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TITLE

Method for the autonomous operation of a following

vehicle in a wvehicle train

FIELD OF THE INVENTION

The present invention relates to a method for
autonomously operating a following vehicle in a wvehicle

train.

TECHNICAL BACKGROUND

The topic of autonomous driving is becoming increasingly
important. During autonomous driving, vehicles are
controlled or operated based on route information acquired
by means of sensors such as the course of the route,
obstacles on the roadway or the like. For reliable
functionality of the autonomous vehicle operation, the
function of a sensor directed forwards with respect to the
direction of travel is very important, so that the position
of the following vehicle with regard to the vehicle driving
ahead can be determined, for example, and the following
vehicle can be operated accordingly, for example it can be

oriented to the vehicle driving ahead.

SUMMARY OF THE INVENTION

Against this backdrop, the object which forms the basis of
the present invention is to provide a method for the
autonomous operation of a vehicle, which increases safety

during autonomous vehicle operation.
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According to the invention, this object is achieved by a

method having the features of Claim 1.

According to the invention, a method for autonomously
operating a following vehicle in a vehicle train is
provided. The following vehicle and a vehicle driving
ahead of the following vehicle with respect to a

direction of travel form the vehicle train.

In the case of the method according to the invention,
first route information is acquired by means of a front-
mounted sensor, directed forwards with respect to the
direction of travel, of the following vehicle. The first
route information contains data about the surroundings
lying ahead of the vehicle with respect to the direction
of travel such as, for example, data about a distance of
the vehicle from the roadside, data regarding the course
of the road lying ahead, data about a distance from a

vehicle driving ahead or similar data.

During autonomous vehicle operation, the vehicle
referred to as the following vehicle is operated on the
basis of the first route information. That means a
change in direction or the steering of the vehicle
and/or the acceleration or braking of the vehicle is/are
prompted on the basis of the first route information,
for example by a control device which is intended to

actuate the corresponding components of the vehicle.

Furthermore, second route information is acquired by
means of a rear-mounted sensor, directed rearwards with
respect to the direction of travel, of the wvehicle

driving ahead. A vehicle driving ahead of the following
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vehicle with respect to the direction of travel of said
following vehicle accordingly has a rear-mounted sensor
which is configured to acquire second route information.
The second route information contains data about the
surroundings lying behind the vehicle driving ahead with
respect to the direction of travel such as, for example,
data about a distance of the vehicle from the roadside,
data regarding the course of the road and, in
particular, data about a position of an object located
in the field of view of the rear-mounted sensor relative
to the vehicle driving ahead and/or relative to the
roadside. As a consequence, a position of the following
vehicle relative to the vehicle driving ahead and,
optionally, relative to the roadside can be acquired, if
the following vehicle is located in the field of view of

the rear-mounted sensor.

The second route information acquired by means of the
rear-mounted sensor is transmitted to the following
vehicle. Thus, the following vehicle obtains information
about the surroundings lying ahead of it with respect to
the direction of travel, which was not however
determined with the front-mounted sensor, but with the
rear-mounted sensor of the vehicle driving ahead. The
first and the second route information therefore form at

least partially redundant information.

The term “rear-mounted sensor” can in particular be
understood in such a way that this term should, in
general, also denote a sensor, the working direction of
which is predominantly directed rearwards with respect
to the direction of travel of the respective vehicle

such as, for example, a sensor, in particular a camera



201800348 15.05.2018

which is arranged laterally and/or in the rear region of
the vehicle, and is configured in order to be able to
acquire or to monitor the region lying behind the

vehicle in certain areas.

According to the invention, when a substitute criterion
is present, the following vehicle is operated on the
basis of the second route information. That means a
change in direction or the steering of the vehicle
and/or the acceleration or braking of the vehicle is/are
prompted on the basis of the second route information,

for example by the control device indicated above.

Thus, the idea which forms the basis of the present
invention consists, in short, of utilizing, in specific
situations, alternatively to the route information
determined by means of a front-mounted sensor of the
following vehicle, the route information of a rear-mounted
sensor of the vehicle driving ahead, in order to operate the
following vehicle autonomously. Here, data are exchanged via
car-to-car communication, wherein at least the data
determined by means of the rear-mounted sensor are

transmitted to the following vehicle.

Thanks to the utilization of the data of the rear-mounted
sensor of the vehicle driving ahead, which contains at least
information about the position of the following vehicle
relative to the vehicle driving ahead, additional route
information is available to the following vehicle. As a
result, the reliability of the autonomous vehicle operation
is increased since, in the event of the front-mounted sensor

of the following vehicle failing, the data of the rear-
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mounted sensor of the vehicle driving ahead continue to be

present and make possible autonomous operation.

Advantageous configurations and further developments are set
out in the further subclaims and in the description with

reference to the figures of the drawing.

According to an embodiment, the substitute criterion is

met in one or more of the following cases:

- operational failure of the front-mounted sensor of
the following wvehicle;

- detection of the vehicle driving ahead by the
following vehicle;

- detection of a control signal produced by the

vehicle driving ahead by the following vehicle.

According to this embodiment, the following vehicle is
exclusively controlled on the basis of the second route
information which is acquired with the rear-mounted
sensor of the vehicle driving ahead. Here, the decision
regarding the exclusive utilization of the second route
information is made based on the substitute criterion.
The latter can in particular be met if a defect in the
front-mounted sensor of the following vehicle occurs.
For example, a defect or operational failure is present
if the front-mounted sensor does not provide any more
data over a predetermined period of time or if the data
supplied are inconsistent. The substitute criterion can
also be met if the vehicle driving ahead is detected by
the following vehicle. In the case of this wvariant, the
data of the vehicle driving ahead are only automatically
utilized if the latter is recognized by the following

vehicle. Furthermore, the substitute criterion can also
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be met by a control signal which is produced by the
vehicle driving ahead. Here, the vehicle driving ahead
connects its second route information, which is acquired
by means of the rear-mounted sensor, to the following

vehicle to a certain extent.

The term “exclusively controlled on the basis of the
second route information which is acquired with the
rear-mounted sensor of the vehicle driving ahead” is to
be understood to mean, in the light of the invention,
that, instead of the first route information, second
route information is used as an alternative, wherein the
inclusion of further route information such as, for
example, information regarding a present speed limit
originating from car-to-car communication and/or car-to-
infrastructure communication is of course not excluded

or can equally be considered as well.

According to a further embodiment, the second route
information is only transmitted to the following wvehicle
when the substitute criterion is present. That means
that a data exchange regarding the second route
information between the vehicle driving ahead and the
following vehicle is not activated until the substitute

criterion is present.

According to a further embodiment, the vehicle driving

ahead is detected by the following vehicle.

Optionally, the following vehicle is operated in such a
manner that the latter forms a vehicle train with the
vehicle driving ahead if the latter is detected. This

can, for example, comprise a change in direction and/or
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change in speed of the following vehicle such that the
latter positions itself behind the vehicle driving

ahead.

According to this embodiment of the method, a vehicle
train is first formed. Here, one of the vehicles 1is
operated in autonomous vehicle operation, wherein first
route data are acquired by means of the front-mounted
sensor. Said vehicle detects or recognizes a further
vehicle if it enters the proximity thereof. The vehicle
subsequently positions itself behind the recognized
vehicle on the basis of the first route information with
respect to the direction of travel, that is to say it is
operated on the basis of the route information such that

it forms a following vehicle.

The detection can in particular take place based on an
evaluation of the first route information. Here, the
route information is evaluated, for example by means of
an existing software program on the control device,
which software program is intended to recognize a
vehicle located in the field of view of the sensor from
a data set acquired by means of the front-mounted
sensor. The advantage of this is that no additional data
have to be acquired in order to detect the vehicle

driving ahead.

According to an embodiment, the detection of the wvehicle
driving ahead comprises acguiring a recognition signal
of the vehicle driving ahead. For example, a transmitter
can be provided on the vehicle driving ahead, which
outputs an electromagnetic or visual signal which

contains the information that the vehicle has a rear-



201800348 15.05.2018

mounted sensor and is configured to transmit the
information acquired with the rear-mounted sensor. The
recognition signal can also be contained in the first
route information, for example the aforementioned
software program can be intended to additionally
recognize that the vehicle driving ahead has a rear-
mounted sensor from a data set acquired by means of the

front-mounted sensor of the following vehicle.

According to an embodiment of the method, a camera is

used, for example a CMOS camera or a CCD camera, as a

front-mounted sensor and/or as a rear-mounted sensor.

The advantage of this is that a plurality of different
information can be simply determined by means of image
processing algorithms from the acquired route

information.

According to an embodiment, the following vehicle is
only operated on the basis of the second route
information if, in addition to the substitute criterion,
a safety criterion is present. The question of whether
the distance between the vehicle driving ahead and the
following vehicle lies within a predetermined region,
for example between 3 meters and 30 meters can, for
example, be enlisted as a safety criterion. In this way,
it is ensured that it is possible to operate the
following vehicle on the basis of the second route

information with sufficient safety.

The above configurations and further developments can be
combined at will with one another, provided this makes
sense. Further possible configurations, further developments

and implementations of the invention also comprise
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combinations of features of the invention, described above
or below with regard to the exemplary embodiments, which are
not explicitly indicated. In particular, the person skilled
in the art will also add individual aspects as improvements
or additions to the respective basic form of the present

invention.

CONTENT OF DRAWING

The present invention will be explained in greater detail
below based on the exemplary embodiments indicated in the

schematic figures of the drawings, wherein:

Fig. 1 shows a schematic view of a vehicle train having a
vehicle driving ahead and a following wvehicle,
wherein the following vehicle is operated according

to a method of the present invention; and

Fig. 2 shows a flow chart of an exemplary embodiment of

the method according to the present invention.

The appended drawings are intended to convey a further
understanding of the embodiments of the invention. They
illustrate embodiments and, in connection with the
description, serve to explain principles and concepts of the
invention. Other embodiments and many of the indicated
advantages are set out with regard to the drawings. The
elements of the drawings are not necessarily shown true to

scale with respect to one another.

In the figures of the drawing, elements, features and

components which are similar, functionally similar and act
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similarly are - unless otherwise indicated - each provided

with the same reference numerals.

DESCRIPTION OF EXEMPLARY EMNBODIMENTS

Fig. 1 shows, by way of example, a vehicle train V which has
a first vehicle 1 driving in a direction of travel F and a
second vehicle 2 which is likewise driving in the direction
of travel F. As can be seen in Fig. 1, the first vehicle 1
is positioned behind the second vehicle 2 with respect to
the direction of travel F and therefore forms a following
vehicle with respect to the direction of travel F. The
second vehicle 2 is positioned ahead of the first vehicle 1
with respect to the direction of travel F and accordingly
forms a vehicle driving ahead of the first vehicle 1 with
respect to the direction of travel F. The vehicle train V
shown by way of example in Fig. 1 has, in addition, a third
vehicle 3 and a fourth vehicle 4 which are, in each case,
both arranged ahead of the second vehicle 2 with respect to
the direction of travel F. The second vehicle 2 forms a
following vehicle with respect to the third vehicle 3. The
third vehicle 3 forms a vehicle driving ahead with respect
to the second vehicle 2 and a following vehicle with respect
to the fourth vehicle 4. The fourth vehicle 4 forms a

vehicle driving ahead with respect to the third vehicle 3.

A road 100 having three lanes 100A, 100B, 100C lying next to
one another, which are each delimited by a lateral lane
boundary 101, is shown by way of example in Fig. 1. Here,
the vehicles 1, 2, 3 and 4 of the vehicle train V are all
driving behind one another in the same lane, for example the

middle lane 100B as depicted in Fig. 1. A further, fifth
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vehicle 5 which is driving on the lateral lane 100C is

depicted by way of example in Fig. 1.

The second vehicle 2 will be simply referred to below as the
vehicle driving ahead, and the first vehicle 1 as the
following vehicle. However, all of the features apply
generally to the following vehicles and the vehicles driving

ahead of the vehicle train V.

As depicted in Fig. 1, the following vehicle 1 has a front-
mounted sensor 11 which has a field of view 12 directed
forwards with respect to the direction of travel F. The
front-mounted sensor 11 can in particular be formed by a
camera such as, for example, a CMOS camera or a CCD camera.
First route information S1 such as, for example, a distance
dl of the following vehicle 1 from a lateral lane boundary
101 or a distance dl2 from the vehicle driving ahead 2 or,
generally, a relative position of the following vehicle 1
relative to the vehicle driving ahead 2 is acquired by means

of the front-mounted sensor 11.

The first route information S1 acquired by means of the
front-mounted sensor 11 is transmitted to a control device
13 of the following vehicle 1, which is designed to operate
the following vehicle 1 on the basis of the first route
information S1. In particular, the control device 13
comprises a data memory and a processor which is designed to
run software routines stored in the data memory. These are
designed to evaluate the first route information and prompt
the processor to produce corresponding control signals in
order to actuate chassis and drive components of the vehicle

such as e.g. the brakes, the steering or the engine.
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As is furthermore schematically shown in Fig. 1, the
following vehicle 1 has a communication interface 14 which
is designed to receive data from a communication interface
24 of the vehicle driving ahead 2 and optionally to transmit
said data to the latter. The communication interfaces 14, 24
are in each case realized as wireless interfaces, in
particular as radio interfaces such as e.g. WLAN or UMTS

interfaces.

The second vehicle driving ahead 2 has a rear-mounted sensor
21 and optionally a front-mounted sensor (not depicted). The
rear-mounted sensor 21 has a field of view 22 directed
rearwards, that is to say in the direction of the first
vehicle 1 with respect to the direction of travel F. The
rear-mounted sensor 21 can in particular be formed by a
camera such as, for example, a CMOS camera or a CCD camera.
Second route information S2 such as, for example, a distance
d2 of the vehicle driving ahead 2 from a lateral lane
boundary 101 or a distance dl2 from the following vehicle 1
or generally a relative position of the following vehicle 1
relative to the vehicle driving ahead 2, is acquired by
means of the rear-mounted sensor 21. The second route
information S2 is consequently at least partially identical

to the first route information S1.

The second route information S2 acquired by means of the
rear-mounted sensor 21 is transmitted via the communication
interface 24 of the vehicle driving ahead 2 to the
communication interface 14 of the following vehicle 1. The
second route information S2 is therefore made available to
the control device 13 of the following vehicle 1, wherein
the control device 13 is designed to operate the following

vehicle 1 on the basis of the second route information S2.
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According to the method according to the invention, it is
provided that when a substitute criterion is present, the
following vehicle 1 is operated on the basis of the second

route information S2.

The vehicle driving ahead 2 can itself likewise have a
control device 23 which is intended to control the vehicle
driving ahead on the basis of first route information
acquired by means of the optional front-mounted sensor (not
depicted) of the vehicle driving ahead 2 and/or the second
route information S2 received via the communication
interface of the vehicle 3 driving immediately ahead of the
latter, which is acquired by a rear-mounted sensor (not

depicted) of the third vehicle 3.

Fig. 2 shows, schematically and by way of example, the

process of the method according to the invention.

In step M1, the following vehicle 1 is put into operation.
In step M2, it is checked whether clearance is provided for
autonomous vehicle operation of the vehicle. Here, it is for
example checked whether the road 100, on which the vehicle 1
is located, is suitable or intended for autonomous vehicle
operation, and/or whether the vehicle operator has
authorized autonomous vehicle operation. Here, it can be
checked, for example, whether the lane boundaries 101 can be
recognized at all by means of the front-mounted sensor 11 of
the vehicle 1. If the result of said checking step is
negative (“no”), the vehicle is operated manually by the

vehicle operator as depicted symbolically by the block M3.

If the result in step M2 is “yes”, the vehicle 1 is cleared

for autonomous vehicle operation.
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In step M4, it is verified whether the vehicle 1 forms a
following vehicle 1 of a vehicle train V. Here, a detection
of the vehicle driving ahead 2 can for example take place.
The detection can, for example, be performed based on an
evaluation of the first route information S1. For example,
the data acquired by means of the front-mounted sensor 11
can be searched by the control unit 13 for the presence of
information which represents the existence of a vehicle 2 in
the field of view 12 of the front-mounted sensor 11.
Alternatively or additionally, it can also be provided that
the detection comprises acquiring a recognition signal S3 of
the vehicle driving ahead 2. For example, the vehicle
driving ahead 2 can constantly output, via a transmitter
(not depicted), an electromagnetic signal S3 which
identifies the vehicle driving ahead 2 and which can be
detected by the following vehicle 1, for example via the

communication interface 14.

If no vehicle driving ahead 2 is detected (“no”), the
vehicle 1 is operated on the basis of the first route
information S1 acquired by means of the front-mounted sensor
11, as depicted symbolically in Fig. 2 by the block M6. The
result is that the vehicle 1 is operated in autonomous
vehicle operation, as depicted by block M7. In autonomous
vehicle operation, the vehicle 1 is generally operated on
the basis of first or second route information S1, S2, for

example with the aid of the control device 13.

If a vehicle driving ahead 2 is detected (“yes”), the
vehicle 1 continues to be operated, in principle, on the
basis of the first route information S1 acquired by means of

the front-mounted sensor 11, as the following vehicle 1.
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Optionally, the vehicle 1 can initially be operated in such
a manner that the latter forms a vehicle train V with the
vehicle driving ahead (step M4a). For example, in Fig. 1,
the fifth vehicle 5 can detect the fourth vehicle 4, e.g. by
receiving a corresponding recognition signal S3 of the
fourth vehicle 4 and/or based on route information acquired
by means of the front-mounted sensor (not depicted) of the
fifth vehicle 5, and can go into the lane behind the fourth
vehicle 4 or between the third vehicle 3 and the fourth
vehicle 4. Furthermore, second route information S2 is
acquired by the rear-mounted sensor 21 of the vehicle
driving ahead 2 in the vehicle train V, as described above.
In the situation of a vehicle train V, which is shown in
Fig. 1, in which the following vehicle 1 is driving behind
the vehicle driving ahead 2 with respect to the direction of
travel F, the field of wvision 12 of the front-mounted sensor
11 of the following vehicle 1 and the field of vision 22 of
the rear-mounted sensor 21 of the vehicle driving ahead 2
overlap in an overlap region O. Accordingly, the first and
the second route information S1, S2 are at least partially

redundant.

As is furthermore depicted symbolically in Fig. 2, a
verification of the presence of a substitute criterion takes
place in step M5. The substitute criterion can in particular
be met by an operational failure of the front-mounted sensor
11 of the following vehicle 1. Alternatively, the substitute
criterion can also already be met by the detection of the
vehicle driving ahead 2 by the following vehicle 1 or by a
control signal produced by the vehicle driving ahead 2,
which contains the information for the following vehicle 1
that the vehicle driving ahead 2 is acquiring second route

information S2 by means of a rear-mounted sensor 21 and is
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designed to provide the second route information S2 to the
communication interface 24. If the substitute criterion is
not present, e.g. because the front-mounted sensor 11 of the
following vehicle 11 is working properly, the result of the

”

verification of step M6 is “no” and the following vehicle 1
continues to be operated (block M6) on the basis of the
first route information S1 which is acquired by the front-
mounted sensor 11. As a result, the vehicle 1 is operated in

autonomous vehicle operation (block M7)

If the substitute criterion is present, e.g. because the
front-mounted sensor 11 of the following vehicle 1 fails,
then the result of the verification of step M5 is “yes”, and
the following vehicle 1 is operated on the basis of the
second route information S2 which is acquired by the rear-
mounted sensor 21 of the vehicle driving ahead 2 and is
transmitted to the following vehicle. This is symbolized by
the block M8. During the transmission of the second route
information S2, this is transferred via the communication
interface 24 of the vehicle driving ahead 2 to the
communication interface 14 of the following vehicle 1 and
thus supplied to the control device 13 of the following
vehicle 1, which operates the following vehicle 1 on the
basis of said second route information S2. Optionally, the
second route information S2 is only transmitted to the
following vehicle 1 when the substitute criterion is
present. Alternatively, a continual transmission can take
place for as long as the vehicle driving ahead 2 and the

following vehicle 1 form a vehicle train V.

The result of step M8 is an autonomous vehicle operation
(block M7), in which the following vehicle 1 is operated on

the basis of the second route information S2. Optiocnally, a
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verification takes place beforehand in step M9 as to whether
a safety criterion is present. The safety criterion can in
particular be formed by the distance dl2 between the vehicle
driving ahead and the following vehicle 2, 1 and is met if
the distance dl2 lies in a predetermined region, for example
between 3 meters and 30 meters. Alternatively, the safety
criterion can be formed by the field of view 24 of the rear-
mounted sensor 21 and is met if the rear-mounted sensor 21
supplies data at least from a predetermined partial region
of the field of view 24. If the result of the verification
in step M9 is “yes”, i.e. the safety criterion is met, the
following vehicle 1 is operated on the basis of the second
route information S2 in autonomous vehicle operation (block
M7). If the result of the verification in step M9 is “no”,
i.e. the safety criterion is not met, a change M10 is made
to manual vehicle operation and the vehicle is operated
manually by the vehicle operator, as depicted symbolically

by the block M3.

Although the present invention has been described above in
full based on preferred exemplary embodiments, it is not

restricted thereto, but can be modified in many ways.
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List of reference numerals

1 First following vehicle

2 Second vehicle driving ahead

3-5 Third to fifth vehicle

11 Front-mounted sensor of the following vehicle

12 Field of view of the front-mounted sensor

13 Control device of the following vehicle

14 Communication interface of the following vehicle

21 Rear-mounted sensor of the vehicle driving ahead

22 Field of view of the rear-mounted sensor

23 Control device of the vehicle driving ahead

24 Communication interface of the vehicle driving ahead

100 Road

100A-C Lane

101 Lane boundary

dl Distance of the following vehicle from the lane
boundary

d2 Distance of the vehicle driving ahead from the lane
boundary

dl2 Distance between the vehicle driving ahead and the
following vehicle

F Direction of travel

0 Overlap region

S1 First route information

S2 Second route information

S3 Recognition signal of the vehicle driving ahead

Y Vehicle train
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CLAIMS

A method for autonomously operating a following wvehicle

in a vehicle train (V) together with a vehicle driving

ahead (2) of the following vehicle (1) with respect to a

direction of travel (F), wherein the method comprises the

following steps:

2.

acquiring first route information (S1) by means of a
front-mounted sensor (11), directed forwards with
respect to the direction of travel (F), of the
following vehicle (1);

operating the following vehicle (1) on the basis of the
first route information (S1);

acquiring second route information (S2) by means of a
rear-mounted sensor (21), directed rearwards with
respect to the direction of travel (F), of the vehicle
driving ahead (2);

transmitting the second route information (S2) to the
following vehicle (1); and

when a substitute criterion is present, operating the
following vehicle (1) on the basis of the second route

information (S2).

The method according to Claim 1,

characterized 1in that

the substitute criterion is met in one or more of the

following cases:

operational failure of the front-mounted sensor (11) of
the following vehicle (1);

detection of the vehicle driving ahead (2) by the
following vehicle (1);

detection of a control signal produced by the vehicle

driving ahead (2) by the following vehicle (1).
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3. The method according to Claim 1 or 2,
characterized in that

the second route information (S2) is only transmitted to the
following vehicle (1) when the substitute criterion is

present.

4. The method according to any one of the preceding claims,
characterized in that

the vehicle driving ahead (2) is additionally detected by
the following vehicle (1).

5. The method according to Claim 4,
characterized 1in that
the detection takes place based on an evaluation of the

first route information (S1).

6. The method according to Claim 4 or 5,
characterized 1in that
the detection comprises acquiring a recognition signal (S3)

of the vehicle driving ahead (2).

7. The method according to any one of Claims 4 to 6,
characterized in that

the following vehicle (1) is operated in such a manner that
the latter forms a vehicle train (V) with the wvehicle

driving ahead (2) if the latter is detected.

8. The method according to any one of the preceding claims,
characterized in that
a camera is used as a front-mounted sensor (11) and/or as a

rear-mounted sensor (21).

9. The method according to any one of the preceding claims,
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characterized 1in that
the following vehicle (1) is only operated on the basis of
the second route information (S2) if, in addition to the

substitute criterion, a safety criterion is present.
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ABSTRACT

Method for the autonomous operation of a following

vehicle in a wvehicle train

The present invention relates to a method for autonomously
operating a following vehicle in a vehicle train together
with a vehicle driving ahead of the following vehicle with
respect to a direction of travel. The method comprises the
steps of acquiring first route information by means of a
front-mounted sensor, directed forwards with respect to the
direction of travel, of the following vehicle, operating the
following vehicle on the basis of the first route
information, acquiring second route information by means of
a rear-mounted sensor, directed rearwards with respect to
the direction of travel, of the vehicle driving ahead,
transmitting the second route information to the following
vehicle and, when a substitute criterion is present,
operating the following vehicle on the basis of the second

route information.

Fig. 1



