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(54)
INTERACTION IN ROAD TRAFFIC

(67)  The invention relates to a method for detecting
potentially dangerous situations in an intersection area
in road traffic, wherein a vehicle (10) communicates with
further vehicles (14) by means of Car2X communication
(12) and/or wherein the vehicle (10) communicates with
at least part of a road traffic infrastructure (16) by means
of Car2X communication (12).

In a method in which early detection of a potentially
dangerous situation is made possible so that the risk of

METHOD FOR DETECTING POTENTIALLY DANNERY SITUATION IN THE AREA OF

an accident with an unprotected road user is minimised,
it is provided that in the Car2-X communication (12) in-
formation about status data of the vehicle (10) and infor-
mation about status data of the other vehicles (14) is
transmitted and that the status data is linked with navi-
gation data, in particular with coordinates, in such a way
that a prediction of a future route (18) of the vehicle (10)
and the other vehicles (14) is made possible.
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Description

[0001] The invention relates to a method for detecting
potentially dangerous situations in an intersection area
inroad traffic, wherein a vehicle communicates with other
vehicles by means of Car2X communication and/or
wherein the vehicle communicates with at least part of a
road traffic infrastructure by means of Car2X communi-
cation.

[0002] Despite progress in vehicle safety, the number
of accidents between cars and vulnerable road users is
stagnating. Especially for cyclists and motorcyclists, in-
tersections and junctions represent an accident black
spot. In order to avoid accidents with unprotected road
users, state-of-the-art systems are known which warn of
collisions between a vehicle and an unprotected road
user in critical situations or intervene in the vehicle dy-
namics, for example by intervening in the brakes. These
systems use various sensors installed on the vehicle,
such as ultrasonic sensors, radars, lidars or cameras.
[0003] The systems known from the state of the art,
which exclusively use sensors installed on the vehicle,
suffer from the restriction that a line of sight to the relevant
road user must be available, regardless of whether cam-
era, ultrasonic or other sensors are used.

[0004] Radar orlidar sensors or cameras can be used.
In situations where an unprotected road user has been
obscured by an object, for example a building or green-
ery, before entering the path of the car, conventional sys-
tems can often no longer react in time and a collision with
often serious consequences is unavoidable. Also, the
systems known from the state of the art are often de-
signed in such a way that a warning is given at the latest
possible time in order to keep the number of false acti-
vations low.

[0005] The invention is now based on the task of de-
veloping a method for detecting potentially dangerous
situations in an intersection area in road traffic, in which
early detection of a potentially dangerous situation is
made possible so that the risk of an accident with an
unprotected road user is minimised.

[0006] In the present invention, this task is solved first
of all by the features of the identification part of patent
claim 1 in that, in the Car2-X communication, information
about status data of the vehicle and information about
status data of the other vehicles is transmitted and in that
the status data is linked with navigation data, in particular
with coordinates, in such a way that a prediction of a
future route of the vehicle and the other vehicles is made
possible.

[0007] Car2X data is a technology in which vehicles
communicate with their environment, i.e. "X". In a special
Car2Car variant of the Car2X system, vehicles can also
communicate with each other. With Car2X, transmission
is possible in both directions. Consequently, the vehicle
can communicate with the environment and/or the envi-
ronmentwith the vehicle. Preferably, sensor datais trans-
mitted during communication. It is conceivable that the
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Car2X communication is realised via a WLAN connec-
tion. In addition to WLANp (IEEE 802.11p), other tech-
nologies, e.g. C-V2X (LTE-V2X, 5G-V2X) or backend
communication are also conceivable.

[0008] Examples are the CAM (Cooperative Aware-
ness Message), or DENM (Decentralised Environmental
Notification Message), and/or Plus VAM (Vulnerable
Road User Awareness Message) und CPM (Collective
Perception Message) of the ETSI standard for Car2X
communication. Vehicles can communicate with other
vehicles via Car2X communication. By communicating
with each other, vehicles can communicate their posi-
tions with each other. By linking with an environmental
sensor system, for example, the position of the vehicle
can be determined more clearly. In addition, the vehicle
can communicate with the infrastructure via Car2X com-
munication.

[0009] The infrastructure can be traffic lights or, for ex-
ample, cameras used to monitor road traffic.

[0010] Anintersectionis a section of road traffic where
at least two roadways cross. This can refer to roadways
used by motor vehicles as well as roadways used by
otherroad users, such as cyclists or pedestrians. A cross-
ing area can therefore also be a straight road with a pe-
destrian crossing or a cycle path that crosses the road.
[0011] The status data can be various data of the ve-
hicle or the other vehicles. In particular, states are phys-
ical properties that the vehicle has at a certain moment.
These include, for example, the speed, the direction of
travel, the acceleration and comparable values, and/or
preferably the relative position of the vehicle.

[0012] The navigation data can preferably be provided
by means of GNSS, or for example GPS, but also by
means of positioning sensors.

[0013] Predictionis aprediction of the future route. The
future route can be predicted on the basis of various cri-
teria. In particular, however, the navigation data, which
provide information about the condition of the road net-
work, are linked to the status data of the vehicle or the
other vehicles, so that the reaching of certain points can
be represented by means of time-dependent coordi-
nates. The prediction of the route can be calculated prob-
abilistically or discretely.

[0014] Othervehicles are in particular other road users
who are in the vicinity of the vehicle. These are vehicles
moving in the statutory direction of travel in the lane oc-
cupied by the vehicle. However, it is also conceivable
that other vehicles are part of oncoming traffic, for exam-
ple. Furthermore, other vehicles also includes pedestri-
ans and/or cyclists, who can be categorised accordingly.
[0015] The travel distance is the distance travelled by
the vehicle or other vehicles, especially on a road. The
longitudinal movement on the road is taken into account,
but also the transverse movement of the vehicle on the
road. Consequently, the travel distance is not only the
distance travelled on a road, for example, but also the
lateral movement, i.e. the position of the vehicle in rela-
tion to the entire width of the road or the width of the road.
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In construction sites, for example, there are often nar-
rowed lanes, so that driving is only possible in a certain
area of the entire theoretically available width of the lane.
[0016] In a first embodiment of the method according
to the invention, it is provided that the status data contain
information about the position and/or the speed. By using
the information regarding the position, for example rep-
resented by coordinates, and the current speed, conclu-
sions can be drawn about the route of the vehicle or the
other vehicles in conjunction with navigation data con-
taining information about the road layout. This informa-
tion can then be used to predict what the future route will
look like.

[0017] In a further embodiment of the method accord-
ing to the invention, it is provided that the condition data
contain information about the classification of the vehicle
or the other vehicles and that the classification distin-
guishes at least between motor vehicles with at least four
wheels and vehicles with at most two wheels. As a rule,
vehicles with two wheels or less are motorbikes or bicy-
cles. These vehicles are often classified as unprotected
vehicles because they generally do not contain a driver’'s
cab. Cyclists or motorcyclists therefore have a particu-
larly high risk of injury should an accident occur.

[0018] It is also conceivable that the classification is
realised in a more refined way. For example, motorbikes
can be subdivided into further subclasses. Similarly, bi-
cycles can be subdivided into motor-assisted bicycles
and normal bicycles. In this way, for example, the driver
of a vehicle can be shown to which category a nearby
vehicle belongs. By knowing the category, it is possible
to assess whether special care is required.

[0019] In a preferred embodiment of the invention, itis
provided that the navigation data are transmitted by
means of Car2X communication or that the navigation
data are made available by means of stored map data.
It is also conceivable that both variants are used in par-
allel. In this case, the navigation data is made available
by means of Car2X communication and by means of
stored map data. In this way, redundancy of the data can
provide increased reliability in data retrieval. On the other
hand, the data can be checked against each other for
plausibility. Thus, erroneous data can be adjusted.
[0020] In a further embodiment of the method accord-
ing to the invention, it can be provided that the navigation
data contain information about lanes. By knowing the
lanes, in particular in the relevant intersection area, the
positions of the vehicle or of other vehicles can be further
specified.

[0021] In a particularly preferred embodiment of the
method according to the invention, it is provided that the
navigation data contain information about pedestrian
crossings and/or bicycle crossings. In this way, the most
probable routes of unprotected road users can already
be taken into account. Thus, the prescribed routes can
already be associated with the conditions of the unpro-
tected road users.

[0022] Furthermore, in another embodiment of the
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method according to the invention, it can be provided that
the status data contain information about a lane on which
the vehicle or the other vehicles are located. Thus, both
the vehicle and the other vehicles can be clearly assigned
to a lane. This information increases the accuracy of the
position determination of the vehicle or the other vehicles.
In addition, the prediction of the further route can be im-
proved if, for example, it is recognised that a vehicle is
in a turning lane. This is just as true for the assignment
of VRUs to the pedestrian and bicycle crosswalks. Basi-
cally, here pedestrian and bicycle crossings are equiva-
lent to the car lanes.

[0023] In addition, in a further embodiment of the in-
vention, it can be provided that the vehicle and/or the
other vehicles comprise a direction indicator and that the
status of the direction indicator is used to enable a pre-
diction of a future travel path of the vehicle and the other
vehicles. It may be envisaged that the status of the di-
rection indicator is also communicated via Car2X. Anal-
ogous to the assignment of the lane travelled on, the
status of the direction indicator can also provide informa-
tion about the direction in which the vehicle or the other
vehicles will move. This can improve the prediction of the
future route.

[0024] In addition or alternatively, in a further embod-
iment of the method according to the invention, it can be
provided that the vehicle and/or the further vehicles com-
prise a navigation device and that a navigation route set
in the navigation device is used to enable a prediction of
afuture travel path of the vehicle and the further vehicles.
If a navigation route has been calculated, it is likely that
the vehicle orthe further vehicles will follow the directional
indications of the navigation route. Taking the calculated
navigation route into account can therefore improve the
prediction of the future route of the vehicle or the other
vehicles.

[0025] In a particularly preferred embodiment of the
method according to the invention, it is provided that it is
determined whether the travel path of the vehicle inter-
sects with a travel path of at least one other vehicle as
well as other road users, i.e. when data comes from pe-
destrians by means of the infrastructure. In this way, it
can be recognised in advance whether a potentially dan-
gerous situation could arise.

[0026] In a further embodiment of the method accord-
ing to the invention, it may be provided that it is deter-
mined whether the travel path of the vehicle intersects
with a travel path of at least one further vehicle if the
travel path of the vehicle and/or a travel path of at least
one further vehicle deviates from the prediction of a future
travel path of the vehicle and the further vehicles. In this
way, it can be determined whether a potentially danger-
ous situation arises if the vehicle and/or further vehicles
deviate from the predicted travel path. The probability of
a deviation from the predicted route can be taken into
account. Navigation data can also be used for this. For
example, if there are structural separations in the road
network, it is unlikely that a vehicle will deviate from the
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predicted route in this area.

[0027] In order to increase safety in road traffic, a fur-
ther embodiment of the method according to the inven-
tion provides that the vehicle and/or at least one further
vehicle is braked if it is detected that the travel path of
the vehicle crosses a travel path of at least one further
vehicle. An intervention, for example by driving assist-
ance systems installed in the vehicle and/or the further
vehicles, may be necessary if it is recognised that the
travel paths will already cross in the near future. If it can
be assumed that the driver of the vehicle can no longer
react in time, appropriate measures can be initiated by
which the vehicle automatically reduces its speed in order
to prevent the paths from crossing. Furthermore, infor-
mation can be provided to the driver in any form, for ex-
ample, visually, acoustically and/or haptically.

[0028] In addition or alternatively, in a further embod-
iment of the invention, it can be provided that an evasive
manoeuvre of the vehicle is initiated if it is detected that
the travel path of the vehicle crosses a travel path of at
least one other vehicle. If braking is not sufficient, an
evasive manoeuvre, i.e. steering the vehicle to the left or
right, can be used to increase the probability that the
travel paths will no longer cross. It can also be provided
that the vehicle automatically swerves to the left, while
the other vehicle swerves to the right, so that the vehicles
turn in front of each other without crossing each other’'s
paths. Similarly, the vehicle can also swerve to the right,
while the other vehicle swerves to the left.

[0029] Electronic or electrical devices and/or other rel-
evant devices or components according to embodiments
of the present invention described herein may be imple-
mented using any suitable hardware, firmware (e.g., an
application-specific integrated circuit), software, or a
combination of software, firmware and hardware. For ex-
ample, the various components of these devices may be
located on an integrated circuit (IC) or on separate IC
chips. Further, the various components of these devices
may be implemented on a flexible printed circuit film, a
tape carrier package (TCP), aprinted circuitboard (PCB),
or on a single substrate. In addition, the various compo-
nents of these devices may be a process or thread run-
ning on one or more processors in one or more computing
devices, executing computer program instructions and
interacting with other system components to perform the
various functions described herein. The computer pro-
gram instructions are stored in memory that may be im-
plemented in a computing device using standard mem-
ory, such as random access memory (RAM). The com-
puter program instructions may also be stored in other
non-transferable computer-readable media, such as a
CD-ROM, flash drive or the like. A person skilled in the
art should also recognise that the functionality of different
computing devices may be combined or integrated into
a single computing device, or that the functionality of a
particular computing device may be distributed to one or
more other computing devices, without departing from
the scope of the exemplary embodiments of the present
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invention.

[0030] Further preferred embodiments of the invention
result from the additional features mentioned in the de-
pendent claims.

[0031] The various embodiments of the invention men-
tioned herein can be advantageously combined with
each other, unless otherwise specified in the individual
case.

[0032] Various objects and advantages of the present
invention will become apparent to those skilled in the art
from the following detailed description of embodiments,
when read in light of the accompanying drawings. It
shows:
Fig. 1 aschematic representation of the implementa-
tion of an example of a method for the detection
of potentially dangerous situations in an inter-
section area in road traffic and

Fig.2  ablock representation of various steps of a pro-
cedure for the detection of potentially danger-
ous situations in an intersection area in road
traffic.

[0033] Fig. 1 shows procedures for detecting potential-
ly dangerous situations in an intersection area in road
traffic. In this case, a vehicle 10 communicates with other
vehicles 14 or part of an infrastructure 16 of the road
traffic by means of Car2X communication 12. In this ex-
ample, the infrastructure 16 is traffic lights and cameras
for monitoring road traffic. Itis envisaged that information
about status data of the vehicle 10 and information about
status data of the other vehicles 14 are transmitted during
the Car2-X communication 12. The status data is linked
with navigation data, in particular with coordinates, in
such a way that a prediction of a future route 18 of the
vehicle 10 and the other vehicles 14 is made possible.

[0034] The status data contain information about the
position and speed of the vehicle 10 or the other vehicles
14. By using the information about the position, in the
form of coordinates, and the current speed, conclusions
can be drawn about the route of the vehicle 10 or the
other vehicles 14 in conjunction with navigation data con-
taining information about the road layout, which makes
it possible to predict the future route 18. Furthermore,
the status data contain information about the classifica-
tion of the vehicle 10 or the other vehicles 14. In the clas-
sification, a distinction is made between motor vehicles
with at least four wheels and vehicles with at most two
wheels. As a rule, vehicles with two wheels or less are
motorbikes or bicycles. These vehicles are often classi-
fied as unprotected vehicles because they generally do
not contain a driver’s cab. Cyclists or motorcyclists are
therefore at particularly high risk of injury in the event of
an accident. Furthermore, another vehicle 14 also in-
cludes a pedestrian, who can be categorised accordingly.
[0035] The navigation data contains information about
lanes 20. By knowing the lanes 20, in particular in the
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relevant intersection area, the positions of the vehicle 10
or of other vehicles 14 can be further specified. Further-
more, the navigation data contains information about pe-
destrian crossings 22 and bicycle crossings 24. In this
way, the most probable routes of unprotected road users
can already be taken into account. Thus, the prescribed
paths can already be associated with the conditions of
unprotected road users. In addition, the condition data
contain information about a lane 20 on which the vehicle
10 or the other vehicles 14 are located. Thus, both the
vehicle 10 and the other vehicles 14 can be clearly as-
signed to a lane 20. This information increases the ac-
curacy of the position determination of the vehicle 10 or
the other vehicles 14. In addition, the prediction of the
future route 18 can be improved if, for example, it is rec-
ognised that a vehicle 10 is in a turning lane.

[0036] It is determined whether the future travel path
18 of the vehicle 10 intersects with a future travel path
18 of another vehicle 14. In this way, it can be detected
in advance whether a potentially dangerous situation
could arise. To increase safety, the vehicle 10 is braked
ifitis detected that the future travel path 18 of the vehicle
10 intersects with a future travel path 18 of at least one
further vehicle 14. An intervention, for example by driving
assistance systems installed in the vehicle 10 or the fur-
ther vehicles 14, may be necessary if it is recognised that
the future travel paths 18 will already cross in the near
future. If it can be assumed that the driver of the vehicle
10 can no longerreactin time, appropriate measures can
be initiated by which the vehicle 10 automatically reduces
its speed in order to prevent a crossing of the future traffic
lanes 18. In addition, there is a possibility of passing the
information about potentially critical situation to the driv-
er.

[0037] Furthermore, an evasive manoeuvre of the ve-
hicle 10 is initiated if it is detected that the future travel
path 18 of the vehicle 10 intersects with a travel path of
at least one other vehicle 14. If braking is not sufficient,
an evasive manoeuvre, i.e. steering the vehicle to the left
or right, can be used to increase the probability that the
travel paths will no longer cross. It can also be provided
that the vehicle automatically swerves to the left, while
the other vehicle swerves to the right, so that the vehicles
turn in front of each other without crossing each other’'s
paths.

[0038] Figure 2 shows a schematic block diagram of
various steps of a method for detecting potentially dan-
gerous situations in an intersection in road traffic. In a
first step 100, Car2X data is transmitted by sensors with
Car2X interface installed at the intersection or directly by
other road users. The Car2X data contain at least infor-
mation about the classification, position and speed of the
detected or transmitting road user. In addition, a vehicle
equipped with the system 10 has information about the
intersection environment in the form of a map (MAPEM)
that is also sent out as a Car2X message or a map stored
in the vehicle. The map is lane-specific, so thatindividual
lanes 20 for the vehicle 10 as well as pedestrian crossings
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22 or cycle crossings 24 and connections between the
lanes as well as intersections are known.

[0039] The received data is stored in databases pro-
vided for this purpose. The received objects and the own
vehicle 10 are now assigned to the respective lanes and
crossings in step 102. This can be done discretely or
probabilistically. For the own vehicle, information such
as the status of the direction indicator or the set naviga-
tion route is added. In the next step 104, the objects along
the lanes are predicted on the basis of their current status
data, such as speed and acceleration. Predicted paths
sentout by Car2X objects themselves are also taken into
account. In step 106, it is calculated whether the paths
of own vehicle 10 and other road users calculated along
the lanes intersect.

[0040] In parallel, in step 108, the object trajectories
are calculated without adding the tracks, which is also
used to check whether a collision isimminentin the event
of adeviation from the expected movement pattern along
the tracks of the intersection.

[0041] Ifanintersection occurs, acorresponding action
can be derived depending on the criticality, for example
the probability of reaching the intersection at the same
time or the duration until the intersection is estimated to
be reached. This can be done in step 110, for example,
by early indication of the object, visual and acoustic warn-
ings analogous to known assistance systems or by inter-
vening in the driving dynamics, for example by braking
and/or avoiding. The determined data can also be made
available to other driver assistance systems.

Reference signs
[0042]

10  vehicle

12 Car2X communication
14 more vehicles

16  infrastructure

18  future route

20 lane

22 pedestrian crossing
24 cycle crossing

100-110  various steps of a method

Claims

1. Method for detecting potentially dangerous situa-
tions in an intersection area in road traffic,

wherein a vehicle (10) communicates with fur-
ther vehicles (14) by means of Car2X commu-
nication (12) and/or wherein the vehicle (10)
communicates with at least part of a road traffic
infrastructure (16) by means of Car2X commu-
nication (12),
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characterised in that

information about status data of the vehicle (10)
and information about status data of the further
vehicles (14) is transmitted in the Car2-X com-
munication (12), and in that the status data is
linked with navigation data, in particular with co-
ordinates, in such a way that a prediction of a
future route (18) of the vehicle (10) and of the
further vehicles (14) is made possible.

Method according to claim 1, characterised in that
the state data contains information about the position
and/or the speed.

Method according to claim 1 or 2, characterised in
that the condition data contain information about the
classification of the vehicle (10) or of the further ve-
hicles (14) and in that the classification distinguishes
at least between motor vehicles with at least four
wheels and vehicles with at most two wheels.

Method according to one of claims 1 to 3, charac-
terised in that the navigation data is transmitted by
means of Car2X communication (12) or that the nav-
igation data is made available by means of stored
map data.

Method according to one of claims 1 to 4, charac-
terised in that the navigation data contains informa-
tion about lanes (20).

Method according to one of the claims 1 to 5, char-
acterised in that the navigation data contains infor-
mation about pedestrian crossings (22) and/or about
cycle crossings (24).

Method according to one of claims 1 to 6, charac-
terised in that the status data contains information
about a lane (20) on which the vehicle (10) or the
other vehicles (14) are located.

A method according to any one of claims 1to 7, char-
acterised in that the vehicle (10) and/or the further
vehicles (14) comprise a direction indicator and in
that the status of the direction indicator is used to
enable prediction of a future travel path (18) of the
vehicle (10) and the further vehicles (14).

A method according to any one of claims 1to 8, char-
acterized in that the vehicle (10) and/or the further
vehicles (14) comprise a navigation device and that
anavigationroute setinthe navigation device is used
to enable a prediction of a future travel path (18) of
the vehicle (10) and the further vehicles (14).

A method according toany one of claims 1t0 9, char-
acterised in that it is determined whether the future
travel path (18) of the vehicle (10) intersects with a
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1.

12.

13.

future travel path (18) of at least one further vehicle
(14).

A method according to any one of claims 1 to 10,
characterised in that it is determined whether the
future travel path (18) of the vehicle (10) intersects
with a future travel path (18) of at least one further
vehicle (10) when the future travel path (18) of the
vehicle (10) and/or a future travel path (18) of at least
one further vehicle (14) deviates from the prediction
of a future travel path (18) of the vehicle (10) and the
further vehicles (14).

Method according to claim 10 or 11, characterized
in that the vehicle (10) and/or at least one further
vehicle (14) is braked if it is detected that the future
travel path (18) of the vehicle (10) intersects with a
future travel path (18) of at least one further vehicle
(14).

A method according to any one of claims 10 to 12,
characterized in that an evasive manoeuvre of the
vehicle (10) is initiated when it is detected that the
future travel path (18) of the vehicle (10) intersects
with a future travel path (18) of at least one further
vehicle (18).
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