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Description

Technical Field

[0001] The present disclosure relates to vehicle safety
systems, and more particularly to proximity alert systems.

Background Art

[0002] It is known in the prior art to alert a motor vehicle
operator to the presence of nearby vehicles by sensing
such other vehicles with sensors, such as onboard vehi-
cle radar systems. For example, EP 1 668 614 A1 shows
a method for transmitting a warning signal to a driver of
a driven vehicle regarding an impending collision with a
moving and/or stationary object in the vicinity of the driven
vehicle. However, such systems are limited to detecting
other vehicles that are within the sensor’s range, typically
within a few vehicle lengths.

Summary of the Embodiments

[0003] Some embodiments provide a method of im-
proving road safety for vehicles, which method includes
receiving, at an interaction detector, a plurality of moni-
toring vectors from a plurality of vehicles travelling on
one or more roads; determining, from the plurality of mon-
itoring vectors, whether there is an interaction between
the plurality of vehicles, an interaction determined when
two of the plurality of vehicles are within a predetermined
distance of one another such that the plurality of vehicles
have a risk of collision , the interaction being determined
without use of prior knowledge of the route of either of
the two vehicles; and alerting an occupant of one of the
plurality of vehicles if an interaction is determined. In
some embodiments, the interaction detector is remote
from the plurality of vehicles.
[0004] Other embodiments relate to autonomous ve-
hicles. An embodiment of a method of operating an au-
tonomous vehicle includes receiving, at an interaction
detector, a plurality of monitoring vectors from at least
an autonomous vehicle and a second vehicle; determin-
ing, from the a plurality of monitoring vectors, whether
there is an interaction between the autonomous vehicle
and the second vehicle, and interaction determined when
the autonomous vehicle and the second vehicle are with-
in a predetermined distance of one another such that the
autonomous vehicle and the second vehicle have a risk
of collision; and remotely controlling the autonomous ve-
hicle, based on a detected interaction, to avoid a collision
between the autonomous vehicle and the second vehicle.
For example, the act of remotely controlling the autono-
mous vehicle may include sending instructions to a con-
trol system in the autonomous vehicle, to take an action
selected from the group consisting of slowing the auton-
omous vehicle, stopping the autonomous vehicle, and
performing an evasive maneuver to avoid a collision with
the second vehicle.

[0005] Another embodiment provides a system includ-
ing an interaction detector having a communications in-
terface for receiving a plurality of monitoring vectors from
a first vehicle and a second vehicle travelling on one or
more roads; an interaction risk module configured to de-
termine, from the plurality of monitoring vectors, whether
there is an interaction between the first vehicle and sec-
ond vehicle, an interaction determined when the first ve-
hicle and second vehicle are within a predetermined dis-
tance of one another such that the first vehicle and sec-
ond vehicle might have a risk of collision with one another;
and a message generator configured to generate a mes-
sage to at least the first in response to a determination,
by interaction risk module, of an interaction, and to send
the message to the first vehicle via a vehicle the commu-
nications interface. In some embodiments, in which the
first vehicle is an autonomous vehicle, the message in-
cludes instructions to remotely control the first vehicle to
avoid a potential collision between the first vehicle and
the second vehicle.

Brief Description of the Drawings

[0006] The foregoing features of embodiments will be
more readily understood by reference to the following
detailed description, taken with reference to the accom-
panying drawings, in which:

Fig. 1 schematically illustrates a scenario in which
multiple vehicles may interact, as well as elements
of a system according to one embodiment;
Fig. 2 schematically illustrates a base for detecting
potential interactions among vehicles;
Figs. 3A and 3B schematically illustrate methods for
detecting potential interactions among vehicles;
Figs. 4A - 4D schematically illustrate modes of op-
eration of a system for detecting potential interac-
tions among vehicles;
Fig. 4E schematically illustrates a geofence;
Figs. 5A-5G schematically illustrate scenarios for de-
tecting potential interactions among vehicles;
Fig. 6 schematically illustrates an embodiment of a
proximity awareness system for motor vehicles and
motorists.
Fig. 7 schematically illustrates a flow chart for an
embodiment of location update functionality of a
proximity awareness system;
Fig. 8 schematically illustrates a flow chart for an
embodiment of target vehicle processing of a prox-
imity awareness system;
Fig. 9 schematically illustrates a flow chart for an
embodiment of target vehicle search of a proximity
awareness system.

Detailed Description of Specific Embodiments

[0007] Various embodiments provide enhanced warn-
ings of potential future adverse event (e.g., automobile
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crashes) by tracking the location and motion of multiple
vehicles, and providing alerts or warnings to the drivers
of such vehicles if the risk of an adverse event is identi-
fied. Some embodiments also control autonomous vehi-
cles if the risk of an adverse event is identified. Generally,
illustrative embodiments provide such warnings and/or
control without the need for input from sensors that detect
the vehicle’s immediate environment. In various embod-
iments, systems and methods are able to identify a risk
of collision sooner than a vehicle’s on-board sensors,
and indeed may identify a risk of collision between vehi-
cles even when vehicle on-board sensors are unable to
detect such a risk, for example because the vehicles are
beyond a sensor’s range, or line of sight. Various em-
bodiments enhance road safety for vehicles traveling on
a network of roads by reducing the risk of collision, for
example by giving drivers ample warning of nearby ve-
hicles, and/or by controlling vehicles to reduce a risk of
collision. Consequently, safety is improved for the entire
network of roads, and for the drivers on the network of
roads.
[0008] Definitions. As used in this description and the
accompanying claims, the following terms shall have the
meanings indicated, unless the context otherwise re-
quires:
[0009] The term "interaction" in reference to the loca-
tion of a first motor vehicle relative to a second motor
vehicle means that the two vehicles are within a prede-
termined distance (e.g., a "risk radius") of one another
such that the two vehicles have a risk of collision. A "po-
tential interaction" means that, within a predetermined
time frame, the two vehicles may be within a predeter-
mined distance of one another, for example such that the
two vehicles have a heightened risk of collision. The pre-
determined time frame and/or the predetermined dis-
tance may depend, for example, on the speed of the ve-
hicles. An interaction between two vehicles does not nec-
essarily mean that two vehicles have a risk of collision,
however, since for example the two vehicles could be
traveling on adjacent roads that do not intersect, or that
are separated by a barrier or other feature that would
prevent the vehicles from colliding. In various embodi-
ments, an act of determining whether two vehicles have
an interaction, or a potential interaction, does not require
prior (a priori) knowledge of, or use of such knowledge
of, a pre-planned route that either vehicle is travelling or
plans to travel, or the destination of such vehicles. In this
context, a pre-planned route means a series of pre-
planned steps to be taken by a vehicle in order to travel
from one place to another (e.g., from a starting location
to a destination). For example, when embarking on a trip,
a driver may use maps, or a GPS-based navigation sys-
tem as known in the art, to pre-plan a route from a starting
point to a destination. The term prior (or a priori) knowl-
edge does not refer to, or encompass, the fact or as-
sumption that a vehicle moving on a road is likely to con-
tinue moving on that road in the immediate future, or a
vehicle operator’s intention (plan) to simply keep the ve-

hicle moving on the road in the normal course of operating
the vehicle. In addition, the term "destination" includes
an end point of a route, or an intermediate point along a
route.
[0010] The term "monitoring vector" in reference to a
motor vehicle refers to characteristics of that vehicle’s
physical state at a specific time. For example, a monitor-
ing vector may include all or some of the following char-
acteristics: location, altitude, speed, direction or heading,
and identity of road on which the vehicle is located, to
name but a few examples. In some embodiments, a mon-
itoring vector may include, but is not required to include,
information from a vehicle’s other on-board sensors,
such as sensors that detect other objects near the vehi-
cle, or in the vehicle’s blind spot.
[0011] A "risk radius" is a vector extending outward
from a vehicle, and which may be specified in units of
distance (e.g., feet, meters, miles) or time (e.g., sec-
onds), and/or some other combination of information in
the vehicle’s monitoring vector. A given vehicle may have
more than one risk radius. For example, a given vehicle
traveling in a first direction may have a first risk radius
relative to a first vehicle behind the given vehicle and
traveling in the same direction, and a second risk radius
relative to an oncoming second vehicle traveling in the
opposite direction, which second vehicle is closing the
gap between the two vehicles. According to the invention
as claimed, a risk radius defines a circle around a vehicle,
but in other situations not forming part of the present in-
vention, the risk radius may define an irregularly shaped
area around the vehicle.
[0012] An "autonomous vehicle" is a vehicle that is ca-
pable of navigating without human input, and may be
known as a "self-driving" vehicle, for example via an on-
board control system. Examples of autonomous vehicles
include, but are not limited to, any of a number of vehicles
tested by Google X, or that participate in the DARPA
Grand Challenge, to name but a few examples. Some
autonomous vehicles are also capable of responding to
human input. Some autonomous vehicles may be re-
motely controlled, for example by receiving information
from a remote source (i.e., rather than from sensors on-
board the vehicle) and then determining how to react to
that information and executing the determined reaction.
The information from a remote source may include, for
example, information about the autonomous vehicle’s
environment (e.g., other vehicles in the environment), or
information about specific actions to take (e.g., slow
down; stop; change to an alternate route).
[0013] Fig. 1 schematically illustrates a scenario in
which multiple vehicles (110, 120, 130) may interact while
on a road 100, as well as elements of a system according
to one embodiment. In this embodiment, vehicle 110 is
a motorcycle, and vehicles 120 and 130 are automobiles,
although various embodiments are not limited to such
vehicles, and instead may be applied to any combination
of moving vehicles including bicycles, trucks, and auton-
omous vehicles, to name but a few examples.
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[0014] As shown in Fig. 1, the motorcycle 110 is sep-
arated from automobile 120 by a distance 101, but as
the motorcycle 110 and automobile 120 move along the
road 100, the gap 101 will shrink, increasing the risk of
a collision between them. For example, a collision may
occur if one of the vehicles 110, 120 crosses the center-
line of the road 100 into oncoming traffic, for example
due to negligence, or as an intentional act of turning.
[0015] Motorcycle 110 carries a location-monitoring
device 111, and a communications device 112 for com-
municating with a base 200, which may be referred to as
a "back end."
[0016] The location-monitoring device 111 may be a
Global Positioning System ("GPS") device that calculates
its position relative to GPS satellites (e.g., satellites 151,
152, 153), or a device that calculates its position relative
to one or more cellular telephone antennae (e.g., 141,
142). The GPS satellites and/or cell towers may be con-
sidered to form elements of a network of roads. The lo-
cation-monitoring device 111 may also determine wheth-
er the motorcycle 110 is on a road, and if so, the name
or number of that road. That information, or a subset of
that information, and optionally in addition to the time at
which that information was gathered (a "time stamp"),
makes up the monitoring vector of the motorcycle 110.
Such information may be referred to as "telemetry data."
[0017] The communications device 112 may be a cel-
lular telephone as known in the art, or other device ca-
pable of wirelessly communicating with the base, such
as a radio for example. The communications device 112
is in communication with the location-monitoring device
111 to receive from the location-monitoring device 111
information relating to or defining (at least in part) the
monitoring vector of the motorcycle 110. For example,
the communications device 112 and the location-moni-
toring device 111 may be coupled by a wireless connec-
tion, such as via a Bluetooth connection, for example.
[0018] Although the location-monitoring device 111
and the communications device 112 are schematically
illustrated by distinct graphical elements, in some em-
bodiments, these devices may instead be a single device.
For example, many contemporary cellular phones have
the functionality of both devices 111 and 112. A device
that can both determine a vehicle’s location (and other
data in a monitoring vector) and communications capac-
ity as described above may be referred to as a "mobile
unit."
[0019] The other vehicles (120, 130) also carry loca-
tion-monitoring devices (121 and 131, respectively) and
communications device (122 and 132, respectively) and
in each case may also be separate devices or a single
device.
[0020] The operation of an embodiment will be de-
scribed below in connection with the motorcycle 110 and
automobile 120. In operation, the location-monitoring de-
vice 111 of the motorcycle 110 periodically updates the
information that makes up the motorcycle’s monitoring
vector, and provides that information (monitoring vector)

to the communications device 112. The communications
device 112, in turn, relays the information to the base
200. The base 200 may be remote from the communica-
tion device, and not on-board a vehicle. For example, the
base 200 may be several kilometers from the communi-
cations device 112, and/or out of visual range from the
communications device 112. Such communication may
be via cellular telephone antennae 141 and 142, for ex-
ample, as is generally known from the field of cellular
communications. The communications device 112 may
also send information describing the communications de-
vice 112 and/or the location-monitoring device 111, so
that a message may be provide to those devices in a
format suitable to such devices.
[0021] Similarly, the location-monitoring device 121 of
the automobile 120 periodically updates the information
that makes up the monitoring vector of automobile 120,
and provides that information (monitoring vector) to the
communications device 122. The communications de-
vice 122, in turn, relays the information to the base 200.
[0022] In operation, the systems and methods de-
scribed herein send, receive, and process monitoring
vector data on a time scale that permits systems to send
messages to at least one vehicle involved in an interac-
tion. For example, vehicles may send updated monitoring
vectors to a base once per second, and the base may
execute processes described herein to send a message
within one second of receiving a monitoring vector. Con-
sequently, systems and methods described herein may
be described as operating in "real time."
[0023] An embodiment of the base 200 is schematical-
ly illustrated in Fig. 2, and is configured to execute a proc-
ess 300 as schematically illustrated in Fig. 3A. The base
200 may be, or include, a computer such as a server
having one or more processors (e.g., microprocessors)
programmed to executed some or all of the processes
described herein, as well as data storage memories,
monitors, keyboards, printers, input/output devices, com-
munications interfaces, etc.
[0024] At step 301, the base 200 receives the monitor-
ing vectors from motorcycle 110 and automobile 120. To
that end, the base station 200 may have a communica-
tions module 210. The communications module 210 may
receive data (e.g., monitoring vector data) from a vehicle
via a telephone connection such as through cellular an-
tennae 141, 142, or through radio signals, or other tele-
communications methods.
[0025] At step 302, the base 200 then uses the infor-
mation from those monitoring vectors to assess the rel-
ative proximity of the motorcycle 110 and automobile
120, at step 302. In some embodiments, step 302 may
determine the location of each vehicle from which mon-
itoring vectors are received (e.g., motorcycle 110 and
automobile 120), and then use that information to deter-
mine the proximity the vehicles (e.g., the time or distance
separating one vehicle from the other). Alternately, step
302 may determine the relative proximity of the two ve-
hicles without first determining the actual location of
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each, for example by determining the distance between
location data provided by each vehicle’s GPS unit. The
base 200 may have one or more proximity modules 220
for this purpose.
[0026] At step 303, the base station determines wheth-
er the motorcycle 110 is within the risk radius of the au-
tomobile 120. The base 200 may have an interaction risk
module 230 configured to perform such functions. Con-
sequently, in some embodiments, an interaction, poten-
tial interaction, or risk of collision among vehicles, may
be detected remotely (e.g., not on-board) from the vehi-
cles themselves.
[0027] If so, the base station sends a message to the
automobile 120 to inform the driver of automobile 120
that the driver should be aware that there is a motorcycle
(i.e., 110) sufficiently close to the automobile 120 that
the driver should exercise heightened vigilance for a pos-
sible collision with the motorcycle 110. The system 200
may have a message generation module (or alert gen-
eration module) 240 to configure a message to be sent
to one of the vehicles, and/or to a driver or other occupant
of one of the vehicles. For example, a message may
cause a cell phone in an automobile (e.g. 120) to make
a warning sound, or even play a spoken warning mes-
sage. The message may simply indicate that another ve-
hicle (e.g., motorcycle 110) is within the risk radius, or
may provide additional information, such as the range
and direction of the other vehicle. In some embodiments,
a message may cause a display screen within a vehicle
to display information about the other vehicle, such as a
map showing the relative location of the other vehicle, or
an arrow pointing in the direction of the other vehicle. In
some embodiments, the message may cause a tactile
signal, such as causing a vehicle’s steering wheel to vi-
brate. The system 200 may then employ communications
module 210 to send such a message to one or more
vehicles. Otherwise, the process returns to step 301 to
await updated motion vectors.
[0028] In some embodiments, the message may in-
clude instructions for controlling the autonomous vehicle,
for example to avoid a collision between an autonomous
vehicle and a second vehicle. For example, the instruc-
tions may be sent to a control system in the autonomous
vehicle, and cause the autonomous vehicle to take an
action such as slowing the autonomous vehicle, stopping
the autonomous vehicle, causing the autonomous vehi-
cle to change lanes, or pull into a breakdown lane, exit
the road on which the autonomous vehicle is travelling
when it receives the message instructions, change its
route to its destination, delay a maneuver that might lead
to a collision (e.g., delay turning across a lane of traffic
in which a motorcycle is traveling, and to perform an eva-
sive maneuver to avoid a collision with the second vehi-
cle, to name but a few examples.
[0029] The processes implemented at the base 200
may be referred to as "back-end" processes or "back-
end" services. These processes will need to be per-
formed by a persistent process that watches for telemetry

updates, performs the searches, calculates the interac-
tions, and triggers the notifications. In some embodi-
ments, some or all of these back-end processes may be
performed using a service like IronWorker or by using
raw computing platforms from Amazon. Once the back-
end services detect that a notification needs to be sent,
the message may be sent using Amazon SNS to send
the notifications to the devices via Apple Push Notifica-
tion or Google Cloud Messaging, to name but a few ex-
amples.
[0030] In some embodiments, if a message is sent, the
system may continue monitoring the relative locations of
the motorcycle 110 and automobile 120 and send a fol-
low-up signal (Step 305) to indicate that the automobile
120 is no longer within the risk radius of the motorcycle
110.
[0031] The step 302 of monitoring vectors to assess
the relative proximity of the motorcycle 110 and automo-
bile 120 may take a variety of embodiments, as sche-
matically illustrated by Fig. 3B.

Base Level Detection

[0032] In a simple embodiment, the step 302 of mon-
itoring vectors to assess the relative proximity of the mo-
torcycle 110 and automobile 120 may include simply as-
sessing the distance (physical distance or time distance)
between them (step 311). This embodiment is schemat-
ically illustrated in Fig. 4A, and may be referred to as
"base level detection."
[0033] As shown in Fig. 4A, a first vehicle (in this ex-
ample, automobile 120) and a second vehicle (in this
example, motorcycle 110) are each traveling through an
interconnected network of roads. The automobile 120
has a risk radius 401 that defines an area bounded by a
risk parameter 402. If the motorcycle 110 comes within
the risk radius 401 of the automobile 120, for example
due to motion of the automobile 120, the motorcycle 110,
or both, then the system 200 will send a message to the
automobile 120, and specifically will send a message to
the communications device 112 which will, either by itself
or in conjunction with another device (e.g., and automo-
bile’s on-board electronics, such as its GPS system, for
example) respond to that message by notifying the driver
that a first vehicle (i.e., motorcycle 110) is nearby. Con-
sequently, the safety of the network of roads is enhanced.

Car Movement Refinement

[0034] In another embodiment, the step 302 of moni-
toring vectors to assess the relative proximity of the mo-
torcycle 110 and automobile 120 may include altering
the size of the risk radius 401 and the position of the
automobile 120 within the risk radius 401 based on speed
and direction of the vehicles (110, 120), and/or GPS ac-
curacy, at step 312. This embodiment is schematically
illustrated in Fig. 4B, and may be referred to as "car move-
ment refinement."
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[0035] In Fig. 4B, the data representing the location of
the automobile 420 is altered by adjustments 420 and/or
421, to account for errors by the automobile’s GPS unit
(122), or to account for possible changes in that data that
may have occurred during any time lag in the receipt by
system 200 of the motion vector from the automobile 120.
As schematically illustrated in Fig. 4B, the risk radius 402
may be defined (e.g., larger than it would otherwise have
been, if based only on the position of the automobile 120)
as extending not just from the location of the automobile
120, but from any or all points along the adjustments 420
and/or 421. In this way, the risk radius 401 is appropriate
even if the presumed position of the automobile 120 is
incorrect or inexact.
[0036] In some embodiments, for example if commu-
nications with the automobile 120 is lost, the system may
predict one or more projected positions 430 for the vehi-
cle at a present time, and use such a projected position
from which to extend a risk radius 401. Alternately, even
if the presumed position of the automobile 120 is known
with confidence, some embodiments may predict one or
more projected positions 430 for the vehicle 120 at a
future time, and use such a projected position from which
to extend a risk radius 401 at a future time.

Motorcycle Movement Refinement

[0037] In another embodiment, the step 302 of moni-
toring vectors to assess the relative proximity of the mo-
torcycle 110 and automobile 120 may include projecting
(or predicting) the potential location(s) of the motorcycle
110 to account for movement and GPS accuracy (step
313). This may be done, for example, by creating a "fan"
of points 450 in front of the motorcycle based on its di-
rection of travel, speed, and accuracy. Several points are
also placed behind the motorcycle 110 to account for
GPS inaccuracy. Although this embodiment schemati-
cally illustrates nine points (461, 462, 463, 464, 465, 466,
467, 468 and 469) in fan 450, in the fan of points 450
may include any desired number of points, which may
be directly in-front of the motorcycle 110 (e.g., 462, 465),
in front and offset to the side (e.g., 461, 463, 464, 466),
or directly behind (e.g., 468), or behind and offset to the
side (e.g., 467, 469), or any combination or arrangement
of points of in-front of, behind or to the side of the motor-
cycle 110. In general, as many points as needed can be
added to completely encircle the motorcycle 110. If any
of these points intersect (i.e., are on the risk perimeter
402 or are within the risk radius 401 (here, illustrated as
a circle) of the automobile 120, such as points 450A for
example, then there is the potential for an collision and
a notification is sent to the automobile 120. This embod-
iment is schematically illustrated in Fig. 4C, and may be
referred to as "bike movement refinement."

Road Refinement

[0038] In another embodiment, the step 302 of moni-

toring vectors to assess the relative proximity of the mo-
torcycle 110 and automobile 120 may include determin-
ing whether an adverse interaction between the two ve-
hicles is even possible (step 314), and if not, then omitting
the step of sending a message (step 304), even if the
motorcycle 110 is within the risk radius of the automobile
120. In one embodiment, the base 200 searches Open
Street Map’s database (or other open-source or propri-
etary map software) for the positions of both the automo-
bile 120 and motorcycle 110. For example, this query
may be performed using a mapping application, such as
the OSM Overpass API ("Overpass"). To perform "map
matching," this API is given a search box (which will be
defined by GPS accuracy of the most recent telemetry
points (monitoring vector) for both the automobile 120
and motorcycle 110), it then returns a list of the roads
and their properties inside that box.
[0039] Using the identified roads, the base examines
the properties for the roads it thinks the vehicles are on
to determine if the interaction is possible. For example,
if two vehicles are on the same road, or on roads that
intersect at a point that lies on the path of two vehicles,
then a collision between the two vehicles is possible.
[0040] For example, if the motorcycle 110 is traveling
along Main St. near the intersection of Main St. and 2nd
Ave, and the automobile 120 is near the intersection of
Main St. and 4th Ave, then the process can conclude that
both vehicles 110 and 120 are traveling on Main St. The
base 200 may then look at the properties for the roads it
thinks the vehicles are on to determine if the interaction
is possible.
[0041] For example, if the vehicles 110 and 120 are
traveling in different directions, the base 200 will deter-
mine whether either vehicle is on a protected or divided
freeway (for example, a freeway with divided lanes, such
that the lanes in which the vehicles are traveling do not
intersect or otherwise provide an opportunity for the two
vehicles to collide). If either one is, then the vehicles can-
not collide so the notification will not be sent.
[0042] Alternately, the system may determine that the
motorcycle 110 is traveling along a first street and that
the automobile 120 is traveling along a second street that
passes over the first street on an overpass. Since the
automobile 120 may pass directly over the motorcycle
110, there is no risk of collision even though the two ve-
hicles are in very close proximity to on another, and so
the notification will not be sent.

Other Scenarios

[0043] Fig. 1 also schematically illustrates a different
scenario, in which a first vehicle (in this case, motorcycle
110) is followed closely by another vehicle (automobile
120). In this scenario, a motorcyclist on motorcycle 110
is cruising down a road 100 and sees traffic building up
in front of him/ her and begins to slow down. A distracted
driver in car 130 does not notice the traffic buildup and
fails to slow down, thereby hitting the cyclist. Many drivers
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are less aware of motorcycles than they are of other ve-
hicles. If a motorcyclist slows down or has to make a
sudden stop and the (driver of the) car behind does not
notice, the car behind could end up hitting the motorcy-
clist from behind. In this scenario, the system sends the
driver of car 130 a message signaling that there is a mo-
torcyclist in front of them, thereby making the driver of
car 130 aware of the motorcyclist’s actions.
[0044] Figures 5A-5H schematically illustrate other
scenarios for various embodiments.

Fig. 5A: Car Making Left-Hand Turn

[0045] In Fig. 5A, a motorcyclist 110 is riding in a rural
area on a two-lane road 501, and is stuck behind three
cars (121, 130, 131) moving at 35 mph in a 55 mph pass-
ing zone. The motorcyclist signals, check his/her mirror
and blind spot, pulls out to pass and accelerates. As the
motorcyclist comes alongside the row of cars (121, 130,
131), a risk of collision between the motorcycles 110 and
one of the cars increases, for example if the lead car 120
turns into a driveway 502 coming up on the left.
[0046] In such a scenario, the base 200 will send a
message to the driver of the lead car 120, indicating that
a motorcyclist is approaching from a behind.
[0047] Alternately, a motorcyclist 115 is riding in the
opposite direction on the road 501. From the perspective
of motorcyclist 115, the car 120 is turning in front of the
motorcyclist 115, into the path of motorcyclist 115. In such
a scenario, the base 200 will send a message to the driver
of the lead car 120, indicating that a motorcyclist is ap-
proaching from ahead.
[0048] Alternately, if the lead care is an autonomous
car, a message from the base 200 may cause the car to
slow or stop, and wait for the motorcyclist to pass the
position of the lead car 120.

Fig. 5B: Cornering

[0049] In Fig. 5B, a motorcyclist 110 is riding on a curv-
ing, two-lane road and rounds a right-hand curve causing
the bike to begin to drift outward, with the wheels almost
touching the centerline. An oncoming car 120 appears
rounding the corner, straddling the same centerline. This
presents a danger in that, when traveling in opposite di-
rections, a car and motorcyclist cannot see one another
because they are located around a bend. As they take
the corner, each drifts closer to one another causing a
head on collision. In such a scenario, the base 200 will
send a message to the driver of the lead car 120, indi-
cating that a motorcyclist 110 is approaching from the
front. This message should prompt the driver, or the con-
trol system of an autonomous vehicle, to slow, stop,
change lanes, or even pull over, until the risk of collision
has passed. Consequently, the safety of the network of
roads is enhanced.

Fig. 5C: Braking

[0050] In Fig. 5C, a motorcyclist 110 is riding on an
Interstate freeway at 65 mph in traffic. Momentarily dis-
tracted by close calls and other events on the road going
on behind them, the motorcyclist 110 notices traffic is
coming to a complete standstill in all three lanes in front
of them. The motorcyclist 110 is traveling too fast to stop
in time and will run into the back of a vehicle (120) at high
speed. In such a scenario, the base 200 will send a mes-
sage to the driver of the lead car 120 and/or the motor-
cyclist 110, indicating that a motorcyclist 110 is approach-
ing from the rear.

Fig. 5D and 5E: Blind Spot

[0051] Many drivers don’t bother to check their blind
spot before switching lanes, and due to the smaller size
of a motorcycle a driver will often unknowingly move into
the motorcyclist’s space. This presents a risk that a mo-
torcyclist 110 cruising down the highway finds him/herself
in a lane that is about to be taken over by a vehicle 120
(e.g., and automobile, SUV, or truck, etc.) because they
are in the vehicle’s blind-spot.
[0052] In such a scenario, the base 200 sends the driv-
er of the vehicle 120 a message signaling that there is a
motorcyclist in the vehicle’s proximity.

Fig. 5F and 5G: On Ramps and Off Ramps

[0053] Drivers can often make impulsive decisions
when entering and/or exiting the highway, skipping sev-
eral lanes of traffic to either get into the fast (or "passing")
lane (car 120), catch their exit (car 129), and/or get out
of the exit lane 553 (car 128). These maneuvers are often
done quickly and impulsively, leaving motorcyclists vul-
nerable to simply "not being seen."
[0054] This presents the risk that a motorcyclist 110
sees an on ramp and moves over to the center lane 552
or left lane 551 to give the car 120 space to enter the
roadway, as schematically illustrated in Fig. 5F. As the
car (120) enters the highway he/ she notices that there
is a truck in the collector lane 553 and immediately aims
to enter the passing lanes (552, 551) to the left, overtak-
ing the motorcycle’s (110) space.
[0055] In Fig. 5G, the driver of a car (129) realizes that
he/she is about to miss his/her exit 556 and decides to
cut across multiple lanes of traffic (552, 553) in order to
make it, cutting in front of or overtaking a motorcyclist’s
(110) space.
[0056] In such scenarios, the base 200 sends the driver
of a car 129 a message signaling that there is a motor-
cyclist (110) in the vehicle’s proximity, which will cause
a driver of a car (e.g., 128; 129) to re-think their impulsive
move and actively look around them.
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Fig. 1: Car approaching from behind

[0057] A motorcyclist 110 is cruising down a road and
sees traffic building up in front of him/ her and begins to
slow down. A distracted driver 130 does not notice the
traffic buildup and fails to slow down, hitting the motor-
cyclist 110.
[0058] Many drivers are less aware of motorcycles
than they are of other vehicles. If a motorcyclist slows
down or has to make a sudden stop and the car behind
doesn’t notice, they could end up hitting the motorcyclist
from behind. In such a scenario, the base 200 sends a
message to the driver of the car 130 signaling that there
is a motorcyclist 110 in front, thereby making the driver
of care 120 aware of motorcyclist’s actions.

Other Potential Features

A. Movement Detection

[0059] In some embodiments, it is expected that some
motorists (e.g., motorcycle drivers) will manually start
their devices (e.g., an app on a smart phone) to indicate
they are going to be operating in "bike mode" (i.e., a mode
in which the location-monitoring device 111 and the com-
munications device 112 operate to transmit to the base
200 the monitoring vector of motorcycle 110).
[0060] It is also expected that car drivers will not man-
ually start the app and that notifications should arrive
whenever they are driving regardless of when they last
opened the app. These constraints mean that the back-
end (base 200) will continually receive telemetry updates
from drivers even when they aren’t actually in the car. It
may be desirable to avoid notifying someone who is at
home in their living room every time a motorcycle drives
by their house. To that end, some embodiments include
the features described below.

B. Trip Start (Car)

[0061] The back-end at base 200 will process all mon-
itoring vectors coming from a device, and if two consec-
utive updates have a speed report in excess of some pre-
set speed (e.g., in excess of 5 mph, 10 mph, 15, or 20
mph, or other speed, to name but a few examples), then
the back-end (200) will indicate that that device is cur-
rently in a car and should receive messages (i.e., the
device should be put into "car mode"). This will set a
mode flag in the data store of the base 200 so the algo-
rithms will know to process that device’s monitoring vec-
tors.

C. Trip Start (Motorcycle)

[0062] Motorcycle drivers will manually start the app
and indicate that they are in bike mode. When in that
mode, monitoring vectors from their device will generate
the extra projected points described above (e.g., a "fan"

of points 450 as schematically illustrated in Fig. 4C) and
the algorithms will include those points in the searches
run for nearby cars.
[0063] Some embodiments may employ a sensor (e.g.,
a gyroscope, accelerometer, or other sensor) on the de-
vice to detect more tilting of the device than would be
expected of a moving car. The basic idea is that a mo-
torcycle leans enough, upon initiation of a ride, or during
turns for example, that the motorcycle driver’s phone will
register more tilt than that of a car driver who has their
phone in their pocket, cup holder, purse, etc. In such an
event, then the back-end (200) would send a notification
to the device that effectively says "we think you are driving
a bike but didn’t start your monitoring equipment in bike
mode." If there is no response from the user, then the
device will be put into "bike mode" (i.e., it will send mon-
itoring vectors to the base 200, and in some embodi-
ments, it will not receive messages from the base), oth-
erwise the device will be put into car mode.

D. Trip End

[0064] Automatic detection of the end of a trip is more
complicated because a person getting out of their car
and walking around a store would have a similar GPS
profile to someone who is stuck in traffic. As such, some
embodiments give the user options any time an interac-
tion notification arrives. For example, in some embodi-
ments, a lack of movement for a given amount of time
(for example, 10 minutes) may halt the system automat-
ically.
[0065] First, the user can simply indicate "I’ve arrived"
or "End Trip" or "End Ride" using the application on their
device 111 If they do this, then the device 111 sends (via
communication device 112) a message to the base 200
to indicate that it is in a non-moving mode, and conse-
quently the base 200 won’t perform any interaction de-
tection based on monitoring vectors from their device un-
til it detects that they have started a new trip.
[0066] Second, the user can indicate "I’m not driving".
In this mode, the back-end will note that they are currently
traveling (either as a passenger in a car or on a bus or
similar) and interaction checking should not be per-
formed. Once they are completely stationary for a pre-
determined amount of time (e.g., 5 minutes, 10 minutes,
15 minutes, or other pre-determined time range, to name
but a few examples) the back-end will reset and put them
in non-moving mode until it detects they have started a
new trip.
[0067] Third, the user can indicate "I’m home". Any
time the user selects this option, the backend at base
200 will flag the device 111 as being in a non-moving
mode. The back-end will also create a geofence (an ex-
clusion circle, for example in response to input from a
user) around the current location and save that into the
data-store. An embodiment of a geofence 470 around a
user’s home 471 is schematically illustrated in Fig. 4E.
The geofence 470 defines a geographic area around a
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point (in this example, the user’s home 471) that causes
the system to change behavior when the user’s device
111 is within the geographic area 472.
[0068] For example, ins some embodiments, the base
200 reject trip starts while the device is in that location
and automatically trigger trip ends when the user arrives
in that location in the future. The user can have many
geofences, such as place of employment, etc.
[0069] Some embodiments may combine the "I’ve ar-
rived" and "I’m home" responses so that any time the
user stops moving, a geofence is created. For example,
if a vehicle operator passes by a shopping mall on the
way to work each day, and a geofence is set there from
the last time the operator stopped to shop, the back-end
needs to reliably be able to either (a) not stop car mode
when just passing by or (b) stop and restart car-mode
with low impact and very minimal possibility of missed
interaction notifications.
[0070] In some embodiments, if the user stops moving
for more than a pre-determined amount of time (e.g., 5
minutes, 10 minutes, 15 minutes, or other pre-deter-
mined time range, to name but a few examples), the back-
end will flag the user’s device as non-moving mode until
it detects another trip start.
[0071] Fig. 6 schematically illustrates an embodiment
of a proximity awareness system 600 for motor vehicles
and motorists. Embodiments of the operation of the sys-
tem 600 are schematically illustrated in the flow charts
in Fig. 7, Fig. 8, and Fig. 9. The system of Fig. 6 sche-
matically illustrates the following features, by reference
number:
[0072]

601: Hub
602: Data sent from hub to interaction detector 630
603: Interaction polling data
604: Spread point geohash data
605: Interacting query
606: Interaction reports
615: Location updates
616: Persisted Application data
617: Subscribe to Interaction Topic/Receive ARN da-

ta
618: Interaction Push Notification
620: Third party clients
621: RESTful API Calls
630: Interaction detector
631: EC2 Container (aka, the "Watcher")
632: Motorcycle (target vehicle) updates
633: Motor vehicle updates
635: Data processor (Lamda functions)
636: Target point spreading processor
637: Interaction detection processor (aka, the "Seek-

er")
650: Notification server

[0073] Fig. 6 schematically illustrates an embodiment
of a proximity awareness system for motor vehicles and

motorists. This embodiment includes a hub 601 (which
may be referred to as "Firebase"). The hub 601receives
location update data 615 (e.g., monitoring vectors) from
vehicles (e.g., motorcycles 110 and other vehicles 120,
130) via communications devices (e.g., 112; 122; 132)
on or in such vehicles, and processes the location data
to detect potential interactions between vehicles. In some
embodiments, the hub 601 sends location data 602 to
an interaction process 630
[0074] Fig. 7 schematically illustrates a flow chart for
an embodiment of location update functionality of a prox-
imity awareness system. Step 701 includes receiving, at
the hub 601, location updates (e.g., monitoring vectors)
from at least one, and possibly two or more vehicles,
such as a motorcycle (a "target vehicle" such as motor-
cycle 110) and another vehicle (such as automobile 120,
for example). The location updates indicate the location
of each vehicle at a given time, and include location in-
formation (e.g., GPS coordinates, or geographic coordi-
nates derived from cell phone towers in communication
with a communication device on or in the vehicle), and a
time stamp to indicate when the vehicle is at the location
indicated.
[0075] At step 702, data 602 is transmitted from the
hub 601 to the EC2 container (aka, the "Watcher") in the
interaction processor 630. In some embodiments, the in-
teraction processor 630 may be remote from the hub 601,
but the interaction processor 630 operates under the con-
trol of the hub 601.
[0076] Step 703 determines whether the incoming data
is from a target vehicle (e.g., a motorcycle 110), in which
case data is transmitted (632) to the target point spread-
ing processor 636, and the method proceeds to target
vehicle processing (Fig. 8) at step 704, or another motor
vehicle (e.g., automobile 120, the driver of which is to be
notified about the nearby presence of the target vehicle),
in which case data is transmitted (633) to interaction de-
tector 637 and the method proceeds to other vehicle
processing (Fig. 8B) at step 706. In some embodiments,
the process of step 703 may be performed by the EC2
Container 631, which may include, for example, a com-
puter processor (e.g., a microprocessor) programmed to
execute the process.
[0077] Fig. 8 schematically illustrates a flow chart for
an embodiment of target vehicle processing of a proxim-
ity awareness system (target point spreading). In some
embodiments, the process of Fig. 8 may be performed
by target point spreading processor 636, which may be
part of data processor 635, and may include, for example,
a computer processor (e.g., a microprocessor) pro-
grammed to execute the process.
[0078] At step 801, the method creates an identifier for
the target vehicle, and one or more points (which points
may be known, collectively, as a "point spread") around
the location of the target vehicle. For example, in Fig. 4C,
the target vehicle is 110 has a point spread 450. Each
the target vehicle tracked by the method has a unique
identifier (for example, "Moto 110" for vehicle 110) and
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the location of the target vehicle may be designated as
Moto 110-0. Each point in the point spread has a unique
identifier associate with the identifier of the target vehicle.
For example, the 9 points 450 in Fig. 4C may be identified,
respectively, as Moto 110-1; Moto 110-2; Moto 110-3;
Moto 110-4; Moto 110-5; Moto 110-6; Moto 110-7; Moto
110-8; and Moto 110-9). The points of the point spread
may indicate physical locations in front of the target ve-
hicle (e.g., points 461, 462 and 463 in Fig. 4C), parallel
to the target vehicle (e.g., points 464, 465 and 466 in Fig.
4C), or behind the target vehicle (e.g., points 467, 578
and 469 in Fig. 4C).
[0079] In some embodiments, the method converts the
locations of the target vehicle and the points in the point
spread 450 into a geohash format, at step 802. A geo-
hash, for a given item of location data, is a searchable
form of that data which may be more easily searched,
identified, and processed, than location data expresses
as latitude and longitude, or GPS data format, or data
based on cell tower locations.
[0080] At step 803, the method queries the database
at hub 601 to determine whether the location of the target
vehicle, and or the point spread, is already in the data-
base. If not, the location of the target vehicle (e.g., Moto
110) and the location of the points of its point spread
(e.g., Moto 110-1 to Moto 110-9) are stored in a database
at the hub 601, at step 704, and the method processes
the next location update received from a vehicle, at step
710.
[0081] Otherwise, the method assesses the preexist-
ing data in the database, at step 705, to determine wheth-
er the location of the target vehicle and the location of
the points of its point spread constitute newer (i.e., the
data reflects the location of the target vehicle at more
recent in time) data. If so, then the location of the target
vehicle (e.g., Moto 110) and the location of the points of
its point spread (e.g., Moto 110-1 to Moto 110-9) are writ-
ten over the pre-existing data representing location of
the target vehicle and the location of the points of its point
spread in the database, at step 707. Then, at step 709,
the method updates the speed and heading of the target
vehicle, based on the most recent location data, and
saves that updated speed and heading data to the data-
base at the hub. The method then processes the next
location update received from a vehicle, at step 710.
[0082] Fig. 9 schematically illustrates a flow chart for
an embodiment of target vehicle search of a proximity
awareness system. In some embodiments, the process
of Fig. 9 may be performed by interaction detector 637,
which may be part of data processor 635, and may in-
clude, for example, a computer processor (e.g., a micro-
processor) programmed to execute the process.
[0083] At step 901, the method then analyzes target
vehicle location data from the hub database to assess
whether a target vehicle is within a predefined distance
of a vehicle, such as vehicle 120 for example, which may
be referred to as a "seeker." To that end, the method may
define a radius around the last known location of the

seeker vehicle. The radius may define a circle around
the last known location of the vehicle, but the risk radius
may define other shapes, and those shapes may be cen-
tered or located at points other than the last known loca-
tion of the vehicle.
[0084] At step 902, the method determines whether
any point of location data associated with a target vehicle
(e.g., the location of a target vehicle, or a point within the
point spread 450 of a target vehicle) is within the risk
radius. If not, then continues at step 903, in which the
interaction detection is stopped. Some embodiments up-
date the data at the hub database to indicate that no
interactions or potential interactions were identified at this
time for the seeker.
[0085] Otherwise, the method continues to step 904,
which assess the location data of the target vehicle to
determine whether that data is a location of the vehicle
(e.g., Moto 110-0), or a point within the point spread 450
of the target vehicle (e.g., Moto 110-1, etc.). Such deter-
mination may be made based on the naming convention
of the location data points. For example, a data point
ending in zero (e.g., Moto 110-0) represents the location
of the target vehicle, and a data point ending in any digit
other than zero (e.g., Moto 110-1) represents a point
(e.g., 461) within the point spread 450 of that target ve-
hicle.
[0086] If the location data represents point within the
point spread 450 of the target vehicle (e.g., Moto 110-1,
etc.), then step 906 directs the method back to step 904,
such that the method continues to assess location data
until it locates the target vehicle (i.e., Moto 110-0).
[0087] When step 904 detects the location of the target
vehicle, step 906 directs the method to step 908 to exe-
cute transaction handling functions. In some embodi-
ments, the transaction handling functions of step 908
may be performed by the data processor 635, which may
include, for example, a computer processor (e.g., a mi-
croprocessor) programmed to execute the transaction
handling functions.
[0088] The transaction handling functions further as-
sess available data to determine whether to send a mes-
sage to the seeker vehicle. In some embodiments, the
transaction handling functions include assessing the time
stamp of the respective location information from the tar-
get vehicle and the seeker vehicle, to assess whether
the data is contemporaneous - that is, the data is close
enough in time that the vehicle are close enough to one
another so as to present a possibility of collision. For
example, if the location, speed and heading of the target
vehicle indicates that the target vehicle would already
have passed the location of the seeker vehicle, then the
data is close enough in time that the vehicle are close
enough to one another so as to present a possibility of
collision. In some embodiments, the target and seeker
must be within a predetermined time of one another (e.g.,
30 seconds) before they are deemed close enough to
one another so as to present a possibility of collision.
[0089] In some embodiments, the transaction handling
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functions include assessing whether, and when, a mes-
sage was sent to the seeker vehicle. For example, if a
message about a target vehicle has been sent to the
seeker vehicle within a predetermined amount of time
(e.g., 5 minutes), the method may not send another such
message, but otherwise will send or re-send such a mes-
sage.
[0090] Unless the transaction handling functions con-
clude that no message should be sent, step 910 of the
method notifies the seeker vehicle that a target vehicle
is within its radius, and may provide location details of
the target vehicle. If the transaction handling functions
conclude that no message should be sent, then the meth-
od returns to step 901. For example, the method may
send an interaction query 605 to the hub 601, and receive
from the hub an address for the seeker. The method then
sends an interaction notification 639 to a message trans-
mitter (e.g., notification service 650), which, in turn, sends
a message to the seeker, and more specifically, to a driv-
er or occupant of the seeker.
[0091] Various embodiments may be implemented at
least in part in any conventional computer programming
language. For example, some embodiments may be im-
plemented in a procedural programming language (e.g.,
"C"), or in an object oriented programming language
(e.g., "C++"), or JAVA Script. Other embodiments of the
invention may be implemented as preprogrammed hard-
ware elements (e.g., application specific integrated cir-
cuits, FPGAs, and digital signal processors), or other re-
lated components.
[0092] In an alternative embodiment, the disclosed ap-
paratus and methods may be implemented as a compu-
ter program product for use with a computer system.
Such implementation may include a series of computer
instructions fixed either on a tangible medium, such as
a non-transient computer readable medium (e.g., a dis-
kette, CD-ROM, ROM, or fixed disk). The series of com-
puter instructions can embody all or part of the function-
ality previously described herein with respect to the sys-
tem.
[0093] Those skilled in the art should appreciate that
such computer instructions can be written in a number
of programming languages for use with many computer
architectures or operating systems. Furthermore, such
instructions may be stored in any memory device, such
as semiconductor, magnetic, optical or other memory de-
vices, and may be transmitted using any communications
technology, such as optical, infrared, microwave, or other
transmission technologies.
[0094] Among other ways, such a computer program
product may be distributed as a removable medium with
accompanying printed or electronic documentation (e.g.,
shrink wrapped software), preloaded with a computer
system (e.g., on system ROM or fixed disk), or distributed
from a server or electronic bulletin board over the network
(e.g., the Internet or World Wide Web). Of course, some
embodiments of the invention may be implemented as a
combination of both software (e.g., a computer program

product) and hardware. Still other embodiments of the
invention are implemented as entirely hardware, or en-
tirely software.
[0095] The embodiments of the invention described
above are intended to be merely exemplary; numerous
variations and modifications will be apparent to those
skilled in the art. All such variations and modifications
are intended to be within the scope of the present inven-
tion as defined in any appended claims.

Claims

1. A method of enhancing road safety for vehicles (110,
120, 130) traveling on a network of roads, the method
comprising:

receiving, at an interaction detector (630), a plu-
rality of monitoring vectors from a plurality of ve-
hicles (110, 120, 130) travelling on the network
of roads, the plurality of vehicles (110, 120, 130)
including at least a first vehicle and a second
vehicle, the interaction detector (630) being re-
mote from the plurality of vehicles (110, 120,
130);
determining, from the plurality of monitoring vec-
tors, whether there is an interaction between the
first vehicle and the second vehicle, the interac-
tion existing when the first vehicle is within a
circle having a risk radius (401) and being
around the second vehicle, wherein:

the risk radius (401) is a predetermined dis-
tance such that the first vehicle and the sec-
ond vehicle have a risk of collision, and
the second vehicle is offset from, and not
at, the center of said circle defined by the
risk radius (401), said offset being defined
by said monitoring vectors;
the interaction being determined without
use of prior knowledge of a pre-planned
route of either of the first vehicle and the
second vehicle on the network of roads; and
alerting an occupant of at least one of the
first vehicle and the second vehicle that the-
interaction on the network of roads has been
determined.

2. The method of claim 1, wherein determining, from
the plurality of monitoring vectors, whether there is
an interaction between the first vehicle and the sec-
ond vehicle (110, 120, 130) further comprises first
determining whether there is a potential interaction
between first vehicle and the second vehicle (110,
120, 130).

3. The method of claim 2 wherein:
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the monitoring vector from the first vehicle com-
prises at least a location of the first vehicle, and
determining whether there is a potential interac-
tion between the first vehicle and the second
vehicle comprises:

establishing a plurality of points proximate
to the first vehicle; and
determining whether any of the plurality of
points is within the risk radius (401) of the
second vehicle.

4. The method of claim 1, further comprising causing
the at least one of the first vehicle and the second
vehicle (110, 120, 130) to take evasive action to
avoid another of the plurality of vehicles (110, 120,
130).

5. The method of claim 1, wherein receiving a monitor-
ing vector from a vehicle (110, 120, 130) comprises
receiving monitoring vectors generated by a loca-
tion-monitoring device in said vehicle (110, 120,
130).

6. The method of claim 1 wherein determining whether
the first vehicle and the second vehicle (110, 120,
130) have a risk of collision comprises determining
whether the first vehicle and the second vehicle (110,
120, 130) are on the same road such that a collision
is possible.

7. A system for enhancing safety on a network of roads,
comprising:

an interaction detector (630) having a commu-
nications interface for receiving a plurality of
monitoring vectors from a first vehicle and a sec-
ond vehicle (110, 120, 130) travelling on the net-
work of roads;
an interaction risk module (230) configured to
determine, from the plurality of monitoring vec-
tors, whether there is an interaction between the
first vehicle and second vehicle (110, 120, 130),
the interaction determined without use of prior
knowledge of a pre-planned route of either of
the first vehicle and the second vehicle (110,
120, 130) on the network of roads, by determin-
ing that the first vehicle is within a circle having
a risk radius (401) and being around the second
vehicle, wherein

the risk radius (401) is a predetermined dis-
tance, and
the second vehicle is offset from, and not
at, the center of a circle defined by the risk
radius (401), said offset being defined by
said monitoring vectors;

such that the first vehicle and second vehicle
(110, 120, 130) might have a risk of collision with
one another on the network of roads; and
a message generator (240) configured to gen-
erate a message to at least the second vehicle
in response to a determination, by the interaction
risk module (230), of an interaction, and to send
the message to the second vehicle (110, 120,
130) via the communications interface.

8. The system of claim 7, wherein the first vehicle is a
motorcycle (110) or a bicycle.

9. The system of claim 7, wherein the interaction risk
module (230) is further configured to determine
whether there is an interaction between the second
vehicle and first vehicle on the network of roads by
first determining whether there is a potential interac-
tion between the second (110, 120, 130) vehicle and
first on the network of roads, based on a point spread
generated around the location of the first vehicle.

10. The system of claim 7, wherein the message gener-
ator (240) is further configured to generate a mes-
sage to the second vehicle only if such a message
has not been generated to said second vehicle within
a predetermined time of a determination, by interac-
tion risk module (230), of an interaction.

11. The system of claim 7, wherein the interaction risk
module (230) is further configured to determine that
there is an interaction between the second vehicle
and a first vehicle (110, 120, 130) such that the sec-
ond vehicle (110, 120, 130) and first vehicle have a
risk of collision with one another, only if monitoring
vectors from second vehicle (110, 120, 130) and first
vehicle are contemporaneous.

12. The system of claim 7, wherein the message gener-
ator (240) is further configured to generate a mes-
sage to the second vehicle (110, 120, 130) only if
the second vehicle (110, 120, 130) is not within a
geofence.

13. The system of claim 7, wherein the second vehicle
(110, 120, 130) is an autonomous vehicle, and the
message includes instructions to remotely control
the second vehicle (110, 120, 130) to avoid a poten-
tial collision between the second vehicle and the first
vehicle.

Patentansprüche

1. Verfahren zur Erhöhung der Verkehrssicherheit für
Fahrzeuge (110, 120, 130), die sich auf einem Stra-
ßennetz bewegen, wobei das Verfahren Folgendes
umfasst:
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Empfangen, an einem Interaktionsdetektor
(630), einer Vielzahl von Überwachungsvekto-
ren von einer Vielzahl von Fahrzeugen (110,
120, 130), die sich auf dem Straßennetz bewe-
gen, wobei die Vielzahl von Fahrzeugen (110,
120, 130) wenigstens ein erstes Fahrzeug und
ein zweites Fahrzeug beinhaltet, wobei der In-
teraktionsdetektor (630) von der Vielzahl von
Fahrzeugen (110, 120, 130) entfernt ist;
Bestimmen, aus der Vielzahl von Überwa-
chungsvektoren, ob es eine Interaktion zwi-
schen dem ersten Fahrzeug und dem zweiten
Fahrzeug gibt, wobei die Interaktion existiert,
wenn sich das erste Fahrzeug innerhalb eines
Kreises befindet, der einen Risikoradius (401)
aufweist und um das zweite Fahrzeug verläuft,
wobei:

der Risikoradius (401) eine derartig vorbe-
stimmte Entfernung ist, dass das erste
Fahrzeug und das zweite Fahrzeug ein Kol-
lisionsrisiko aufweisen, und
sich das zweite Fahrzeug versetzt von und
nicht in der Mitte des Kreises befindet, der
durch den Risikoradius (401) definiert wird,
wobei der Versatz durch die Überwa-
chungsvektoren definiert wird;
die Interaktion ohne Nutzung einer Vorab-
kenntnis einer vorgeplanten Route von je-
dem von dem ersten Fahrzeug und dem
zweiten Fahrzeug auf dem Straßennetz be-
stimmt wird; und
ein Insasse von wenigstens einem von dem
ersten Fahrzeug und dem zweiten Fahr-
zeug gewarnt wird, dass die Interaktion auf
dem Straßennetz bestimmt wurde.

2. Verfahren nach Anspruch 1, wobei das Bestimmen,
aus der Vielzahl von Überwachungsvektoren, ob es
eine Interaktion zwischen dem ersten Fahrzeug und
dem zweiten Fahrzeug (110, 120, 130) gibt, ferner
zuerst das Bestimmen umfasst, ob es eine potenti-
elle Interaktion zwischen dem ersten Fahrzeug und
dem zweiten Fahrzeug (110, 120, 130) gibt.

3. Verfahren nach Anspruch 2, wobei:

der Überwachungsvektor von dem ersten Fahr-
zeug wenigstens einen Standort des ersten
Fahrzeugs umfasst, und
das Bestimmen, ob es eine potentielle Interak-
tion zwischen dem ersten Fahrzeug und dem
zweiten Fahrzeug gibt, Folgendes umfasst:

Erstellen einer Vielzahl von Punkten in der
Nähe des ersten Fahrzeugs; und
Bestimmen, ob sich einer der Vielzahl von
Punkten innerhalb des Risikoradius (401)

des zweiten Fahrzeugs befindet.

4. Verfahren nach Anspruch 1, ferner umfassend das
Veranlassen, dass das wenigstens eine von dem
ersten Fahrzeug und dem zweiten Fahrzeug (110,
120, 130) ein Ausweichmanöver durchführt, um ein
anderes der Vielzahl von Fahrzeugen (110, 120,
130) zu meiden.

5. Verfahren nach Anspruch 1, wobei das Empfangen
eines Überwachungsvektors von einem Fahrzeug
(110, 120, 130) das Empfangen von Überwachungs-
vektoren umfasst, die durch eine Standortüberwa-
chungsvorrichtung in dem Fahrzeug (110, 120, 130)
erzeugt werden.

6. Verfahren nach Anspruch 1, wobei das Bestimmen,
ob das erste Fahrzeug und das zweite Fahrzeug
(110, 120, 130) ein Kollisionsrisiko aufweisen, das
Bestimmen umfasst, ob sich das erste Fahrzeug und
das zweite Fahrzeug (110, 120, 130) auf derselben
Straße befinden, sodass eine Kollision möglich ist.

7. System zur Erhöhung der Sicherheit auf einem Stra-
ßennetz, umfassend:

einen Interaktionsdetektor (630) mit einer Kom-
munikationsschnittstelle zum Empfangen einer
Vielzahl von Überwachungsvektoren von einem
ersten Fahrzeug und einem zweiten Fahrzeug
(110, 120, 130), die sich auf dem Straßennetz
bewegen;
ein Interaktionsrisikomodul (230), das dafür
ausgelegt ist, aus der Vielzahl von Überwa-
chungsvektoren zu bestimmen, ob es eine In-
teraktion zwischen dem ersten Fahrzeug und
dem zweiten Fahrzeug (110, 120, 130) gibt, wo-
bei die Interaktion ohne Nutzung einer Vorab-
kenntnis einer vorgeplanten Route von jedem
von dem ersten Fahrzeug und dem zweiten
Fahrzeug (110, 120, 130) auf dem Straßennetz
bestimmt wird, indem bestimmt wird, dass sich
das erste Fahrzeug innerhalb eines Kreises be-
findet, der einen Risikoradius (401) aufweist und
um das zweite Fahrzeug verläuft, wobei
der Risikoradius (401) eine vorbestimmte Ent-
fernung ist, und
sich das zweite Fahrzeug versetzt von und nicht
in der Mitte eines Kreises befindet, der durch
den Risikoradius (401) definiert wird, wobei der
Versatz durch die Überwachungsvektoren defi-
niert wird,
derart, dass das erste Fahrzeug und das zweite
Fahrzeug (110, 120, 130) ein Kollisionsrisiko
miteinander auf dem Straßennetz aufweisen
könnten; und
einen Nachrichtengenerator (240), der dafür
ausgelegt ist, als Reaktion darauf, dass durch
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das Interaktionsrisikomodul (230) eine Interak-
tion bestimmt wird, eine Nachricht an wenigs-
tens das zweite Fahrzeug zu erzeugen und die
Nachricht über die Kommunikationsschnittstelle
an das zweite Fahrzeug (110, 120, 130) zu sen-
den.

8. System nach Anspruch 7, wobei das erste Fahrzeug
ein Motorrad (110) oder ein Fahrrad ist.

9. System nach Anspruch 7, wobei das Interaktionsri-
sikomodul (230) ferner dafür ausgelegt ist, zu be-
stimmen, ob es eine Interaktion zwischen dem zwei-
ten Fahrzeug und dem ersten Fahrzeug auf dem
Straßennetz gibt, indem zuerst basierend auf einer
Punkteverteilung, die um den Standort des ersten
Fahrzeugs erzeugt wird, bestimmt wird, ob es eine
potentielle Interaktion zwischen dem zweiten Fahr-
zeug (110, 120, 130) und dem ersten Fahrzeug auf
dem Straßennetz gibt.

10. System nach Anspruch 7, wobei der Nachrichtenge-
nerator (240) ferner dafür ausgelegt ist, nur dann
eine Nachricht an das zweite Fahrzeug zu erzeugen,
wenn eine solche Nachricht an das zweite Fahrzeug
nicht innerhalb einer vorbestimmten Zeit einer Be-
stimmung einer Interaktion durch das Interaktionsri-
sikomodul (230) erzeugt wurde.

11. System nach Anspruch 7, wobei das Interaktionsri-
sikomodul (230) ferner dafür ausgelegt ist, nur dann
zu bestimmen, dass es eine Interaktion zwischen
dem zweiten Fahrzeug und einem ersten Fahrzeug
(110, 120, 130) gibt, sodass das zweite Fahrzeug
(110, 120, 130) und das erste Fahrzeug ein Kollisi-
onsrisiko miteinander haben, wenn die Überwa-
chungsvektoren von dem zweiten Fahrzeug (110,
120, 130) und dem ersten Fahrzeug zeitgleich sind.

12. System nach Anspruch 7, wobei der Nachrichtenge-
nerator (240) ferner dafür ausgelegt ist, nur dann
eine Nachricht an das zweite Fahrzeug (110, 120,
130) zu erzeugen, wenn sich das zweite Fahrzeug
(110, 120, 130) nicht innerhalb eines Geofence be-
findet.

13. System nach Anspruch 7, wobei das zweite Fahr-
zeug (110, 120, 130) ein autonomes Fahrzeug ist
und die Nachricht Befehle zur Fernsteuerung des
zweiten Fahrzeugs (110, 120, 130) beinhaltet, um
eine potentielle Kollision zwischen dem zweiten
Fahrzeug und dem ersten Fahrzeug zu vermeiden.

Revendications

1. Procédé de renforcement de sécurité routière pour
des véhicules (110, 120, 130) en déplacement sur

un réseau de routes, le procédé comprenant :

la réception, au niveau d’un détecteur d’interac-
tion (630), d’une pluralité de vecteurs de sur-
veillance provenant d’une pluralité de véhicules
(110, 120, 130) en déplacement sur le réseau
de routes, la pluralité de véhicules (110, 120,
130) comportant au moins un premier véhicule
et un second véhicule, le détecteur d’interaction
(630) étant distant de la pluralité de véhicules
(110, 120, 130) ;
la détermination, à partir de la pluralité de vec-
teurs de surveillance, du fait qu’il existe ou non
une interaction entre le premier véhicule et le
second véhicule, l’interaction existant lorsque le
premier véhicule se trouve dans un cercle ayant
un rayon de risque (401) et étant autour du se-
cond véhicule, dans lequel :

le rayon de risque (401) est une distance
prédéterminée telle que le premier véhicule
et le second véhicule présentent un risque
de collision, et
le second véhicule est décalé du centre du-
dit cercle défini par le rayon de risque (401),
et non au niveau de celui-ci, ledit décalage
étant défini par lesdits vecteurs de
surveillance ;
l’interaction étant déterminée sans l’utilisa-
tion d’une connaissance antérieure d’un iti-
néraire pré-planifié soit du premier véhicule,
soit du second véhicule sur le réseau de
routes ; et
l’avertissement d’un occupant d’au moins
l’un du premier véhicule et du second véhi-
cule du fait que l’interaction sur le réseau
de routes a été déterminée.

2. Procédé selon la revendication 1, dans lequel la dé-
termination, à partir de la pluralité de vecteurs de
surveillance, du fait qu’il existe ou non une interac-
tion entre le premier véhicule et le second véhicule
(110, 120, 130) comprend en outre d’abord la déter-
mination du fait qu’il existe ou non une interaction
potentielle entre le premier véhicule et le second vé-
hicule (110, 120, 130).

3. Procédé selon la revendication 2, dans lequel :

le vecteur de surveillance provenant du premier
véhicule comprend au moins un emplacement
du premier véhicule, et
la détermination du fait qu’il existe ou non une
interaction potentielle entre le premier véhicule
et le second véhicule comprend :

l’établissement d’une pluralité de points à
proximité du premier véhicule ; et
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la détermination du fait que l’un quelconque
de la pluralité de points se trouve ou non
dans le rayon de risque (401) du second
véhicule.

4. Procédé selon la revendication 1, comprenant en
outre le fait d’amener l’au moins un du premier vé-
hicule et du second véhicule (110, 120, 130) à pren-
dre une mesure d’évitement pour éviter un autre de
la pluralité de véhicules (110, 120, 130).

5. Procédé selon la revendication 1, dans lequel la ré-
ception d’un vecteur de surveillance provenant d’un
véhicule (110, 120, 130) comprend la réception de
vecteurs de surveillance générés par un dispositif
de surveillance d’emplacement dans ledit véhicule
(110, 120, 130) .

6. Procédé selon la revendication 1, dans lequel la dé-
termination du fait que le premier véhicule et le se-
cond véhicule (110, 120, 130) présentent ou non un
risque de collision comprend la détermination du fait
que le premier véhicule et le second véhicule (110,
120, 130) se trouvent sur la même route de sorte
qu’une collision est possible.

7. Système pour renforcer la sécurité sur un réseau de
routes, comprenant :

un détecteur d’interaction (630) ayant une inter-
face de communications destinée à recevoir une
pluralité de vecteurs de surveillance provenant
d’un premier véhicule et d’un second véhicule
(110, 120, 130) en déplacement sur le réseau
de routes ;
un module de risque d’interaction (230) configu-
ré pour déterminer, à partir de la pluralité de vec-
teurs de surveillance, s’il existe une interaction
entre le premier véhicule et le second véhicule
(110, 120, 130), l’interaction étant déterminée
sans l’utilisation d’une connaissance antérieure
d’un itinéraire pré-planifié soit du premier véhi-
cule, soit du second véhicule (110, 120, 130)
sur le réseau de routes, par la détermination du
fait que le premier véhicule se trouve ou non
dans un cercle ayant un rayon de risque (401)
et étant autour du second véhicule, dans lequel
le rayon de risque (401) est une distance pré-
déterminée, et
le second véhicule est décalé du centre d’un cer-
cle défini par le rayon de risque (401), et non au
niveau de celui-ci, ledit décalage étant défini par
lesdits vecteurs de surveillance ;
de sorte que le premier véhicule et le second
véhicule (110, 120, 130) pourraient présenter
un risque de collision l’un avec l’autre sur le ré-
seau de routes ; et
un générateur de message (240) configuré pour

générer un message au moins au second véhi-
cule en réponse à une détermination, par le mo-
dule de risque d’interaction (230), d’une interac-
tion, et envoyer le message au second véhicule
(110, 120, 130) via l’interface de communica-
tions.

8. Système selon la revendication 7, dans lequel le pre-
mier véhicule est une motocyclette (110) ou une bi-
cyclette.

9. Système selon la revendication 7, dans lequel le mo-
dule de risque d’interaction (230) est en outre con-
figuré pour déterminer s’il existe une interaction en-
tre le second véhicule et le premier véhicule sur le
réseau de routes d’abord par la détermination du fait
qu’il existe ou non une interaction potentielle entre
le second véhicule (110, 120, 130) et le premier sur
le réseau de routes, sur la base d’un étalement ponc-
tuel généré autour de l’emplacement du premier vé-
hicule.

10. Système selon la revendication 7, dans lequel le gé-
nérateur de message (240) est en outre configuré
pour générer un message au second véhicule uni-
quement si un message n’a pas été généré audit
second véhicule dans un temps prédéterminé à par-
tir d’une détermination, par le module de risque d’in-
teraction (230), d’une interaction.

11. Système selon la revendication 7, dans lequel le mo-
dule de risque d’interaction (230) est en outre con-
figuré pour déterminer qu’il existe une interaction en-
tre le second véhicule et un premier véhicule (110,
120, 130) de sorte que le second véhicule (110, 120,
130) et le premier véhicule présentent un risque de
collision l’un avec l’autre, uniquement si les vecteurs
de surveillance provenant du second véhicule (110,
120, 130) et du premier véhicule sont concomitants.

12. Système selon la revendication 7, dans lequel le gé-
nérateur de message (240) est en outre configuré
pour générer un message au second véhicule (110,
120, 130) uniquement si le second véhicule (110,
120, 130) ne se trouve pas dans un périmètre virtuel.

13. Système selon la revendication 7, dans lequel le se-
cond véhicule (110, 120, 130) est un véhicule auto-
nome, et le message comporte des instructions pour
commander à distance le second véhicule (110, 120,
130) afin d’éviter une collision potentielle entre le
second véhicule et le premier véhicule.
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