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METHOD AND SYSTEM FOR VEHICULAR-RELATED COMMUNICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Serial No.
62/575,126, filed 20-OCT-2017, which is incorporated herein in its entirety by this
reference.

TECHNICAL FIELD
[0002] This invention relates generally to the vehicle monitoring field, and more

specifically to a new and useful method and system for facilitating vehicular-related

communications associated with multiple vehicles.

BRIEF DESCRIPTION OF THE FIGURES

[0003] FIGURE 1 is a flowchart representation of an embodiment of a method for
inter-vehicle traffic-related communication;

[0004] FIGURE 2 is a schematic representation of an embodiment of the method
for inter-vehicle traffic-related communication;

[0005] FIGURE 3 is a specific example of a traffic-related communication;

[0006] FIGURE 4 is a specific example of a traffic-related communication; and
[0007] FIGURE 5 is a schematic representation of a specific implementation of the

method for inter-vehicle traffic-related communication.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0008] 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. QOverview

[0009] As shown in FIGURES 1-2, embodiments of a method 100 for improving

vehicular traffic-related communications between devices (e.g., vehicles, smartphones,
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mobile devices proximal vehicles, etc.) can include: collecting a movement dataset (e.g.,
corresponding to at least one of a location sensor and a motion sensor; associated with
position, velocity, and/or acceleration, "PVA", of a vehicle; etc.) and/or a supplementary
dataset from a first device (e.g., a mobile device, an embedded in-vehicle device, and/or
other suitable devices, etc.) associated with a first user (e.g., and/or other users) S110;
transmitting the movement dataset and/or supplementary dataset from the first device
to an intermediate device (e.g., a remote computing system, a mobile device, a network
infrastructure node, etc.) S120; determining a traffic-related event from processing the
movement dataset and/or supplementary dataset with a traffic event model S130; and in
response to determining the traffic-related event, transmitting a traffic-related
communication from the intermediate device to a second device associated with a second
user S140.

[0010] The method 100 can optionally include generating an output related to
vehicle control based on the traffic-related communication S150; and/or any other
suitable blocks and/or subprocesses related to traffic-related communication between
devices (e.g., arranged in separate vehicles).

[0011] Embodiments of the method 100 and/or system 200 can function to
coordinate communications between devices (e.g., through a common coordination point
of a remote computing system, through a mesh network including a plurality of mobile
devices, a mesh network including a plurality of mobile devices in combination with fixed
devices, etc.) associated with a plurality of users for detecting and appropriately
responding to traffic-related events (e.g., in real time; in near real-time; within a time
window greater than an average reaction time of a human driver to respond to an
unexpected traffic situation such as a hard brake event, a swerve, etc.; any other suitable
temporal characteristic; etc.). In a variation, detecting traffic-related events can include
detecting a risk of a potential vehicular accident (e.g., based on vehicular actions
performed by other proximal vehicles; based on high risk behavior of a driver of the
vehicle associated with the first device, determined at the first device; based on sensor
data indicating vehicular actions of proximal vehicles, such as smartphone sensor data

for smartphones residing in the proximal vehicles, intersection sensor data; based on



WO 2019/079807 PCT/US2018/056916

traffic data indicating a high frequency of accidents at a particular vehicular path; etc.),
which can be responded to by transmitting appropriate traffic-related communications
(e.g., notifications indicating that vehicles ahead on a vehicular path are slowing down;
an alert indicating that an accident has occurred ahead on a vehicular path out of the sight
line of the driver of the vehicle receiving the traffic-related communications; control
instructions for autonomous or semi-autonomous vehicles to perform appropriate
vehicular actions or driving maneuvers to reduce the risk of the potential vehicular
accident; etc.).

[0012] Any suitable distribution of functionality can be implemented across
components of the system 200 and/or components associated with the method 100. In
an example, either a remote computing system or user devices can pre-process datasets
(e.g., extract PVA data, movement data, location data, and any other suitable data; filter
extracted data values to make downstream processing more efficient; etc.), and/or detect
traffic-related events. In another example, the method and/or system can omit a remote
computing system. In another example, Block S130 and/or S140 can be performed by any
number of user devices (e.g., determining and/or responding to traffic-related events at
a user smartphone, etc.).

[0013] In a specific example implementation, the functionality is distributed
between a first mobile device, an intermediate device, and a second mobile device in order
to minimize latency and maximize efficiency of data transmission and enhance the
usefulness of the traffic-related communication. In this example, the first mobile device
arranged within a first vehicle identifies an anomalous traffic situation based on the
movement dataset and/or supplementary dataset and transmits the movement dataset
and/or supplementary dataset to the intermediate device. The intermediate device
determines what geographic region(s) and/or set of secondary devices (e.g., arranged
within a geographic region) are likely to be affected (e.g., arranged in vehicles that are
affected) by the anomalous traffic situation, and transmits a traffic-related
communication to the determined set of secondary devices (e.g., the set of secondary
devices within the determined geographic region). The receiving device (e.g., a second

device to which the intermediate transmits the traffic-related communication)
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determines whether the received traffic-related communication is relevant to the traffic
situation of the vehicle in which the second device is located; if it is relevant, the receiving
device takes an appropriate action (e.g., generates control instructions; provides an alert
or warning to the driver; automatically controls the vehicle or subsystems of the vehicle
such as the brakes, steering, or any other suitable subsystems; etc.); and, if it is not
relevant, the receiving device can do nothing (e.g., ignore the traffic-related
communication), generate a labeled observation indicating that the traffic-related
communication as a false positive (e.g., make a labeled observation for use in training or
updating a traffic event model) and log the labeled observation, and/or take any other
suitable action in response.

[0014] However, distribution of functionality across components of the system 100
and/or other suitable components can be configured in any suitable manner.

[0015] One or more instances of the method 100 and/or processes described herein
can be performed asynchronously (e.g., sequentially), concurrently (e.g., in parallel,
concurrently on different threads for parallel computing to improve system processing
ability for determining a plurality of traffic-related events across a plurality of users
substantially concurrently; for communicating traffic-related communications to a
plurality of devices substantially concurrently, etc.), in temporal relation to a trigger event
(e.g., detection of an traffic-related event, receipt of datasets at a remote computing
system, etc.), and/or in any other suitable order at any suitable time and frequency by
and/or using one or more instances of the system 200, elements, and/or entities
described herein.

[0016] Additionally or alternatively, data described herein (e.g., movement data,
supplementary data, traffic-related event determinations, etc.) can be associated with any
suitable temporal indicators (e.g., seconds, minutes, hours, days, weeks, etc., temporal
indicators such as time stamps indicating when the data was collected, determined and/or
otherwise processed, temporal indicators providing context to content described by the
data, such as temporal indicators indicating the time at which a vehicle exhibited the
vehicle movement characteristics associated with an traffic-related event, etc.) and/or

change in temporal indicators (e.g., PVA over time, data over time, change in data, data
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patterns, data trends, data extrapolation and/or other prediction, etc.). Additionally or
alternatively, the method 100 can be performed in relation to events (e.g., traffic-related
events, vehicle operation events, pedestrian events, weather events, etc.) additional to or
alternative to traffic-related events. However, the method 100 and/or system 200 can be
configured in any suitable manner.

2, Benefits

[0017] Variations of the technology can afford several benefits and/or advantages,
in particular over conventional methodologies for improving traffic-related inter-vehicle
communication.

[0018] First, the technology can leverage non-generic location data (e.g., location
datasets, GPS data, beacon data, etc.) and/or motion data (e.g., motion datasets,
accelerometer data, gyroscope data, etc.) to conveniently and unobtrusively determine a
traffic-related event, and to automatically transmit communications about traffic-related
events to users (e.g., by way of their mobile devices) who may be affected by the traffic-
related event. In examples, the location data and/or motion data can be passively
collected at a user’s mobile computing device (e.g., a smartphone, a tablet, etc.), such that
the technology can perform traffic event determination and/or receive traffic-related
communications without requiring a user to purchase additional hardware (e.g., a
specialized onboard device for monitoring traffic-related events, a purpose-built such
device, etc.).

[0019] Second, the technology can provide advantages over manual crowd-sourced
traffic-event determination and communication systems. For example, conventional
systems enable drivers or other observers to report traffic events (e.g., accidents, speed
traps, slowdowns, construction blockages, road debris, etc.) that have already occurred or
are otherwise apparent. In contrast, variants of the technology can determine traffic-
related events that are not yet visually apparent or have not necessarily yet caused an
adverse result (e.g., a near-miss, a risky driving event, reckless or unskilled driving
behavior, a hard braking event, a swerving event) and, by notifying relevant actors (e.g.,
drivers of nearby vehicles, drivers of vehicles that plan to be proximal the location of

traffic-related event determination, users within a predetermined range of the traffic-
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related event as it occurs, etc.), prevent the occurrence of further or additional adverse
traffic events (e.g., a rear-end accident that might otherwise occur as a result of a hard
stop, a collision that might occur as a result of driving in close proximity to a reckless
driver, etc.). Furthermore, variants of the technology can automatically detect and report
traffic events (e.g., to devices in relevant contexts, such as those within a relevant range
or predicted impact zone) without the need to manually (e.g., by a human driver,
passenger, or other observer) determine and report such events.

[0020] Third, the technology can automatically initiate traffic-related actions in
response to determination of traffic-related events and/or receipt of traffic-related
communications. Traffic-related actions can include any one or more of controlling the
user device, sending a notification to the user or a related entity, generating user-specific
content, and/or other suitable user-related actions. Traffic-related actions can
additionally or alternatively include controlling the vehicle or subsystems of the vehicle
(e.g., brakes, throttle, signals, lights, steering, HVAC, audio-visual, etc.), generating
control instructions (e.g., auditory instructions, visual instructions, etc.) for provision to
a driver, and/or other suitable control-related actions. Further, in examples, the type of
initiated traffic-related action can be tailored to the particular traffic-related
communication or event based on movement data (e.g., motion data, location data, etc.)
and/or supplemental data. In examples, the technology can include a software
development kit for third-parties to integrate the traffic-related communication features
into various applications, thereby enabling third-parties to leverage traffic-related event
data that is automatically determined and communicated in relevant geographic areas for
purposes of driving education, ride sharing, valet services, navigation, roadside
assistance, insurance processing, emergency services, autonomous vehicle control,
advanced driver assistance system operation, and/or other suitable services and
applications.

[0021]Fourth, the technology can determine and communicate traffic-related event
information in real-time (e.g., instantaneously, substantially real-time, near real-time,
etc.). Prompt determination and inter-vehicle communication of traffic-related events

(e.g., traffic slowdowns, accidents, near-accidents, etc.) can enable timely response (e.g.
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during the in-trip time period) to relevant events (e.g., a hard braking event ahead of but
out of sight of the vehicle receiving the communication, a speeding vehicle approaching
an intersection being approached by the vehicle receiving the communication at a speed
too great to avoid entering the intersection against a red light, etc.) by the receiving entity
(e.g., a driver, a user, an autonomous agent, etc.). In examples, the method can provide
traffic-related notifications with a total end-to-end elapsed time of about 0.75-1.5 seconds
between event onset and receipt of the communication at a device in a vehicle 100 to 300
meters behind the location of event occurrence, which can add to the reaction time margin
of the driver of the vehicle (e.g., in addition to an average reaction time to human-
perceived events on the order of hundreds of milliseconds).

[0022] Fifth, the technology can improve the technical fields of at least vehicle
telematics, inter-vehicle networked communication, computational modeling of traffic-
related events, and traffic-related event determination with mobile computing device
data. The technology can continuously collect and utilize non-generic sensor data (e.g.,
location sensor data, motion sensor data, GPS data, audio/visual data, ambient light data,
etc.) to provide real-time determination of traffic-related events and communication of
those events to potentially affected entities. Further, the technology can take advantage
of the non-generic sensor data and/or supplemental data (e.g., vehicle sensor data,
weather data, traffic data, environmental data, biosignal sensor data, etc.) to better
improve the understanding of correlations between such data and traffic-related events
and/or responses to such events, leading to an increased understanding of variables
affecting user behavior while driving and/or riding in a vehicle and/or traffic behavior at
the scale of a population of users driving vehicles.

[0023] Sixth, the technology can provide technical solutions necessarily rooted in
computer technology (e.g., utilizing computational models to determine traffic-related
events from non-generic movement datasets and/or supplementary datasets collected at
mobile computing devices, updating the computational models based on event
determination and/or communication accuracy, etc.) to overcome issues specifically
arising with computer technology (e.g., issues surrounding how to leverage movement

data collected by a mobile computing device to determine traffic-related events, how to
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automatically communicate traffic-related information to initiate traffic-related actions
for responding to traffic-related characterization, etc.).

[0024] Seventh, the technology can leverage specialized computing devices (e.g.,
computing devices with GPS location capabilities, computing devices with motion sensor
functionality, wireless network infrastructure nodes capable of performing edge

computation, etc.) to collect specialized datasets for characterizing traffic behaviors

executed by the vehicle (e.g., under the influence of the driver’s control, when controlled

by an autonomous control system, etc.).

[0025] Eighth, the technology can enable prompt collision detection (e.g.,
substantially as described in U.S. Application No. 15/727,972, filed 09-OCT-2017, which
is incorporated herein in its entirety by this reference), and communication of the
collision to potentially affected vehicles by transmitting a traffic-related communication
to mobile devices within those vehicles.

[0026] However, variations of the technology can offer any other suitable benefits

and/or advantages.

3.1 Collecting movement datasets and/or supplementary datasets.
[0027] As shown in FIGURES 1-2, Block S110 can include collecting a movement

dataset (e.g., corresponding to at least one of a location sensor and a motion sensor)
and/or a supplementary dataset from a first device (e.g., smartphone) associated with a
first user. Block S110 can function to collect traffic-related data for use in characterizing
one or more traffic-related events. Movement datasets preferably describe at least one or
more of position, velocity, and/or acceleration (PVA) of one or more vehicles (e.g., motor
vehicles, bicycles, watercraft, aircraft, spacecraft, railed vehicles, autonomous vehicles,
etc.), other user devices (e.g., smartphones, laptops, tablets, smart watches, smart glasses,
virtual reality devices, augmented reality devices, aerial devices such as drones, medical
devices, etc.), users (e.g., a vehicle driver, vehicle passenger, pedestrian, etc.). Movement
dataset can additionally or alternatively describe any suitable movement-related

characteristic.
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[0028] Related to Block S110, supplementary datasets can include any one or more
of: user data (e.g., indicative of user information describing one or more characteristics
of one or more users and/or associated devices, etc.), audio data (e.g., audio recorded by
a plurality of mobile devices, audio associated with a phone call, associated with
conversations involving one or more users in a vehicle, which can indicate the number of
users present in a vehicle, including content informative of one or more user
characteristics, such as driver behavior in response to a traffic-related event, traffic-heavy
route, environmental audio, vehicular audio, such as engine audio, etc.), optical data (e.g.,
optical datasets capturing traffic-related events; optical data capturing vehicular
movements of proximal vehicles; optical data capturing the same object across different
optical data from different mobile devices, imagery; video; internal vehicle-facing optical
data of users and/or corresponding locations within a vehicle, such as optical data
capturing a plurality of mobile devices and/or users within the vehicle; external vehicle-
facing optical data of route, other users, other devices, landmarks, geographical markers;
optical data capturing users entering or exiting the vehicle, such as from the driver side
or passenger side; mobile device camera data; etc.), vehicle data (e.g., vehicle proximity
sensor data, OBD data, vehicle operation data, vehicle camera data, PVA data, fuel data,
motion sensor data, etc.), traffic data (e.g., route data, type of vehicular path such as
freeway road or local road, which can be correlated with historic traffic-related events,
user driving preferences, accident data, trafficlevel, traffic laws, etc.), biometric data (e.g.,
cardiovascular parameters, such as heart rate, which can be indicative of traffic-related
events, of user driving behavior in response to different traffic conditions, sleep metrics,
respiration data, biological fluid data, etc.), environmental data (e.g., weather conditions,
which can be indicative of risk of vehicular accidents; which can be correlated with
frequency of a particular user to operate a vehicle during such weather conditions, road
conditions, pressure conditions, air quality, etc.), and/or any other suitable data for
facilitating determination of traffic-related events, responding to traffic-related events,
and/or for performing other portions of the method 100.

[0029] Supplementary datasets can be used to corroborate the determination of a

traffic-related event (e.g., using audio data to recognize that a collision identified via a
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movement dataset has indeed occurred based on cabin noise exceeding a volume
threshold, detection of an audible signature of a collision, etc.) and/or contradict the
determination of a traffic-related event (e.g., using external imagery to recognize that
what was identified as a risky swerve event was in fact a normal lane change).
Corroboration can be performed on the primary device (e.g., first device, mobile device
executing a variation of Block S110, etc.) and/or the intermediate device (e.g., at a 5G-
enabled cellular tower that can perform computations at the tower itself, a centralized
remote computing system, etc.).

[0030] In relation to Block S110, movement datasets and/or supplementary
datasets can be collected at (e.g., sampled at, etc.) one or more of: motion sensors (e.g.,
multi-axis and/or single-axis accelerometers, gyroscopes, etc.), location sensors (e.g.,
GPS data collection components, magnetometer, compass, altimeter, etc.), optical
sensors, audio sensors, electromagnetic (EM)-related sensors (e.g., radar, lidar, sonar,
ultrasound, infrared radiation, magnetic positioning, etc.), environmental sensors (e.g.,
temperature sensors, altitude sensors, pressure sensors, etc.), biometric sensors, and/or
any other suitable sensors and/or any other suitable data collection components
associated with any suitable entities.

[0031] Regarding Block S110, data collection components can be associated with
(e.g., provided by, included in, proximal, communicatively coupled with, etc.) one or more
of: user devices, vehicular path-associated components (e.g., freeway roads, local roads,
intersections, traffic lights, traffic signs, traffic markings, etc.), telecommunications
entities (e.g., 3G, 4G, 4G-LTE, or 5G cellular towers; satellites; etc.), third party
components, other suitable data collection components (e.g., motion sensors associated
with location sensors due to being integrated in the same user device; etc.), and/or any
other suitable components. In an example, data collection components can include
microphones and/or cameras at intersections (e.g., for collecting supplementary datasets
contextualizing or corroborating movement data collected at user devices traveling within
vehicles at the intersection; for collecting optical and/or audio datasets that can be
processed into movement features for describing PVA of vehicles at the intersection; etc.).

In another example, data collection components can include sensors (e.g., motion
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sensors, location sensors, optical sensors, audio sensors, etc.) of user mobile devices. In
another example, data collection components associated with a user can include data
collection components geographically associated with the user (e.g., proximal the user’s
location), handled by the user (e.g., owned by the user, provided by the user, etc.),
communicatively associated with the user (e.g., in communication with the user and/or
devices associated with the user, etc.), and/or otherwise associated with the user.
However, data collection components can be associated with any suitable entities in any
suitable manner.

[0032] Relating to Block S110, movement datasets, supplementary datasets,
and/or any other suitable traffic-related datasets can be collected from any suitable
number of data collection components associated with any suitable number of users (e.g.,
drivers, passengers, pedestrians, observers, light-vehicle users, fleet managers, etc.), third
parties (e.g., government entities, telecommunications entities, etc.), and/or other
entities. In a specific example, user smartphone data, government intersection camera
data, and third-party traffic data (e.g., an automated programming interface / API for
retrieving traffic conditions) can be collected. Datasets collected from a plurality of
sources are preferably processed in combination (e.g., used for inputs into a traffic event
model; stored in association with each other, such as stored in association with a user
identifier and/or driving session identifier; retrieved with each other; used in
combination for feature extraction, such as for determining PVA features for a driving
session; etc.) according to one or more data processing conditions.

[0033] In a variation of Block Si110, data processing conditions can include
temporal conditions. For example, datasets collected from a plurality of devices within a
time period (e.g., 30 second window) can be processed together. In another example,
datasets (e.g., different types of datasets sampled from different types of sensors; etc.)
collected from a single device within a time period are processed together. In another
example, datasets are collected from a second device in response to (e.g., subsequent to)
collection at a first device and transmission from the first device to the second device (e.g.,

with intermediate processing and/or communication relaying).
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[0034] In another variation of Block S110, data processing conditions can include
location conditions. In an example, datasets within a geographic radius are processed
together (e.g., processing datasets together from devices within a geographical radius of
an intersection, of each other, of other suitable references, etc.). In another example,
Block S110 can include serially collecting datasets based on a location condition. In a
specific example, the method 100 can include determining an traffic-related event (e.g.,
an initial detection of a vehicular accident) based on a first movement dataset collected
for a first vehicle (e.g., where the first vehicle is involved in vehicular accident); in
response to determining the traffic-related event, collecting a second movement dataset
from a second vehicle locationally proximal the first vehicle (e.g., within a predetermined
threshold radius; where the second vehicle is passing the first vehicle involved in the
vehicular accident, etc.); and confirming the traffic-related event (e.g., a confirmation of
the vehicular accident, where emergency services can be contacted in response to the
confirmation, etc.) based on the second movement dataset. In another example, Block
S110 includes collecting a supplementary dataset that includes traffic data associated with
a geographic location determined from the movement dataset gathered at a vehicle (e.g.,
a device inside the vehicle). However, performing multiple instances of Block S110 (e.g.,
serially, concurrently, etc.) and/or other suitable portions of the method 100 can be
performed in any suitable manner (e.g., based on any suitable data processing conditions;
without using data processing conditions; etc.).

[0035] In another variation of Block S110, data processing conditions can include
network conditions. For example, datasets associated with a particular cellular network
type (e.g., sampled at devices operating on the particular cellular network) can be
processed together (e.g., for processing on a cellular tower associated with the cellular
network type or operator). In another example, datasets can be collected when network
quality (e.g., connectivity, packet loss rates, etc.) is above a threshold quality (e.g., to
improve data integrity, to increase power efficiency of the collecting device, etc.).

[0036] In another variation of Block S110, data processing conditions can include
data collection component conditions. For example, a first set of datasets sampled at a

first data collection component can be processed together (e.g., pre-processed together at
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the first data collection component, such as at a first user smartphone; etc.); and a second
set of datasets sampled at a second data collection component can be processed together
(e.g., pre-processed together at a second user smartphone; etc.), such as prior to
transmission of the pre-processed datasets to a remote computing system (e.g., for
performance of Blocks S130, S140, etc.) from the first and the second data collection
components, respectively.

[0037] Relating to Block S110, additionally or alternatively, collected datasets can
be processed serially (e.g., a first movement dataset used in a first traffic event model; a
second movement dataset and a supplementary dataset used in a second traffic event
model; etc.), and/or in any suitable order and/or combination. Alternatively, collected
datasets can be processed without reference to data processing conditions. However, data
processing for traffic-related datasets based on data processing conditions can be
performed in any suitable manner, and/or data processing can be otherwise performed.
[0038] Block S110 can be performed at predetermined time intervals (e.g.,
collecting datasets from smartphones every 15 seconds; collecting vehicle sensor data
every minute from connected vehicles, from third parties such as OEM platforms, vehicle
data databases; etc.), in response to and/or concurrently with a trigger event (e.g.,
receiving an traffic-related communication from another device; detecting conditions
indicating a risk of an traffic-related event, such as a proximal position of a driver
associated with a poor driver score; determining traffic-related events; performing of
other suitable portions of the method 100; etc.) and/or at any other suitable frequency or
time in any suitable temporal relationship to other portions of the method 100. Block S110
preferably includes performing low latency computations on the device to enable high
frequency operations (e.g., near-real time) to improve the usefulness of the traffic-related
information to secondary devices (e.g., receiving devices that receive traffic-related
communications from an intermediate device).

[0039] In a variation, Block S110 can include differentially collecting traffic-related
datasets (e.g., collecting different types of datasets, at different rates and/or times, using
different data processing conditions, etc.), which can function to satisfy privacy

preferences, improve battery life, selectively and dynamically escalate or deescalate data
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collection based on contextual situation (e.g., risk, driver, traffic conditions, determined
traffic-related events; where such escalation or de-escalation can confer technologically-
rooted improvements to the device functionality in facilitating traffic-related event
determination and response; etc.). Differentially collecting traffic-related datasets can be
based on: user preferences (e.g., collecting only movement datasets for a first user;
collecting movement datasets and supplementary datasets for a second user; etc.), battery
conditions (e.g., restricting sensor usage, such as sampling rate and/or types of vehicle
sensors used, in response to a state-of-charge below a threshold; battery conditions for
vehicles, smartphones, other suitable data collection components; etc.), network
conditions (e.g., activating supplementary dataset collection in response to detecting
strong cellular network signal strength or other network quality metrics; etc.), location
conditions (e.g., activating additional dataset collection at a data collection component
corresponding to a user location proximal a traffic sign associated with a high frequency
of accidents or other types of traffic-related events, etc.), and/or any other suitable
conditions, but differentially collecting traffic-related datasets can be performed in any
suitable manner.

[0040] In another variation, Block S110 can include incentivizing users to permit
collection of traffic-related data (e.g., through privacy permissions, through inputting
traffic-related data such as data indicating characterizations of vehicular accidents, etc.),
such as through: monetary incentives (e.g., currency transfers, credit transfers,
cryptographic currency generation or transfers, etc.), digital incentives (e.g., avatars,
images, badges, video, etc.), and/or other suitable incentives.

[0041] Additionally or alternatively, collecting movement datasets, supplementary
datasets, and/or other suitable datasets can be performed in any manner included in
and/or analogous to U.S. App. No. 15/584,375 filed 02-MAY-2017, which is incorporated

in its entirety by this reference. However, Block S110 can be performed in any suitable

manner.
3.2 Transmitting movement datasets and/or supplementary datasets.
[0042] As shown in FIGURE 1-2, Block S120 can include transmitting the

movement dataset and/or supplementary dataset from a first device to an intermediate
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device (e.g., from a smartphone to a component of a telecommunications entity such as a
telecommunications tower, cellular network node, etc.; from a smartphone to a remote
server system; from a smartphone to another smartphone; etc.). Block S120 can function
to transmit datasets to a processing entity for characterization of and/or response to
traffic-related events. Additionally or alternatively, Block S120 can function to facilitate
the aggregation of a plurality of traffic-related datasets sourced from a plurality of sources
(e.g., associated with multiple users and/or vehicles) at a central processing entity for
improving storage, retrieval, analysis, and/or other suitable processing in determining
and/or responding to traffic-related events. In variations wherein the intermediate device
is a remote computing system, remote computing systems can include one or more of:
telecommunications entities (e.g., telecommunications towers), remote servers, remote
networked computing system, stateless computing system, stateful computing system,
satellites, and/or any other suitable computing systems. In a specific example, the
intermediate device includes a network infrastructure component (e.g., cellular telephone
tower or node) defining a fixed geographic location within a predetermined range of the
first device (e.g., cellularly or otherwise wirelessly connected to the first device, within the
network cell corresponding to the first device, etc.). In another specific example, the
intermediate device includes a second device substantially similar to the first device (e.g.,
a mobile phone, a smartphone, a mobile device, etc.) communicatively connected to the
first device (e.g., as a mesh network component).

[0043] Relating to Block S120, transmitting datasets can include transmitting: raw
traffic-related datasets (e.g., movement datasets, supplementary datasets, etc.),
processed traffic-related datasets (e.g., extracted movement features, supplementary
features, etc.). Feature extraction and/or other suitable processing operations can be
performed at the corresponding data collection component (e.g., the device that sampled
the data), at intermediary devices, and/or at any other suitable components. Transmitting
datasets can include transmitting from any number of devices, any amount and types of
data, and/or transmission by devices at any suitable time in relation to each other.
[0044] Regarding Block S120, datasets are preferably transmitted from the device

that sampled the data (e.g., to reduce latency associated with transmitting datasets to the
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traffic-related event characterization system, such as the remote computing system, a
mesh-network connected device, etc.). Additionally or alternatively the movement
dataset can be transmitted indirectly from a device that sampled the data to the remote
computing system (e.g., through an intermediary device) and/or any other suitable
device. In an example, a movement dataset collected at a vehicle can be transmitted to a
user smartphone residing in the vehicle (e.g., through a wired connection), and from the
user smartphone to a cellular tower and/or other suitable remote computing systems for
subsequent processing. In another, a movement dataset collected at the vehicle by a user
smartphone residing in the vehicle can be transmitted to a second user smartphone in
another vehicle (e.g., a nearby vehicle), and from the second user smartphone to a cellular
tower and/or other suitable intermediate device for subsequent processing. However, any
suitable data (e.g., collected in Block S110) can be transferred between any suitable
components in any suitable order at any suitable time and/or frequency.

[0045] In variations, Block S120 can be performed in response to a trigger event.
The trigger event can include a movement parameter (e.g., extracted from the movement
dataset) exceeding a threshold. For example, Block S120 can include transmitting a
movement dataset to a remote computing system in response to an acceleration of the
vehicle exceeding a threshold value (e.g., wherein the threshold is computed at collecting
device based on a vehicle speed, speed in combination with traffic data, etc.). The
threshold can be predetermined (e.g., set at a fixed threshold speed value, acceleration or
deceleration value, etc.), dynamically determined (e.g., based on local traffic congestion
conditions retrieved periodically from a real-time database, estimated based on PVA data,
etc.), contextually determined (e.g., based on the roadway type, intersection location

and/or properties, etc.), and/or otherwise suitably determined.

[0046] However, Block S120 can be otherwise suitably performed in any suitable
manner.

3.2.A Selecting traffic-related data to transmit.

[0047] As shown in FIGURE 2, Block S120 can additionally or alternatively include

selecting traffic-related data from the movement datasets and/or supplementary datasets

to transmit S125. Block S125 can function to filter, pre-process, and/or otherwise select
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relevant data for transmission. Additionally or alternatively, S125 can function to reduce
latency (e.g., between the occurrence of a vehicular accident and the detection of a
corresponding traffic-related event; etc.), improve battery conditions (e.g., save battery
life), and/or confer other suitable improvements to system components and/or
components associated with the method 100.

[0048] Relating to Block Si25, selecting traffic-related data preferably includes
selecting a subset of data (e.g., including any suitable data types, data size, corresponding
data collection components, associated entities; etc.) for transmission. Alternatively,
selecting traffic-related data can include selecting the entirety of sampled traffic-related
data to transmit (e.g., in response to detecting an upcoming intersection associated with
a high frequency of vehicular accidents; etc.). However, any suitable data can be selected.
[0049] Regarding Block S125, selecting traffic-related data for transmission can be
based on one or more of: data types (e.g., only transmitting location sensor data rather
than additional supplementary data from the same device in response to detecting stored
supplementary data from a different proximal device, only transmitting motion sensor
data based on local motion characteristics matching a predetermined pattern indicative
of a sudden stop or swerve to which location data is irrelevant, etc.), device type (e.g.,
selecting a first movement dataset sampled at a first user device with updated sensors,
versus a second movement dataset at a second user device with older sensor versions,
where the first and the second user devices reside in the same vehicle and/or are
otherwise associated; etc.), temporal conditions (e.g., only transmit data sampled within
the past 30 seconds, etc.), traffic-related events (e.g., selecting additional data types to
transmit in response to detecting poor driver scores associated with proximal drivers;
determining the types and amount of data to transmit based on historic traffic-related
events associated with conditions matching and/or similar to current driving conditions,
etc.), environmental conditions (e.g., weather, road conditions, etc.) and/or any other
suitable characteristics.

[0050] Relating to Block S125, traffic-related data is preferably selected at the data
collection components at which the movement datasets and/or supplementary datasets

are sampled. Additionally or alternatively, traffic-related data can be selected at
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intermediary devices (e.g., a device in the communication flow between the data
collection device and the remote computing system). However, Block Si125 can be
performed in any suitable manner.

3.3 Determining a traffic-related event.

[0051] As shown in FIGURES 1-2, Block S130 can include determining a traffic-
related event from processing the movement dataset and/or supplementary dataset with
a traffic event model. Block S130 can function to detect, predict, and/or otherwise
determine traffic-related events for facilitating initiation of appropriate traffic-related
responses (e.g., traffic-related communications), such as in real-time. Traffic-related
events can include accident related events, such as: occurrence of a vehicular accident,
prediction of a future vehicular accident, indications of historic vehicular accidents (e.g.,
associated with a proximal driver, associated with a proximal vehicular path component,
etc.), risk of vehicular accidents (e.g., risk score; etc.), parameters associated with
accident related events (e.g., timing, users involved, vehicles involved, type of vehicular
accident, severity, etc.) and/or any other suitable characterizations of vehicular
accidents.. Vehicular accidents related to traffic-related events can include: collisions
(e.g., single-vehicle collisions, multi-vehicle collisions, pedestrian collisions, etc.), vehicle
failures (e.g., mechanical breakdowns, electrical failures, software failures, issues with
battery, wheel change, fuel, puncture, charging, clutch, ignition, cooling, heating,
ventilation, brakes, engine, etc.), and/or any other suitable type of vehicular accident.
Traffic-related events can also include vehicle events that are accident adjacent (e.g., can
increase the likelihood of an accident occurring) or unrelated to a collision or accident,
such as: hard braking events (e.g., deceleration / acceleration above or below a threshold
value designating hard braking), swerving (e.g., horizontal acceleration above a threshold
value, lateral motion above a threshold value, etc.), moving violations (e.g., entering an
intersection against the prevailing traffic signal, running a stop sign, speeding, etc.),
and/or any other suitable type of traffic-related event. In examples, determining a traffic-
related event can include determining that a user has violated a traffic rule, law, or
regulation, substantially as described in U.S. Application No. 16/022,184, filed 28-JUN-

2018, which is incorporated herein in its entirety by this reference. However, traffic-
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related events can additionally or alternatively include any other suitable events related
to vehicular operations.

[0052] Block S130 is preferably performed by an intermediate device (e.g., a device
other than the first device, a remote computing system, another device on a mesh network
connected to the first device, etc.) but can additionally or alternatively be performed by
the first device (e.g., the transmitting device) or second device (e.g., receiving device
downstream of the intermediate device), and/or any other suitable device.

[0053] Block S130 preferably includes determining traffic-related events based on
movement data (e.g., PVA characteristics and/or PVA-related data; extracted movement
features; movement data from a single device, such as a single smartphone residing in the
vehicle; movement data from a plurality of devices associated with different entities;
movement data from any suitable sources; etc.). In another example, traffic-related
events can be based on a plurality of movement data (and/or other supplementary data)
collected from different devices within a location radius (and/or other suitable location
parameter) of a reference location (e.g., location of a central device associated with a
vehicle involved in the vehicular accident; location of an intersection; location of a device;
determined based on location sensor data; a triangulated location based on movement
data and/or supplementary data from multiple sources proximal the vehicular accident;
etc.). In a specific example, a risk of a potential vehicular accident can be detected based
on vehicular actions performed by proximal vehicles within a radius, such as a 0.1-mile
radius (e.g., recommending a lane change based on proximal vehicles performing the lane
change; recommending a speed decrease based on proximal vehicles decreasing speed
beyond a threshold; etc.). In another example, traffic-related events can be based on
movement data (and/or supplementary data) collected within a threshold time period
(e.g. where a traffic event model is executed at predetermined time intervals using input
data collected during a current and/or preceding time interval, etc.). In another example,
traffic-related events can be based on movement data collected from a plurality of devices
associated with any suitable number of remote computing systems, such as
telecommunications networks and/or entities (e.g., where a single or a plurality of remote

computing systems can perform processes associated with Block S130 and/or other
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suitable portions of the method 100, etc.). In a specific example, for a vehicular accident
involving a first and a second vehicle (e.g., in communication with one or more remote
computing systems, etc.), Block S130 can include determining an traffic-related event
based on first movement data describing movement of the first vehicle (e.g., collected at
a smartphone residing in the first vehicle; an abrupt decrease in acceleration of a
magnitude exceeding a threshold change in acceleration and indicating a moving vehicle
colliding into an object; etc.), and on second movement data describing movement of the
second vehicle (e.g., collected at a smartphone residing in the second vehicle; an abrupt
increase in acceleration indicating a stopped vehicle that was collided into by a moving
vehicle; etc.). However, determining traffic-related events based on movement data can
be performed in any suitable manner.

[0054] Additionally or alternatively, Block S130 can include determining traffic-
related events based on supplementary data. For example, Block S130 can include:
detecting a vehicular accident based on movement datasets (e.g., PVA data associated
with the vehicles involved in the vehicular accident, etc.); and confirming the occurrence
of the detected vehicular accident based on supplementary data (e.g., audio data including
sirens of emergency services tending to the vehicular accident; camera data capturing the
vehicular accident, such as camera data captured at vehicular paths such as highways;
traffic data describing a spike in traffic proximal the vehicular accident; etc.). In another
example, Block S130 can include detecting a traffic-related event based on supplementary
sensor data collected from vehicular path-associated components (e.g., optical data, audio
data, motion data, from sensors proximal freeway roads, local roads, intersections, traffic
lights, traffic signs, etc.). However, determining traffic-related events based on
supplementary data can be performed in any suitable manner.

[0055] In a variation, Block S130 can include extracting one or more movement
features and/or supplementary features (e.g., from movement data and/or
supplementary data, etc.), such as in any manner analogous to that described in U.S.
Application No. 15/584,375, filed 02-MAY-2017, which is incorporated herein in its
entirety by this reference. Additionally or alternatively, processing traffic-related data in

relation to Block S130 and/or other suitable portions of the method 100 can include any
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one or more of: performing pattern recognition on data (e.g., detecting PVA patterns and
correlating to traffic-related events; etc.), fusing data from multiple sources (e.g., multiple
devices, multiple data collection components, data across multiple temporal indicators,
etc.), combination of values (e.g., averaging values, etc.), compression, conversion (e.g.,
digital-to-analog conversion, analog-to-digital conversion), performing statistical
estimation on data (e.g. ordinary least squares regression, non-negative least squares
regression, principal components analysis, ridge regression, etc.), wave modulation,
normalization, updating, ranking, weighting, validating, filtering (e.g., for baseline
correction in relation to vehicle-related movement versus user-related movement of
devices residing within a vehicle; data cropping, etc.), noise reduction, smoothing, filling
(e.g., gap filling), aligning, model fitting, binning, windowing, clipping, transformations,
mathematical operations (e.g., derivatives, moving averages, summing, subtracting,
multiplying, dividing, etc.), data association, multiplexing, demultiplexing, interpolating,
extrapolating, clustering, image processing techniques (e.g., for optical data, image
filtering, image transformations, histograms, structural analysis, shape analysis, object
tracking, motion analysis, feature detection, object detection, stitching, thresholding,
image adjustments, etc.), other signal processing operations, other image processing
operations, visualizing, and/or any other suitable processing operations. However,
extracting features and/or processing traffic-related datasets can be performed in any
suitable manner.

[0056] In another variation, Block S130 (e.g., traffic event models of Block S130)
and/or other portions of the method 100 can employ approaches including any one or
more of: classification (e.g., for presence of a traffic-related event; for different types of
traffic-related events; etc.), decision-trees (e.g., for characterizing traffic-related events;
for determining satisfaction of conditions triggering monitoring for traffic-related events;
etc.), regression (e.g., for determining driving recommendations; for predicting vehicular
outcomes associated with driving recommendations; etc.), neural networks (e.g.,
convolutional neural networks for processing optical data captured by devices associated
with driving sessions; etc.), heuristics, equations (e.g., weighted equations, such as for

weighing features associated with a plurality of data collection components; etc.),
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selection (e.g., of a subset of traffic-related data to transmit to a remote computing system
for further processing, etc.), instance-based methods (e.g., nearest neighbor, etc.),
regularization methods (e.g., ridge regression, etc.), Bayesian methods, kernel methods,
supervised learning, semi-supervised learning, unsupervised learning, reinforcement
learning, and/or any other suitable approach.

[0057] Block S130 can include determining any number of traffic-related events
using any number (e.g., including zero) of traffic event models, based on any suitable
number and types of datasets collected from any suitable number and types of data
collection components. Traffic event models are preferably machine-trained classification
models that classify a plurality of signal inputs as corresponding to a traffic-related event
of a particular type or class, with associated properties; however, the traffic event models
can additionally or alternatively be any other suitable type of model (e.g., a deterministic
model, a functional model, an empirical model, a reduced-order model, etc.). In
examples, the traffic event models can accept as inputs signals such as obtained from or
collected at: inertial measurement units (IMU), speed sensors (e.g., GPS sensors that
output a time series of locations), impact sensors, cameras, audio sensors (e.g., that
output dB levels, power-frequency distributions, etc.), pressure sensors (e.g., to monitor
for airbag deployment), and any other suitable sensors. In some variations, the traffic
event model can be partially or entirely executed at the first device and the traffic event
can thus be determined prior to transmission to the network (e.g., via an intermediate
device); in alternative variations, the traffic event can be determined at an intermediate
device subsequent to transmission of the unprocessed or partially processed data from
the first device.

[0058] Block S130 can include training (e.g., updating) one or more traffic event
models. Training is preferably performed based on labeled data (e.g., labeled
observations), which can be generated during implementation of the method 100 in real-
world situations. Training can include updating the traffic event model based on labeled
observations of model performance. Additionally or alternatively, training can be
performed based on unlabeled data (e.g., unsupervised learning). The performance of the

traffic event models can be evaluated by comparing the received traffic-related
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communication to the occurrence of a traffic-related event determined at the receiving
device (e.g., by collecting a movement dataset corresponding to a location sensor and/or
a motion sensor of the receiving device, wherein the movement dataset is associated with
PVA of the vehicle associated with the receiving device, and determining a traffic-related
event based on the movement dataset and comparing the traffic-related event with the
traffic-related communication). For example, if the received traffic-related
communication indicates that a hard-braking event has occurred ahead of the receiving
vehicle, Block S130 can include generating a labeled observation as to whether a hard
braking event in fact occurred based on a movement dataset collected by the receiving
device (e.g., processed at the device to determine the traffic-related event, transmitted to
an intermediate device wherein the traffic event model is executed and processed at the
intermediate device, etc.). In a related example, wherein the received traffic-related
communication indicates the presence of a pothole or road debris ahead of the receiving
vehicle, Block S130 can include detecting whether the driver input a steering command
to avoid the pothole or road debris and generating a labeled observation based on
detecting such an input. Block S130 can additionally or alternatively include generating
labeled observations based upon a generated control instruction. Labeled observations
can include observations of false positives in traffic-related communications; for example,
upon receiving the traffic-related communication at a device (e.g., a device determined to
be within a region of interest of a traffic-related event), Block S130 can include generating
alabeled observation indicative that the traffic-related communication is irrelevant to the
receiving vehicle (e.g., based on a movement dataset collected at the device) and updating
the traffic-event model based on the labeled observation.

[0059] In an example, Block S130 can include determining a traffic-related event
by processing movement datasets (e.g., with a traffic event model) collected from a first
vehicle, a second vehicle, and smartphones residing in the vehicles, on audio data
collected from a microphone mounted to a stop light at an intersection proximal the
vehicles, on optical data from a smartphone of a pedestrian proximal the intersection
(e.g., collected through a social media post of the pedestrian), on traffic data (e.g.,

collected from a third party) indicating traffic data proximal the intersection, on weather



WO 2019/079807 PCT/US2018/056916
24

data (e.g., collected from a third party) indicating weather conditions proximal the
intersection, and/or on any other suitable combination of data, where such data can be
received and/or processed at a central remote computing system and/or other suitable
components. In another example, Block S130 can include determining a traffic-related
event based on movement data and supplementary data collected at the same data
collection component.

[0060] Block S130 is preferably performed at one or more remote computing
systems (e.g., remote server systems, telecommunication entities such as cellular towers,
network infrastructure components defining a fixed geographic location, etc.).
Additionally or alternatively, portions of Block S130 can be performed by data collection
components, other devices, and/or any suitable components. In an example, extracting a
set of movement features can include allocating the feature extraction and/or other
suitable pre-processing to the data collection components, such as prior to transmission
to a remote computing system, which can reduce latency (e.g., by distributing processing
functionality across a plurality of components, etc.) associated with traffic-related event
determination and response. In another example, Block S130 can include storing and/or
executing traffic event models at a device (e.g., vehicle, smartphone, etc.), at a remote
computing system, and/or any suitable component, where the traffic event models can
additionally or alternatively be generated (e.g., trained, updated) at any suitable
component. However, functionality associated with Block S130 (and/or other portions of
the method 100) can be distributed across any suitable components in any suitable
manner.

[0061] Block S130 is preferably performed in real-time during and/or immediately
after a vehicular accident (e.g., during an accident monitoring mode triggered by
satisfaction of a movement characteristic condition; etc.) but can additionally or
alternatively be performed prior to a vehicular accident. However, traffic-related events
can be associated with, for, and/or otherwise related to any suitable temporal indicator
(e.g., traffic-related events describing historic vehicular accidents, current vehicular

accidents such as in real-time, future potential vehicular accidents such as for facilitating
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vehicular accident prevention through tailored driving recommendations suitable for
avoiding potential vehicular accidents associated with the driving session; etc.).

[0062] Block S130 can include predicting a traffic-related event (e.g., a near-miss,
a near-collision, etc.) based on movement data and/or supplementary data.
Characteristics of the predicted event can determine the relevant devices for notification,
such as whether devices ahead of the primary device (e.g., the device collecting the
datasets used for event determination) or behind the primary device are likely to be
affected by the event. For example, Block S130 can include determining that a vehicle is
passing the host vehicle (e.g., the vehicle in which the detecting or transmitting device is
located) at high speed (e.g., via a camera of the device) and/or driving recklessly (e.g.,
weaving in and out of traffic), and thus relevant and/or affected users or devices can be
located ahead of the vehicle in which the detecting device is located (e.g., in contrast to
vehicles behind the first device).

[0063] Additionally or alternatively, Block S130 and/or other suitable portions of
the method 100 can be performed in any manner analogous to that described U.S.
Application No. 15/584,375 filed 02-MAY-2017, which is incorporated herein in its
entirety by this reference. However, Block S130 can be performed in any suitable manner.
3.4 Transmitting traffic-related communications to a second device.

[0064] As shown in FIGURES 1-2, Block S140 can include transmitting a traffic-
related communication from the remote computing system to a second device associated
with a second user in response to determining the traffic-related event. S140 can function
to inform users of traffic-related information (e.g., derived from the determined traffic-
related event; derived in response to determination of the traffic-related event, etc.)
and/or initiate traffic-related actions.

[0065] Transmitting traffic-related communications can include presenting a
traffic-related notification (e.g., as shown in FIGURES 3-4), contacting emergency
services, facilitating insurance processing, facilitating communication with a virtual
assistant, communicating with a user device (e.g., smartphone, vehicle, etc.), and/or any

other suitable processes.
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[0066] In a variation, transmitting an traffic-related communication to a second
device can include controlling and/or transmitting communications to a vehicle (e.g., an
autonomous vehicle associated with any suitable levels of autonomous driving; etc.), such
as through re-routing vehicles (e.g., to avoid observed vehicular accidents; to avoid
potential vehicular accidents; to avoid traffic associated with vehicular accidents;
changing lanes; performing any suitable action related to vehicular path-associated
components; etc.) and/or through other suitable processes. In another variation,
transmitting traffic-related communications can include transmitting notifications
including traffic-related information (e.g., for presentation at the mobile device, vehicle,
through augmented reality at smartglasses, etc.). For example, driving recommendations
can be transmitted to a vehicle for display at a vehicle interface. In another variation,
transmitting a traffic-related communication to a second device can include insurance
processing (e.g., pre-filling insurance forms with data extracted through portions of the
method 100; transmitting risk-associated traffic-related information to insurance
entities; etc.).

[0067] Regarding Block Si140, transmitting traffic-related communications is
preferably based on determined traffic-related events (e.g., presence of, location,
associated movement characteristics, associated supplementary data, severity, type, area
of effect, users implicated, devices implicated, time, environmental conditions, user
preferences, other traffic-related information, etc.). In an example, traffic-related
communications, including traffic-related information such as severity and/or vehicular
accident location and/or routing, can be transmitted to emergency services (e.g., who can
leverage the traffic-related information to provide services tailored to the characteristics
of the vehicular accident, etc.). In another example, traffic-related communications can
be transmitted to devices in vehicles that are moving towards a region in which a traffic-
related event has occurred (e.g., based on data indicative that a first vehicle that has
turned around the corner of an intersection has come to an abrupt stop, notifying a second
vehicle that is turning the corner based on data received from a navigation system of a
device in the second vehicle indicating that the second vehicle is turning the same corner

imminently). Additionally or alternatively, traffic-related communication can be
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transmitted based on movement datasets, supplementary datasets, features (e.g.,
movement features, supplementary features, etc.), accident characteristics (e.g.,
determined in Block S130 for traffic-related events, etc.), user preferences (e.g., preferred
type and/or number of traffic-related communications; preferences received at an
application executing on the mobile computing device, etc.), and/or any other suitable
data.

[0068] Block S140 can include determining a set of vehicles and/or secondary
devices (e.g., corresponding to users, vehicles, etc.) to which traffic-related
communications are transmitted. In variations, this can include relaying traffic-related
communications to devices corresponding to vehicles in a region of interest around the
traffic-related event (e.g., the potential impact zone surrounding a collision event, the
slowdown zone behind an abrupt stop, etc.). This set can be determined dynamically (e.g.,
updated in real time or near-real time based on which devices are proximal to the primary
device or intermediate device at a given point in time, based on a dynamically determined
region of interest associated with the traffic-related event and/or its properties, etc.),
statically based on the properties of the transmitting device (e.g., a geographic radius
around the intermediate device which can be fixed if the intermediate device defines a
fixed geographic location or mobile if the intermediate device is a mobile device, a fixed
region of interest based on the transmitting device and/or its properties such as
transmission range, etc.), or otherwise suitably determined. Determining the set of
devices can include determining a region of interest based on characteristics of the traffic-
related event and transmitting a traffic-related communication to the set of devices within
the region of interest. Determining the set of vehicles can be based on a fuzzy criterion,
wherein further determination of the salience of the traffic-related communication to
individual devices and/or vehicles is performed at the devices themselves (e.g., the remote
computing system can determine that vehicles within about one kilometer should be
notified with a traffic-related communication based on the traffic-related event data, and
the secondary devices that meet this criterion can subsequently determine whether to
generate an output related to vehicle control in response based upon direction of travel, a

more precise radius from the first device or intermediate device, etc.).
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[0069] In some variations, the intermediate device can be associated with a
geographic location and maintain a connection with devices within a predetermined
radius of the geographic location (e.g., region of interest) to act as a relay for receiving
datasets (e.g., movement datasets, supplementary datasets, etc.), determining traffic-
related events at the intermediate device, and communicating traffic-related
communications to devices within the predetermined radius. Devices can create,
maintain, and/or break the connection with the intermediate device as they enter, remain
within, and/or exit the region of interest, respectively. The geographic location can be
fixed (e.g., wherein the intermediate device is a network infrastructure node at a fixed
location) or mobile (e.g., wherein the intermediate device is a relay device among other
similar devices acting as a component of a mesh network). The region of interest can be
determined based on the movement dataset (e.g., the speed of the first vehicle, the
location of the first vehicle, etc.) and/or the supplementary dataset (e.g., traffic data
proximal the first vehicle, traffic conditions in the vicinity of the first vehicle, other
supplementary data, etc.).

[0070] In a variation, transmitting a traffic-related communication to additional
devices can be based on location conditions. For example, the same or different traffic-
related communications can be communicated to a plurality of devices within a radius
and/or other suitable region of the vehicular of the vehicular accident. In a specific
example, the method 100 can include: determining location coordinates corresponding
to the traffic-related event; identifying devices within a predetermined distance from the
location coordinates (e.g., based on location data collected at GPS sensors of the devices);
and transmitting traffic-related communications (e.g., warnings, recommendations,
traffic-related information, etc.). The sets of devices to which traffic-related
communications are transmitted can dynamically change over time (e.g., as different
associated vehicles enter and/or exit the specified region associated with eligibility for
receiving the traffic-related communications, etc.).

[0071] In another variation, transmitting a traffic-related communication to a
second device can be based on temporal conditions. For example, Block S140 can include

continuously (e.g., at predetermined time intervals) transmitting traffic-related



WO 2019/079807 PCT/US2018/056916
29

communications to additional devices for a threshold time after the vehicular accident or
other traffic-related event. Additionally or alternatively, transmitting traffic-related
communications can be based on any suitable data.

[0072] Block S140 preferably includes transmitting traffic-related communications
from one or more remote computing systems (e.g., remote server systems;
telecommunications entities; etc.) to one or more devices (e.g., data collection
components contributing datasets used in determining the traffic-related event; other
devices; etc.). In a variation, transmitting a traffic-related communication to a second
device can include direct communications between devices (e.g., without an intermediary
remote computing system). For example, as shown in FIGURE 2, Block S140 can include
transmitting traffic-related communications from a first vehicle and/or first mobile
device (e.g., smartphone, tablet, etc.) to a second vehicle and/or second mobile device. In
a specific example, collection of traffic-related datasets, determination of a traffic-related
event, and initiation of a traffic-related event can be performed at a single device (e.g., a
smartphone residing within a vehicle; the vehicle itself; etc.). However, traffic-related
communications can be transmitted from any suitable number and/or type of
components (e.g., devices, remote computing systems, etc.) to any other suitable number
and/or type of components.

[0073] Block S140 preferably includes transmitting traffic-related communications
in response to detecting a traffic-related event, but can additionally or alternatively
include transmitting traffic-related communications at predetermined time intervals; in
temporal relation to other trigger events (e.g., accident severity satisfying a threshold
condition; another traffic-related event and/or associated traffic-related information
satisfying a threshold condition; etc.) and/or at any other suitable time. Additionally or
alternatively, transmitting traffic-related communications and/or performing other
traffic-related actions can be analogous to that described in U.S. App. No. 15/584,375 filed
02-MAY-2017, which is incorporated in its entirety by this reference. However, Block

S140 can be performed in any suitable manner.

3.5 Generating an output related to vehicle control.
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[0074] The method 100 can optionally include generating an output related to
vehicle control based on the traffic-related communication S150. Block S150 functions to
utilize the traffic-related communication at the receiving device to influence the operation
of the vehicle in which the receiving device is located. Block S150 can also function to alert
a driver to the occurrence of the traffic-related event, and to suggest a course of action to
the driver in response to the traffic-related event. Block S150 can also function to
automatically execute a control action based on the output (e.g., wherein the output
includes control instructions) in cases wherein the vehicle is at least partially controllable
by a computing system. Block S150 can also function to determine the saliency of the
received traffic-related communication to the receiving device (e.g., and/or the associated
vehicle) and generate the output (e.g., which can include taking no action, logging a
labeled observation indicative of a false positive, or other suitable output that is not
surfaced to the vehicle or driver) based on the saliency (e.g., which can be quantified by a
saliency score or metric that is compared to a threshold value to determine whether or
not to surface the output to the driver).

[0075] In relation to Block S150, the output can be generated by the receiving
device itself (e.g., using a traffic event response model executing at the receiving device,
using a vehicle control model executing at the receiving device, using a list of
predetermined alert messages stored at the receiving device, etc.). Additionally or
alternatively, the output can be generated at the intermediate device (e.g., the remote
computing system, another mobile device, etc.) and transmitted to the receiving device
for provision to the vehicle (e.g., as an executable control instruction) and/or driver (e.g.,
as a warning, alert, message, etc.).

[0076] In variations, Block S150 can include generating an output that includes a
notification provided to the driver at a user interface of the receiving device (e.g.,
secondary device, second device, etc.). For example, the output can include an audio
message that notifies the driver that they should slow the vehicle (e.g., a beep noise known
by the driver to indicate a warning to brake, a voice message that states the word “brake”,

ete.).
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[0077] Block S150 can include determining that the traffic-related communication
is relevant based on locally-sourced data (e.g., a movement dataset and/or supplementary
dataset collected at the receiving device or device proximal the receiving device). For
example, Block S150 can include providing an alert to the driver of the vehicle in which
the receiving device is located at an output of the receiving device in response to
determining, at the receiving device based on a location of the receiving device, that the
receiving device is located within the region of interest (e.g., wherein the region of interest
is known and/or transmitted from the intermediate device as a component of the traffic-
related communication). In such examples, the method 100 can include transmitting a
traffic-related communication to a set of secondary devices (e.g., 100 devices within
transmission range of the intermediate device) and generating an output at a subset of
the set of secondary devices (e.g., 5 devices of the 100 that are located behind the first
vehicle or first device and travelling in the same direction, and thus are determined to be
affected by an abrupt stop of the first vehicle). In a related example, Block S150 can
include providing an alert to the user of the receiving device at an output of the receiving
device in response to determining, at the receiving device based on a navigation module
of the receiving device, that a planned route of receiving device (e.g., of the vehicle in
which it is located) intersects a region of interest (e.g., computed at the receiving device
based on the traffic-related communication).

[0078] In relation to Block S150, the output can include control instructions.
Control instructions can be driver-executable instructions (e.g., natural language
instructions, intuitive implied instructions, abstract instructions known by the driver to
correspond to specific control actions, etc.) and/or computing system-executable
instructions (e.g., analog or digital commands, inputs for robotic actuators linked to
vehicle control interfaces, etc.). In an example, Block S150 includes providing the control
instruction to a driver of a second vehicle (e.g., in which a receiving device is located) at a
user interface of the receiving device. In another example wherein the method includes
receiving the traffic-related communication at a second device of a set of secondary
devices within a region of interest and collecting a movement dataset corresponding to at

least one of a location sensor and a motion sensor of the second device (e.g., associated
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with PVA of the second vehicle), Block S150 can include generating a control instruction
associated with the second vehicle based on the movement dataset. In a related example,
Block S150 can include automatically controlling the second vehicle based on the control
instruction.

[0079] In another example wherein the traffic-related communication is indicative
of a hard-braking event associated with a first vehicle (e.g., in which a first device is
located, and the first device transmits a movement dataset to an intermediate device that
determines the traffic-related communication), Block S150 can include generating the
control instruction by determining, at a second device in a second vehicle, that the second
vehicle is within a predetermined distance of a rear bumper of the first vehicle based on
a movement dataset collected at the second vehicle and generating a control instruction
that includes an instruction to slow the second vehicle.

[0080] In a related example wherein the traffic-related communication is
indicative of a high risk driving event associated with the first vehicle, Block S150 can
include generating the control instruction by determining, at the second device, that a
planned route of the second vehicle is proximal an estimated route the first vehicle based
on the movement dataset and generating a control instruction including an instruction to
modify the planned route of the second vehicle to increase the relative distance between
the planned route and the estimated route.

[0081] However, Block S150 can additionally or alternatively include generating
any suitable output related to vehicle control in any other suitable manner based on the

traffic-related communication and/or any other suitable data.

3.6 Additional specific examples.
[0082] In a specific example, as shown in FIGURE 5, the method includes

determining that a first vehicle has applied the brakes (e.g., in accordance with one or
more variations of Block S110, S120, and S130) and transmitting a notification to all
devices corresponding to vehicles within one mile of the first vehicle (e.g., in accordance
with one or more variations of Block S140) and, at a subset of those devices, generating
an advance warning (e.g., in accordance with one or more variations of Block S150) and

providing the advance warning to drivers of the vehicles in which the subset of those



WO 2019/079807 PCT/US2018/056916
33

devices are located. In this example, each device that receives the notification determines
whether to generate the advance warning based on the relative location (e.g., whether the
devices are within a threshold distance less than one mile such as 200 meters, 400 meters,
etc.; whether the devices are ahead of or behind the first vehicle; etc.) in combination with
the direction of travel of the device (e.g., whether the device is behind the first vehicle and
travelling the same direction or not). However, in related examples, the receiving devices
can otherwise suitably determine whether or not to generate an output in any other
suitable manner.

[0083] In another specific example, the method includes: collecting a first
movement dataset corresponding to at least one of a location sensor and a motion sensor
of a first device arranged within a first vehicle, wherein the first movement dataset is
associated with position, velocity, and acceleration (PVA) of the first vehicle (e.g., in
accordance with Block S110); collecting a supplementary dataset from the first device,
wherein the first device is associated with a first user (e.g., in accordance with Block S110);
transmitting the movement dataset and supplementary dataset from the first device to a
remote computing system (e.g., in accordance with Block S120); determining, at the
remote computing system, a traffic-related event based upon processing the movement
dataset and supplementary dataset with a traffic event model (e.g., in accordance with
Block S130); and in response to determining the traffic-related event, transmitting a
traffic-related communication from the remote computing system to a second device
associated with a second user arranged in a second vehicle (e.g., in accordance with Block
S40).

[0084] In another specific example, the method includes: collecting a first
movement dataset corresponding to at least one of a first location sensor and a first
motion sensor of a first device arranged within a first vehicle, wherein the movement
dataset is associated with position, velocity, and acceleration (PVA) of the first vehicle
(e.g., in accordance with Block S110); collecting a supplementary dataset from the first
device, wherein the first device is associated with a first user (e.g., in accordance with
Block S110); transmitting the movement dataset and supplementary dataset from the first

device to an intermediate device (e.g., in accordance with Block S120); determining, at
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the intermediate device, a traffic-related event based upon processing the movement
dataset and supplementary dataset with a traffic event model (e.g., in accordance with
Block S130); determining, at the intermediate device, a region of interest based on the
traffic-related event (e.g., in accordance with Block S130); and transmitting a traffic-
related communication to a set of secondary devices within the region of interest, wherein
each of the set of secondary devices is associated with a corresponding user (e.g., in
accordance with Block S140).

[0085] Although omitted for conciseness, the preferred embodiments include every
combination and permutation of the various system components and the various method
processes, including any variations, examples, and specific examples, where the method
processes can be performed in any suitable order, sequentially or concurrently. The
system and method and variations thereof can be embodied and/or implemented at least
in part as a machine configured to receive a computer-readable medium storing
computer-readable instructions. The instructions are preferably executed by computer-
executable components preferably integrated with the system. The computer-readable
medium can be stored on any suitable computer-readable media such as RAMs, ROMs,
flash memory, EEPROMsS, optical devices (CD or DVD), hard drives, floppy drives, or any
suitable device. The computer-executable component is preferably a general or
application specific processor, but any suitable dedicated hardware or
hardware/firmware combination device can alternatively or additionally execute the
instructions. 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 improving vehicular traffic-related communications between devices

comprising:

collecting a first movement dataset corresponding to at least one of a location
sensor and a motion sensor of a first device arranged within a first vehicle, wherein
the first movement dataset is associated with position, velocity, and acceleration
(PVA) of the first vehicle;

collecting a supplementary dataset from the first device, wherein the first device is
associated with a first user;

transmitting the movement dataset and supplementary dataset from the first
device to a remote computing system;

determining, at the remote computing system, a traffic-related event based upon
processing the movement dataset and supplementary dataset with a traffic event
model; and

in response to determining the traffic-related event, transmitting a traffic-related
communication from the remote computing system to a second device associated

with a second user arranged in a second vehicle.

2. The method of Claim 1, wherein the supplementary dataset comprises traffic data

associated with a geographic location of the first vehicle.

3. The method of Claim 2, further comprising transmitting movement dataset to remote

computing system in response to an acceleration of the first vehicle exceeding a threshold,

wherein the threshold is computed at the first device based on a velocity of the first vehicle
and the traffic data.

4. The method of Claim 2, further comprising determining a region of interest based on

the traffic data and the movement dataset, wherein the second device is arranged within

the region of interest.
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5. The method of Claim 1, further comprising collecting a second movement dataset
corresponding to at least one of a second location sensor and a second motion sensor of
the second device, wherein the movement dataset is associated with PVA of the second
vehicle, and generating a labeled observation associated with the traffic-related
communication based on the second movement dataset.

6. The method of Claim 5, further comprising updating the traffic event model based on
the labeled observation.

7. The method of Claim 1, wherein the remote computing system comprises a network
infrastructure component defining a fixed geographic location, and wherein the second
device is located within a predetermined range of the fixed geographic location.

8. The method of Claim 1, further comprising determining, at the remote computing
system, a region of interest based on the supplementary dataset, and wherein the traffic-
related communication includes the region of interest.

9. The method of Claim 8, further comprising providing an alert to the second user at an
output of the second device in response to determining, at the second device, that the
second device is located within the region of interest.

10. The method of Claim 8, further comprising providing an alert to the second user at an
output of the second device in response to determining, at the second device, that a
planned route of the second vehicle intersects the region of interest.

11. A method for improving vehicular traffic-related communications between devices
comprising:

e collecting a first movement dataset corresponding to at least one of a first location
sensor and a first motion sensor of a first device arranged within a first vehicle,
wherein the movement dataset is associated with position, velocity, and
acceleration (PVA) of the first vehicle;

e collecting a supplementary dataset from the first device, wherein the first device is
associated with a first user;

e transmitting the movement dataset and supplementary dataset from the first

device to an intermediate device;
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e determining, at the intermediate device, a traffic-related event based upon
processing the movement dataset and supplementary dataset with a traffic event
model;

e determining, at the intermediate device, a region of interest based on the traffic-
related event;

e transmitting a traffic-related communication to a set of secondary devices within
the region of interest, wherein each of the set of secondary devices is associated
with a corresponding user.

12. The method of Claim 11, wherein the intermediate device comprises a second device
associated with a second user arranged in a second vehicle located within a predetermined
range of the first vehicle.

13. The method of Claim 11, wherein the intermediate device comprises a network
infrastructure component defining a fixed geographic location within a predetermined
range of the first vehicle.

14. The method of Claim 11, further comprising:

e receiving the traffic-related communication at a second device of the set of
secondary devices within the region of interest, wherein the second device is
arranged in a second vehicle;

e collecting a second movement dataset corresponding to at least one of a second
location sensor and a second motion sensor of the second device, wherein the
movement dataset is associated with PVA of the second vehicle; and

e generating a control instruction associated with the second vehicle based on the
second movement dataset.

15. The method of Claim 14, further comprising generating a labeled observation based
on the control instruction and updating the traffic-event model based on the labeled
observation.

16. The method of Claim 14, further comprising providing the control instruction to a

driver of the second vehicle at a user interface of the second device.
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17. The method of Claim 14, further comprising automatically controlling the second

vehicle based on the control instruction.

18. The method of Claim 14, wherein the traffic-related communication is indicative of a

hard-braking event associated with the first vehicle. and wherein generating the control

instruction comprises:

determining, at the second device, that the second vehicle is within a
predetermined distance of a rear bumper of the first vehicle based on the
movement dataset;

generating the control instruction comprising an instruction to slow the second

vehicle.

19. The method of Claim 14, wherein the traffic-related communication is indicative of a

high-risk driving event associated with the first vehicle. and wherein generating the

control instruction comprises:

determining, at the second device, that a planned route of the second vehicle is
proximal an estimated route the first vehicle based on the movement dataset; and
generating the control instruction comprising an instruction to modify the planned
route of the second vehicle to increase the relative distance between the planned

route and the estimated route.

20. The method of Claim 11, further comprising:

receiving the traffic-related communication at a second device of the set of
secondary devices within the region of interest, wherein the second device is
arranged in a second vehicle;

collecting a second movement dataset corresponding to at least one of a second
location sensor and a second motion sensor of the second device, wherein the
second movement dataset is associated with PVA of the second vehicle;
generating a labeled observation indicative that the traffic-related communication
is irrelevant to the second vehicle based on the second movement dataset; and

updating the traffic-event model based on the labeled observation.
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