined, at least in part
based on sensor data of the user device, further preferably sensor data described above
(e.g., for determining collision events with sensor data), but can additionally or
alternatively be determined based on any suitable data and with any or all of: a set of
algorithms, a model (e.g., a deep learning model, a predictive model, etc.), pattern
matching, and/or any other suitable processes. In preferred variations, the set of potential
collision events are preferably determined based on sensor inputs as described above for
the collision events, such as through any or all of the methods, processes, embodiments,
and examples described 1in any or all of: US Application serial number 15/243,565, filed
22-AUG-2016; US Application serial number 16/700,991, filed 02-DEC-2019; each which
1s incorporated herein in its entirety by this reference.

[00100] The set of potential collision events can include any or all of: an aggressive
acceleration event (e.g., a magnitude of acceleration of the vehicle above a predetermined
threshold, a frequency of acceleration above a predetermined threshold, a duration of
threshold above a predetermined threshold, etc.); a hard braking event (e.g., a magnitude
of braking above a predetermined threshold, a frequency of braking above a
predetermined threshold, a duration of braking above a predetermined threshold, etc.); a
mobile device interaction event (e.g., a mobile device usage above a predetermined
duration of threshold, a frequency of device usage above a predetermined threshold, a
duration of device usage above a predetermined threshold, a type of device usage, a
percentage of time spent interacting with the user device above a predetermined
threshold, etc.); a speeding event (e.g., speed above a speed limit by a predetermined
threshold, a duration of speeding above a predetermined threshold, a frequency of speed
above a predetermined threshold, etc.); a low speed event (e.g., driving substantially
slower than speed limit and/or surrounding traffic, driving substantially slower than the
speed limit in absence of traffic and/or inclement weather conditions, etc.); a dangerous
turn event (e.g., an unexpected turn direction); a lane change event (e.g., sudden lane
change, cutoff of another driver, etc.); a traffic violation (e.g., running a stop sign, running

a stop light, etc.); tailgating; and/or any other suitable events.
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[00101] S120 preferably includes associating each event with a particular route
segment at which the event occurred. Establishing this association preferably includes
locating the event (e.g., based on location information collected at a user device, based on
GIS information, etc.) and assigns it to one of a predetermined set of route segments. In
a variation as shown in FIGURE 2, for instance, the path traversed by a user during a trip
(e.g., Route 1, Route 2, Route 3, etc.) 1s associated with a set of predetermined route
segments (e.g., based on GIS information), wherein the grid represented in FIGURE 2
includes a set of nodes (e.g., “A”, “B”, “C”, etc. in FIGURE 2), which each correspond to
an intersection, and a set of edges (e.g., “S-M”, “M-G”, “G-H”, etc. in FIGURE 2), which
correspond to non-intersection roadways. The set of events that occur during these trips
are then associated with the route segment at which the event occurred.

[00102] S120 can additionally or alternatively include processing any or all of the
inputs to determine a set of attributes, wherein the set of attributes can be associated with
any or all of: one or more collision events (e.g., as a tag associated with the event), one or
more potential collision events, and/or one or more route segments. The attributes can
include, for instance, but are not limited to, any or all of: a type of road (e.g., highway or
not); weather conditions (e.g., raining, snowing, ice on road, inclement weather, non-
inclement weather, etc.); tratfic information and/or patterns; construction activity (e.g.,
from a construction feed); road conditions and/or features (e.g., potholes, age/wear of
road, pavement vs. asphalt vs. dirt, etec.); road architecture (e.g., hairpin turn); an
environment of the vehicle (e.g., urban, rural, residential, school zone, etc.); and/or any
other suitable attributes. The set of attributes are preferably used to inform the risk
assoclated with a route (e.g., increase risk of route segments which have a hairpin turn),
but can additionally or alternatively be used to build a model in S130 (e.g., to determine
a set of weights determined for the model), organize information in S125 (e.g., to organize
information based on attributes), and/or be used in any other suitable way(s).

[00103] In a first set of variations, S120 includes determining a set of collision events
based at least on a set of one or more databases and determining a set of risky/hazardous
events (equivalently referred to herein as potential collision events) based one or more
sensor Inputs collected at a user device. The set of collision events can additionally or

alternatively be determined based on the one or more sensor inputs collected at a user
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device. Further additionally or alternatively, a set of one or more attributes can be
determined and associated with the events.

[00104] In a set of specific examples (e.g., as shown in FIGURE 4), the set of
potential collision events includes: an aggressive acceleration event, a hard braking event,
optionally a phone interaction event, optionally an overspeeding event, and a dangerous
turn event.

[00105] In a second set of variations (e.g., as shown in FIGURE 4, as shown in
FIGURE 7, etc.), a model (e.g., as described below) is determined based on the
information described in the first set of variations for a set of aggregated users.

4.3 Method: Organizing the set of inputs S125

[00106] The method 100 can include organizing the inputs based on the set of events
and the set of route segments S125, which functions to enable aggregation of data from
multiple users and multiple routes, thereby enabling a geographic collision propensity to
be determined and used in a model for determining risk route in S130. Si125 can
additionally or alternatively function to aggregate data based on one or more temporal
parameters and/or one or more attributes, such as any or all of the temporal parameters
collected 1in S110.

[00107] S125 1s preferably performed in response to S120 and with the processed set
of inputs, but can additionally or alternatively be performed in response to S110 and/or
at any or all of: multiple times throughout the method (e.g., continuously, at a
predetermined frequency, etc.), In response to a trigger, and/or at any other suitable
times. Further additionally or alternatively, the method 100 can be performed in absence
of S125.

[00108] S125 preferably includes determining (e.g., assigning) the particular route
segment (e.g., from a set of predetermined route segments) at which each event occurs,
such that the event and its route segment can be linked (e.g., paired, assigned, etc.). The
particular route segment is preferably identified based on location information collected
in S110, such as location information collected at a sensor system of a user device. The
user device 1s preferably the same user device which collects the information used to
determine one or more of the set of events but can additionally or alternatively include

any other suitable sensors and/or devices. Additionally or alternatively, the location
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information can be predetermined, such as for collision events based on a database.
Additionally or alternatively, one or more attributes can be associated with the events
and/or the route segments, and/or any other suitable outputs can be produced in S120.
[00109] Organizing the set of inputs can include organizing the set of inputs based
on the set of events and the set of route segments, which conceptually includes organizing
the set of events into a set of groupings (“buckets”), such as those shown in FIGURES 3B-
3F, which are determined based on the events and associated route segments of FIGURE
3A. The events that occur during a set of multiple routes (e.g., Routes 1, 2, and 3), which
can be additionally associated with multiple users and/or multiple time points, are
organized and aggregated according to the route segment linked to the event (e.g., in
S120), which can be determined based on location information, such as location
information collected at a sensor system as described in S110. As more and more data
from multiple users and multiple routes comes in, the propensity for collision of
particular route segments (e.g., having a large number of events, having a large number
of severe events, etc.) can be determined and optionally quantified (e.g., in S140). This
then forms a sample representative of the overall ambient driving condition.

[00110] The set of events and route segments can additionally or alternatively be
organized based on temporal parameters and/or one or more attributes, which can
function, for instance to enable risk scores to be determined and used to produce an
output in Si150 which most closely match an environment of the driver. In some
variations, for instance, the time at which an event occurs is organized based on the time
of day at which 1t occurs (e.g., in 1-hour segments, in 12-hour segments, in 3-hour
segments, etc.), such that a risk score is ultimately determined for each route segment at
each hour of the day to result in 24 different buckets of event - route segment pairs.
Additionally or alternatively, any other attributes (e.g., weather condition) can be used to
organize the set of events.

[00111] In a first set of variations, S125 includes organizing the set of potential
collision events and the set of collision events such that the event is linked to the route
segment and/or route segments at which it occurs, wherein these event-segment pairs

can optionally be further organized based on temporal information and/or other
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attributes, such that risk scores can be tailored to particular environments (e.g., time of
day, weather conditions, etc.) which a driver may be driving in.

[00112] In specific examples, the set of events and their associated route segments
are determined based on the driving of an aggregated set of users along with one or more
databases of collision events.

[00113] In additional or alternative examples, the events are their associated route
segments are further organized based on which hour of the 24-hour day the event
occurred 1n.

[00114] In a second set of variations, the potential collision events and the collision
events are collected in absence of database information.

[00115] In a third set of variations, the collision events are collected only from a set
of databases, wherein the potential collision events are collected based on sensors
assoclated with an aggregated set of users.

[00116] Additionally or alternatively, S125 can be otherwise suitably performed.
4.4 Method: Determining a model S130

[00117] The method 100 can include determining a model S130, wherein the model
functions to enable the determination of risk score associated with each of the set of route
segments (e.g., predetermined route segments, dynamically determined route segments,
etc.). Additionally or alternatively, the model can function to enable the determination of
the risk associated with an entire route and/or any other suitable outputs (e.g., as in
S150). S130 can additionally or alternatively function to assess the risk associated with
potential collision events (e.g., based on a comparison with actual collision events/data),
and/or can perform any other suitable functions.

[00118] In preferred variations, the model preferably essentially enables the
correlation of driving behavior (as represented in potential collision events) with real
collision data, such as that in a different format from a database, to enable a
determination of risk associated with each of a route segment. In specific examples, this
enables the sparse actual collision data (e.g., as there is relatively little collision data due
to their relatively infrequent occurrence) to be combined with and/or correlated with

risky driving behavior from sensor data to enable a robust risk score to be determined for
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each of a set of route segments (e.g., even those not associated with a documented
collision).

[00119] This can in turn enable, for instance, risky driving behavior which is found
to correlate to collisions to be flagged to one or more drivers (e.g., a driver performing the
risky behavior, a driver in proximity to the risky driver, etc.), such as through a
notification (e.g., a real-time notification) and/or any of the outputs described in S150.
[00120] S130 1s preferably performed in response to S125 ,but can additionally or
alternatively be performed in response to S120, in response to S110, prior to S110 (e.g.,
for producing an output in S150 based on the model), and/or at any other suitable times.
Additionally or alternatively, S130 can be performed at any or all of: multiple times
throughout the method (e.g., continuously, at a predetermined frequency, etc.), in
response to a trigger, and/or at any other suitable times. Further additionally or
alternatively, the method 100 can be performed in absence of S130 (e.g., wherein a model
1s already determined).

[00121] The model in S130 1s preferably determined based on the organized inputs
described in Si125, but can additionally or alternatively be determined based on the
processed inputs in S120, the inputs in S110, and/or any other suitable information.
[00122] The model preferably outputs a risk score associated with each of the set of
route segments. Additionally or alternatively, the model can output a risk score associated
with each route. Further additionally or alternatively, the model can produce any other
suitable outputs (e.g., a driver risk score) and/or any other suitable outputs.

[00123] In a preferred set of variations, the output of the model includes a lookup
table which includes at least the set of predetermined route segments (e.g., in a first
column) and a risk score (e.g., single risk score, scalar risk score, vector or risk scores
assoclated with each potential event, etc.) associated with each route segment. The table
can additionally or alternatively be divided among ditferent hours of the day and/or other
attributes (e.g., table for each hour of the day and each type of weather). Further
additionally or alternatively, the model can include any other suitable outputs, such as an
algorithm, decision tree, other table, and/or any other outputs.

[00124] The model is preferably determined and used to determine the outputs at

least once (e.g., wherein the risk scores output by the model are used in each instance of
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S140 and/or Si150). Additionally or alternatively, a model can be determined and/or
updated multiple times (e.g., at a predetermined frequency, in response to new data being
collected in S110, in response to new database information being collected, etc.).

[00125] In some variations, for instance, a set of risk scores 1s determined based on
the model and data from a first aggregated set of drivers (equivalently referred to herein
as users), wherein the risk scores are used for a second set of users (e.g., in the outputs of
S150), wherein data associated with the second set of users i1s also collected and used to
update the model, thereby producing an updated set of risk scores.

[00126] The model can include a single model and/or multiple models.

[00127] The model preferably includes a statistical model, wherein the statistical
model functions to determine, as an output, a risk score associated with each route
segment based on event data including both actual collision events (e.g., collected from a
database and/or a sensor system) and potential collision events (e.g., collected from a
database and/or a sensor system). The statistical model is preferably a generalized linear
model (e.g., with a Poisson regression) but can additionally or alternatively include any
or all of: another linear model, a non-linear model, a Bayesian approach, a least squares
fit, and/or any other statistical and/or probabilistic models.

[00128] Additionally or alternatively, the model can include a machine learning
model (e.g., deep learning model, neural network, CNN, RNN, etc.), one or more
algorithms and/or equations, decision trees, and/or any other suitable models.

[00129] In a first set of variations, the model includes a statistical model, wherein
the risk scores are determined by the model and based on a set of model inputs including:
a set of potential collision events and their associated route segments, a set of collision
events and their associated route segments, and optionally one or more collision and/or
traffic parameters/statistics (e.g., from a database, from sensor information, etc.)
assoclated with the region in which data 1s being collected. These parameters/statistics
can optionally be used for instance, to enable a comparison and/or a correlation between
events determined with a sensor system and those from a database. In specific examples
(e.g., as shown in FIGURE 7), these can include any or all of: a distance traveled per each
particular route segment relative to all route segments (e.g., based on information

collected at user devices, to enable a determination of an estimated collision frequency

29



WO 2021/113475 PCT/US2020/063060

per route segment, etc.); an overall number of miles traveled in a region; an overall
collision frequency (e.g., collisions per million miles) in a region; and/or any other
suitable information.

[00130] In a second set of variations, the model includes one or more machine
learning models trained based on any or all of: the event data, database data, and/or
simulated data, wherein the machine learning model determines a predicted set of risk
scores for a route and/or route segment.

[00131] In a third set of variations, the model includes a combination of statistical
and machine learning models.

4.5 Method: Determining a set of risk scores S140

[00132] The method 100 includes determining a set of risk scores Si140, which
functions to assess (e.g., quantity, rank, etc.) the propensity for risk (e.g., collision,
potential collision, dangerous events, stressful driving conditions, etc.) associated with
each of a set of route segments and subsequently any routes composed of these route
segments, such as a route that a driver may plan to take.

[00133] S140 1s preferably performed in response to S130 and Si125, wherein the
model in S130 1s used to determine a set of risk scores, which can be used to assess an
overall risk for a driver and/or other user (e.g., in light of particular route the vehicle is
cgoing to take, in light of all routes the driver has taken, etc.). S140 can additionally or
alternatively be preterably performed in response to S110, S120, and/or can be performed
at any or all of: multiple times throughout the method (e.g., continuously, at a
predetermined frequency, etc.), in response to a trigger, and/or at any other suitable
times. Further additionally or alternatively, the method 100 can be performed in absence
of S140.

[00134] The set of scores preferably includes a set of segment risk scores, each of
which quantifies the risk of a collision (e.g., of a route segment, or a route, etc.) on a
particular route segment. Additionally any or all of a risk score (e.g., an entry in a risk
score vector) can quantify the likelihood of encountering a driver exhibiting a particularly
risky driving behavior (e.g., hard braking, aggressive acceleration, etc.), such as any or all
of the potential collision events described in S120. Further additionally or alternatively,

S140 can include determine a route risk score (e.g., as described below in aggregating risk
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scores), a driver risk score (e.g., based on the routes taken by the driver), a regional risk
score (e.g., based on the routes in the region), and/or any other risk scores.

[00135] A segment risk score 1s preferably determined for each route segment,
which can then be used (e.g., aggregated, added together, combined according to an
algorithm and/or function, etc.) to determine a risk score associated with a route made
up of a set of route segments. A risk score preferably indicates a high propensity for
collision, but can additionally or alternatively indicate a high propensity for risky
behavior, be unrelated to collision, and/or indicate any other suitable information. The
segment risk score 1s preferably produced as an output of the model in S130 but can
additionally or alternatively be otherwise produced.

[00136] The risk score can optionally include and/or be determined based on a set
of sub-scores (e.g., corresponding to the risk of each of the set of events, as entries in a
segment risk score vector, etc.), which can function, for instance, to enable discretion
(e.g., filtering) based on a particular driving event (e.g., according to a user’s preference).
In some variations, for instance, in recommending a route to a user (e.g., in S150), the
user can view and/or adjust the options based on the user’s particular priorities and
preferences. In specific examples, for instance, a user can prioritize minimizing any or all
of the following when choosing a route: a level of driver aggression; a level of distracted
drivers; stop-and-go traffic; and/or any other suitable parameters corresponding to the
driving events described above and/or independent of the driving events above.

[00137] In determining a risk score based on a set of sub-scores (e.g., driving event
sub-scores), the sub-scores can be combined in any suitable way, such as any or all of:
added together; added in a weighted fashion, such as based on a severity of an event type
(e.g., assigning a heavier weight to collision events versus dangerous events) and/or a
likelihood of an event type; combining the sub-scores according to any number of
algorithms and models (e.g., deep learning models); and/or otherwise combing the set of
sub-scores.

[00138] Any or all of the risk scores can optionally be determined and/or adjusted
based on driver-specific information and/or any other suitable parameters (e.g., current
driving conditions, current sensor information, etc.). In some variations, the risk score

assoclated with a segment and/or route can be adjusted and/or tailored based on driver
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preferences and/or historical information. In specific examples, for instance, for a driver
who has a tendency to do hard braking, which could be especially risky in route segments
with a high incidence of overspeeding (e.g., could cause a speeding tailgating vehicle to
rear end the described vehicle when it brakes suddenly), the risk score associated with a
segment assoclated with high incidence of overspeeding (e.g., driving over the speed limit,
driving over the speed limit by a predetermined threshold, exceeding the speed limit by
at least 5 miles/hour, exceeding the speed limit by at least 10 miles/hour, exceeding the
speed limit by a threshold between 10 miles/hour and 30 miles/hour, exceeding the speed
limit by at least 15 miles/hour, exceeding the speed limit by at least 20 miles/hour,

exceeding the speed limit by at least 30 miles/hour, etc.) can be inflated for the particular

driver.
[00139] Additionally or alternatively, the risk score can be otherwise determined.
[00140] S140 can optionally include validating a risk score and/or the processes

(e.g., algorithms, models, etc.) involved in determining the safety score. In some
variations, S140 accounts for a potentially low amount of data collected for collision
events and/or dangerous events by aggregating drivers into ranges based on their driver
behavior (e.g., a driver behavior score) and comparing a driving event rate aggregated for
the set of drivers in the range. This can function to validate the satety score and its etfficacy
as a predictor of collision if it is determined, for instance, that an aggregated set of drivers
associated with risky driver behavior experiences a higher collision rate than an
agegregated set of drivers associated with less risky driver behavior. Additionally or
alternatively, events associated with a second aggregated set of drivers can be used to
validate the risk scores, the model itself can go through one or more validation processes,
and/or validation can be otherwise optionally performed.

[00141] S140 can optionally include aggregating a set of segment risk scores to
determine a route risk score. Aggregating the segment risk scores can include any or all
of: summing scores (e.g., segment scores, normalized segment scores, etc.), averaging
scores, determining a median score, selecting the highest segment risk score, adding in a
welghted fashion (e.g., wherein the set of weights take into account a distance and/or

other parameter of the segment), and/or otherwise combining the segment scores.
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[00142] In some variations, a risk score for a route is determined by adding together
the segment risk scores for the series of segments making up the route.

[00143] Additionally or alternatively, S140 can include any other suitable processes
performed in any suitable order.

[00144] In a first set of variations, S140 includes calculating a segment risk score for
each of a set of route segments with a model, wherein the segment risk scores can be
ageregated together to determine the risk associated with any route.

[00145] In a second set of variations, S140 includes calculating a risk score for each
of a set of potential routes, wherein calculating a safety score for the route includes
calculating a satety score for each route segment of the route, wherein the safety score for
each route segment is determined based on an aggressive acceleration sub-score, a hard
braking sub-score, a phone use sub-score, a speeding sub-score, and a hard turn sub-
score, and wherein the safety scores for each route segment are added together to
determine the route safety score.

[00146] Additionally or alternatively, S140 can be otherwise suitably performed.
4.6 Method: Producing an output based on the set of risk scores S150

[00147] The method 100 can optionally include producing an output based on the
set of risk scores S150, which can function to perform any or all of: recommending a route
to a driver; recommending an action associated with a route (e.g., while the driver is
traversing the route); identifying and surtacing risky driving behavior; advising a driver
on areas of improvement; recommending infrastructure changes; informing an insurance
company and/or other entity of route and/or driver riskiness; and/or performing any
other suitable function(s).

[00148] S120 1s preferably performed in response to 140, but can additionally or
alternatively be performed in response to S130, S125, S120, S110, and/or at any or all of:
multiple times throughout the method (e.g., continuously, at a predetermined frequency,
etc.), In response to a trigger, and/or at any other suitable times. Further additionally or
alternatively, the method 100 can be performed in absence of S150.

[00149] S150 can include recommending a route to a driver based on the risk
score(s) determined in S140. Recommending a route to a driver can optionally include

recommending a route prior to the driver starting a trip, wherein the route is determined
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based on a user’s starting point, destination, the risk score and/or a driver score, and
optionally one or more driver preferences (e.g., aversion to driving routes that are
assoclated with a high level of driver aggression, percentage increase in distance willing
to be traveled for a less risky route, percentage increase in time willing to be spent for a
less risky route, ete.). Additionally or alternatively, a route can be recommended while the
user 1s driving, such as in an instance that a detour to the current route is preferable (e.g.,
based on a dynamically updated safety score, based on a change in user preference, based
on a change in traffic, etc.), based on an input from the user (e.g., change in destination,
prioritization of time to destination instead of safety, etc.), and/or recommended at any
other suitable times.

[00150] Additionally or alternatively, S150 can include recommending an action
assoclated with a route, such as any or all of: dynamically changing navigation to a less
risky route, changing lanes, taking a detour (e.g., 1f a safety score drops below a
predetermined threshold), pulling off of a roadway, advising the driver on an optimal time
of day to take the trip, and/or any other suitable actions.

[00151] Further additionally or alternatively, S150 can include identifying and
optionally alerting the driver to various information, such as any or all of: collision-prone
zones; a collision risk parameter (e.g., probability of collision per mile, probability of
collision per route, etc.) and/or a visual indication (e.g., on a collision heat map); a risky
behavior associated with the driver (e.g., distraction level above a predetermined
threshold, increasing aggression level, etc.); risky behavior associated with the driver of a
nearby vehicle; an improvement area and/or associated tips for the driver; and/or any
other suitable information.

[00152] Further additionally or alternatively, S150 can include recommending
and/or advising on infrastructure changes and/or policy changes based on a risk score
assoclated with actual or proposed infrastructure features. In some variations, for
instance, S150 Includes advising individuals or groups (e.g., road safety policymakers,
urban/state/federal level groups, etc.) on the risk associated with various features and/or
changes, such as any or all of: widening lanes of a roadway, introducing medians,

changing a 4-way stop into a roundabout, adding a lane to a highway, introducing a left
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turn lane to an intersection, changing speed limits, and/or any other suitable
infrastructure.

[00153] Further additionally or alternatively, S150 can include producing and/or
presenting a visual output, such as any or all of: a visualization of a score (e.g., to be
displayed at a client application), such as a safety score of a route (e.g., as shown in
FIGURE 6) and/or a score associated with a driver (e.g., as shown in FIGURE 5); a heat
map showing areas associated with high propensity for collision; and/or any other
suitable visualizations.

[00154] Further additionally or alternatively, S150 can include informing one or
more entities of risk scores. In some variations, for instance, S150 can assess risk for
individual drivers, regions, groups of drivers, drivers as a whole, and/or any other
sroupings, which can enable an insurance company to determine and/or adjust insurance
rates accordingly. In specific examples, an Insurance company can assess risk and/or
changes in risk associated with a driver (e.g., moves to new area with riskier routes, starts
taking different routes, historical routes taken, etc.) such that the insurance company can
determine his or her insurance rate accordingly.

[00155] Further additionally or alternatively, S150 can produce one or more fleet
management outputs, such as a change in routes assigned to one or more vehicles (e.g.,
trucks, autonomous vehicles) in the tleet based on the route risks.

4.7 Method: Variations

[00156] In one variation (e.g., as shown in FIGURE 8), the method 100 includes:
collecting data from a sensor system of a user device, which 1s used to determine a driver’s
behavior (e.g., driver’s acceleration patterns, driver’s hard braking, driver’s mobile device
usage and interactions, driver’s speeding, and driver’s dangerous turn patterns)
assoclated with the driver’s traversal of a route and location information (e.g., GPS data)
characterizing the location of the route; linking the data with road infrastructure (e.g.,
routes, roadways, intersections, etc.) through GIS information and any number of GIS
tools (e.g., lat-long variable, Geo-hash, etc.); collecting database information associated
with actual collision events and their locations; determining a set of events such as any or
all of a collision event and a set of potential collision events (e.g., an aggressive

acceleration event, a hard braking event, a mobile device usage event, a speeding /
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overspeeding event, a dangerous turn event, etc.); organizing data from multiple drivers
and multiple routes to produce, with a model, an aggregated assessment of the risk at
each of a set of route segments; determining one or more scores (e.g., risk scores)
assoclated with each of the set of route segments and/or a set of routes composed of the
route segments; and producing an output (e.g., recommending a route) based on the
scores.

[00157] In specific examples, the set of potential collision events 1s determined
based on inputs collected from a set of sensor systems (e.g., of user devices, of mobile
devices, etc.) of an aggregated set of users, and the set of collision events 1s determined
from one or both of the inputs collected from the set of sensor systems and a set of
database information.

[00158] In a second variation, additional or alternative to the first, the method 100
includes determining a model for determining a set of risk scores, wherein determining
the model comprises: collecting data from a sensor system of a user device, which is used
to determine a driver’s behavior (e.g., driver’s acceleration patterns, driver’s hard braking,
driver’s mobile device usage and interactions, driver’s speeding, and driver’s dangerous
turn patterns) associated with the driver’s traversal of a route and location information
(e.g., GPS data) characterizing the location of the route; linking the data with road
infrastructure (e.g., routes, roadways, intersections, etc.) through GIS information and
any number of GIS tools (e.g., lat-long variable, Geo-hash, etc.); collecting database
information associated with actual collision events and their locations; determining a set
of events such as any or all of a collision event and a set of potential collision events (e.g.,
an aggressive acceleration event, a hard braking event, a mobile device usage event, a
speeding / overspeeding event, a dangerous turn event, etc.); organizing data from
multiple drivers and multiple routes to produce, with a model, an aggregated assessment
of the risk at each of a set of route segments; determining one or more scores (e.g., risk
scores) assoclated with each of the set of route segments and/or a set of routes composed
of the route segments.

[00159] In specific examples, the model is a statistical model such as a generalized

linear models.
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[00160] In additional or alternative specific examples, the model i1s a machine
learning model.

[00161] In a third variation, additional or alternative to the first and second, the
method includes: collecting data from a sensor system of a user device, which 1s used to
determine a driver’s behavior (e.g., driver’s acceleration patterns, driver’s hard braking,
driver’s mobile device usage and interactions, driver’s speeding, and driver’s dangerous
turn patterns) associated with the driver’s traversal of a route and location information
(e.g., GPS data) characterizing the location of the route; linking the data with road
infrastructure (e.g., routes, roadways, intersections, etc.) through GIS information and
any number of GIS tools (e.g., lat-long variable, Geo-hash, etc.); collecting database
information associated with actual collision events and their locations; determining a set
of events such as any or all of a collision event and a set of potential collision events (e.g.,
an aggressive acceleration event, a hard braking event, a mobile device usage event, a
speeding / overspeeding event, a dangerous turn event, etc.); organizing data from
multiple drivers and multiple routes to produce, with a model, an aggregated assessment
of the risk at each of a set of route segments; determining one or more scores (e.g., risk
scores) assoclated with each of the set of route segments and/or a set of routes composed
of the route segments; producing an output (e.g., recommending a route) based on the
scores; collecting the information as described above as the user traverses a route; and
updating the model based on the updated information.

[00162] Additionally or alternatively, the method 100 can include producing any
other suitable outputs and/or any other suitable processes.

[00163] Although omitted for conciseness, the preferred embodiments include every
combination and permutation of the various system components and the various method
processes, wherein the method processes can be performed in any suitable order,
sequentially or concurrently.

[00164] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claims.
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CLAIMS

We Claim:

1. A method for selecting a route for a driver, the method comprising:

recelving a starting point and a destination;

determining a first series of route segments from a predetermined set of route

segments based on a 15t route from the starting point to the destination;

determining a second series of route segments from the predetermined set of

route segments based on a 2"d route from the starting point to the destination;

determining a 1st route risk score and a 2d route risk score, wherein determining

the 15t route risk score and the 2"d route risk score comprises:

e with a model, determining a segment risk score associated with each of the
first and second series of route segments, wherein determining the
segment risk score comprises:

= recelving sensor information from a set of mobile user devices
assoclated with a set of drivers driving a set of vehicles;

= recelving collision information from a database;

= determining a set of potential collision events based on the sensor
information; and

* determining a set of collision events based on the collision

iInformation;

for the 15t route, aggregating the first series of segment risk scores to determine

the 15t route risk score;

for the 2nd route, aggregating the second series of segment risk scores to

determine the 2nd route risk score;

selecting a route from the 15t route and the 2nd route based on the 15t and 2nd route

risk scores; and

providing navigation instructions to the driver based on the selected route.
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2. The method of Claim 1, further comprising collecting a second set of sensor
information from a mobile user device of the driver during a traversal of the selected

route.

3. The method of Claim 2, further comprising updating the model based on the second

set of sensor information.

4. The method of Claim 3, wherein the second set of sensor information further
comprises sensor information assoclated with a second set of mobile user devices

assoclated with a second set of drivers.

5. The method of Claim 1, further comprising presenting the 1st and 2nd route risk scores
to the driver, wherein the selected route 1s further determined based on a driver input in

response presenting the 1st and 2nd route risk scores to the driver.

6. The method of Claim 1, further comprising receiving a time of day of associated with a
position of the driver at the starting point, wherein each of the segment risk scores is

further determined based on the time of day.

7. The method of Claim 1, wherein determining the segment risk score further
comprising receiving information from a second database, the second database separate

and distinct from the first database.

8. The method of Claim 7, wherein the second database comprises a collision frequency

assoclated with a region, wherein the region comprises the 1st route and the 214 route.

9. The method of Claim 1, further comprising transmitting a selected route risk score to

an entity.

10. The method of Claim 9, wherein the entity is an insurance company associated with

the driver.
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11. The method of Claim 1, wherein the set of drivers comprises at least 1,000 drivers.

12. The method of Claim 1, wherein the set of collision events is further determined

based on the sensor information.

13. The method of Claim 1, wherein the set of potential collision events comprises:

e an acceleration parameter above a predetermined threshold of a vehicle of the set

of vehicles;

e a braking parameter below a predetermined time threshold of a vehicle of the set

of vehicles; and

e a mobile device usage above a predetermined threshold of a driver of the set of

drivers.

14. A method for determining a risk associated with a route, the method comprising:

e determining a series of route segments making up the route based on a

predetermined set of route segments from a 1st database;
e with a model:
e recelving the predetermined set of route segments from the 1st database;

e recelving sensor information from a set of mobile user devices associated

with a set of multiple drivers;

e recelving a set of collision identifiers and a set of locations associated with

the set of collision identifiers from a 2nd database;

e determining a set of potential collision events based on the sensor

information;
e determining a set of collision events based on the 2nd database;

e determining a segment risk score associated with each of the series of

route segments, thereby determining a series of segment risk scores;

e aggregating the series of segment risk scores to determine the route risk score;

and
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e triggering an action based on the route risk score.

15. The method of Claim 14, wherein the 2nd database 1s separate and distinct from the

15t database.

16. The method of Claim 14, wherein the action comprises providing a set of navigation

instructions to a driver based on the route risk score.

17. The method of Claim 16, wherein the set of multiple drivers comprises the driver.

18. The method of Claim 14, whereiln the set of collision events i1s further determined

based on the sensor information.

19. The method of Claim 14, wherein the model comprises a statistical model.

20. The method of Claim 19, wherein the statistical model is a generalized linear model.
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