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(57) Abstract: The present invention relates to a method for the adaptation of
the driving of a vehicle on a roadway in association with taking a curve. The
method comprises the steps to determine (S1 ) the degree of curvature along
the route of the vehicle and to adapt (S2) the speed of the vehicle based on the
lateral acceleration of the vehicle. The method comprises further the steps to
determine (S3) a maximum permitted lateral acceleration; and to adapt (S4) the
maximum permitted lateral acceleration depending on properties of the vehicle
and/or the surroundings that influence the safe driving of the vehicle when tak-
ing a curve. The step to adapt the maximum permitted lateral acceleration in-
cludes the step to determine a factor that corresponds to the degree to which the
said properties of the vehicle and/or the surroundings influence safe driving of
the vehicle when taking the curve, whereby the said factor includes the influ-
ence of properties of the surroundings in the form of the effective width of the
traffic lane in which the vehicle is being driven. The present invention relates
also to a system for the adaptation of the driving of a vehicle on a roadway in
association with taking a curve. The present invention relates also to a motor
vehicle. The present invention relates also to a computer program and a com-
puter program product.
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METHOD AND SYSTEM FOR THE ADAPTATION OF THE DRIVING OF A VEHICLE ON A
ROADWAY IN ASSOCIATION WITH TAKING A CURVE

TECHNICAL AREA

5  The invention relates to a method for the adaptation of the driving of a vehicle
on a roadway in association with taking a curve according to the introduction
to claim 1. The invention relates to a system for the adaptation of the driving
of a vehicle on a roadway in association with taking a curve. The invention
relates also to a motor vehicle. The invention relates also to a computer

10  program and a computer program product.

BACKGROUND

During the driving of a heavy vehicle on a curvy and winding roadway it is

necessary that the driver be attentive to the geometry of the road and adapts
15 the speed in order to drive the vehicle in a safe manner. It may be difficult,

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. This

can lead to the driver being compelled to brake more or less suddenly before

a curve, which leads to uneconomical, and in certain cases also less safe,
20 driving of the vehicle.

By determining the geometry of the road, which can be achieved according to
one variant by means of a positional system that includes the position of the
vehicle and map data with information about the geometry of the road along
the route of the vehicle, it would be possible for the driver to receive
25 information about coming curves and in this way to adapt the speed at an
appropriate time before the curve, for a more economic and safer driving of

the vehicle.



WO 2015/178840 PCT/SE2015/050570

10

15

20

25

One problem with such a positional system is to determine the speed at

which one should drive in a curve.

US20130289874 and DE102011080761 reveal methods to calculate the
maximum speed around a curve with the aid of values for the lateral

acceleration and the degree of curvature of the road.

EP2537727 A1 reveals a method to estimate a speed profile for a vehicle
based on a maximum permitted lateral acceleration for a coming section of
road. During the calculation of the maximum permitted lateral acceleration
parameters that relate to road friction, such as the type of the road surface,
the air humidity and the outdoor temperature, are taken into consideration.
Also the type of vehicle, distribution of load and position of the centre of
gravity are taken into consideration.

PURPOSE OF THE INVENTION

One purpose of the present invention is to achieve a method and a system
for the adaptation of the driving of a vehicle on a roadway in association with
taking a curve that makes improved safety when taking curves 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, these purposes are achieved with a method for
the adaptation of the driving of a vehicle on a roadway in association with
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taking a curve, comprising the steps: to determine the degree of curvature
along route of the vehicle; to adapt the speed of the vehicle based on the
lateral acceleration of the vehicle; to determine a maximum permitted lateral
acceleration; and to adapt the maximum permitted lateral acceleration based
on properties of the vehicle and/or the surroundings that influence the safe
driving of the vehicle when taking a curve, whereby the step of adapting the
maximum permitted lateral acceleration includes the step of determining a
factor that corresponds to the degree to which the said properties of the
vehicle and/or the surroundings influence safe driving of the vehicle when
taking the curve, whereby the said factor includes the influence of properties
of the surroundings in the form of the effective width of the traffic lane in
which the vehicle is being driven. The maximum permitted lateral
acceleration is thus adapted based on the factor that has been determined. It
is appropriate that the speed of the vehicle is adapted based on the adapted
maximum permitted lateral acceleration. By determining and adapting in this
way a maximum permitted lateral acceleration improved safety when taking a
curve is made possible in that the speed of the vehicle is adapted to currently
prevalent conditions with respect to such properties of the

vehicle/surroundings.

It is preferable that the maximum permitted lateral acceleration is adapted
depending on the effective width of the traffic lane, such that the maximum
permitted lateral acceleration is set to a predetermined value at an effective
width of the traffic lane within a certain interval of width. The predetermined
value corresponds to a factor, appropriately a factor of 1. In the case of a
relatively narrower effective width, one that falls below the said interval of
width, it is appropriate that the maximum permitted lateral acceleration be
reduced, according to one variant, depending on the narrowing. It is
appropriate that the maximum permitted lateral acceleration be reduced by a
factor that lies below 1 when the effective width of the traffic lane falls below
the interval of width. According to one variant, in the case of a relatively
broader effective width that exceeds the said interval of width, it is
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appropriate that the maximum permitted lateral acceleration be increased. It
is appropriate that the maximum permitted acceleration is increased by a
factor that exceeds 1 when the effective width of the traffic lane exceeds the
interval of width. As a consequence, an efficient manner to adapt the
maximum permitted lateral acceleration for the safe and efficient driving of a
vehicle when taking a curve is in this way obtained.

According to one embodiment of the method, the said properties of the
vehicle include at least one of the length of the vehicle, the width of the
vehicle, the composition of the vehicle train, the centre of gravity of the
vehicle, and the axle pressure of the vehicle. By considering in this way such
properties of the vehicle, further improvement for effective adaptation of the
maximum permitted lateral acceleration is made possible, in order to improve

further safe and efficient driving of the vehicle when taking a curve.

According to one embodiment of the method, the said properties of the
surroundings include at least one of the effective width of the traffic lane, the
frictional properties of the roadway, visibility conditions, and camber
properties of the roadway. By considering in this way such properties of the
surroundings, further improvement for effective adaptation of the maximum
permitted lateral acceleration is made possible, in order to improve further
safe and efficient driving of the vehicle when taking a curve.

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:
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Figure 1 illustrates schematically a motor vehicle according to one
embodiment of the present invention;

Figure 2 illustrates schematically a system for the adaptation of the driving of
a vehicle on a roadway in association with taking a curve according to one

embodiment of the present invention;

Figure 3 illustrates schematically a roadway and a speed profile for the
adaptation of the driving of a vehicle on a roadway in association with taking

a curve according to one embodiment of the present invention;

Figure 3b illustrates schematically the adaptation of the maximum permitted
lateral acceleration depending on a factor in the form of the effective width of
the traffic lane in which vehicle is being driven;

Figure 4 illustrates schematically a block diagram of a method for the
adaptation of the driving of a vehicle on a roadway in association with taking
a curve according to one embodiment of the present invention; and

Figure 5 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.

In this document, the terms “effective width of the traffic lane” and “the
effective width of the traffic lane in which the vehicle is being driven” refer to
the actual space to manoeuvre for the vehicle. Thus, the effective width of
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the traffic lane in which the vehicle is being driven depends on the width of
the vehicle itself.

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 driving of a vehicle on a roadway in association with 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 determine the degree of curvature
along the route of the vehicle.

The means 110 to determine the degree of curvature along the route of the
vehicle includes, according to one variant, a map information unit 112
comprising map data including properties of the roadway along the route of
the vehicle, including the said degree of curvature.

The means 110 to determine the degree of curvature along the route of the
vehicle includes, according to one variant, means 114 to determine the
position of the vehicle. The means 114 to determine the position of the
vehicle comprises a geographical position-determination system to determine
continuously the position of the vehicle along its route. An example of a
geographical position-determination system is GPS.

The map information unit 112 and the means 114 to determine the position of
the vehicle are comprised, according to one variant, of means 110a to
determine the route of the vehicle, where the means to determine the route of
the vehicle is arranged to provide predetermined properties of the roadway
along the route of the vehicle. The said map data of the map-information unit
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112 includes also properties of the roadway along the route of the vehicle,
including topography.

Through the map-information unit 112 and the means 114 to determine the
position of the vehicle, it is consequently made possible to identify
continuously the position of the vehicle and properties of the roadway,
including the degree of curvature.

The means 110 to determine the degree of curvature along the route of the
vehicle includes, according to one variant, camera means 116 arranged to
detect properties of the roadway, including the form of the extent of the
roadway, including the curvature of the roadway and/or road markings in
order in this way to determine the curvature of the roadway along which
vehicle is travelling. The camera means may include one or several cameras

for the detection.

The means 110 to determine the degree of curvature along the route of the
vehicle includes, according to one variant, radar means 118 arranged to
detect properties of and/or in association with the roadway including the
detection of motion of objects in the form of vehicles in front and/or the
detection of protective rails, roadside posts and/or other markings that
protrude from the roadway or are arranged alongside the roadway.

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 adapt the speed of the vehicle, based
on the lateral acceleration of the vehicle. The means 130 to adapt the speed
of the vehicle based on the lateral acceleration of the vehicle includes means
to cause the drive unit of the vehicle to increase the speed of the vehicle,
where the drive unit of the vehicle may include a combustion engine whereby
the engine is accelerated, and/or an electric motor, and means to decelerate
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the vehicle which includes activation of the brake means of the vehicle and/or
coasting in order to achieve retardation.

The system | comprises means 140 to determine a maximum permitted
lateral acceleration. The means 140 to determine a maximum permitted
lateral acceleration comprises the determination of a predetermined
maximum permitted lateral acceleration. 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 system | comprises means 150 to determine a maximum permitted
speed of the vehicle, based on the maximum permitted lateral acceleration.
The term “speed of the vehicle” is here used to denote the longitudinal speed
of the vehicle. The determination of the maximum speed of the vehicle based
on the maximum permitted lateral acceleration uses information about the
degree of curvature of the roadway along the route of the vehicle, whereby
the following equation is used:

(1) Ve 53 =

where Vimax(S) is the maximum speed along the stretch s in front of the
vehicle, aurmax(S) is the maximum permitted lateral acceleration along the
stretch s in front of vehicle, and ¢(s) is the degree of curvature along the
stretch s in front of the vehicle.

The degree of curvature is defined as 1/r, where r is the radius of curvature in
metres. The maximum speed is determined according to Equation (1) above,
which is derived through determining, according to Equation (2) below, the
expected lateral acceleration ai«(s) and subsequently removing the speed of
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the vehicle from Equation (2) and inserting the maximum permitted lateral
acceleration ajat max(S).

The determination of the expected lateral acceleration uses the degree of
curvature ¢ that has been determined by means of the means 110 and the
speed of the vehicle v to determine the degree of curvature. With the
simplification that the speed vector of the vehicle lies along the direction of
the tangent at the curve, the following equation is obtained from the law of
centripetal force:

@ a6y = 2] = e@yen 0

The system comprises in this case means to determine an expected lateral
acceleration.

The means 130 to adapt the speed of the vehicle based on the lateral
acceleration of the vehicle comprises in this case means to adapt the speed
of the vehicle based on the maximum permitted lateral acceleration.

The system comprises means 160 to adapt the maximum permitted lateral
acceleration based on properties of the vehicle and/or the surroundings that
influence the safe driving of the vehicle when taking a curve. Such properties
of the vehicle may include 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. Such
properties of the surroundings may include the effective width of the traffic
lane, frictional properties of the roadway, visibility conditions and camber
properties.

The means 160 to adapt the maximum permitted lateral acceleration includes
means to determine a factor that corresponds to the degree to which the said
properties of the vehicle and/or the surroundings influence safe driving of the
vehicle when taking a curve.
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The said factor includes the influence of properties of the surroundings in the
form of the effective width of the traffic lane in which the vehicle is being

driven.

The system | comprises in this case means 170 to determine properties of
the vehicle.

The means 170 to determine properties of the vehicle includes means 171 to
determine the length of the vehicle. The means to determine the length of the
vehicle may include information about the length of the vehicle already stored
at the electronic control unit 100. The means to determine the length of the
vehicle comprises, according to one variant, sensor means to determine the
length of the vehicle, which sensor means, according to one variant, includes

camera means or the equivalent.

The means 170 to determine properties of the vehicle includes means 172 to
determine the width of the vehicle. The means to determine the width of the
vehicle may include information about the width of the vehicle already stored
at the electronic control unit 100. The means to determine the width of the
vehicle comprises, according to one variant, sensor means to determine the
width of the vehicle, which sensor means, according to one variant, includes

camera means or the equivalent.

The means 170 to determine properties of the vehicle includes means 173 to
determine the composition of the vehicle train. The composition of the vehicle
train includes whether the vehicle is equipped with a trailer or similar. The
means 173 to determine the composition of the vehicle train includes,

according to one variant, sensor means such as camera means.

The means 170 to determine properties of the vehicle includes means 174 to
determine the centre of gravity of the vehicle. The means 174 to determine
the centre of gravity includes means to determine the position of the centre of
gravity based on the physical properties of the vehicle including its weight,
density, dimensions including width and height, and the design of the same.
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The means 174 to determine centre of gravity includes means to determine
the physical properties of the vehicle, which includes appropriate sensors

such as weight sensors, camera means.

The means 170 to determine properties of the vehicle includes means 175 to
determine the axle pressure of the vehicle. The means 175 to determine axle
pressure of the vehicle includes pressure sensor means arranged, according
to one variant, in association with axles of the vehicle for the determination of

axle pressure.

The said properties of the surroundings include at least one of the effective
width of the traffic lane, frictional properties of the roadway, visibility
conditions and camber properties of the roadway. The said properties of the
surroundings may include any appropriate properties of the surroundings that

influence the driving of vehicle when taking a curve.

The system | comprises in this case means 180 to determine properties of

the surroundings.

The means 180 to determine properties of the surroundings includes means
182 to determine the effective width of a traffic lane. The means 182 to
determine the width of a traffic lane includes, according to one variant, map
information that includes information about the width of traffic lanes along the
route of the vehicle, and means to determine the position of the vehicle,
according to one variant, the map information unit 112 and the means 114 to
determine the position of the vehicle. The means to determine the width of a

traffic lane includes, according to one variant, camera means.

The means 180 to determine properties of the surroundings includes means
184 to determine the frictional properties of the roadway. The means 184 to
determine the frictional properties of a roadway includes means to determine
differences in speed in the wheels during driving/braking, known as “slip”.
The means 184 to determine frictional properties of the roadway includes

communication means to communicate information concerning relevant road
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conditions, where the communication may come from other vehicles. The
means 184 to determine frictional properties of the roadway includes means
to process meteorological data in order to determine frictional properties of
the roadway.

The means 180 to determine properties of the surroundings includes means
186 to determine visibility conditions. Visibility conditions may include fog,
precipitation such as rain and/or snow, darkness, spindrift or similar. The
means to determine visibility conditions includes means to determine the
current weather conditions and/or sensors to determine fog and/or

precipitation.

The means 180 to determine properties of the surroundings includes means
188 to determine the camber properties of the roadway. The means 188 to
determine the camber properties of the roadway includes, according to one
variant, map information unit that includes information about the camber
properties along the route of the vehicle, and means to determine the
position of the vehicle, according to one variant, the map information unit 112
and the means 114 to determine the position of the vehicle. The means to
determine the camber properties of the roadway includes, according to one

variant, camera means.

The electronic control unit 100 is connected such that it exchanges signals
with the means 110 to determine the degree of curvature along the route of
the vehicle through a link 10. The electronic control unit 100 is arranged to
receive over the link 10 a signal from the means 110 that represents degree
of curvature data for the degree of curvature of the roadway along the route
of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
with the means 110a comprising the map information unit 112 and the means
114 to determine the position of the vehicle through a link 10a. The electronic
control unit 100 is arranged to receive over the link 10a a signal from the
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means 110a that represents map data for the degree of curvature for the
roadway along the route of the vehicle and positional data for the position of
the degree of curvature relative to the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
with the camera means through a link 16. The electronic control unit 100 is
arranged to receive over the link 16 a signal from the camera means 116 that
represents degree of curvature data for the degree of curvature of the
roadway along the route of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
with the radar means 118 through a link 18. The electronic control unit 100 is
arranged to receive over the link 18 a signal from the radar means 118 that
represents degree of curvature data for the degree of curvature of the
roadway along the route of the vehicle.

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 30 with the means 130 to adapt the speed of the vehicle based on
the lateral acceleration of the vehicle. The electronic control unit 100 is
arranged to transmit a signal through the link 30 to the means 130
representing speed-adaptation data for the adaptation of the speed of the
vehicle based on the lateral acceleration of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 40 with the means 140 to determine a maximum permitted lateral
acceleration. The electronic control unit 100 is arranged to receive over the
link 40 a signal from the means 140 representing lateral acceleration data for

the maximum permitted lateral acceleration.
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The electronic control unit 100 is connected such that it exchanges signals
over a link 50a with the means 150 to determine a maximum speed of the
vehicle based on the maximum permitted lateral acceleration and the degree
of curvature. The electronic control unit 100 is arranged to transmit a signal
through the link 50a to the means 150 representing lateral acceleration data
for the maximum permitted lateral acceleration and degree of curvature data
for the curvature along the route of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 50b with the means 150 to determine a maximum speed of the
vehicle based on the maximum permitted lateral acceleration and the degree
of curvature. The electronic control unit 100 is arranged to receive over the
link 50b a signal from the means 150 representing speed data for the
maximum speed of the vehicle that has been determined, taking the
curvature and the maximum permitted lateral acceleration into consideration.

The electronic control unit 100 is connected such that it exchanges signals
through a link 60a with the means 160 to adapt the maximum permitted
lateral acceleration depending on the properties of the vehicle and/or the
surroundings that influence the safe driving of the vehicle when taking a
curve. The electronic control unit 100 is arranged to transmit through the link
60a a signal to the means 160 representing data for properties of the vehicle
and/or the surroundings.

The electronic control unit 100 is connected such that it exchanges signals
through a link 60b with the means 160 to adapt the maximum permitted
lateral acceleration depending on the properties of the vehicle and/or of the
surroundings that influence the safe driving of the vehicle when taking a
curve. The electronic control unit 100 is arranged to receive over the link 60b
a signal from the means 160 representing adaptation data for the adaptation

of the maximum permitted lateral acceleration.
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The electronic control unit 100 is connected such that it exchanges signals
over a link 70 with the means 170 to determine properties of the vehicle. The
electronic control unit 100 is arranged to receive over the link 70 a signal
from the means 170 that represents data for properties of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 71 with the means 171 to determine the length of the vehicle. The
electronic control unit 100 is arranged to receive over the link 71 a signal
from the means 171 that represents length data for the length of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 72 with the means 172 to determine the width of the vehicle. The
electronic control unit 100 is arranged to receive over the link 72 a signal
from the means 172 that represents width data for the width of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 73 with the means 173 to determine the composition of the train of
the vehicle. The electronic control unit 100 is arranged to receive over the
link 73 a signal from the means 173 that represents data for the composition
of the train of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 74 with the means 174 to determine the centre of gravity of the
vehicle. The electronic control unit 100 is arranged to receive over the link 74
a signal from the means 174 that represents data for the centre of gravity of
the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 75 with the means 175 to determine the axle pressure of the
vehicle. The electronic control unit 100 is arranged to receive over the link 75
a signal from the means 175 that represents data for the centre of gravity of
the vehicle.
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The electronic control unit 100 is connected such that it exchanges signals
over a link 80 with the means 180 to determine properties of the
surroundings. The electronic control unit 100 is arranged to receive over the
link 80 a signal from the means 180 that represents data for properties of the
surroundings.

The electronic control unit 100 is connected such that it exchanges signals
over a link 82 with the means 182 to determine the effective width of the
traffic lane. The electronic control unit 100 is arranged to receive over the link
82 a signal from the means 182 that represents traffic lane width data for the
width of the traffic lane along the route of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 84 with the means 184 to determine frictional properties of the
roadway. The electronic control unit 100 is arranged to receive over the link
84 a signal from the means 184 that represents friction data for the frictional
properties of the roadway along the route of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 86 with the means 186 to determine visibility conditions. The
electronic control unit 100 is arranged to receive over the link 86 a signal
from the means 186 that represents visibility data for visibility conditions
along the route of the vehicle.

The electronic control unit 100 is connected such that it exchanges signals
over a link 88 with the means 188 to determine camber properties of the
roadway. The electronic control unit 100 is arranged to receive over the link
88 a signal from the means 188 that represents camber data for the camber
properties of the roadway along the route of the vehicle.

The electronic control unit 100 is arranged to process the said degree of
curvature data, lateral acceleration data, and data for properties of the
vehicle and/or the surroundings in order to determine an adapted maximum

permitted lateral acceleration.
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The means 160 to adapt the maximum permitted lateral acceleration
depending on the properties of the vehicle and/or the surroundings that
influence the safe driving of the vehicle is arranged to determine, based on
data for the properties of the vehicle and/or surroundings, adaptation data for
the adaptation of the maximum permitted lateral acceleration and to transmit
them to the electronic control unit 100.

The electronic control unit 100 is arranged to process the said adaptation
data and in this way to determine an adapted maximum permitted lateral

acceleration.

The means 150 to determine the maximum speed of the vehicle based on
the maximum permitted lateral acceleration and the degree of curvature is
arranged to process the said adaptation data in order to determine the
maximum permitted speed of the vehicle and to transmit speed data that
represents the maximum speed of the vehicle along the route, taking the
degree of curvature and the maximum permitted lateral acceleration into

consideration.

The electronic control unit 100 is arranged to process the said speed data
and to transmit a signal to the means 130 to adapt the speed of the vehicle
representing speed adaptation data for the adaptation of the speed of the
vehicle in accordance with the maximum permitted speed of the vehicle
determined in this way, such that the vehicle is driven safely and efficiently,
taking into consideration the properties of the vehicle and the surroundings.

Figure 3a illustrates schematically a roadway R and a speed profile for the
adaptation of the driving of a vehicle on the roadway in association with
taking a curve produced according to Equation (1) described in association
with Figure 2, according to one embodiment of the present invention. The
curve according to this example constitutes an S-curve, whereby it is made
clear by Figure 3a that the maximum speed V;ma(S) is reduced during the

relevant curve based on the maximum permitted lateral acceleration, i.e. the
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speed must be reduced from the stipulated speed to a lower speed when
taking the curves given as examples, in order not to exceed the maximum

permitted lateral acceleration.

Figure 3b illustrates schematically the adaptation of the maximum permitted
lateral acceleration based on a factor related to the effective width of the
traffic lane in which vehicle is being driven.

It is possible in this way that the maximum permitted lateral acceleration be
adapted depending on the effective width of the traffic lane.

According to the example in Figure 3b, for a vehicle without a trailer, here
illustrated with a continuous line, the maximum permitted lateral acceleration
is adapted such that, at an effective width of the traffic lane within a certain
interval of width B, the maximum permitted lateral acceleration is set t0 a

predetermined value corresponding to a factor of 1.

When the effective width of the traffic lane falls below the interval of width,
i.e. when it lies below the lower limit of the interval of width B, the maximum
permitted lateral acceleration is reduced by a factor that lies below 1.
According to this variant, the maximum permitted lateral acceleration is
reduced linearly with the degree of narrowing.

When the effective width of the traffic lane lies above the interval of width, i.e.
when it exceeds the upper limit of the interval of width B, the maximum
permitted lateral acceleration is increased, according to one variant, by a
factor that exceeds 1. According to this variant, the maximum permitted
lateral acceleration is increased linearly with the degree of increase in width.

The said factor may include also the influence of properties of the vehicle in
the form of the composition of the vehicle train, for example vehicles
equipped with trailers.

According to the example shown in Figure 3b the interval of width B' is, for a
vehicle with a trailer, illustrated here with a dashed line, displaced with a
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broader most narrow width and a broader maximum width, compared to the
case with no trailer. Accordingly, the maximum permitted lateral acceleration
is adapted such that, at an effective width of the traffic lane within the interval
of width B', the maximum permitted lateral acceleration is set to a
predetermined value corresponding to a factor of 1.

When the effective width of the traffic lane falls below the interval of width B,
i.e. when it lies below the lower limit of the interval of width B', the maximum
permitted lateral acceleration is reduced by a factor that lies below 1.
According to this variant, the maximum permitted lateral acceleration is
reduced linearly with the degree of narrowing. The factor with respect to the
case with a trailer thus leads to a larger reduction of the maximum permitted
lateral acceleration, and the reduction takes place at a broader width than for
the case without a trailer.

When the effective width of the traffic lane lies above the interval of width B’,
i.e. exceeds the broadest width in the interval of width B', the maximum
permitted lateral acceleration is increased, according to one variant, by a
factor that exceeds 1. According to this variant, the maximum permitted
lateral acceleration is increased linearly with the degree of increase in width.
The factor with respect to the case with a trailer thus leads to a smaller
reduction of the maximum permitted lateral acceleration, and the increase

takes place at a broader width than for the case without a trailer.

The speed of the vehicle is in this case limited, when taking a curve with a
vehicle with a trailer, such that vehicle is allowed to be driven with lower
speed than without trailer.

The said factor may include also the influence of properties of the
surroundings in the form of the camber properties of the traffic lane in which
the vehicle is being driven.

According to example in Figure 3b the interval of width B" is, for a vehicle

that is driving on an inwards camber without a trailer, here illustrated with a
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dotted line, displaced with a narrower minimum width and a narrower
broadest width compared to the case without camber. Accordingly, the
maximum permitted lateral acceleration is adapted such that, at an effective
width of the traffic lane within the interval of width B", the maximum permitted
lateral acceleration is set to a predetermined value corresponding to a factor
of 1.

When the effective width of the traffic lane falls below the interval of width B",
i.e. when it lies below the lower limit of the interval of width B", the maximum
permitted lateral acceleration is reduced by a factor that lies below 1.
According to this variant, the maximum permitted lateral acceleration is
reduced linearly with the degree of narrowing. The factor relating to the case
of driving on an inwards camber without a trailer thus leads to a smaller
reduction of the maximum permitted lateral acceleration, and the reduction

takes place at a narrower width than for the case without a trailer.

When the effective width of the traffic lane lies above the interval of width B",
i.e. exceeds the broadest width in the interval of width B", the maximum
permitted lateral acceleration is increased, according to one variant, by a
factor that exceeds 1. According to this variant, the maximum permitted
lateral acceleration is increased linearly with the degree of increase in width.
The factor relating to the case of driving on an inwards camber without a
trailer thus leads to a larger increase in the maximum permitted lateral
acceleration, and the increase takes place at a narrower width than for the

case without a trailer.

Thus the vehicle taking a curve on an inwards camber is consequently

permitted to be driven at a higher speed.

The said factor, which corresponds to the degree to which the said properties
of the vehicle and/or the surroundings influence safe driving of the vehicle
when taking the curve, can thus lead to the maximum permitted lateral
acceleration, and in this way the permitted speed, being adapted to a lower
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value or a higher value, depending on the factor. The factor can therefore be
seen as a punishment factor or a reward factor that influences the maximum

permitted lateral acceleration.

The said factor can include also the influence of other properties of the
vehicle and/or surroundings described in this document.

The maximum permitted lateral acceleration can be determined also based
on one or several of the properties of the vehicle and/or surroundings
described below, without the said factor, by treating such properties in an
appropriate manner and/or having predetermined maximum permitted lateral
accelerations that depend on determined properties in order to obtain a
suitable adapted maximum permitted lateral acceleration.

The maximum permitted lateral acceleration can be determined also based
on one or several of the properties of the vehicle and/or surroundings
described below, by treating and/or having predetermined maximum
permitted lateral accelerations that depend on determined properties or
determined by means of the factor as described above, where the lowest
value of lateral acceleration is used as the maximum permitted lateral
acceleration.

Properties of the surroundings in the form of frictional properties of the
roadway are, for example, used. A certain frictional property u in this case
corresponds to a predetermined lateral acceleration a. Furthermore, a
lateral acceleration is determined based on a factor and the predetermined
maximum permitted lateral acceleration aj.:max, Where the factor includes the
effective width of the traffic lane and, where relevant, also consideration of
any trailer and camber that may be present. The lowest value of the lateral
acceleration that corresponds to the frictional properties of the roadway and
the lateral acceleration determined based on the factor and the

predetermined maximum permitted lateral acceleration apmax are thus
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selected as maximum permitted lateral acceleration. Such an equation can

have the following appearance:

- tond - R SR R T, ~frnsa) )
Rige — BHORigry, Rigemay X { Bredd, 5Iap, doseving)}

The said properties of the vehicle include at least one of the length of the
vehicle, the width of the vehicle, the composition of the vehicle train, the
centre of gravity of the vehicle, and the axle pressure of the vehicle. The said
properties of the vehicle may include any appropriate properties of the
vehicle that influence the driving of vehicle when taking a curve.

Figure 4 illustrates schematically a block diagram of a method for the
adaptation of the driving of a vehicle on a roadway in association with taking

a curve according to one embodiment of the present invention.

According to one embodiment, the adaptation of the driving of a vehicle on a
roadway in association with taking a curve comprises a first step S1. The
degree of curvature along the route of the vehicle is determined in this step.

The method comprises further a second step S2. The speed of the vehicle
based on the acceleration of the vehicle is adapted in this step.

The method comprises further a third step S3. The maximum permitted
lateral acceleration is determined in this step.

The method comprises further a fourth step S4. The maximum permitted
lateral acceleration is adapted in this step depending on properties of the
vehicle and/or the surroundings that influence the safe driving of the vehicle

when taking a curve.

Step S4 of adapting the maximum permitted lateral acceleration includes the
further step of determining a factor that corresponds to the degree to which
the said properties of the vehicle and/or the surroundings influence safe
driving of the vehicle when taking the curve, whereby the said factor includes
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the influence of properties of the surroundings in the form of the effective
width of the traffic lane in which the vehicle is being driven.

According to one embodiment, the said factor is set to a predetermined value
for an effective width of the traffic lane within a certain interval of width;
whereby the said factor and consequently the maximum permitted lateral
acceleration are reduced if the effective width lies below the interval of width,
and whereby said factor and consequently the maximum permitted lateral
acceleration are increased if the effective width lies above the interval of
width.

According to one embodiment, the said properties of the vehicle include at
least one of the length of the vehicle, the width of the vehicle, the
composition of the vehicle train, the centre of gravity of the vehicle, and the
axle pressure of the vehicle.

According to one embodiment, the said properties of the surroundings
include at least one of the effective width of the traffic lane, the frictional
properties of the roadway, visibility conditions, and camber properties of the
roadway.

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, I/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.
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IA computer program P is provided that comprises routines for the adaptation
of the driving of a vehicle on a roadway in association with taking a curve
according to the innovative method. The program P comprises routines to
determine the degree of curvature along the route of the vehicle. The
program P comprises routines to adapt the speed of the vehicle, based on
the lateral acceleration of the vehicle. The program P comprises routines to
determine a maximum permitted lateral acceleration. The program P
comprises routines to adapt the maximum permitted lateral acceleration
depending on properties of the vehicle and/or the surroundings that influence
the safe driving of the vehicle when taking a curve. The program P comprises
routines to determine a factor that corresponds to the degree to which the
said properties of the vehicle and/or the surroundings influence safe driving
of the vehicle when taking the curve, whereby the said factor includes the
influence of properties of the surroundings in the form of the effective width of
the traffic lane in which the vehicle is being driven. 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.

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.
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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 on the data port 599 can be used by the arrangement 500 to
determine the curvature along the route of the vehicle. The signals received
on the data port 599 can be used by the arrangement 500 to adapt the speed
of the vehicle based on the lateral acceleration of the vehicle. The signals
received on the data port 599 can be used by the arrangement 500 to
determine a maximum permitted lateral acceleration. The signals received on
the data port 599 can be used by the arrangement 500 to adapt the
maximum permitted lateral acceleration depending on properties of the
vehicle and/or the surroundings that influence the safe driving of the vehicle
when taking a curve. The signals received on the data port 599 can be used
by the arrangement 500 to determine a factor that corresponds to the degree
to which the said properties of the vehicle and/or the surroundings influence
safe driving of the vehicle when taking the curve, whereby the said factor
includes the influence of properties of the surroundings in the form of the
effective width of the traffic lane in which the vehicle is being driven.

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
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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 driving of a vehicle on a roadway in
association with taking a curve, comprising the steps: to determine (S1) the
degree of curvature along the route of the vehicle; to adapt (S2) the speed of
the vehicle based on the lateral acceleration of the vehicle, to determine (S3)
a maximum permitted lateral acceleration; and to adapt (S4) the maximum
permitted lateral acceleration depending on properties of the vehicle and/or
the surroundings that influence the safe driving of the vehicle when taking a
curve, characterised in that the step to adapt the maximum permitted lateral
acceleration includes the step to determine a factor that corresponds to the
degree to which the said properties of the vehicle and/or the surroundings
influence safe driving of the vehicle when taking a curve, whereby the said
factor includes the influence of properties of the surroundings in the form of
the effective width of the traffic lane in which the vehicle is being driven.

2. The method according to claim 1, whereby the said factor is set to a
predetermined value for an effective width of the traffic lane within a certain
interval of width (B); whereby the said factor and consequently the maximum
permitted lateral acceleration are reduced if the effective width lies below the
interval of width (B), and whereby said the factor and consequently the
maximum permitted lateral acceleration are increased if the effective width

lies above the interval of width (B).

3. The method according to any one of claims 1-2, whereby the said
properties of the vehicle include at least one of the length of the vehicle, the
width of the vehicle, the composition of the vehicle train, the centre of gravity
of the vehicle, and the axle pressure of the vehicle.

4. The method according to any one of claims 1-3, whereby the said
properties of the surroundings include at least one of the effective width of
the traffic lane, frictional properties of the roadway, visibility conditions and
camber properties of the roadway.
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5. A system (I) for the adaptation of the driving of a vehicle (1) on a roadway
(R) in association with taking a curve, comprising means (110) to determine
the degree of curvature along the route of the vehicle; means (130) to adapt
the speed of the vehicle based on the lateral acceleration of the vehicle,
means (140) to determine a maximum permitted lateral acceleration; and
means (160) to adapt the maximum permitted lateral acceleration depending
on properties of the vehicle and/or the surroundings that influence the safe
driving of the vehicle when taking a curve, characterised by the means
(160) to adapt the maximum permitted lateral acceleration including means to
determine a factor that corresponds to the degree to which the said
properties of the vehicle and/or the surroundings influence safe driving of the
vehicle when taking a curve, whereby the said factor includes the influence of
properties of the surroundings in the form of the effective width of the traffic
lane in which the vehicle is being driven.

6. The system according to claim 5, whereby the said properties of the
vehicle include at least one of the length of the vehicle, the width of the
vehicle, the composition of the vehicle train, the centre of gravity of the
vehicle, and the axle pressure of the vehicle.

7. The system according to any one of claims 5-6, whereby the said
properties of the surroundings include at least one of the effective width of
the traffic lane, frictional properties of the roadway, visibility conditions and
camber properties of the roadway.

8. A vehicle comprising a system (I) according to any one of claims 5-7.

9. A computer program (P) for the adaptation of the driving of a vehicle on a
roadway in association with 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 1-4.
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10. A computer program product comprising a digital storage medium that
stores the computer program according to claim 9.
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