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or the current steering angle (9) (S4), - displaying an image (31, 31") of a surrounding of at least the towing vehicle (10) and/or the
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DESCRIPTION

Method for avoiding collisions and vehicle

The present invention relates to a method for avoiding collisions, a computer program
product and a computer-readable medium to carry out the method and a respective

vehicle.

For towing vehicles, it is known to display a trajectory of corner points of the towing
vehicle or a respective tractrix, respectively, to inform a driver of future positions of the
towing vehicle. However, in vehicle combinations such a towing vehicle and a trailer, the
tractrix of the whole vehicle combination or the trailer is not displayed. This is a
significant limitation, in particular in view of heavy commercial vehicle combinations,
since the size of trailers is usually considerably bigger than the one of the towing

vehicles.

It is an object of the present invention to provide an improved collision avoidance, in
particular in view of vehicle combinations of a towing vehicle and at least one trailer

towed by the towing vehicle.

The object is solved by the subject-matter of the independent claims. Further aspects of

the present invention are subject to the dependent claims.

According to the present invention, a method for avoiding collisions of a vehicle
combination of a towing vehicle and at least one trailer towed by the towing vehicle,
comprising the steps of:

- determining a current steering angle of the towing vehicle,

- calculating future positions of at least one outer point of the contour of the towing
vehicle in at least one direction of travel of the towing vehicle based on the current
steering angle,

- determining a current articulation angle of the at least one trailer,
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- calculating future positions of at least one outer point of the contour of the at least
one trailer in at least one direction of travel of the at least one trailer based on the
current articulation angle,

- displaying an image of a surrounding of at least the towing vehicle and/or the at
least one trailer in the at least one direction of travel of the towing vehicle and/or the at
least one trailer, and

- displaying the calculated future positions of the towing vehicle and/or the at least

one trailer on the image.

Accordingly, the method provides calculated future positions of at least one outer point
of a contour of the towing vehicle and/or calculated future positions of at least one outer
point of a contour of the at least one trailer drawn onto the image of a surrounding. A
driver or self-driving system may thereby recognize potential collisions to be avoided.
The calculated future positions of the at least one outer point of the contour of the
towing vehicle and/or trailer are drawn onto the image of a surrounding at least in the
direction of travel. The direction of travel is the intended driving direction, which may be
determined by a current gear selected, a driver input or a self-driving system setting the

direction of travel for a given target.

The at least one outer point of a contour is at least one point prone to collisions due to
its outer position. The respective calculation of its future positions may be based on a
direct calculation for such point or an indirect calculation of future positions of another
point transferred to future positions of the respective outer point of a contour based on a
predetermined positional relationship between the points. If future positions of more
than one outer point of the contour are subject to be calculated, such indirect calculation

may reduce required capacities.

Preferably, the method displays or draws, respectively, at least the calculated future
positions of the at least one trailer on the image at least in the event of the direction of
travel is a rearward direction, since the at least one trailer is the first object prone to
collisions in such direction of travel. Further, irrespective of the direction of travel, the at
least one trailer may be the object providing the relevant contour with respect to

collisions. In other words, if the at least one trailer does not provide any future position
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resulting in a collision, the towing vehicle may implicitly also be assumed as not prone
to a collision. For a direction of travel in the forward direction, the trailer may be
assumed as representative of potential collisions. However, in a default mode the
method may display both, the future positions of the towing vehicle and the at least one
trailer. The displaying of future positions of the at least one trailer may also depend on a
recognition of at least one trailer being towed by the towing vehicle. The method may
also comprise the ability to select the future positions to be displayed on the image, for
example, the future positions of the towing vehicle or the at least one trailer, and/or the

area on the image the future positions are displayed.

The vehicle combination is not limited to one trailer but may also comprise a plurality of
trailers towed by the towing vehicle, for example, in the event of road trains. With
respect to a plurality of trailers, the future positions of at least the last one trailer, i.e.,
the trailer being most distant from the towing vehicle, may be displayed. However,
future positions of at least one outer point of a contour of another trailer representative

of potential collisions, a combination of trailers or all trailers may be displayed.

Displaying the calculated future positions of the towing vehicle and/or at least one trailer
on the image is a representation of such future positions in terms of mapping or
superimposing the future positions on respective positions on the image. The image
may be camera image and/or may be created based on GPS data as example of a
position tracking combined with road data, for example, data on buildings, obstacles like

lampposts, traffic data or the like at a current location in the surrounding.

The image of a surrounding of the towing vehicle and/or the at least one trailer may be a
static image showing a one-time situation or a dynamic image that changes over the
travelling distance, for example, a video. The coverage of the surrounding by the image
may be a predetermined area with respect to a cover a predetermined travel distance of
the towing vehicle and the at least one trailer, respectively. In other words, the image
may cover at least a minimum area of potential collisions with respect to calculated

future positions.
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In some embodiments, the step of calculating future positions of at least one outer point
of the contour of the towing vehicle comprises the calculation of future positions of at
least one corner point of the chassis of the towing vehicle, preferably at least two corner
points of the chassis of the towing vehicle, more preferably at least two corner points of
the chassis of the towing vehicle on one side of the towing vehicle in parallel to the

direction of travel.

Accordingly, assuming the towing vehicle being of a substantially rectangular shape, a
corner point of the chassis of the towing vehicle is a representative outer point of a
contour of the towing vehicle. For example, assuming a direction of travel in the forward
direction on a one-lane road with the critical side with respect to collisions being on the
driver’s side, it may be sufficient to calculate future positions of the front corner point
with respect to the direction of travel on the driver's side. However, since the chassis
may be of an irregular shape, at least a deviation form a rectangular shape, calculations
of future positions of the towing vehicle may comprise the calculation of future positions
of at least two corner points of the chassis of the towing vehicle. With respect to the
driver’s side of the towing vehicle being the critical side with respect to collisions, the
calculation of future positions of the towing vehicle may comprise at least the two corner
points of the chassis of the towing vehicle on the driver’s side as the one side of the
towing vehicle in parallel to the direction of travel in such scenario. However, the
calculation may also be directed to the calculation of the front corner points of the
chassis of the towing vehicle with respect to the direction of travel as being assumed as

representative for potential collisions.

In some embodiments, the step of calculating future positions of at least one outer point
of the contour of the at least one trailer comprises the calculation of future positions of
at least one corner point of the chassis of the at least one trailer, preferably at least two
corner points of the chassis of the at least one trailer, more preferably at least two
corner points of the chassis of the at least one trailer on one side of the at least one

trailer in parallel to the direction of travel.
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Here, the calculation of future positions of corner points of the chassis of the at least
one trailer may be carried out analogously to the calculation of future positions of corner

points of the chassis of the towing vehicle as described above.

In some embodiments, the method further comprises the step of generating a tractrix of
the future positions of at least one outer point of the contour of the towing vehicle based
on the calculated future positions of at least one corner point of the chassis of the

towing vehicle to be displayed on the image.

Accordingly, the calculated future positions of at least one outer point of the contour of
the towing vehicle are displayed on the image as a continuous line instead of displaying
individual points. For example, the tractrix of future positions of an outer point of the
contour of the towing vehicle may be generated by interpolation between future

positions.

In some embodiments, the method further comprises the step of generating a tractrix of
the future positions of at least one outer point of the contour of the at least one trailer
based on the calculated future positions of at least one corner point of the chassis of the

at least one trailer to be displayed on the image.

Here, the displaying of the tractrix of the future positions of at least one outer point of
the contour of the at least one trailer may be carried out analogously to the respective
displaying of the tractrix of future positions of an outer point of the contour of the towing

vehicle as per the above.

In some embodiments, the step of displaying the calculated future positions of the
towing vehicle and/or the at least one trailer on the image is performed in response to a
trigger event, preferably based on a selection of a gear and/or a velocity of the vehicle

combination below a predetermined velocity.

For example, displaying the calculated future positions of the towing vehicle and/or the
at least one trailer may be carried out when shifting into reverse gear. Alternatively or in

addition, displaying the calculated future positions of the towing vehicle and/or the at
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least one trailer may be carried out if the velocity of the vehicle combination falls below
a predetermined velocity representative of a parking manoeuvre or other driving

manoeuvre prone to collisions.

In some embodiments, the future positions of the calculated future positions of the
towing vehicle and the at least one trailer on the image are displayed by different

indicators, preferably different in color and/or shape.

The difference in color and/or shape may support a better overview, specifically in view
of multiple future positions to be displayed. The difference in shape may comprise
different graphical symbols and/or the use of different line characteristics with respect to
displaying tractrices, for example, the use of solid lines and dotted lines and/or the use

of different line thicknesses.

In some embodiments, the method further comprises the step of generating a collision
notification and/or the step of adapting the steering angle by detecting an intersection of
future positions of the towing vehicle and/or the at least one trailer with an object on the
image, wherein the collision notification preferably provides an acoustic, optic and/or

tactile alarm.

Accordingly, the method may not only provide a visual representation on calculated
future positions of at least one outer point of the contour of the towing vehicle and/or the
at least one trailer on the image but also a collision notification and/or a correction of the
steering angle to avoid a respective collision. For example, an image processing unit
may be configured to identify objects the towing vehicle and/or at least one trailer could
collide with and determines a collision in the event of at least one future position of the
towing vehicle and/or the at least one trailer intersecting with the object or being
otherwise representative of a collision with the object. In the event of such potential
collision, a collision notification, for example, a collision alarm is generated. The collision
notification may be an acoustic signal, which may be different in sound or repetition the
closer the potential collision is approaching. Alternatively or in addition, the collision
notification may be an optical signal such as a highlighting the intersection, a flashing of

the object and/or the respective calculated future position, and/or a collision information
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message. The optical signal may also be different in its characteristic depending on the
distance of the vehicle combination to the object. Further, alternatively or in addition, a
tactile signal may be generated to increase the attention of a driver with respect to a

potential collision.

Alternatively or in addition to generating a collision notification, the steering angle of the
towing vehicle and thereby the articulation angle of the at least one trailer may be
adapted by the driver or a self-driving system to avoid the collision. For example, a self-
driving system may calculate a steering angle of the towing vehicle without providing a
potential collision with an object in the direction of travel and/or over a required distance
for a driving manoeuvre in the direction of travel, and may adapt the steering angle
accordingly. The method may also include stopping of the vehicle combination in the
event of an identified collision. The stopping may be performed directly after the
detection of a potential collision or in a predetermined distance to the object affected
from the potential collision. The stopping in a predetermined distance provides the
advantage of the vehicle combination being still able to carry out a driving manoeuvre
which may not require a travel distance reaching the object. In other words, with a
predetermined distance being, for example, a minimum distance to avoid a collision, the
vehicle combination may still execute a driving manoeuvre without being stopped as

long as the distance to an object is not reaching the predetermined distance.

In some embodiments, the step of displaying an image of a surrounding of at least the
towing vehicle and/or the at least one trailer is performed by recording at least one

image by at least one imaging device arranged on the at least one trailer.

Since the trailer may be assumed as the significant vehicle of the vehicle combination
with respect to a collision in view of its size and/or as being the first vehicle facing an
object in the direction of travel being a rearward direction, the imaging device on the at
least one trailer may allow an unobstructed view of the relevant surrounding of the at
least one trailer. In other words, an imaging device on the towing vehicle may not
provide a sufficient view of the surrounding of the trailer, since the trailer itself may
obstruct the view on its surrounding. However, an imaging device may alternatively or in

addition be arranged on the towing vehicle to provide image information for any trailer
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towed by the towing vehicle without the need to equip any trailer with an imaging
device. The imaging device may be any kind of camera suitable to provide a static or
dynamic image for representing a surrounding of the towing vehicle and/or the at least
one trailer. The imaging device may be controllable to provide different viewing angles
and/or imaging characteristics, for example, to be adaptable in brightness, contrast and
the like as per different imaging device settings. The image displayed may be an image
constructed from images of different imaging devices, for example, an image of an
imaging device of the at least one trailer combined with an image of the towing vehicle
to provide a greater area allowed to be displayed. The displayed image may also be
changed to display an image of an imaging device or combination of imaging devices
different from another imaging device or combination of imaging devices. For example,
the displayed image may be an image of an imaging device of the towing vehicle for a
direction of travel in the forward direction and an image of an imaging device of the at

least one trailer for a direction of travel in the rearward direction.

In some embodiments, the step of determining the current steering angle of the towing
vehicle and/or determining the current articulation angle of the at least one trailer is
performed by detecting and/or estimating the current steering angle and/or articulation

angle.

For example, the current steering angle and/or the current articulation angle may be
determined by measuring using a steering angle sensor and/or an articulation angle
sensor, respectively. The determination of the current steering angle and/or the current
articulation angle may, alternatively or in addition, be based on an image processing of

an image of the towing vehicle and/or trailer with respect to reference points or the like.

As another example, a method for estimating an articulation angle between a towing
vehicle and a trailer with respect to a pivot, comprises the steps of:

determining a distance between an instantaneous center of velocity of the towing
vehicle and a center of at least one axle of the towing vehicle representative for a
rotation of the towing vehicle about the instantaneous center of velocity of the towing

vehicle and/or a distance between an instantaneous center of velocity of the trailer and
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a center of at least one axle of the trailer representative for a rotation of the trailer about
the instantaneous center of velocity of the trailer,

determining at least one instantaneous speed representative for a wheel speed of at
least one wheel of the towing vehicle and/or the trailer, wherein the at least one
instantaneous speed refers to the at least one determined distance, and

estimating the articulation angle based on the at least one determined

instantaneous speed and the at least one determined distance.

With respect to the above the articulation angle is rather determined by an estimation of
the articulation angle based on wheel speeds than by a direct measurement of the
articulation angle by an articulation angle sensor. Specifically, wheel speeds of
representatives thereof may be determined by already implemented sensors. For
example, wheel speed sensors implemented with respect to a brake control or the like
may be used to provide data for an estimation of the articulation angle. In other words,
articulation angle sensors for a direct measurement may be omitted. However,
articulation sensors may still be used in parallel, e.g. for calibration purposes and/or

plausibility checks.

The towing vehicle may be a truck towing the trailer such as a semi-trailer or a central
axis trailer. However, the towing vehicle may also be a towing trailer towing the trailer
within a vehicle combination of a truck and several trailers. In such configuration the
articulation angle between the truck towing the towing trailer and/or the articulation
angle between the towing trailer and the trailer may be estimated. The articulation angle
is estimated with respect to a pivot representative of the relative rotational movement
between the towing vehicle and the trailer, e.g. a kingpin. If a steering angle is applied
to a vehicle combination of at least one towing vehicle and at least one trailer, any of the
towing vehicle and trailer represents a rotating rigid body having a point as so-called
"Instantaneous Center of Velocity", hereinafter also referred to as "ICV". Each of the
rigid bodies rotates around its respective ICV. Accordingly, when a vehicle, i.e. the
towing vehicle and/or the trailer, turns, e.g. in response to a steering angle, it turns
around its ICV at such moment in time. The ICV of the towing vehicle is different from
the ICV of the trailer. Further, the distance between the respective ICV and a respective

wheel of the vehicle is proportional to the magnitude of the wheel speed. Consequently,
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if the wheel speeds of a vehicle are known, the ICV associated with the vehicle can be
determined to deduce the amount of cornering to estimate the articulation angle
between the towing vehicle and the trailer. In other words, the estimation of the
articulation angle between the towing vehicle and the trailer with respect to the pivot is
based on the wheel speed(s) of the towing vehicle and/or the trailer as time varying

signals.

In some embodiments, the at least one instantaneous speed is determined for at least
one non-steered axle of the towing vehicle, preferably as speed of the center of at least
one rear axle of the towing vehicle, and/or for at least one non-steered axle of the
trailer, preferably as speed of the center of at least one rear axle or as speed of at least

one wheel of at least one rear axle of the trailer.

In other words, the estimation of the articulation angle between the towing vehicle and
the trailer with respect to the pivot is based on the wheel speed(s) of the towing vehicle
on the non-steered axle(s) and/or the wheel speed(s) of the trailer on the non-steered

axle(s), e.g. non dolly axles.

In some embodiments, the distance between the instantaneous center of velocity of the
towing vehicle and the center of at least one axle of the towing vehicle is calculated,
preferably based on a distance between a steering axle, preferably a front axle, of the
towing vehicle, and a non-steering axle, preferably a rear axle, of the towing vehicle,

and a steering angle of the steering axle.

Accordingly, the determination of the distance between the instantaneous center of

velocity of the towing vehicle and the center of at least one axle of the towing vehicle is
determined by being calculated. Alternatively, the distance between the instantaneous
center of velocity of the towing vehicle and the center of at least one axle of the towing

vehicle may be stored in a database in dependence of a steering angle.

Specifically, the distance between the instantaneous center of velocity of the towing
vehicle and the center of at least one axle of the towing vehicle may be calculated

based on a distance between a steering axle, such as a front axle, of the towing vehicle
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and a non-steering axle, such as a rear axle, of the towing vehicle, and a steering angle
of the steering axle. The distance between the steering axle and the non-steering axle
of the towing vehicle may be input data or data provided by a database as available
geometric input data of the towing vehicle. The steering angle may be provided by a
direct or indirect determination, e.g. to be measured by a sensor or as per a steering
command by an automatic driving system. Consequently, the estimation of the
articulation angle between the towing vehicle and the trailer with respect to the pivot is
based on the wheel speed(s) of the towing vehicle and/or the trailer and the steering

angle of the steering axle as time varying signals.

Preferably, the distance between the instantaneous center of velocity of the towing

vehicle and the center of at least one axle of the towing vehicle is calculated by

r= b/tan(ﬁ) (equation (1)),
wherein r is the distance between the instantaneous center of velocity of the towing
vehicle and the center of at least one axle of the towing vehicle, b is the distance

between the steering axle of the towing vehicle and the non-steering axle of the towing

vehicle, and 3 is the steering angle.

Accordingly, the estimation of the articulation angle may be based on the steering angle
in accordance with a steering action. The steering angle refers to the steering action on
the steering axle, e.g. the front axle or at least one of the front axles of the towing

vehicle.

In some embodiments, the distance between the instantaneous center of velocity of the
trailer and the center of at least one axle of the trailer is calculated, preferably based on
a distance between a center of at least one wheel on the at least one axle of the trailer
facing towards the instantaneous center of velocity of the trailer and a distance between
the center of the at least one wheel on the at least one axle facing towards the
instantaneous center of velocity of the trailer and at least one wheel on the other side of

the at least one axle.

Preferably, the distance between the instantaneous center of velocity of the trailer and

the center of at least one axle of the trailer is calculated by
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rr=10+%/y (equation (2)),

wherein rois preferably defined by

. min(urL,UTR)
abs(vry—vrR)

ro=Ww (equation (3)),

wherein vr_ is the speed of wheel(s) of the at least one axle facing towards the
instantaneous center of velocity of the trailer and vr is the speed of wheel(s) of at least

one axle facing away from the instantaneous center of velocity of the trailer.

In other words, the estimation of the articulation angle may be based on the wheel

speed(s) of the trailer on both sides on the same axis.

In some embodiments, the method further comprises a determination of an angle of a
velocity vector of the pivot and the velocity vector of the at least one axle of the towing

vehicle, preferably calculated by
¢ = tan™? (—) (equation (4)),

wherein ¢ is defined as distance between the center of at least one axle of the towing

vehicle and the pivot.

Accordingly, the angle of a velocity vector of the pivot and the velocity vector of the at
least one axle of the towing vehicle may be calculated based geometric data of the
towing vehicle, i.e. the distance between the center of at least one axle of the towing
vehicle and the pivot, and the distance between the instantaneous center of velocity of
the towing vehicle and the center of at least one axle of the towing vehicle, which may
be also calculated based on geometric data, i.e. the distance between the steering axle
of the towing vehicle and the non-steering axle of the towing vehicle, and the steering

angle.

Preferably, the articulation angle is estimated by

@ = cos™! (—T) — (equation (5)),

VK
wherein vt is defined as speed of the center of at least one axle of the trailer, vk is

defined as speed of the center of the pivot, preferably calculated by

vg = PR /cos(e) (equation (6)),
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and the ratio between the speeds of the center of the at least one rear axle of the trailer

and the center of the pivot is expressed by

T = cos(e + ) (equation (7)),
(¢

According to equation (5), the articulation angle may be estimated in dependence of the
angle of a velocity vector of the pivot and the velocity vector of the at least one axle of
the towing vehicle, which may be calculated based on equation (4), and the ratio
between the speeds of the center of the at least one rear axle of the trailer and the
center of the pivot as per equation (7). Consequently, the estimation of the articulation
angle may only depend on the geometric data of the towing vehicle, e.g. the distance
between the front and the rear axle and the distance between the rear axle and the
pivot, the instantaneous steering angle and the respective wheel speeds of the center of

rear axles of the towing vehicle and the center of rear axles of the trailer.

Alternatively, the articulation angle is estimated by
@ = tan~? (i) — (equation (8)),
T

wherein L is defined as distance between the at least one axle of the trailer and the

pivot.

Here, the term cos™! (z—T) is replaced by tan~1! (Ti) which allows the articulation angle to
K T

be estimated based on the geometric data of the trailer, e.g. the distance between the

pivot and the rear axle of the trailer and the distance between the left and right wheels

of the rear axle of the trailer, the instantaneous steering angle and the respective wheel

speeds of the left and the right wheel of the trailer.

The method for estimation the articulation angle may also comprise the estimation of
the articulation angle as per equation (7) and equation (8) in parallel, for example, for a
plausibility check and/or to proceed further with the estimated articulation angle
indicated a higher risk under given driving conditions. Accordingly, the security lever

may be enhanced and/or failures of the wheel speed sensors may be detected.

In some embodiments, the articulation angle is estimated by
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_ 1L :
@ = tan (TT) (equation (9)),
wherein L is defined as distance between the at least one axle of the trailer and the

pivot.

Equation (9) is a simplification of equation (8) with € being set to € = 0 as to be
neglected. By such approach, the articulation angle can be estimated without any data
of the towing vehicle, i.e. geometric data, wheel speeds or the steering angle of the
towing vehicle. The simplification may only be applied under predetermined operating
conditions of the towing vehicle and trailer combination, e.g. in dependence of a driving
speed, road conditions and/or steering angle. Further, as per the above, the estimation
as per equation (9) may also be used in parallel to the estimation as per equation (7)
and/or equation (8). In principle, any estimation of the articulation angle by at least two
of the equations (7) to (9) may only be performed at predetermined timings, for
example, in dependence of predetermined operating conditions, regular intervals as

interim checks or the like.

The estimation of the articulation angle between a towing vehicle and a trailer with
respect to a pivot may be carried out by a device executing the method as described
above. The device comprises a data unit configured to receive and/or store data of the
distance between the steering axle, preferably a front axle, of the towing vehicle and a
non-steering axle, preferably a rear axle, of the towing vehicle, the distance between the
non-steering axle of the towing vehicle and the pivot, the distance between the at least
one axle of the trailer and the pivot, and/or the distance between the center of the at
least one wheel on the at least one axle facing towards the instantaneous center of
velocity of the trailer and at least one wheel on the other side of the at least one axle.
The device further comprises a determination unit configured to determine the steering
angle of the steering axle, the speed of the center of at least one axle of the towing
vehicle, the speed of the center of at least one axle of the trailer, and/or the speed of at
least one wheel of at least one rear axle of the trailer, preferably the speeds of opposing
wheels of the at least one axle with respect to the center of the at least one axle.
Additionally, the device comprises an estimation unit configured to determine the
distance between the instantaneous center of velocity of the towing vehicle and the

center of at least one axle of the towing vehicle representative for a rotation of the
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towing vehicle about the instantaneous center of velocity of the towing vehicle, the
distance between the instantaneous center of velocity of the trailer and the center of at
least one axle of the trailer representative for a rotation of the trailer about the
instantaneous center of velocity of the trailer, the speed of the center of the pivot, the
angle of the velocity vector of the pivot and the velocity vector of the at least one axle of
the towing vehicle, and/or the ratio between the speeds of the center of the at least one
rear axle of the trailer and the center of the pivot to estimate the articulation angle, and

an output unit configured to output the articulation angle.

For example, the data unit is configured to receive and/or store the geometric data of
the towing vehicle and/or the trailer required to estimate the articulation angle as per
equation (7), equation (8) and/or equation (9). Similarly, the determination unit is
configured to determine the steering angle and/or the respective wheel speeds required
to estimate the articulation angle as per equation (7), equation (8) and/or equation (9).
Accordingly, the determination unit receives respective wheel speed sensor signals or
comprises such sensors. The estimation unit is configured to receive the required data
by the data unit and the determination unit to determine the variables required to
estimate the articulation angle as per equation (7), equation (8) and/or equation (9)
based on the data of the data unit and the determination unit to estimate the articulation
angle. The output unit may be configured to output the estimated articulation angle for
further processing by a driving assistance system to take measures in response to the
estimated articulation angle, e.g. to avoid critical articulation angles. Alternatively or in
addition, the output device may be configured to provide an optical, acoustic and/or
tactile output representative of the estimated articulation angle. As an example, the

estimated articulation angle may be displayed to an operator of the towing vehicle.

Any kind of output by the output device may depend on the instantaneous estimated
articulation angle. For example, if the articulation angle is below a predetermined value,
the estimated articulation angle is output to the driving assistance device to be
considered for further assistance to the extent required. However, if the estimated
articulation angle exceeds the predetermined value, the estimated articulated angle may
also be displayed to an operator of the towing vehicle and/or a supervising control

architecture. Upon further exceeding the predetermined value over a predetermined
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period in time and/or a critical value, an acoustic alarm and/or red light may be added.
The predetermined and/or critical value may be adaptable to different driving operations

and/or boundary conditions such as road conditions.

The data unit, the determination unit, the estimation unit and the output unit do not have
to be separated entities but may only be represented as different operators of a

processor or the like.

In some embodiments, the estimation unit is or comprises a calculation unit to calculate
the at least one of

the distance between the instantaneous center of velocity of the towing vehicle and the
center of at least one axle of the towing vehicle representative for a rotation of the
towing vehicle about the instantaneous center of velocity of the towing vehicle, the
distance between the instantaneous center of velocity of the trailer and the center of at
least one axle of the trailer representative for a rotation of the trailer about the
instantaneous center of velocity of the trailer, the speed of the center of the pivot, the
angle of the velocity vector of the pivot and the velocity vector of the at least one axle of
the towing vehicle, and/or the ratio between the speeds of the center of the at least one

rear axle of the trailer and the center of the pivot.

Accordingly, the estimation unit is configured to calculate the required variables to
estimate the articulation angle. Due to the calculation ability, the estimation unit may not
require storage means for data basis to assign an estimated articulation angle to any
parameter combination provided by the data unit and the determination unit but allows
the use of an algorithm instead. However, the estimation unit may still use some stored
articulation angles in response to a parameter combination provided by the data unit
and the determination unit in addition, e.g. for plausibility checks and failure analysis, or

alternatively, e.g. if available and otherwise to be calculated.

The device for estimating an articulation angle between a towing vehicle and a trailer
with respect to a pivot as described above may be comprised by a driving assistance

system for a towing vehicle.
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By receiving the estimated articulation angle, the driving assistance system may be able
to take respective countermeasures depending on the estimated articulation angle or
ranges thereof. For example, the driving assistance system may be configured to
restrict the speed, accelerations or decelerations and/or steering angles of the towing
vehicle or may completely stop the towing vehicle. The consideration of the estimated
articulation angle may be preferably advantageous in driving assistance systems for

autonomous driving operations.

The device for estimating an articulation angle between a towing vehicle and a trailer
with respect to a pivot as described above and/or the driving assistance system as

described above may be comprised by a commercial vehicle.

The method for estimating an articulation angle between a towing vehicle and a trailer
with respect to a pivot as described above may be implemented by a computer program
product comprising a program code stored on a machine-readable medium for

executing the method.

The program code stored is preferably executed on a data processing unit of the device
for estimating an articulation angle between a towing vehicle and a trailer with respect to

a pivot as described above.

In some embodiments, the image of a surrounding of at least the towing vehicle and/or
the at least one trailer is an image in a bird’s eye perspective or an image providing a

view in the at least one direction of travel.

The image of the surrounding may be selectable by a driver to be represented in the
bird’s eye perspective or in view in the at least one direction of travel, for example,
according to individual preferences or the intended driving manoeuvre. Displaying the
image of the surrounding in a bird’s eye perspective may allow the alternative or
additional use of imaging devices of the surrounding, i.e., at least one image device not

arranged on the towing vehicle or the at least one trailer.
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In some embodiments, the displaying of an image of a surrounding of at least the towing
vehicle and/or the at least one trailer in the at least one direction of travel of the towing
vehicle and/or the at least one trailer showing the calculated future positions of the
towing vehicle and/or the at least one trailer on the image is adaptable, preferably in

magnification.

As previously described, an imaging device may be configured to be adaptable with
respect to its viewing angle and/or recording settings. Alternatively or in addition, the
display settings may be adapted to allow images to be displayed to be selected from at
least one of a plurality of imaging devices, to select a specific image detail to be
displayed, and/or to adapt the image representation in brightness, contrast,
magnification or the like. Adapting the magnification of the image as per respective
image device setting and/or display setting may allow to focus on potential locations
prone to a collision. For example, the magnification may be increased when the vehicle

combination is approaching a location of potential collision with an object.

In another aspect, the present invention relates to a computer program product
comprising instructions which, when the program is executed by a computer, cause the

computer to carry out the method as described.

The instructions are preferably executed on a data processing unit of a device for

avoiding collisions as per the method as described above.

In another aspect, the present invention relates to a computer-readable medium
comprising instructions which, when the program is executed by a computer, cause the

computer to carry out the method as described.

The computer-readable medium is provided for or connected to a data processing unit

of a device for avoiding collisions as per the method as described above.

In another aspect, the present invention relates to a vehicle for a vehicle combination of
a towing vehicle and at least one trailer towed by the towing vehicle, wherein the vehicle

comprises
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an image device configured to record and/or configured to receive at least one
image of a surrounding of at least the towing vehicle and/or the at least one trailer in at
least one direction of travel of the towing vehicle and/or the at least one trailer,

a determination device configured to determine and/or receive determined
information on a steering angle of the towing vehicle and/or the articulation angle of the
at least one trailer,

a future position device configured to calculate and/or to receive calculated
information on future positions of at least one outer point of the contour of the towing
vehicle in at least one direction of travel of the towing vehicle based on the current
steering angle and/or future positions of at least one outer point of the contour of the at
least one trailer in at least one direction of travel of the at least one trailer based on the
current articulation angle, and

a display device configured to display the at least one image together with the
calculated future positions of the towing vehicle and/or the at least one trailer on the

image.

The image device, the determination device, the future position device and/or the
display device may not need to be different devices but may be comprised by one
collision detection device or collision detection system. However, in a preferred
configuration with respect to a collision avoidance relevant for a driver, the display
device is arranged in the driver’s cabin with at least the imaging being arranged on the

towing vehicle and/or the at least one trailer.

For example, the vehicle is a trailer, preferably a semi-trailer, a drawbar trailer, central

axle trailer of another type of trailer.

In principle, any feature described with respect to the method is also applicable to the
vehicle and vice versa. Accordingly, any structural feature may also comprise a
functional effect as feature of the method, while any functional feature of the method

may be implemented in the vehicle by respective device means.
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Further advantages, aspects and details of the present invention are subject to the
claims, the following description of exemplary embodiments applying the principles of

the invention, and the respective exemplary drawings.

Figure 1 is a flow chart of a method for avoiding collisions according to a first

exemplary embodiment of the present invention;

Figure 2 is a flow chart of a method for avoiding collisions according to a second

exemplary embodiment of the present invention;

Figure 3 is a top view on a towing vehicle and a trailer attached thereto showing
different data applicable for an estimation of the articulation angle between the towing

vehicle and the trailer with respect to a pivot;

Figure 4 is a diagram showing the geometric relationships between speed vectors

and angles, respectively;

Figure 5 is an enlarged view of a rear axle portion of the trailer and respective

geometric ratios;

Figure 6 is a schematic lateral view on a vehicle according to an exemplary

embodiment of the present invention;

Figure 7 is a view on an image of a surrounding of a towing vehicle and a trailer
and displaying tractrices of the towing vehicle and the trailer for a forward direction of

travel in a bird’s eye perspective;

Figure 8 is a view on an image of a surrounding of a towing vehicle and a trailer
and displaying tractrices of the towing vehicle and the trailer for a reverse direction of

travel in a bird’s eye perspective; and

Figure 9 is a view on an image of a surrounding of a trailer and displaying tractrices

of the trailer for a reverse direction of travel in a view in the direction of travel.
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Figure 1 shows a flow chart of a method for avoiding collisions according to a first
exemplary embodiment of the present invention. In step S1, a current steering angle 9
of a towing vehicle 10 (Fig. 3) of a vehicle combination of the towing vehicle 10 and a
trailer 20 (Fig. 3) towed by the towing vehicle 10 is determined. In the exemplary
embodiment, the current steering angle 9 is determined by a steering angle sensor.
However, in other embodiments, the steering angle 9 may be determined or estimated
differently, for example, in accordance with a steering command of a self-driving

system.

In step S2, future positions of at least one outer point 10aa (Fig. 6) of the contour of the
towing vehicle 10 are calculated with respect to the current steering angle 3. In
concrete, according to the present exemplary embodiment, the future positions of the
four corner points 10aa with respect to a top view on the towing vehicle 10 are
calculated, since the towing vehicle 10 is assumed as being of a rectangular shape.
Due to the rectangular shape of the towing vehicle 10, the four corner points 10aa at the
bottom of the towing vehicle 10 do not provide any significant additional information with
respect to a collision. However, in other embodiments with a towing vehicle 10 of
irregular shape, the calculation of future positions of at least one outer point 10aa of a
contour of the towing vehicle or the selection of such outer points 10aa for calculating
future positions thereof may depend on critical points with respect to a collision. The
determination of critical points may also depend on the shape of an object prone to a

collision, in particular on a specific height associated with a conflicting contour portion.

In step S3, a current articulation angle ¢ of the trailer 20 (Fig. 3) is determined. In the
present embodiment, the articulation angle ¢ is determined by an estimation based on
the determined steering angle © as described with respect to Fig. 3 to 5. However, in
other embodiments, the articulation angle ¢ of the trailer may be determined differently,

for example, by an articulation angle sensor.

Similar as described with respect to step 2, the future positions of at least one outer
point 20aa of the contour of the at least one trailer 20 in at least one direction of travel of

the at least one trailer 20 are calculated based on the current articulation angle ¢ in step
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S4. In the exemplary embodiment, the method provides the calculation of the future
positions of the four corner points 20aa with respect to a top view on the towing vehicle
20, since the trailer 20 is also assumed as being of a rectangular shape. Due to the
rectangular shape of the trailer 20, the four corner points 20aa at the bottom of the
trailer 20 do not provide any significant additional information with respect to a collision.
However, in other embodiments with a trailer 20 of irregular shape, the calculation of
future positions of at least one outer point 20aa of a contour of the trailer 20 or the
selection of such outer points 20aa for calculating future positions thereof may depend
on critical points with respect to a collision. The determination of critical points may also
depend on the shape of an object prone to a collision, in particular on a specific height

associated with a conflicting contour portion.

In step S5, an image 31 of a surrounding of the towing vehicle 10 and the trailer 20
(Figs. 7, 8) is displayed providing at least a portion of the surrounding in at least one

direction of travel of the vehicle combination.

Further, in step S6, the calculated future positions of the towing vehicle 10 and the
trailer 20, represented by future positions of the respective corner points 10aa, 20aa are
displayed on the image 31. The calculated future positions of the respective corner

points 10aa, 20aa are mapped on corresponding locations on the image 31.

In the exemplary embodiment, in step S7, a collision notification is generated in the
event of detecting an intersection between future positions of the respective corner
points 10aa, 20aa and an object. As indicated by the dashed line in Fig. 1, detection of
a potential position may be directly derived from the calculated future positions of the
corner points 10aa, 20aa of the towing vehicle10 and the trailer 20 as per steps S2 and
S4 and the image 31 of the surrounding as per step S5. Accordingly, in the exemplary
embodiment, step S7 does not necessarily require step S6. However, in other
embodiments step S7 may be based on step S6, for example, by detecting a potential
collision based on image data processing with the mapped calculated future positions

on the image.
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Figure 2 shows a flow chart of a method for avoiding collisions according to a second
exemplary embodiment of the present invention. The method according to the second
exemplary embodiment differs from the first exemplary embodiment by steps S1 and S2
are performed in parallel with steps S3 and S4, and in that in a step S2a a tractrix of the
calculated future positions of each corner point 10aa of the towing vehicle 10 and in
step S4a a tractrix of the calculated future positions of each corner point 20aa of the

trailer 20 is generated to be displayed on the image 31 in step S6.

Figure 3 shows a top view on a towing vehicle 10 and a trailer 20 attached thereto
showing different data applicable for an estimation of the articulation angle ¢ between

the towing vehicle 10 and the trailer 20 with respect to a center of a king pin K as pivot.

The towing vehicle 10 comprises a front axle 11, which is the steering axle in the given
exemplary embodiment, and a rear axle 12, which is the non-steering axle in the given
exemplary embodiment. The center of the front axle 11 is denoted by K and the center
of the rear axle 12 is denoted by R. Accordingly, a wheelbase as the distance b
between the front axle 11 and the rear axle 12 is the distance between point F and point
R. In accordance with a steering angle 9 the direction of a vector of the speed vr of the
center of the front axle 11 with respect to the point F corresponds to the steering angle
9 of the wheels of the front axle 11 with respect to the longitudinal axis of the towing
vehicle, which extends between point F and point R. Since the rear axle 12 is a non-
steering axle, a vector of the speed vr of the center of the rear axle 12 with respect to

the point R remains directed in the longitudinal direction of the towing vehicle 10.

The towing vehicle 10 comprises the king pin K about which the trailer 20 pivots in
response to the instantaneous steering angle 9 resulting in the articulation angle ¢
between the longitudinal axis of the towing vehicle 10 and the longitudinal axis of the
trailer 20, which extends between the king pin K and a center T of rear axles 21, 22, 23
of the trailer 20 to be described later. A vector of the speed vk of the center of the king
pin K corresponds an angle €. A distance c is the distance between the center of the

kingpin K and point R in the longitudinal direction of the towing vehicle.
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Upon application of the steering angle 3, the towing vehicle 10 represents a rotating
rigid body rotating about point P as instantaneous center of velocity (ICV) of the towing
vehicle 10. A distance r as the distance between point P and point R can be expressed
by

r= b/tan(ﬁ) (equation (1)).

Accordingly, the instantaneous distance r can be determined based on the distance b

between point F and point R as given input data and the instantaneous steering angle 9.

The trailer 20 comprises a first rear axle 21, a second rear axle 22 and a third rear axle
23. The rear axles 21, 22 and 23 are represented by a point T as center of the rear
axles 21, 22, 23 of the trailer 20. Since the rear axles 21, 22 and 23 are non-steering
axles, a vector of the speed vr of the center of the rear axles 21, 22, 23 with respect to
the point T remains directed in the longitudinal direction of the trailer 20. A distance L is
the distance between the point T and the center of the king pin K in the longitudinal

direction of the trailer 20.

Upon application of the steering angle § on the front axle 11 of the towing vehicle 10,
the trailer 20 represents a rotating rigid body rotating about point D as instantaneous
center of velocity (ICV) of the trailer 20. A distance rr is the distance between point D

and point T.

Figure 4 is a diagram showing the geometric relationships between speed vectors vg,

vk and vt and angles € and ¢.

As apparent from Fig. 2, the angle ¢ is the angle between the vector of the speed vk
with respect to point K and the vector of the speed vr with respect to point R and can be

expressed by

¢ = tan™? (—) (equation (4)).

Further, the speed vk with respect to the center of the king pin K can be calculated by

vg = PR /cos(e) (equation (6)).



WO 2025/036645 o5 PCT/EP2024/070488

Accordingly, the speed vt with respect to point T and the angle between vk and vt being
€ + @ can be expressed by

cos (e+9) _ VRCOS (€ + ¢)

cos(e) cos(e) (equation (10)).

Ur = Uk cos(e + @) = vg

Figure 5 shows an enlarged view of a rear axle portion of the trailer and respective
geometric ratios. In concrete, the rear part of the trailer 20 comprising the rear axles 21,
22, 23 is shown.

Each of the rear axles 21, 22, 23 of the trailer 20 comprises a left wheel as wheel facing
towards the instantaneous center of velocity D, and a right wheel as wheel facing away
from the instantaneous center of velocity D. Even though the exemplary embodiment
shows only one left and one right wheel per axle, each of the axles may provide more
than one left and/or right wheel, which may be represented by one left or right wheel in
Fig. 3.

A distance between point D as instantaneous center of velocity of the trailer 20 and
each wheel of the rear axles 21, 22, 23 is proportional to the wheel speed of such

wheels. For example, if the trailer 20 turns to the left, the following equation may be

used:
Urﬂ _ Tv% (equation (11)),

wherein vTL is the speed of the left wheel, vrr the speed of the right wheel, ro the
distance between the point D as instantaneous center of velocity of the trailer 20 and

the left wheel and w is the distance between the left and the right wheel.

Accordingly, the distance ro can by expressed by

. min(urL,UTR)
abs(vry—vrR)

ry = (equation (3)),

Further, the distance rr between point D as instantaneous center of velocity of the trailer
20 and point T can be expressed by

rr=10+%/y (equation (2)),
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In accordance with the geometric relationships and speeds vr, Vg, vk and vt or vrL and
VTR, respectively, representative of respective wheel speeds, the articulation angle ¢
between the respective longitudinal axes of the towing vehicle 10 and the trailer 20 with
respect to the center of the king pin K as pivot can be estimated based on the geometric
data and instantaneous wheel speeds. In the following, exemplary embodiments of

respective methods are presented.

According to a first exemplary embodiment of the method for estimating the articulation
angle ¢, the method uses the geometric data of the towing vehicle 10, here the distance
b between the front axle 11 and the rear axle 12, and the distance c between the rear
axle 12 and the center of the king pin K, the instantaneous steering angle 9, the speed
vr Of the center of the rear axle 12 of the towing vehicle with respect to point R, and the
speed vt of the center of the rear axles 21, 22, 23 of the trailer 20 with respect to point T
as input data. In principle, the geometric data may be provided by a database to be
selected according to the specific towing vehicle 10 and trailer 20 as preset and/or as
constant preset. The steering angle 9 may be provided in accordance with a control
signal causing the steering and/or by respective sensor data. The speeds vr and vt may
also be estimated in accordance with respective control signals with respect to a driving
speed, acceleration or deceleration, and/or by a sensor signals, for example by direct

measurements or indirect measurements representative of the speeds vr and/or vr.

Based on the distance b between the front axle 11 and the rear axle 12 of the towing
vehicle 10 and the instantaneous steering angle 3, the distance r between point P as
instantaneous center of velocity of the towing vehicle 10 and the rear axle 12 of the

towing vehicle 10 is calculated by equation (1), i.e.

r= b/tan( 9 (equation (1)).

Further, the angle € between the vectors of the speed vr of the center of the rear axle
12 of the towing vehicle 10 and the speed vk of the center of the kingpin K is calculated

by equation (4), i.e.
¢ = tan™? (—) (equation (4)).
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According to the available data, the speed vk of the center of the king pin K is calculated

by equation (6), i.e.

vg = PR /cos(e) (equation (6)).

However, the speed v of the center of the king pin K may also be determined as input
data in term of being available in accordance with a control signal or by sensor data as
direct or indirect measurement. Nevertheless, the calculation may reduce the required

amount of data to be provided as input data.

As the ratio between the speed vt of the center of the rear axles 21, 22, 23 of the trailer

20 and the speed vk of the center of the kingpin K can be expressed by

YT = cos(e + ) (equation (57)),
Vg

the articulation angle ¢ is estimated by equation (5), i.e.

@ = cos™! (—T) — (equation (5)),

Uk

In summary, the articulation angle ¢ according to the first embodiment of the method for
estimating the articulation angle ¢ is estimated based on the input data, i.e. the distance
b between the front axle 11 and the rear axle 12, and the distance c between the rear
axle 12 and the center of the king pin K, the instantaneous steering angle 9, the speed
vr of the center of the rear axle 12 of the towing vehicle with respect to point R, and the
speed vt of the center of the rear axles 21, 22, 23 of the trailer 20 with respect to point
T, and the respectively calculated variables, i.e. the distance r between point P as
instantaneous center of velocity of the towing vehicle 10 and the rear axle 12 of the
towing vehicle 10, the angle € between the vectors of the speed vr of the center of the
rear axle 12 of the towing vehicle 10 and the speed vk of the center of the kingpin K,

and the speed vk of the center of the king pin K.

Consequently, as a basic principle, the articulation angle ¢ is estimated by using the
wheel speed(s) of the towing vehicle 10 and the trailer 20 and steering angle 9 as time
varying signals. Specifically, the articulation angle ¢ is estimated by using the wheel
speed(s) of the non-steering axle of the towing vehicle 10 and/or the non-steering axle

of the trailer 20 and steering angle § as time varying signals. More specifically, the
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articulation angle ¢ is estimated by using the geometric parameters of towing vehicle

axle- and king pin bases.

According to a second exemplary embodiment of the method for estimating the
articulation angle ¢, the method uses the geometric data of the trailer 20, here the
distance L between the point T and the center of the king pin K in the longitudinal
direction of the trailer 20 and the distance w between the left and the right wheels of the
rear axles 21, 22, 23 of the trailer 20, and the speed v of the left wheels of the rear
axles 21, 22, 23 of the trailer 20 as well as the speed vtr of the right wheels of the rear

axles 21, 22, 23 of the trailer 20 as input data.

Based on the distance w between the left and the right wheels of the rear axles 21, 22,
23 of the trailer 20 and the speed vt of the left wheels of the rear axles 21, 22, 23 of the
trailer 20 as well as the speed v1r of the right wheels of the rear axles 21, 22, 23 of the
trailer 20, the distance ro between the point D as instantaneous center of velocity of the

trailer 20 and the left wheel is calculated by equation (3), i.e.

. min(urL,UTR)
abs(vry—vrR)

ry = (equation (3)).

Further, the distance rr between point D as instantaneous center of velocity of the trailer
20 and point T is calculated by equation (2), i.e.
rr=10+%/y (equation (2)).

Since the sum of the angle € and articulation angle ¢ can be expressed by

£+ ¢ =tan! (i) (equation (8)),

rr

the articulation angle ¢ can be expressed by equation (8), i.e.

@ = tan~? (LT) — (equation (8)).

According to the second exemplary embodiment of the method for estimating the
articulation angle @, the angle ¢ is set to 0 as being neglected. Consequently, the

articulation angle ¢ is estimated by equation (9), i.e.

¢ =tan™" (=) (equation (9)).

rr
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As per the above, the second exemplary embodiment of the method for estimating the

articulation angle ¢ does not require any data with respect to the towing vehicle 10.

In summary, the articulation angle ¢ according to the second embodiment of the
method for estimating the articulation angle ¢ is estimated based on the input data of
the trailer 20, i.e. the distance L between the point T and the center of the king pin K in
the longitudinal direction of the trailer 20, and the distance w between the left and the
right wheels of the rear axles 21, 22, 23 of the trailer 20, and the speed vt of the left
wheels of the rear axles 21, 22, 23 of the trailer 20 as well as the speed vrr of the right
wheels of the rear axles 21, 22, 23 of the trailer 20, and the respectively calculated
variables, i.e. the distance ro between the point D as instantaneous center of velocity of
the trailer 20 and the left wheel, and the distance rr between point D as instantaneous

center of velocity of the trailer 20 and point T.

Consequently, as a basic principle, the articulation angle ¢ is estimated by using the
wheel speed(s) of the trailer 20 as the only time varying signals. Specifically, the
articulation angle ¢ is estimated by using the wheel speed(s) of the non-steering axle of
the trailer 20 as time varying signals. More specifically, the articulation angle ¢ is
estimated by using the wheel speed(s) of the trailer 20 on both sides on the same axle,
preferably on the non-steering axles, as time varying signals. Preferably, the geometric
input data may be restricted to the geometric data of the axle- and wheelbases of the
trailer 20.

According to a third exemplary embodiment of the method for estimating the articulation
angle ¢, the method combines the first and second embodiment of the method for
estimating the articulation angle ¢. Accordingly, the input data comprises the geometric
data of the towing vehicle 10, here the distance b between the front axle 11 and the rear
axle 12, and the distance c between the rear axle 12 and the center of the king pin K,
and the geometric data of the trailer 20, here the distance L between the point T and the
center of the king pin K in the longitudinal direction of the trailer 20, and the distance w
between the left and the right wheels of the rear axles 21, 22, 23 of the trailer 20.

Further, the input data comprises the instantaneous steering angle 3, the speed vr of
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the center of the rear axle 12 of the towing vehicle 10 with respect to point R, and the
speed v1L of the left wheels of the rear axles 21, 22, 23 of the trailer 20 as well as the

speed vtr of the right wheels of the rear axles 21, 22, 23 of the trailer 20.

Based on the distance b between the front axle 11 and the rear axle 12 of the towing
vehicle 10 and the instantaneous steering angle 3, the distance r between point P as
instantaneous center of velocity of the towing vehicle 10 and the rear axle 12 of the

towing vehicle 10 is calculated by equation (1), i.e.

r= b/tan( 9 (equation (1)).

Further, the angle € between the vectors of the speed vr of the center of the rear axle
12 of the towing vehicle 10 and the speed vk of the center of the kingpin K is calculated

by equation (4), i.e.
¢ = tan™? (—) (equation (4)).

Based on the distance w between the left and the right wheels of the rear axles 21, 22,
23 of the trailer 20, and the speed vt of the left wheels of the rear axles 21, 22, 23 of
the trailer 20, as well as the speed vtr of the right wheels of the rear axles 21, 22, 23 of
the trailer 20, the distance ro between the point D as instantaneous center of velocity of

the trailer 20 and the left wheel is calculated by equation (3), i.e.

. min(urL,UTR)
abs(vry—vrR)

ro=Ww (equation (3)).

Further, the distance rr between point D as instantaneous center of velocity of the trailer
20 and point T is calculated by equation (2), i.e.
rr=10+%/y (equation (2)).

Since the sum of the angle € and articulation angle ¢ can be expressed by
£+ ¢ =tan! (i) (equation (8")),
rr

the articulation angle ¢ is calculated by equation (8), i.e.

@ = tan~? (LT) — (equation (8)).
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Consequently, as a basic principle, the articulation angle ¢ is estimated by using the
wheel speed(s) of the towing vehicle 10 and the trailer 20 and steering angle 9 as time
varying signals. Specifically, the articulation angle ¢ is estimated by using the wheel
speed(s) of the non-steering axle of the towing vehicle 10 and/or the non-steering axle
of the trailer 20 and steering angle § as time varying signals. More specifically, the
articulation angle ¢ is estimated by using the geometric parameters of towing vehicle
axle- and king pin bases. More specifically, the articulation angle ¢ is estimated by
using the wheel speed(s) of the trailer 20 on both sides on the same axle, preferably on
the non-steering axles, as time varying signals. Preferably, the geometric input data
refers to the trailer geometric parameters of the towing vehicle axle- and kingpin bases

plus the trailer axle- and wheelbases.

Figure 6 shows a schematic lateral view on a vehicle according to an exemplary
embodiment of the present invention. The vehicle may be the towing vehicle 10 or the
trailer 20. The towing vehicle 10 or the trailer 20 provides an outer contour defined by
the chassis 10a or 20a, respectively. The chassis 10a of the towing vehicle 10 or the
chassis 20a of the trailer 20 provides corner points 10aa or 20aa, respectively, which
may be selected as outer points of the contour of the towing vehicle 10 or trailer 20

relevant as reference points for detecting a potential collision.

The following description is made with respect to the trailer 20 as an exemplary vehicle
of the vehicle combination of the towing vehicle 10 and the trailer 20. The trailer 20
comprises an image device 30, here a video camera, to record images of the
surrounding of the trailer 20. The recorded images are transferred to a display device 60
to display the respective images. In the exemplary embodiment, the display device 60 is
configured to combine images of the image device 60 with images of other image
devices to provide the image 31 as a current image 31 in a bird’s eye perspective as
per Figs. 7 and 8. Even though the display device is shown as being comprised by the
trailer 20, if assuming the trailer 20 as the represented vehicle, in other embodiments,
the display device 60 may be comprised by the towing vehicle 10 to allow the display
device 60 to be observed by a driver. In this context, it is noted that the description of
the trailer 20 as per Fig. 6 is merely directed to explain the functionalities of the

respective devices than to provide a specific arrangement of the devices on the trailer
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20 and/or the towing vehicle 10. However, the arrangement of at least the image device
30 on the trailer 20 may be beneficial to allow an unobstructed view on the surrounding
of the trailer 20.

The trailer 20 as exemplary vehicle of the vehicle combination further comprises a
determination device 40 and a future position device 50. In the exemplary embodiment,
the determination device 40 is configured to receive a current steering angle 9 of the
towing vehicle 10 and to determine a current articulation angle ¢ of the trailer 20. Based
on the current steering angle 9 of the towing vehicle 10 and the current articulation
angle ¢ of the trailer 20, the future position device 50 calculates future positions of the
four corner points 10aa of the chassis 10a of the towing vehicle 10 in at least one
direction of travel of the towing vehicle 10 based on the current steering angle § and
future positions of the four corner points 20aa of the chassis 20a of the trailer 20 in at
least one direction of travel of the at least one trailer 20 based on the current articulation

angle o.

The calculated future positions of the four corner points 10aa of the chassis 10a of the
towing vehicle 10 and the four corner points 20aa of the chassis 20a of the trailer 20 are

transmitted to the display device 60 to be displayed together with the image 31.

Figure 7 shows a view on an image 31 of a surrounding of a towing vehicle 10 and a
trailer 20 and the displaying tractrices 10aaa, 20aaa of the towing vehicle 10 and the
trailer 20 for a forward direction of travel in a bird’s eye perspective. The towing vehicle
10 is indicated by a rectangle in solid lines with calculated future positions of the towing
vehicle 10 being represented by respectively generated tractrices 10aaa in solid lines
for each corner point 10aa of the towing vehicle. The same applies for the

representation of the trailer 20 and the tractrices 20aaa illustrated by the dotdashed line.

The image 31 of the surrounding of the towing vehicle 10 and the trailer 20 shows a
road with the calculated future positions of the towing vehicle 10 and the trailer 20
mapped thereon. In Fig. 7, tractrices 10aaa of the towing vehicle 10 in the present
representation assumes an exemplary current steering angle § of 20 degrees resulting

in an exemplary current articulation angle ¢ of 10 degrees and respective tractrices
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10aaa, 20aaa. As apparent from Fig. 7 with respect to a direction of travel in the forward
direction, the tractrices 10aaa, 20aaa intersect the boundaries of the road after further
driving with the given current steering angle 9 and respective current articulation angle
¢. Such intersection may represent a represent collision with an object. If the distance
to be travelled by the vehicle combination is more than the distance to potential
collision, the driver or a self-driving system may have to correct the current steering

angle 9.

Figure 8 shows a view on an image 31 of a surrounding of a towing vehicle 10 and a
trailer 20 and the displaying tractrices of the towing vehicle 10 and the trailer 20 for a
reverse direction of travel in a bird’s eye perspective. Fig. 8 is similar to Fig. 7 but
relates to the direction of travel in the rearward direction. Further Fig. 8 differs from Fig.
7 in the exemplary current steering angle 9 being 30 degrees resulting in an exemplary

current articulation angle ¢ of 30 degrees and respective tractrices 10aaa, 20aaa.

Figure 9 is a view on an image 31" of a surrounding of a trailer 20 and displaying
tractrices 20aaa of the trailer 20 for a reverse direction of travel in a view in the direction
of travel. As an example, Fig. 9 is also based on the assumption of the exemplary
current steering angle 9 being 30 degrees resulting in an exemplary current articulation
angle ¢ of 30 degrees as per Fig. 8. The embodiment of Fig. 9 differs from the
embodiment shown in Fig. 8 in the perspective provided by the image 31" and the

respective mapping of tractrices 20aaa.

The invention has been described with respect to an exemplary embodiments.
However, the invention is not limited to the exemplary embodiments. For example, the

invention may be used for any combination of a towing vehicle and one or more trailers.
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LIST OF REFERENCE SIGNS

10 towing vehicle
10a chassis (towing vehicle)
10aa corner point (towing vehicle)

10aaa tractrix (towing vehicle)

11 front axle (towing vehicle)
12 rear axle (towing vehicle)
20 trailer

20a chassis (trailer)

20aa corner point (trailer)

20aaa tractrix (trailer)

21 first rear axle (trailer)

22 second rear axle (trailer)

23 third rear axle (trailer)

30 imaging device (image device)

31 image

40 determination device

50 future position device

60 display device

b distance between front and rear axle (towing vehicle)

c distance between rear axle and king pin (towing vehicle)

D instantaneous center of velocity (ICV) point (trailer)

F center of front axle (towing vehicle)

K center of king pin (pivot)

L distance between K (king pin (pivot)) and T (center of rear axle(s) of trailer)
P instantaneous center of velocity (ICV) point (towing vehicle)

r distance between P (ICV point of towing vehicle) and R (center of rear axle of

towing vehicle)

rr distance between D (ICV point of trailer) and T (center of rear axle(s) of
trailer)
ro distance between D (ICV point of trailer) and facing wheel(s) of rear axle(s)

(trailer)
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R center of rear axle (towing vehicle)

T center of rear axle(s) (trailer)

w distance between wheels on opposite sides of the rear axle(s) (trailer)
€ angle between velocity vectors vk and vgr

D) steering angle

VE speed of center of front axle (towing vehicle)

VK speed of center of king pin (pivot)

VR speed of center of rear axle (towing vehicle)

VT speed of center of rear axle(s) (trailer)

VTL speed of left wheel(s) of rear axle(s) (trailer; facing towards D)

VTR speed of right wheel(s) of rear axle(s) (trailer; facing away from D)

0} articulation angle
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CLAIMS

1. Method for avoiding collisions of a vehicle combination of a towing vehicle (10) and
at least one trailer (20) towed by the towing vehicle (10), comprising the steps of:

- determining a current steering angle (38) of the towing vehicle (S1),

- calculating future positions of at least one outer point (10aa) of the contour of the
towing vehicle (10) in at least one direction of travel of the towing vehicle (10) based on
the current steering angle (39) (S2),

- determining a current articulation angle (@) of the at least one trailer (20) (S3),

- calculating future positions of at least one outer point (20aa) of the contour of the
at least one trailer (20) in at least one direction of travel of the at least one trailer (20)
based on the current articulation angle (@) (S4),

- displaying an image (31, 31°) of a surrounding of at least the towing vehicle (10)
and/or the at least one trailer (20) in the at least one direction of travel of the towing
vehicle (10) and/or the at least one trailer (20) (S5), and

- displaying the calculated future positions of the towing vehicle (10) and/or the at
least one trailer (20) on the image (31, 31") (S6).

2. Method according to claim 1, wherein

the step of calculating future positions of at least one outer point (10aa, 20aa) of the
contour of the towing vehicle (10) (S2) comprises the calculation of future positions of at
least one corner point of the chassis (10a) of the towing vehicle (10), preferably at least
two corner points of the chassis (10a) of the towing vehicle (10), more preferably at
least two corner points of the chassis (10a) of the towing vehicle (10) on one side of the

towing vehicle (10) in parallel to the direction of travel.

3. Method according to claim 1 or 2, wherein

the step of calculating future positions of at least one outer point (10aa, 20aa) of the
contour of the at least one trailer (20) (S4) comprises the calculation of future positions
of at least one corner point of the chassis (20a) of the at least one trailer (20), preferably
at least two corner points of the chassis (20a) of the at least one trailer (20), more
preferably at least two corner points of the chassis (20a) of the at least one trailer (20)

on one side of the at least one trailer (20) in parallel to the direction of travel.
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4. Method according to any one of the preceding claims, wherein

the method further comprises the step of generating a tractrix (10aaa) of the future
positions of at least one outer point (10aa, 20aa) of the contour of the towing vehicle
(10) based on the calculated future positions of at least one corner point of the chassis
(10a) of the towing vehicle (10) to be displayed on the image (31, 317) (S2a).

5. Method according to any one of the preceding claims, wherein

the method further comprises the step of generating a tractrix (20aaa) of the future
positions of at least one outer point (10aa, 20aa) of the contour of the at least one trailer
(20) based on the calculated future positions of at least one corner point of the chassis
(20a) of the at least one trailer (20) to be displayed on the image (31, 31") (S4a).

6. Method according to any one of the preceding claims, wherein

the step of displaying the calculated future positions of the towing vehicle (10)
and/or the at least one trailer (20) on the image (31, 317) (S6) is performed in response
to a trigger event, preferably based on a selection of a gear and/or a velocity of the

vehicle combination below a predetermined velocity.

7. Method according to any one of the preceding claims, wherein
the future positions of the calculated future positions of the towing vehicle (10) and
the at least one trailer (20) on the image (31, 31°) are displayed by different indicators,

preferably different in color and/or shape.

8. Method according to any one of the preceding claims, wherein

the method further comprises the step of generating a collision notification and/or
the step of adapting the steering angle (9) by detecting an intersection of future
positions of the towing vehicle (10) and/or the at least one trailer (20) with an object on
the image (31, 317) (S7), wherein the collision notification preferably provides an

acoustic, optic and/or tactile alarm.
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9. Method according to any one of the preceding claims, wherein
the step of displaying an image of a surrounding of at least the towing vehicle (10)
and/or the at least one trailer (20) (S5) is performed by recording at least one image

(31, 317) by at least one imaging device arranged on the at least one trailer (20).

10. Method according to any one of the preceding claims, wherein

the step of determining the current steering angle (9) of the towing vehicle (10) (S1)
and/or determining the current articulation angle (¢) of the at least one trailer (20) (S3)
is performed by detecting and/or estimating the current steering angle (8) and/or

articulation angle (o).

11. Method according to any one of the preceding claims, wherein
the image (31, 317) of a surrounding of at least the towing vehicle (10) and/or the at
least one trailer (20) is an image (31) in a bird’s eye perspective or an image (31°)

providing a view in the at least one direction of travel.

12. Method according to any one of the preceding claims, wherein

the displaying of an image (31, 31") of a surrounding of at least the towing vehicle
(10) and/or the at least one trailer (20) in the at least one direction of travel of the towing
vehicle (10) and/or the at least one trailer (20) showing the calculated future positions of
the towing vehicle (10) and/or the at least one trailer (20) on the image (31, 317) is

adaptable, preferably in magnification.

13. Computer program product comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the method according to any

one of the preceding claims.

14. Computer-readable medium comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the method according to any

one of the claims 1 to 12.
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15. Vehicle (10, 20) for a vehicle combination of a towing vehicle (10) and at least one
trailer (20) towed by the towing vehicle (10), wherein the vehicle (10, 20) comprises

an image device (30) configured to record and/or configured to receive at least one
image (31, 317) of a surrounding of at least the towing vehicle (10) and/or the at least
one trailer (20) in at least one direction of travel of the towing vehicle (10) and/or the at
least one trailer (20),

a determination device (40) configured to determine and/or receive determined
information on a steering angle (9) of the towing vehicle (10) and/or the articulation
angle (o) of the at least one trailer (20),

a future position device (50) configured to calculate and/or to receive calculated
information on future positions of at least one outer point (10aa) of the contour of the
towing vehicle (10) in at least one direction of travel of the towing vehicle (10) based on
the current steering angle (9) and/or future positions of at least one outer point (20aa) of
the contour of the at least one trailer (20) in at least one direction of travel of the at least
one trailer (20) based on the current articulation angle (¢), and

a display device (60) configured to display the at least one image (31, 31°) together
with the calculated future positions of the towing vehicle (10) and/or the at least one

trailer (20) on the image (31, 31°).
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