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(57) Abstract: The present invention
relates to a method for the adaptation of the
speed of a vehicle when taking a curve. The
method comprises the step to control (S1)
the speed of the vehicle based on the steer-
ing wheel angle of the vehicle correspond-
ing to a determined turning radius such that
a predetermined lateral acceleration is not
exceeded. The present invention relates
also to a system for the adaptation of the
speed of a vehicle when taking a curve. The
present invention relates also to a motor
vehicle. The present invention relates also
to a computer program and a computer pro-
gram product.
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METHOD AND SYSTEM FOR ADAPTATION OF THE SPEED OF A VEHICLE WHEN TAKING A CURVE

TECHNICAL AREA

5  The invention relates to a method for the adaptation of the speed of a vehicle
when taking a curve according to the introduction to claim 1. The invention
relates to a system for the adaptation of the speed of a vehicle when taking a
curve. The invention relates also to a motor vehicle. The invention relates

also to a computer program and a computer program product.
10
BACKGROUND

During the driving of a heavy vehicle on a curvy and winding roadway it is
necessary that the driver is attentive to the geometry of the road and adapts
the speed in order to drive the vehicle in a safe manner. It may be difficult,

15 due to the curvature of the roadway, for the driver to predict curves ahead
and to take measures well in advance, for the safe driving of the vehicle.

DE10258167 and EP2492160 reveal methods to control the speed of the
vehicle before a curve based on the shape of the curve and the position of
the vehicle.

20  During the driving of the vehicle in a curve, the acceleration of the vehicle in
the curve would be able to cause severe lateral accelerations with the
consequence that the vehicle leaves the roadway or unintentionally moves
over into a neighbouring lane. Consequently, should acceleration in the curve
caused by the driver (through the driver pressing on the accelerator), or

25  caused by the cruise-control system by the resumed previously set cruise-

control speed in a curve (for example through an unintentional resumption of
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the cruise-control system in a roundabout), the accelerating vehicle in the

curve may cause an accident.

PURPOSE OF THE INVENTION

One purpose of the present invention is to achieve a method and a system
for the adaptation of the speed of a vehicle in association with taking a curve
that makes improved safety possible.

SUMMARY OF THE INVENTION

These and other purposes, which are made clear by the description below,
are achieved by means of a method, a system, a motor vehicle, a computer
program and a computer program product of the type described in the
introduction, and that furthermore demonstrate the distinctive features
specified in the characterising part of the attached independent patent
claims. Preferred embodiments of the method and the system are defined in
the attached non-independent claims.

According to the invention, the purposes are achieved with method for the
adaptation of the speed of a vehicle when taking a curve comprising the step
to control the speed of the vehicle based on the steering wheel angle of the
vehicle corresponding to a determined turning radius, such that a
predetermined lateral acceleration is not exceeded. It is in this case avoided
that the driver is permitted to accelerate too strongly or to resume a
previously preset cruise-control speed in a curve. As a consequence of this,
safety while taking a curve is in this case improved, whereby the risks of
skidding or leaving the roadway in the curve are reduced. With such a
solution, high safety when taking a curve can be achieved without map data

or corresponding means to determine coming degrees of curvature along the
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route of the vehicle being required for adaptation of the speed when taking

the curve.

According to one embodiment of the method, the step of controlling the
speed of the vehicle includes the step of determining a highest permitted
instantaneous speed based on the vehicle parameters: the said
predetermined lateral acceleration, the said steering wheel angle, the
effective wheelbase, the gear ratio of the steering, and, where appropriate,
the understeer gradient of the vehicle. A more correct determination of the
relevant turning radius of the vehicle is in this way made possible, and thus a
better basis for the control of the speed of the vehicle when driving the

vehicle around a curve.

According to one embodiment, the method comprises the step to limit the
raising of the highest permitted instantaneous speed based on the rate of
change of angle of the steering wheel position. It is in this case avoided that
the vehicle accelerates too much during an S-bend between a first curve and
a second curve. The safety when driving along a winding road is in this case

further improved.

According to one embodiment, the method comprises the step to permit
raising the highest permitted instantaneous speed only a specified time after
the rate of change of angle has fallen below a predetermined value. It is in
this case avoided that the vehicle accelerates too early after a first curve in
order to avoid that the vehicle has sufficient time to accelerate too strongly at

a subsequent second curve.

According to one embodiment of the method, the step to limit the raising of
the highest permitted instantaneous speed based on the rate of change of
angle of the steering wheel position takes place only for a change of steering
wheel position greater than a predetermined magnitude. Unnecessary
limitation of the speed during small changes of steering wheel position is in
this case avoided.
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The embodiments of the system demonstrate corresponding advantages as
corresponding embodiments of the method described above.

DESCRIPTION OF DRAWINGS

The present invention will be better understood with reference to the
following detailed description read together with the attached drawings,
where the same reference numbers refer t0 the same parts throughout the

several views, and where:

Figure 1 illustrates schematically a motor vehicle according to one

embodiment of the invention;

Figure 2 illustrates schematically a system for the adaptation of the speed of
a vehicle during taking a curve according to one embodiment of the present

invention;

Figure 3 illustrates schematically a block diagram of a method for the
adaptation of the speed of a vehicle during taking a curve according to one

embodiment of the present invention; and

Figure 4 illustrates schematically a computer according to one embodiment

of the present invention.

DESCRIPTION OF EMBODIMENTS

In this document, the term “link” refers to a communication link that may be a
physical line, such as an opto-electronic communication line, or a non-
physical line, such as a wireless connection, for example a radio link or

microwave link.
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In this document, the term “effective wheelbase” refers to the virtual distance
between the axles of the vehicle that most closely corresponds to a simplified
representation of a two-axled vehicle. The term “effective wheelbase”
involves a simplification of reality. For a two-axled truck, the effective
wheelbase is equal to the wheelbase, i.e. the distance between the axles.
For a vehicle that includes in addition to this a support axle in association
with and at a distance from a rear driving axle, the effective wheelbase will be
displaced to a location between the support axle and the driving axle,
although not necessarily exactly halfway between them: the magnitude of the
effective wheelbase depends on several factors such as the distribution of
weight, whether the support axle is steered, etc. The purpose of the effective
wheelbase is to be able to consider a vehicle with several axles as a two-
axled vehicle, in order to simplify the calculation of dynamics according to the
cycle model.

Figure 1 illustrates schematically a motor vehicle 1 according to one
embodiment of the present invention. The vehicle 1 given as an example is
constituted by a heavy vehicle in the form of a lorry. Alternatively, the vehicle
may be constituted by any appropriate vehicle at all, such as a bus or a car.
The vehicle includes a system | according to the present invention.

Figure 2 illustrates schematically a block diagram of a system | for the
adaptation of the speed of a vehicle during taking a curve according to one

embodiment of the present invention.
The system | comprises an electronic control unit 100.

The system | comprises means 110 to control the speed of the vehicle based
on the steering wheel angle of the vehicle corresponding to a determined
turning radius, such that a predetermined lateral acceleration is not
exceeded.

The means to control the speed of the vehicle includes means 110a to
determine a highest permitted instantaneous speed based on the vehicle
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parameters: the said predetermined lateral acceleration, the said steering
wheel angle, the effective wheelbase, the gear ratio of the steering, and,
where appropriate, the understeer gradient of the vehicle.

The means 110a to determine a maximum permitted instantaneous speed
comprises means 111 to determine a maximum permitted lateral acceleration
ar- The means 111 to determine a maximum permitted lateral acceleration
comprises the determination of a predetermined maximum permitted lateral
acceleration that is based on normal conditions with respect to properties of
the vehicle such as the length of the vehicle, the width of the vehicle, the
composition of the vehicle train, the distribution of load on the vehicle, the
centre of gravity of the vehicle, and the axle pressure of the vehicle, and/or
properties of the surroundings such as the effective width of the traffic lane,
frictional properties of the roadway, visibility conditions, and camber
properties of the roadway. The predetermined maximum permitted lateral
acceleration is, according to one embodiment, of the magnitude of 2 m/s?,
The maximum permitted lateral acceleration is in this case constituted by a
predetermined maximum permitted lateral acceleration. According to one
alternative or supplementary variant, the electronic control unit 100 includes

stored data of the maximum permitted lateral acceleration.

The means 110a to determine a maximum permitted instantaneous speed
comprises means 112 to determine the steering wheel angle 6. The means
112 to determine the steering wheel angle is arranged for the continuous
determination of steering wheel angle. The means 112 to determine the
steering wheel angle comprises sensor means in the form of steering wheel
angle sensors to determine the position of the steering wheel that
corresponds to a certain steering wheel angle.

The means 110a to determine a maximum permitted instantaneous speed
comprises means 113 to determine the effective wheelbase L. The means
113 to determine the effective wheelbase includes the determination of
properties of the vehicle including the distance between wheel axles, the
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number of wheel axles, the presence of a bogie where relevant, and possibly
also the presence of a support axle and the position of the support axle, i.e.
whether the support wheels on the support axle are caused to interact with
the roadway or are elevated such that the support wheels are not in contact
with the roadway. The effective wheelbase is estimated based on, among
other things, the axle separation, the bogie distance, the number of axles, the
distribution of weight, whether the support axle is elevated, etc. According to
one alternative or supplementary variant, the electronic control unit 100
includes stored data of the effective wheelbase.

The means 110a to determine a maximum permitted instantaneous speed
comprises means 114 to determine the gear ratio of the steering i, The
means 114 to determine the gear ratio of the steering includes, according to
one variant, stored data for the gear ratio, which is normally known. The
means to determine the gear ratio of the steering comprises sensor means to
determine the gear ratio of the steering by measuring the input and the
output rates of change of steering wheel angle. According to one alternative
or supplementary variant, the electronic control unit 100 includes stored data
of the gear ratio of the steering.

The means 110a to determine a maximum permitted instantaneous speed
comprises means 115 to determine the understeer gradient K, of the vehicle.
The means 115 to determine the understeer gradient of the vehicle
comprises sensor means to determine the understeer gradient of the vehicle,
and calculation models in which the understeer gradient is determined based
on, among other things, the steering wheel angle, effective wheelbase, speed
of the vehicle, input and output rates of change of steering wheel angle,
speed of gearing, and degree of curvature of the roadway. According to one
alternative or supplementary variant, the electronic control unit 100 includes
stored data of the understeer gradient of the vehicle.

The means 110a to determine a highest permitted instantaneous speed
based on the vehicle parameters: the said predetermined lateral acceleration,
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the steering wheel angle, the effective wheelbase, the gear ratio of the
steering, and, where appropriate, the understeer gradient of the vehicle, is
arranged to determine the maximum permitted speed through the equation:

£

[:.A‘lciil

where

a.: = the desired maximum absolute lateral acceleration, i.e. the maximum

permitted lateral acceleration

L = effective wheelbase

0 = steering wheel angle

ip = the gear ratio of the steering

Kus = the understeer gradient of the vehicle.

The system | comprises means 120 to determine continuously the speed of
the vehicle. The means 120 to determine continuously the speed of the

vehicle includes, according to one variant, speed measurement means.

The system | comprises means 130 to limit the raising of the highest
permitted instantaneous speed based on the rate of change of angle of the
steering wheel position.

The means 130 to limit the raising of the highest permitted instantaneous
speed based on the rate of change of angle of the steering wheel position
comprises means 132 to determine the rate of change of angle of the
steering wheel position. The means 132 to determine the rate of change of
angle of the steering wheel position comprises means for derivation,
including possible filtration of the steering wheel angle.
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The means 132 to determine rate of change of angle of the steering wheel
position comprises means 132a to determine the magnitude of the steering
wheel position. The system | comprises in this case means 132a to
determine the magnitude of the steering wheel position.

The means 130 to limit the raising of the highest permitted instantaneous
speed based on the rate of change of angle of the steering wheel position
comprises means 134 to limit the increase only for steering wheel positions
that lie above a certain magnitude.

The system | comprises means 140 to permit raising the highest permitted
instantaneous speed only a specified time after the rate of change of angle
has fallen below a predetermined value. The means 140 to permit raising the
highest permitted instantaneous speed only a specified time after the rate of
change of angle has fallen below a predetermined value comprises means to
determine the time from the rate of change of angle having fallen below the
predetermined value and during the predetermined time, and the time from
the rate of change of angle having fallen below the predetermined value, and
until the rate of change of angle again achieves or exceeds the
predetermined value.

The electronic control unit 100 is connected through a link 10a such that it
exchanges signals with the means 110 to control the speed of the vehicle
based on the steering wheel angle of the vehicle corresponding to a
determined turning radius, such that a predetermined lateral acceleration is
not exceeded. The electronic control unit 100 is arranged to transmit through
the link 10a a signal to the means 110 representing control data for the
control of the speed of the vehicle.

The electronic control unit 100 is connected through a link 10b such that it
exchanges signals with the means 110 to control the speed of the vehicle
based on the steering wheel angle of the vehicle corresponding to a
determined turning radius, such that a predetermined lateral acceleration is
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not exceeded. The electronic control unit 100 is arranged to receive over the
link 10b a signal from the means 110 that represents steering wheel angle
data corresponding to a determined turning radius of the vehicle.

The electronic control unit 100 is connected through a link 10 such that it
exchanges signals with the means 110a to determine a highest permitted
instantaneous speed based on the vehicle parameters: the said
predetermined lateral acceleration, the said steering wheel angle, the
effective wheelbase, the gear ratio of the steering, and, where appropriate,
the understeer gradient of the vehicle. The electronic control unit 100 is
arranged to receive over the link 10 a signal from the means 110
representing parameter data, including lateral acceleration data for the
predetermined lateral acceleration, steering wheel angle data for the current
steering wheel angle, data for the effective wheelbase, data for the gear ratio
of the steering, and, where relevant, data for the understeer gradient.

The electronic control unit 100 is connected such that it exchanges signals
over a link 20 with the means 120 to determine continuously the speed of the
vehicle. The electronic control unit 100 is arranged to receive over the link 20
a signal from the means 120 to determine continuously the speed of the
vehicle representing speed data for the current speed of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 32 with the means 132 to determine the rate of change of angle of
the steering wheel position. The electronic control unit 100 is arranged to
receive over the link 32 a signal from the means 132 that represents rate of
change of angle data for the rate of change of angle of the steering wheel
position including data for the magnitude of the steering wheel position from
the means 132a.

The electronic control unit 100 is connected such that it exchanges signals
over a link 34 with the means 134 to limit the instantaneous increase of the
highest permitted instantaneous speed only when the magnitude of the
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steering wheel position lies above a predetermined magnitude. The
electronic control unit 100 is arranged to receive over the link 34 a signal
from the means 134 representing limitation data in order to limit the increase
only when the steering wheel position lies above a predetermined magnitude.

The electronic control unit 100 is connected through a link 40a to the means
140 to permit increase of the highest permitted instantaneous speed only a
specified time after the rate of change of angle has fallen below a
predetermined value. The electronic control unit 100 is arranged to transmit
over the link 40a a signal to the means 140 that represents rate of change of
angle data for the rate of change of angle of the steering wheel position
including data for the magnitude of the steering wheel position.

The electronic control unit 100 is connected such that it exchanges signals
through a link 40b with the means 140 to permit increase of the highest
permitted instantaneous speed only a specified time after the rate of change
of angle has fallen below a predetermined value. The electronic control unit
100 is arranged to receive over the link 40b a signal from the means 140 that
represents time data for the time during which the rate of change of angle lies
below, with a certain magnitude of the steering wheel position, a

predetermined value.

The electronic control unit 100 is connected such that it exchanges signals
over a link 30a with the means 130 to limit the increase of the highest
permitted instantaneous speed based on the rate of change of angle of the
steering wheel position. The electronic control unit 100 is arranged to
transmit over the link 30a a signal to the means 130 that represents rate of
change of angle data for the rate of change of angle of the steering wheel
position including data for the magnitude of the steering wheel position and
the time of such a rate of change of angle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 30b with the means 130 to limit the increase of the highest



WO 2015/178845 PCT/SE2015/050576

10

15

20

25

30

12

permitted instantaneous speed based on the rate of change of angle of the
steering wheel position. The electronic control unit 100 is arranged to receive
over the link 30b a signal from the means 130 that represents limiting data for
the limitation of the rate of change of angle based on rate of change of angle
data.

The electronic control unit 100 is in this case arranged to process the said
steering wheel angle data corresponding to a determined turning radius of
the vehicle and the said parameter data, including lateral acceleration data
for the predetermined lateral acceleration, steering wheel angle data for the
current steering wheel angle, data for the effective wheelbase, data for the
gear ratio of the steering, and, where relevant, data for the understeer
gradient, and the said speed data, in order to determine control data for the
control of the speed of the vehicle such that a predetermined lateral
acceleration is not exceeded.

The electronic control unit 100 is in this case arranged to process the said
rate of change of angle data for the rate of change of angle of the steering
wheel position including data for the magnitude of the steering wheel
position, the said limitation data in order to limit the increase only during
steering wheel positions over a predetermined magnitude, and the said time-
based data for the time during which the rate of change of angle lies below,
with a certain magnitude of the steering wheel position, a predetermined
value in order to determine whether the rate of change of angle has
exceeded a predetermined speed and a predetermined magnitude of the
steering wheel position, and in the case in which this is the case, to transmit
limitation data for the limitation of the speed as long as this continues, and a
predetermined after that the rate of change of angle lies below a

predetermined value.

Figure 3 illustrates schematically a block diagram of a method for the
adaptation of the speed of a vehicle during taking a curve according to one

embodiment of the present invention.
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According to one embodiment, the method for the adaptation of the speed of
a vehicle when taking a curve comprises a step S1. The speed of the vehicle
is controlled during this step based on the steering wheel angle of the vehicle
corresponding to a determined turning radius such that a predetermined
lateral acceleration is not exceeded.

With reference to Figure 5, there is shown a drawing of a design of an
arrangement 500. The control unit 100 that has been described with
reference to Figure 2 can comprise in one execution the arrangement 500.
The arrangement 500 comprises a non-transient memory 520, a data
processing unit 510 and a read/write memory 550. The non-transient memory
520 has a first section of memory 530 in which a computer program, such as
an operating system, is stored in order to control the function of the
arrangement 500. Furthermore, the arrangement 500 comprises a bus
controller, a serial communication port, 1/O means, an A/D converter, a unit
for the input and transfer of time and date, an event counter and an interrupt
controller (not shown in the drawing). The non-transient memory 520 has
also a second section of memory 540.

A computer program P is provided that comprises routines for the adaptation
of the speed of a vehicle when taking a curve according to the innovative
method. The program P comprises routines to control the speed of the
vehicle based on the steering wheel angle of the vehicle corresponding to a
determined turning radius, such that a predetermined lateral acceleration is
not exceeded. The program P may be stored in an executable form or in a
compressed form in a memory 560 and/or a read/write memory 550.

When it is described that the data processing unit 510 carries out a certain
function, it is to be understood that the data processing unit 510 carries out a
certain part of the program that is stored in the memory 560, or a certain part
of the program that is stored in the read/write memory 550.
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The data processing arrangement 510 can communicate with a data port 599
through a data bus 515. The non-transient memory 520 is intended for
communication with the data processing unit 510 through a data bus 512.
The separate memory 560 is intended to communicate with the data
processing unit 510 through a data bus 511. The read/write memory 550 is
arranged to communicate with the data processing unit 510 through a data
bus 514. Links associated with the control unit 100, for example, may be
connected to the data port 599.

When data is received at the data port 599 it is temporarily stored in the
second section of memory 540. When the data that has been received has
been temporarily stored, the data processing unit 510 is prepared for the
execution of code in a manner that has been described above. The signals
received at the data port 599 can be used by the arrangement 500 to control
the speed of the vehicle based on the steering wheel angle of the vehicle
corresponding to a determined turning radius, such that a predetermined
lateral acceleration is not exceeded.

Parts of the methods described here may be carried out by the arrangement
500 with the aid of the data processing unit 510, which runs the program
stored in the memory 560 or in the read/write memory 550. When the
arrangement 500 runs the program, the method described here is executed.

The description above of the preferred embodiments of the present invention
has been given for the purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the variants that have
been described. Many modifications and variations will be obvious for one
skilled in the arts. The embodiments have been selected and described in
order to best describe the principles of the invention and its practical
applications, and thus to make it possible for one skilled in the arts to
understand the invention for various embodiments and with the various

modifications that are appropriate for the intended use.
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CLAIMS

1. A method for the adaptation of the speed of a vehicle (1) when taking a
curve, characterised by the step of controlling (S1) the speed of the vehicle
speed based on the steering wheel angle of the vehicle corresponding to a
determined turning radius such that a predetermined lateral acceleration is
not exceeded.

2. The method according to claim 1, whereby the step of controlling the
speed of the vehicle includes the step of determining a highest permitted
instantaneous speed based on the vehicle parameters: the said
predetermined lateral acceleration, the said steering wheel angle, the
effective wheelbase, the gear ratio of the steering, and, where appropriate,

the understeer gradient of the vehicle.

3. The method according to claim 2, comprising the step to limit the raising
of the highest permitted instantaneous speed based on the rate of change of
angle of the steering wheel position.

4, The method according to claim 3, comprising the step to permit raising of
the highest permitted instantaneous speed only a specified time after the rate
of change of angle has fallen below a predetermined value.

5. The method according to claim 3 or 4, whereby the step to limit the
raising of the highest permitted instantaneous speed based on the rate of
change of angle of the steering wheel position takes place only for steering
wheel positions greater than a predetermined magnitude.

6. A system (I) for the adaptation of the speed of a vehicle (1) when taking a
curve, characterised by means (110) to control the speed of the vehicle
speed based on the steering wheel angle of the vehicle corresponding to a
determined turning radius such that a predetermined lateral acceleration is
not exceeded.
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7. The system according to claim 6, whereby the means (110) to control the
speed of the vehicle includes means (110a) to determine a highest permitted
instantaneous speed based on the vehicle parameters: the said
predetermined lateral acceleration, the said steering wheel angle, the
effective wheelbase, the gear ratio of the steering, and, where appropriate,
the understeer gradient of the vehicle.

8. The system according to claim 7, comprising means (130) to limit the
raising of the highest permitted instantaneous speed based on the rate of
change of angle of the steering wheel position.

9. The system according to claim 8, comprising means (140) to permit
raising of the highest permitted instantaneous speed only a specified time
after the rate of change of angle has fallen below a predetermined value.

10. The system according to claim 8 or 9, whereby the means (130) to limit
the raising of the highest permitted instantaneous speed based on the rate of
change of angle of the steering wheel position comprises means (132) to limit
the increase only for steering wheel positions that lie above a certain

magnitude.
11. A vehicle (1) comprising a system (I) according to any one of claims 6-10.

12. A computer program (P) for the adaptation of the speed of a vehicle when
taking a curve, where the said computer program (P) comprises program
code that, when it is run by an electronic control unit (100) or by another
computer (500) connected to the electronic control unit (100), causes the
electronic control unit (100) to carry out the steps according to claims 1-5.

13. A computer program product comprising a digital storage medium that
stores the computer program according to claim 12.
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