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(57) Abstract: The present invention refers to a method for a driving
strategy of an ego vehicle on a road with an ego lane, wherein the road
comprises at least a first driving lane and a second driving lane; the
method comprising the steps of: assigning the ego vehicle to its driving
lane as the ego lane (300); evaluating a driving scene for the ego lane
based on at least the environmental information (400); determining a
driving strategy based on the driving scene (500), and carrying out at
least one operation according to the driving strategy (600) by an internal
system of the ego vehicle. The present invention also refers to a com-
puter program and a computer readable storage medium. Furthermore,
the invention refers to a system comprising means for carrying out the
steps of the method according to the invention. Moreover, the invention
refers to an internal system of the ego vehicle, an ego vehicle compris-
ing the internal system and a signal for the transmission in one of the
steps of the method according to the invention.
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Automatic identification of an ego lane and adaption of a driving trajectory for an ego
vehicle depending on the ego lane

The present invention refers to a method for a driving strategy of an ego vehicle on a
road with an ego lane. The present invention also refers to a computer program and a
computer readable storage medium.

Furthermore, the invention refers to a system comprising means for carrying out the
steps of the method according to the invention. Moreover, the invention refers to an in-
ternal system of the vehicle, a vehicle comprising the internal system and a signal for
the transmission in one of the steps of the method according to the invention.

CN 107264531 A refers to a method providing measures of how to perform a lane
change maneuver. US 6 385 536 B2 refers to a method for determining on which road
the vehicle drives after passing a fork in order to correct the navigation system perfor-
mance. This patent focuses on the fork use case. According to this document, the road
of travelling shall be identified. US 8700251 B1 refers to a method of tracking vehicles
and determining whether these vehicles perform different actions, such as comparing
vehicle movements with a map.

During manual driving on a highway or a multilane road, driving behavior can vary based
on which lane a driver drives the vehicle. In a route from position A to position B, the
driver may drive at different speeds, may perform multiple lane changes to pass slower
vehicles, may drive at constant speed, may respect speed limits, may take a highway
exit or ignore the highway exit. This manual driving behavior is not yet implemented by
Advanced Driver Assistance Systems (ADAS) of level 2 and 3 in a meaningful way for
the driver. The aforementioned levels refer to the SAE levels of automation. Automation
levels reach from level O to 5.

ADAS and methods of ADAS according to the prior art are on a semi- or highly-
automated level. These are systems to help the driver in the driving process. They shall
mainly increase car safety and more generally traffic safety as many accidents occur
due to human error. Most road accidents occur due to human error. Advanced driver-
assistance systems are systems developed to automate, adapt and enhance vehicle
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systems for safety and more comfortable driving. The automated system which is
provided by ADAS to the vehicle is proven to reduce road fatalities, by minimizing the
human error. Safety features are designed to avoid collisions and accidents by offering
technologies that alert the driver to potential problems, or to avoid collisions by
implementing safeguards and taking over control of the vehicle. An increasing number of
modern vehicles have advanced driver-assistance systems such as electronic stability
control, anti-lock brakes, lane departure warning, adaptive cruise control and traction
control. These systems rely on actual detections of sensing means, which are provided
for the lane on which the vehicle is positioned. Furthermore, information is provided on
surrounding vehicles, and/or traffic signs in order to determine how the ADAS should
support driving operations of the vehicle.

The U.S Department of Transportation, National Highway Traffic Safety Administration
(NHTSA), provided a standard classification system in 2013 which defined five different
levels of automation, ranging from level 0 (no automation) to level 4 (full automation).
Since then, the NHTSA updated their standards to be in line with the classification
system defined by SAE International. SAE International defines six different levels of
automation in their new standard of classification in document SAE J3016 that ranges
from 0 (no automation) to 5 (full automation).

Level 0 includes no automation. The driver is in complete control of the ego vehicle and
the system does not interfere with driving. Systems that may fall into this category are
exemplary forward collision warning systems and lane departure warning systems.

Level 1 includes driver assistance. The driver is in control of the ego vehicle, but the
system can modify the speed and steering direction of the vehicle. Systems that may fall
into this category are exemplary adaptive cruise control and lane keep assist.

Level 2 includes partial automation. The driver must be able to control the ego vehicle if
corrections are needed, but the driver is no longer in control of the speed and steering of
the ego vehicle. Parking assistance is an example of a system that falls into this
category.
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Level 3 includes conditional automation. The system is in complete control of ego
vehicle functions such as speed, steering, and monitoring the environment. A driver
must be ready to intervene, when requested by the system to do so.

Level 4 includes high automation. The system is in complete control of the ego vehicle
and human presence is no longer needed, but its applications are limited to specific
conditions.

Level 5 includes full automation. The system is in complete control of the ego vehicle
and human presence is no longer needed. The system can provide the same aspects of
a level 4, but the system can adapt to driving conditions.

However, the behavior of systems according to the prior art is, in most cases, similar
regardless of which lane the vehicle drives. Even most advanced systems, which have
access to navigation and map information, cannot derive exact localization information
from which the system can identify on which lane the vehicle drives.

Hence, even if a system receives information that, in a certain distance ahead, the
layout of the road changes, malfunctions of the system occur, such as choosing a
driving lane, such as a highway exit, which is not intended to be chosen by the driver or
a navigation system.

It is an object of the present invention to provide an improved method for an ADAS and
an improved system for an ADAS. In particular, it is an object of the present invention to
provide a method for an ADAS and a system for an ADAS for identifying a lane and a
driving scene.

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 a driving strategy of an ego
vehicle on a road with an ego lane, wherein the road comprises at least a first driving
lane and a second driving lane. The method comprises the steps of: detecting
environmental information about the road with at least one sensing means, wherein the

environmental information comprises at least one detected object around the ego
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vehicle; determining different driving lanes by providing a number of the driving lanes of
the road and determining at least a first driving lane and a second driving lane;
assigning the ego vehicle to its driving lane as the ego lane; evaluating a driving scene
for the ego lane based on at least the environmental information; determining a driving
strategy based on the driving scene; and carrying out at least one operation according to
the driving strategy by an internal system of the ego vehicle.

In the context of this application, a driving lane, which may be the first driving lane or the
second driving lane, is defined as the area between two lines, that means the area
between two lane markers. The two lines may be a left line extending along a left side of
the area in direction of movement of the ego vehicle and a right line extending along a
right side of the area in direction of movement of the ego vehicle. A vehicle can be
assigned to a driving lane. The driving lane, on which the ego vehicle drives, is defined
as the ego lane comprising the closest left and right lines with respect to the position of
vehicle.

Preferably, the step of determining different driving lanes by providing a number of the
driving lanes of the road and determining at least a first driving lane and a second
driving lane is executed by using the environmental information. In principle, the use of
environmental information data alone or in combination with data already stored, such

as a navigation system, is suitable as an example.

The present invention also provides a computer program comprising instructions which,
when the program is executed by a computer, cause the computer to carry out the steps
of the method according to the invention or according to a modified embodiment of the
invention. 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.

The present invention also provides a computer readable storage medium comprising
instructions which, when the program is executed by a computer, cause the computer to
carry out the steps of the method according to the invention or according to a modified
embodiment of the invention.
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The present invention also provides a system comprising means for carrying out the
steps of the method according to the invention or according to a modified embodiment of
the invention.

The present invention also provides an internal system of the vehicle comprising means
for carrying out steps of the method according to the invention or according to a modi-
fied embodiment of the invention.

The present invention also provides a vehicle comprising the internal system according
to the invention or according to a modified embodiment of the invention.

The present invention also provides a signal for the transmission in one of the steps of
the method according to the invention or according to a modified embodiment of the in-
vention.

The basic idea of the invention is identifying the scene type and the situation around the
vehicle. The driver assistant system can take relevant measures at a much earlier stage
in order to execute smooth, comfortable and safe driving operations in a better way,
particularly in a driving scene, in which the course of the road changes. However,
according to the method, it is not necessary to detect at least two driving lanes. It is only
necessary that different driving lanes are identified based on the features of the
environment which have been detected and identified.

For example, when the system obtains the information that a highway exit (HWE) is
ahead and according to the selected navigation route the vehicle shall continue driving
straight, according to the method is provided that different driving strategies may be
applied depending on whether the vehicle drives on the left lane or the right lane or a
center lane between the left lane and the right lane. For example, in case that the
vehicle is on the left lane or the center lane, the HWE may be irrelevant. In case that the
vehicle is on the right lane, the HWE may be relevant and the vehicle may be controlled
to perform according driving operations or it may be provided that it is avoided that the
vehicle is unintendedly controlled to drive towards the HWE.
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According to a modified embodiment of the invention, the at least one object of the
environmental information comprises at least one of: a road boundary, a lane boundary,
and/or another vehicle on the road, wherein the other vehicle is in an environment of the
ego vehicle. Sensing means for detecting such objects may be specifically configured to
detect the kind of objects.

According to a modified embodiment of the invention, the step of assigning the ego
vehicle to its driving lane as the ego lane comprises assigning the ego vehicle to the first
driving lane and the second driving lane of the road. This may be an exemplary step of
the method in case that the driving lanes are not automatically assigned to a specific
road.

According to a modified embodiment of the invention, the operation according to the
driving strategy is a driving operation. According to a modified embodiment of the
invention, the operation according to the driving strategy comprises at least one of the
following operations: reducing or increasing a speed of the ego vehicle, maintaining the
speed of the ego vehicle, requesting for a change of the driving lane, triggering a
specific lane handling logic, triggering shifting in driving lane, continuing driving on the
ego lane, ignoring information provided by a navigation system, or driving on the road
provided by the navigation system and ignoring a highway exit. Thus, adequate
reactions on specific driving scenes are possible.

According to a modified embodiment of the invention, the specific lane handling logic
comprises a lane handling logic for a splitting lane or a lane handling logic for a merging

lane.

According to a modified embodiment of the invention, the at least one sensing means is
comprised by the ego vehicle. This allows providing information without the need of data

exchange between an external system and the vehicle, which provides the information.

According to a modified embodiment of the invention, the at least one object is at least
one of: a guardrail, a barrier, or a lane marker. This provides the advantage that the
sensing means can be trained on sensing specific features which the objects in the
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target area usually have, such as being constructed of a certain material with a specific
reflectivity.

According to a modified embodiment of the invention, the number of the driving lanes of
the road is provided by a navigation system and/or by a digital map. Providing the num-
ber of driving lanes by maps or navigation systems may be additionally carried out to
providing information on the number of lanes by sensing means in order to verify data
provided by the sensing means.

According to a modified embodiment of the invention, the step of determining at least
the first driving lane and the second driving lane comprises identifying at least the first
driving lane and the second driving lane based on the environmental information and the
number of the driving lane of the road. This improves identifying the lane on which the

vehicle drives.

According to a modified embodiment of the invention, the step of determining at least
the first driving lane and the second driving lane comprises identifying all the driving
lanes of the road based on the environmental information and the number of the driving
lanes of the road. This further improves identifying the lane on which the vehicle drives.

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
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 Shows a flow chart of an embodiment of a method according to the
invention,

Fig. 2 shows a schematic view of a first situation for a vehicle,

Fig. 3 shows a schematic view of a second situation for the vehicle,

Fig. 4 shows a schematic view of a third situation for the vehicle, and

Fig. 5 shows a schematic view of a fourth situation for the vehicle.
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The method will be described with reference to Figures 1 and 2. Figure 1 shows a flow
chart of an embodiment of the method according to the invention.

Figure 2 shows a schematic view of a first situation for an ego vehicle 3. The road 2
comprises a first driving lane 1a, a second driving lane 1b and a third driving lane 1c.
There is no need to say that the route 2 may comprise more or less driving lanes 1a, 1b,
1c. According to Figure 2, the route is a splitting lane 7. Between the right lane of a main
route and a highway exit 8, a lane marking, for example provided by lane markers 6, is
missing.

The method according to the invention is appropriate for identifying the ego lane 1 of the
previously-described road 2 and for adapting a driving trajectory for the ego vehicle 3
depending on the ego lane 1. The ego lane 1 is one of the first, second or third driving
lanes 1a, 1b, 1¢, on which the ego vehicle 3 is positioned.

The method comprises the following steps, wherein the following steps may be carried
out in a variable order or specific steps may be carried out simultaneously.

A step of detecting environmental information (indicated by the reference sign “100” in
Figure 1) about the road 2 with at least one sensing means is provided. The
environmental information comprises at least one detected object around the ego
vehicle 3. The at least one detected object is specified below.

The method further comprises a step of determining different driving lanes 1a, 1b, 1¢
(indicated by the reference sign “200” in Figure 1). This step is carried out by providing a
number of the driving lanes 1a, 1b, 1¢ of the road 2 (indicated by the reference sign
“210” in Figure 1) and determining at least a first driving lane 1a and a second driving
lane 1b (indicated by the reference sign “220” in Figure 1). In the present case, three
driving lanes 1a, 1b, 1c are determined. Preferably, the step of determining different
driving lanes 1a, 1b, 1c¢ (indicated by the reference sign “200” in Figure 1) by providing a
number of the driving lanes 1a, 1b, 1¢ of the road 2 (indicated by the reference sign
“210” in Figure 1) and determining at least a first driving lane 1a and a second driving
lane 1b (indicated by the reference sign “220” in Figure 1) is executed by using the

environmental information. In principle, the use of environmental information data alone
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or in combination with data already stored, such as a navigation system, is suitable as

an example.

Further, the method comprises assigning the ego vehicle 3 to its driving lane 1a, 1b, 1¢
as the ego lane 1 (indicated by the reference sign “300” in Figure 1).

Furthermore, it is provided a step of evaluating a driving scene for the ego lane 1 based
on at least the environmental information (indicated by the reference sign “400” in Figure
1). Moreover, it is provided a step of determining a driving strategy based on the driving
scene (indicated by the reference sign “500” in Figure 1) and a step of carrying out at
least one operation according to the driving strategy (indicated by the reference sign
“600” in Figure 1) by an internal system of the ego vehicle 3.

The at least one object of the environmental information comprises at least one of: a
road boundary 4, a lane boundary 5, and/or another vehicle on the road 2. The other

vehicle is in an environment of the ego vehicle 3.

The step of assigning the ego vehicle 3 to its driving lane 1a, 1b, 1c as the ego lane 1
comprises assigning the ego vehicle 3 to the first driving lane 1a and the second driving
lane 1b and the third driving lane 1c of the road 2.

The operation according to the driving strategy is a driving operation. The operation
according to the driving strategy comprises at least one of the following operations:
reducing or increasing a speed of the ego vehicle 3, maintaining the speed of the ego
vehicle 3, requesting for a change of the driving lane 1a, 1b, 1c¢, triggering a specific
lane handling logic, triggering shifting in driving lane 1a, 1b, 1c, continuing driving on the
ego lane 1, ignoring information provided by a navigation system, or driving on the road
2 provided by the navigation system and ignoring a highway exit. The specific lane
handling logic comprises a lane handling logic for a splitting lane 7 (see Figures 2 to 4)
or a lane handling logic for a merging lane.

The at least one sensing means is comprised by the ego vehicle 3.

The at least one object is at least one of: a guardrail, a barrier, or a lane marker 6.
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The number of the driving lanes 1a, 1b, 1¢ of the road 2 is provided by a navigation
system and/or by a digital map.

The step of determining at least the first driving lane 1a and the second driving lane 1b
comprises identifying at least the first driving lane 1a and the second driving lane 1b and
the third driving lane 1¢ based on the environmental information and the number of the
driving lanes 1a, 1b, 1c of the road 2. Alternatively, or additionally, the step of
determining at least the first driving lane 1a and the second driving lane 1b comprises
identifying all the driving lanes 1a, 1b, 1¢ of the road 2 based on the environmental
information and the number of the driving lanes 1a, 1b, 1c of the road 2.

In Figures 3 to 5, different situations are shown. In the situation according to Figure 3,
the ego vehicle 3 is on the first driving lane 1a, which is the left driving lane. In such a
case, the method according to the invention may provide a driving strategy being config-
ured such that the ego vehicle 3 continues driving on the left driving lane and/or in-
creases the speed of the ego vehicle 3 while respecting the speed limit. In the situation
according to Figure 4, the ego vehicle 3 is on the second driving lane 1b, which is the
center driving lane. In such a case, the method according to the invention may provide a
driving strategy being configured such that the ego vehicle 3 continues driving on the
center driving lane. In the situation according to Figure 5, the ego vehicle 3 is on the
third driving lane 1c, which is the right driving lane. In such a case, the method accord-
ing to the invention may provide a driving strategy being configured such that the ego
vehicle 3 may prepare to avoid the highway exit, in case that the navigation system sug-
gests driving straight and not to take the highway exit. Furthermore, the driving strategy
may be configured such that the ego vehicle 3 is controlled to prepare slowing down and
shift to a left lane of the current lane, since a vehicle ahead, being a potential obstacle
ahead, may take the highway exit.

The invention also refers to a computer program comprising instructions which, when
the program is executed by a computer, cause the computer to carry out the steps of the
previously described method. The invention also refers to a computer readable storage
medium comprising instructions which, when the program is executed by a computer,
cause the computer to carry out the steps of the previously described method.
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Furthermore, the invention refers to a system (not depicted) comprising means for carry-
ing out the steps of the previously described method. The invention also comprises an
internal system (not depicted) of the ego vehicle 3 comprising means for carrying out
steps of the previously described method. Furthermore, the invention refers to an ego
vehicle 3 comprising the internal system. Finally, the invention refers to a signal for the
transmission in one of the steps of the method as previously described.
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Reference signs list

1a
1b

o N o O AW

100
200
210
220
300
400

500
600

ego lane

first driving lane
second driving lane
third driving lane
road

ego vehicle

road boundary
lane boundary
lane marker
splitting lane
highway exit

detecting environmental information about the road
determining different driving lanes
by providing a number of the driving lanes of the road

12
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determining at least a first driving lane and a second driving lane

assigning the ego vehicle to its driving lane as the ego lane

evaluating a driving scene for the ego lane based on at least the environmental

information

determining a driving strategy based on the driving scene

carrying out at least one operation according to the driving strategy
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Patent claims

1. Method for a driving strategy of an ego vehicle (3) on a road (2) with an ego lane

(1),

wherein the road (2) comprises at least a first driving lane (1a) and a second

driving lane (1b); the method comprising the steps of:

- detecting environmental information (100) about the road (2) with at least one
sensing means, wherein the environmental information comprises at least one
detected object around the ego vehicle (3);

- determining different driving lanes (1a, 1b) (200) by providing a number of the
driving lanes (1a, 1b) of the road (2) (210) and determining at least a first
driving lane (1a) and a second driving lane (1b) (220);

- assigning the ego vehicle (3) to its driving lane (1a, 1b) as the ego lane (1)
(300);

- evaluating a driving scene for the ego lane (1) based on at least the
environmental information (400);

- determining a driving strategy based on the driving scene (500); and

- carrying out at least one operation according to the driving strategy (600) by an
internal system of the ego vehicle (3).

2.  Method according to claim 1, wherein the at least one object of the environmental
information comprises at least one of: a road boundary (4), a lane boundary (5),
and/or another vehicle on the road (2), wherein the other vehicle is in an
environment of the ego vehicle (3).

3.  Method according to claim 1 or 2, wherein the step of assigning the ego vehicle (3)
to its driving lane (1a, 1b) as the ego lane (1) (300) comprises assigning the ego
vehicle (3) to the first driving lane (1a) and the second driving lane (1b) of the road

(2).

4.  Method according to any one of the preceding claims, wherein the operation
according to the driving strategy is a driving operation.
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Method according to any one of the preceding claims, wherein the operation
according to the driving strategy comprises at least one of the following
operations: reducing or increasing a speed of the ego vehicle (3), maintaining the
speed of the ego vehicle (3), requesting for a change of the driving lane (1a, 1b),
triggering a specific lane handling logic, triggering shifting in driving lane (1a, 1b),
continuing driving on the ego lane (1), ignoring information provided by a
navigation system, or driving on the road (2) provided by the navigation system
and ignoring a highway exit.

Method of claim 5, wherein the specific lane handling logic comprises a lane
handling logic for a splitting lane (7) or a lane handling logic for a merging lane.

Method according to any one of the preceding claims, wherein the at least one
sensing means is comprised by the ego vehicle (3).

Method of any one of the preceding claims, wherein the at least one object is at
least one of: a guardrail, a barrier, or a lane marker (6).

Method of any one of the preceding claims, wherein the number of the driving
lanes (1a, 1b) of the road (2) is provided by a navigation system and/or by a digital

map.

Method of any one of the preceding claims, wherein the step of determining at
least the first driving lane (1a) and the second driving lane (1b) (220) comprises
identifying at least the first driving lane (1a) and the second driving lane (1b) based
on the environmental information and the number of the driving lanes (1a, 1b) of
the road (2).

Method of any one of the preceding claims, wherein the step of determining at
least the first driving lane (1a) and the second driving lane (1b) (220) comprises
identifying all the driving lanes (1a, 1b) of the road (2) based on the environmental
information and the number of the driving lanes (1a, 1b) of the road (2).

Computer program comprising instructions which, when the program is executed
by a computer, cause the computer to carry out the steps of the method of any
one of claims 1 to 11.
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14.

15.

16.

17.
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Computer readable storage medium comprising instructions which, when the
program is executed by a computer, cause the computer to carry out the steps of
the method of any one of claims 1 to 11.

System comprising means for carrying out the steps of the method of any one of
claims 1 to 11.

Internal system of the ego vehicle (3) comprising means for carrying out steps of
the method of any one of claims 1 to 11.

Ego vehicle (3) comprising the internal system according to claim 15.

Signal for the transmission in one of the steps of the method of any one of claims
1to11.
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