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by front detecting means of a vehicle, in particular of an ego vehicle, wherein a front
detection area of the front detecting means is in front of the vehicle, the method compris-
ing the following steps: acquiring (10), by acquiring means, information about a vehicle
environment; determining (20), by a computing system, based on the information about
the vehicle environment, if the vehicle reaches a curve; if yes (T), determining (30), by
the computing system, if a lane change to a lane of the road which is less inside the curve
is possible; and if yes (T), manoeuvring (40), by a vehicle controlling system, the vehicle
to the lane of the road which is less inside the curve.
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Detection of obstacles in a curved road

The present invention refers to a method for detecting obstacles in a curved road by
front detecting means of a vehicle, wherein a front detection area of the front detecting
means is in front of a vehicle environment.

The present invention also refers to a system for detecting obstacles in a curved road by
front detecting means of a vehicle, wherein a front detection area of the front detecting
means is in front of a vehicle environment.

Furthermore, the present invention refers to a vehicle comprising the system.

Furthermore, the present invention refers to a computer program comprising instructions
which, when the program is executed by a computer, cause the computer to execute the
steps of the method.

Furthermore, the present invention refers to a data carrier signal, which the computer
program transmits.

Furthermore, the present invention refers to a computer-readable medium comprising
instructions which, when executed by a computer, cause the computer to execute the
steps of the method.

According to prior art methods, in order to improve a viewing angle on different types of
roads (e.g. a road that is more or less straight or one containing curves), information
obtained from different types of sensor is combined. The latter process is also known as
sensor fusion. Also, a combination of road map information or information obtained
through communication with other vehicles is known to provide a suitable assessment of
the traffic situation and possible dangers.

It is an object of the present invention to provide an improved method, an improved
system, an improved vehicle, an improved computer program, an improved data carrier
signal and an improved computer-readable medium. It is in particular an object of the
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invention to detect more quickly obstacles that may be present beyond a curve in a
road.

This object is achieved by the independent claims. Advantageous embodiments are
given in the dependent claims.

In particular, the present invention provides a method for detecting obstacles in a curved
road by front detecting means of a vehicle, in particular of an ego vehicle, wherein a
front detection area of the front detecting means is in front of the vehicle, the method
comprising the following steps: acquiring, by acquiring means, information about a
vehicle environment; determining, by a computing system, based on the information
about the vehicle environment, if the vehicle reaches a curve; if yes, determining, by the
computing system, if a lane change to a lane of the road which is less inside the curve is
possible; and if yes, manoeuvring, by a vehicle controlling system, the vehicle to the
lane of the road which is less inside the curve (an more outwardly lying lane).

Preferably, the last step of the method is executed in the vehicle.

According to a first step, the method comprises acquiring, by acquiring means,
information about a vehicle environment. The acquiring means may be integrated in the
vehicle or may be located outside the vehicle. The information may have been retrieved
or detected by the vehicle itself, or the vehicle may have received the information from
another vehicle or an external server.

After the step of acquiring, the method comprises, according to a second step,
determining, by a computing system, based on the information about the vehicle
environment, if the vehicle reaches a curve. It may be a curve where the computing
system has the information that the curve is to be driven or the system recognises that
the curve is to be driven, e.g. on the basis of driver behaviour or statistics on usual
routes of the vehicle. The curve can also be on the only route the vehicle can take.

In the affirmative/if yes, that means, if the computing system determines based on the
information about the vehicle environment, that the vehicle reaches a curve, the method
comprises determining, by the computing system, if a lane change to a lane of the road
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which is less inside the curve (or is a more external one) is possible. This step can be
based on information already retrieved in the first step.

In the affirmative/if yes, that means, if the computing system determines that a lane
change to a lane of the road which is less inside the curve is possible, the method
comprises manoeuvring, by a vehicle controlling system, the vehicle to the lane of the
road which is less inside the curve.

In other words, two conditions are successively checked, both of which must be fulfilled
for a lane change to take place.

The present invention also provides a system for detecting obstacles in a curved road by
front detecting means of a vehicle, in particular of an ego vehicle, wherein a front
detection area of the front detecting means is in front of the vehicle, the system
comprising: acquiring means configured to acquire information about a vehicle
environment; a computing system configured to determine, based on the information
about the vehicle environment, if the vehicle reaches a curve, if yes, to determine, if a
lane change to a lane of the road which is less inside the curve is possible; and a
vehicle controlling system configured to, if yes, manoeuvre the vehicle to the lane of the
road which is less inside the curve.

Additionally, the system may comprise means according to method steps according to
any of the modified embodiments described below.

The present invention also provides a vehicle comprising the system. Preferably, the
vehicle is an ego vehicle of a driver.

The present invention also provides a computer program comprising instructions which,
when the program is executed by a computer, cause the computer to execute the steps
of the method. A computer program is a collection of instructions for performing a
specific task that is designed to solve a specific class of problems. The instructions of a
program are designed to be executed by a computer and it is required that a computer
can execute programs in order for it to function.
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The present invention also provides a data carrier signal, which the computer program
transmits.

The present invention also provides a computer-readable medium comprising
instructions which, when executed by a computer, cause the computer to execute the
steps of the method.

The basic idea of the invention is to have an automated system in the vehicle, when the
vehicle is approaching a curve, carry out a lane change to a more outer lane, if it is
available, where the visibility is better (objects potentially lying beyond the curve can be
detected earlier) and the lateral acceleration is reduced, e. g. due to smaller curvature.

The invention allows avoiding for the vehicle to decrease its velocity in the curve and
ensuring a better visibility and anticipation of events that lie ahead.

According to a modified embodiment of the invention, before and/or during a passage of
the curve the front detecting means with the front detection area captures the vehicle
environment. In other words, when driving through the outer lane of the curve, the front
detecting means can permanently detect the environment of the vehicle. One benefits
from an increased angle of view into the curve due to the location of the vehicle in the
outer lane.

According to a modified embodiment of the invention, before and/or during a passage of
the curve a vehicle speed is maintained or reduced in accordance with a curvature of
the lane in which the vehicle is located. Depending on the driving situation, maximum

driving comfort can be maintained with advantage.

According to a modified embodiment of the invention, the step of acquiring, by the
acquiring means, information about the vehicle environment comprises a step of
detecting, by a detecting system comprising the front detecting means, the vehicle
environment. It is therefore advantageous to obtain very up-to-date information about

the vehicle's environment.

According to a modified embodiment of the invention, the acquiring means comprises a

sensing system; and/or a map of the road; and/or communicating means. Thus,
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depending on the driving situation, a combination of the aforementioned information
sources/detection means can be chosen with advantage. This can be done, for
example, depending on how up-to-date the available information is and/or the reliability
of the information source. The sensing system may comprise one or more sensors
installed on the vehicle. This may include a camera, LIDAR, laser sensors, ultrasonic

sensors, etc.

According to a modified embodiment of the invention, the front detecting means
comprises at least partially the sensing system. In other words, sensors located in the
front area of the vehicle can form the front detecting means.

According to a modified embodiment of the invention, the step of determining, by the
computing system, if the lane change to a lane of the road which is less inside the curve
is possible, comprises an evaluation of at least one of the following criteria:
- is there another lane in a same direction of travel as the lane currently in use;
- is there or not an impediment to the lane change;
- can the lane change be carried out without affecting a traffic flow in the other
lane in the same direction of travel;
- does the other lane in the same direction of travel not separate to another
destination;
- is there or not any “keep right/left unless overtaking” rule in the road regulation
applicable to the current geographical area;
wherein a respective queried criterion must be fulfilled.
The information can be partially checked externally by the vehicle or internally. A safer
lane change is thus provided with advantage.

According to a modified embodiment of the invention, the method comprises, after
having passed the curve, changing to a lane, in which the vehicle was located before
passing the curve. This can be decided by the computing system depending on typical
driving behaviour, a traffic situation or other information received. Depending on the
situation, a faster traffic flow can also be promoted.

These and other aspects of the invention will be apparent from and elucidated with
reference to the embodiments described hereinafter. Individual features disclosed in the



WO 2021/209403 PCT/EP2021/059474

6

embodiments can constitute alone or in combination an aspect of the present invention.
Features of the different embodiments can be carried over from one embodiment to

another embodiment.

In the drawings:

Fig. 1 schematically shows a first scene of a scenario, in which an embodiment
of the method is applied;

Fig. 2 schematically shows a second scene of the scenario, in which the
embodiment of the method is applied;

Fig. 3 schematically shows a third scene of the scenario, in which the
embodiment of the method is applied;

Fig. 4 schematically shows a fourth scene of the scenario, in which the
embodiment of the method is applied; and

Fig. 5 shows a flow chart of the method according to an embodiment of the

invention.

Figure 1 schematically shows a first scene of a scenario, in which an embodiment of the
method is applied.

In the scene, there is shown a road on which a vehicle 2 drives. The road 1 comprises
two lanes 1a, 1b. The road 1 also comprises a curve. The vehicle 2 has front detecting
means (not shown), which are configured to survey a front detection area 3 of the
vehicle 2, which is in an environment of the vehicle 2 in front of the vehicle 2. The front
detecting means of the vehicle 2 cannot detect obstacles, such as an obstacle 4, in the
curve of the road 1 or behind the curve of the road 1 in the present scene due to a
visibility barrier 5. The objective of this invention is to add a logic in the maneuver
planner to change lane depending on visibility of the different lanes in highly curved
roads 1. The vehicle 2, which is an ego vehicle, arrives on the curve in the interior or
middle lane.
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Fig. 5 shows a flow chart of the method according to an embodiment of the invention.
The method is suitable for detecting obstacles in the curved road 1 by the front detecting
means of the vehicle 2. The method comprises the following steps:

According to a step indicated by reference sign “10”, the method comprises acquiring,
by acquiring means, information about a vehicle environment. The step of acquiring, by
the acquiring means, information about the vehicle environment comprises a step of
detecting, by a detecting system comprising the front detecting means, the vehicle
environment. The acquiring means comprises a sensing system, a map of the road and
communicating means. The front detecting means comprises at least partially the
sensing system. The front detecting means is a camera, or a laser scanner or it

comprises ultrasonic sensors, for example.

According to a step indicated by reference sign “20”, the method comprises determining,
by a computing system (not shown), based on the information about the vehicle
environment, if the vehicle 1 reaches the curve. In the present case, the vehicle 2 is
intended to pass through this curve.

According to a step indicated by reference sign “30”, the method comprises, if yes (or
shortly indicated by “true” or “T” in Fig. 5), determining, by the computing system, if a
lane change to a lane 1a, 1b of the road 1 which is less inside the curve is possible. The
step “30” of determining, by the computing system, if the lane change to a lane 1a, 1b of
the road, which is less inside the curve is possible, comprises querying all of the
following criteria:
- is there another lane 1a, 1b in a same direction of travel as the lane 1a, 1b
currently in use;
- isn’'t there an impediment to the lane change;
- can the lane change be carried out without affecting a traffic flow in the other
lane 1a, 1b in the same direction of travel;
- does the other lane 1a, 1b in the same direction of travel not separate to
another destination?
- whether or not there is a “keep right/left unless overtaking” rule in the road
regulation that is applicable to the area in which the vehicle 2 is currently

moving;
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A respective queried criterion must be fulfilled (T).

According to a succeeding step indicated by reference sign “40”, the method comprises,
if yes (or shortly indicated by “true” or “T” in Fig. 5), that means, if the further
determination also provides a positive (true) result, manoeuvring, by a vehicle controlling
system, the vehicle 2 to the lane 1b of the road 1 which is less inside the curve (see also
Figures 2 and 3).

Then the front detecting means of vehicle 2 can detect an obstacle 4 (see Figures 3 and
4) and take evasive action if necessary.

According to a step indicated by reference sign “50”, the method comprises, after having
passed the curve, changing to the lane 1a, in which the vehicle 2 was located before
passing the curve (see Fig. 4).

Before and during a passage of the curve the front detecting means with the front
detection area 3 captures the vehicle environment. Furthermore, if possible, before and
during a passage of the curve a vehicle speed is maintained or reduced in accordance
with a curvature of the lane 1a, 1b in which the vehicle 2 is located.

On the drawings, the road 1 is turning right, so the interior lane is the right lane and the
exterior lane is the left lane. The principle is of course applicable in the reverse situation
(left turn).
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Reference signs

1a, 1b

g ~ W

20

30

40

50

road

lane

vehicle

front detection area
obstacle

visibility barrier

acquiring, by acquiring means, information about a vehicle environment
determining, by a computing system, based on the information about the vehicle
environment, if the vehicle reaches a curve

if yes, determining, by the computing system, if a lane change to a lane of the
road which is less inside the curve is possible

if yes, manoeuvring, by a vehicle controlling system, the vehicle to the lane of the
road which is less inside the curve

changing to a lane, in which the vehicle was located before passing the curve
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Claims

1. Method for detecting obstacles in a curved road (1) by front detecting means of a
vehicle (2), in particular of an ego vehicle, wherein a front detection area (3) of the
front detecting means is in front of the vehicle (2), the method comprising the
following steps:

- acquiring (10), by acquiring means, information about a vehicle environment;

- determining (20), by a computing system, based on the information about the
vehicle environment, if the vehicle (1) reaches a curve;

- if yes (T), determining (30), by the computing system, if a lane change to a
lane (1a, 1b) of the road (1) which is less inside the curve is possible; and

- if yes (T), manoeuvring (40), by a vehicle controlling system, the vehicle (2) to
the lane (1b) of the road (1) which is less inside the curve.

2.  Method according to claim 1, wherein before and/or during a passage of the curve
the front detecting means with the front detection area (3) captures the vehicle

environment.

3.  Method according to claim 1 or 2, wherein before and/or during a passage of the
curve a vehicle speed is maintained or reduced in accordance with a curvature of

the lane (1a, 1b) in which the vehicle (2) is located.

4.  Method according to any of the preceding claims, wherein the step of acquiring
(10), by the acquiring means, information about the vehicle environment
comprises a step of detecting, by a detecting system comprising the front

detecting means, the vehicle environment.

5.  Method according to any of the preceding claims, wherein the acquiring means
comprises a sensing system; and/or a map of the road; and/or communicating

means.
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Method according to the preceding claim, wherein the front detecting means
comprises at least partially the sensing system.

Method according to any of the preceding claims, wherein the step of determining

(30), by the computing system, if the lane change to a lane (1a, 1b) of the road

which is less inside the curve is possible, comprises querying of at least one of the

following criteria:

- is there another lane (1a, 1b) in a same direction of travel as the lane (1a, 1b)
currently in use;

- isn’'t there an impediment to the lane change;

- can the lane change be carried out without affecting a traffic flow in the other
lane (1a, 1b) in the same direction of travel;

- does the other lane (1a, 1b) in the same direction of travel not separate to
another destination;

wherein a respective queried criterion must be fulfilled (T).

Method according to any of the preceding claims, comprising, after having passed
the curve, changing (50) to a lane (1a, 1b), in which the vehicle (2) was located
before passing the curve.

Computer program comprising instructions which, when executed by a computer,
cause the computer program to perform the method according to any of the
preceding claims.

Data carrier signal transmitted by the computer program according to the claim 9.

Computer-readable medium, comprising instructions which, when executed by a
computer, cause the computer to perform the method according to any of the
claims 1 to 8.

System for detecting obstacles in a curved road (1) by front detecting means of a
vehicle (2), in particular of an ego vehicle, wherein a front detection area (3) of the
front detecting means is in front of the vehicle (2), the system comprising:
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- acquiring means configured to acquire information about a vehicle
environment;
- acomputing system configured to
o determine, based on the information about the vehicle environment, if
the vehicle (1) reaches a curve,
o ifyes (T), to determine, if a lane change to a lane (1a, 1b) of the road
(1) which is less inside the curve is possible; and
- avehicle controlling system configured to
o if yes (T), manoeuvre the vehicle (2) to the lane (1b) of the road (1)
which is less inside the curve; or
the system comprising means according to method steps according to any of the
preceding dependent method claims.

Vehicle with a system according to the preceding claim.
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