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Description
TECHNICAL FIELD

[0001] The invention relates to a surroundings moni-
toring system according to the preamble of claim 1. The
invention particularly relates to a surroundings monitor-
ing system which includes a radar arranged to detect a
road boundary within a radar zone positioned ahead of
the vehicle.

BACKGROUND ART

[0002] Systems for monitoring the surroundings of a
vehicle are well known in the art. Various types of sys-
tems for monitoring the surroundings of a vehicle are
known. All such systems include sensors retrieving in-
formation aboutthe surroundings of a vehicle, processing
means arranged to interpret the retrieved information,
and intervention means arranged to activate specific
functions dependent on how the processing means have
interpreted the retrieved information. A specific type of
surroundings monitoring system for monitoring the sur-
roundings of a vehicle comprises a camera being mount-
ed on a vehicle for detecting an image of a road in front
of said vehicle. Such surroundings monitoring systems
are useful for detection of the position of a vehicle within
a lane. Knowledge of the position of a vehicle relative to
a lane is of importance for active safety systems such as
lane departure warning systems, which may alert a driver
in the event the vehicle is about to leave a lane under
certain conditions.

[0003] Surroundings monitoring systems which are ar-
ranged to detect lane markers ahead of the vehicle are
well known in the art. Most such systems include a cam-
era detecting an image of the road in front of the vehicle.
An image recognition means provided in the system will
interpret the image and specifically locate the position of
lane markers. Image recognition means, which are well
known in the art, identifies the presence and location of
predefined objects in an image constituted by an array
of pixels. The predefined objects may be constituted by
simple objects such as lines, or circle segments or more
complex objects such as vehicles. Lane markers are rel-
atively easy to detect, since they are normally painted in
a colour which forms a sharp contrast to the road surface,
road shoulders and the environment external of the road
which encloses the road.

[0004] A suitable image recognition system for deter-
mining the position of lane markers on a road surface
makes use of a Hough transform to identify the position
of the lane markers. The Hough transform, which is ex-
tensively described in the literature, is excellent for de-
termination of the presence and position of simple objects
such as lines in an image. In a more generalized form
the transform can be used to determine the presence
and location of circle segments and other geometrical
shapes. A description of an image recognition system
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capable of determining complex patters is present in
US3069654 by Paul Hough.

[0005] In order to accurately determine the position of
the lane markers it is of importance that the image is of
relatively high quality with sharp contrast. As the relative
angle between the road surface and an optical axis of
the camera decreases with the distance from the vehicle,
the contrast between the lane marker and the road sur-
face decreases as well. Lane markers can therefore only
be detected within a relatively small vision zone posi-
tioned ahead of the vehicle. A normal vision zone extends
about 20 - 50 meters from the vehicle.

[0006] As stated above, monitoring systems normally
further comprises a lane departure warning unit, which
is arranged to generate an intervention in the event said
lane warning unit has determined that the vehicle is about
to leave the lane. In order for a lane warning system to
be commercially acceptable, the lane warning system
should only normally be allowed to intervene when a driv-
er is involuntary leaving a lane. In order to separate be-
tween cases where the driver is voluntary leaving the
lane from cases where the driver is involuntary leaving
the lane, several suggestions have been proposed. In
some systems it has been proposed that warning signs
should only be generated when the driver has not used
the direction indicator. Considering the normal behavior
of drivers, this has shown not to be sufficient to separate
between voluntary and involuntary departure of the
lanes.

[0007] In order to further improve the lane departure
warning units, it has therefore been proposed to make
use of information relating to the vehicles trajectory rel-
ative to the lane marker in order to separate between
voluntary and involuntary departure from the lane. Fre-
quently such systems base determination of whether to
intervene or not on whether a measure of an estimated
time to departure is below a threshold value or not. The
time to departure will depend on the velocity of the vehi-
cle, the vertical distance to the lane marker and the ve-
hicles trajectory relative to the lane marker lane marker.
In order to accurately determine if to intervene or not, the
lateral position and lateral velocity of the vehicle relative
to the lane marker must be determined with high accu-
racy.

[0008] In order to with sufficient accuracy determine
the position of the vehicle relative to the lane marker and
the lateral velocity of the vehicle relative to the lane mark-
ers, a vehicle position determination unit being arranged
to determine a lateral position of a vehicle with respect
to a lane defined by the lane markers detected by said
camera must be able to determine the position of the
vehicle relative to the lane marker with an accuracy in
the cm range. The lateral velocity must also be deter-
mined with a high accuracy. In order to establish the lat-
eral velocity, knowledge of the relative distance between
the vehicle and lane marker is not sufficient. The curva-
ture of the road must also be accounted for. The require-
ment of determining the curvature of the road adds to the
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uncertainty of the estimation, since both the position of
lines identified in the image by the image recognition sys-
tem and the inclination of the lines suffers from estimation
errors.

[0009] In orderto cope with the problem of determining
the lateral position of a vehicle relative to the lane markers
and the lateral velocity of the vehicle relative to the lane
markers for a vehicle traveling at a relatively high speed
by use of cameras having limited resolution, an image
recognition system according to the state of the art is
used to determine the lateral position of the vehicle rel-
ative to the lane marker by use of information from an
instant image. An example of a suitable system is sold
under the name MobilEye. In figure 1, such an image is
shown. The lane markers 2 detected by the camera 2
within the vision zone 4 is used to determine the relative
lateral position y(t,) at the time to. The image recognition
system 6 detects the presence of the lane markers and
establishes the lateral distance y(t,) of the vehicle relative
to the lane markers 2 based on the position of the camera
relative to the vehicle and the position of the lane markers
relative to the camera. The determination of the relative
position y(ty) of the vehicle with respect to the road may
be determined by the use of known systems including a
camera which detects the image of the road and animage
recognition system which detects lane markers within the
vision zone of the vehicle. By use of for instance a Hough
transform, an estimate of the position of the lane markers
can be detected with a sufficient degree of accuracy. The
estimate of the position of the lane markers will represent
a curved or straight line 8, which is used to determine
the lateral position of the vehicle by geometric calcula-
tion. Since the resolution of cameras is limited, the exact
position and curvature of the road geometry ahead of the
vehicle is not determined. The estimated positions of the
lane markers are primarily used to determine the current
lateral position of the vehicle. The current lateral position
of the vehicle in relation to the lane markers may be de-
termined according to the method disclosed in Andreas
Eidehall and Fredrik Gustafsson, "Combined road pre-
diction and target tracking in collision avoidance" in Pro-
ceedings of IEEE Intelligent Vehicles Symposium 2004,
pages 619-624.

[0010] In current surroundings monitoring systems in-
cluding a road departure warning system a warning sig-
nal is generated depending of the vehicles relative posi-
tion to the lane marker.

[0011] Even though progress have been made in the
field of surroundings monitoring system including a de-
parture warning unit, there still is a need to further im-
prove such systems so that they better can separate be-
tween involuntary and voluntary departures and thereby
to a higher degree alert the driver only when necessary.

DISCLOSURE OF INVENTION

[0012] Itis an object of the invention to further improve
surrounding monitoring system. In particular it is an ob-
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jectofthe invention toimprove a surroundings monitoring
system including a departure warning unit, which is well
adapted to normal behavior of drivers such that the sys-
tems capacity to separate between involuntary and vol-
untary departures is improved.

[0013] This objectis achieved by a surroundings mon-
itoring system according to the characterizing portion of
claim 1.

[0014] A surroundings monitoring system according to
the invention includes a radar being arranged to detect
a road boundary within a radar zone, said radar zone
being positioned a head of said vehicle and preferably
extending further from said vehicle than said vision zone.
The radar will detect objects positioned along the road
boundary, such as guide rails, trees, stones etc. The de-
tected objects will define a road boundary, which forms
a transition from a generally flat surface to a border
formed by the detected objects.

[0015] Since the detected road boundary does not
form a continuous line, but a large set of detected objects
forming an uneven interrupted border, it may be neces-
sary to from the detected road boundary form a contin-
uous line that estimates the road boundary.

[0016] The surroundings monitoring system therefore
furthermore includes a shoulder edge determination unit
arranged to determine a lateral position of a shoulder
edge based on the detected road boundary. The shape
ofthe shoulder edge is determined according to the same
principles as is used for generally determining a road
shape or the shape of the longitudinal extension of lane
markers, but the road boundary detected by the radar is
used as input data instead or in addition to lane markers
detected by a camera. Suitably the process described in
A. Polychronopoulos, et. al.; "Integrated object and road
border tracking using a 77 GHz automotive radar",; IEE
Proc. - Radar Sonar Navig., Vol 151, No 6, December
2004 may be used. The shape of the longitudinal exten-
sion may thus performed by adapting an curve to lane
markers presentin the detection zone of the camera such
that the curve follows the lane markers. Once the shape
of the shoulder edge is determined an exact lateral po-
sition of the shoulder edge is determined. Preferably the
lateral position of the shoulder edge is selected such that
it forms a tangent to parts of the road boundary within
the detection zone being closest to the road centre.
[0017] The surroundings monitoring system according
to the invention furthermore includes a road departure
warning unit which is arranged to generate an interven-
tion based on relative position of the vehicle to the shoul-
der edge. In Pohl, J. and Ekmark, j. (2003). Development
of a haptic intervention system for unintended lane de-
parture. In Proceedings of the 2003 SAE World Con-
gress, Detroit, MI, USA., a suitable system for handling
interventions due to unintentional road departures is de-
scribed.

[0018] The intervention may be made in the event said
road departure warning unit has determined that the ve-
hicle approaches the road boundary and is positioned at
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a certain gap from the shoulder edge.

[0019] The surroundings monitoring system may fur-
thermore include a warning line generation unit which is
arranged to locate a warning line at a gap from the shoul-
der edge. The size of the gap may be dependent on the
width of the road shoulder, which is the distance from the
lane markers to the shoulder edge. The size of the gap
may furthermore be dependent on the curvature radius
of the road. In the event a warning line generation unit is
included, the decision to intervene will be based on the
relative lateral position of the vehicle with relation to the
warning line, which depends on the position of the shoul-
der edge.

[0020] Preferably the shoulder edge determination
unit, and, if included, the warning line determination unit
and/or a lane marker position determination unit all use
the same estimator for forming the respective shapes of
the shoulder edge, warning line, and if included a lane
marker position estimate. This may be done ina common
road geometry determination unit using the estimating
process disclosed in Andreas Eidehall and Fredrik Gus-
tafsson, "Combined road prediction and target tracking
in collision avoidance" in Proceedings of IEEE Intelligent
Vehicles Symposium 2004, pages 619-624.

[0021] Thetiming ofthe intervention may thus be made
dependent on an estimated time for the vehicle to cross
the shoulder edge or preferably the warning line or dis-
tance to the shoulder edge or preferably warning line or
acombination thereof, that is the timing of the intervention
will be dependent on both the time for the vehicle to cross
the shoulder edge and distance to the shoulder edge or
preferably the time for the vehicle to cross the warning
line and distance to the warning line.

[0022] By determining whether an intervention should
be made or not by the road departure warning unit based
on relative position of the vehicle to the shoulder edge
being estimated from a detected road boundary instead
of using arelative position to alane marker, the surround-
ings monitoring system will be better adapted to an ac-
cepted behavior of drivers to temporarily use road shoul-
ders. The system will be especially advantageous for
curved roads where drivers tend to cut inner curves,
where road shoulders exists and the driver have a clear
sight of the road ahead of the vehicle. Preferably the de-
cision whether an intervention should be made or not by
the road departure warning unit is based on the relative
position of the vehicle to a warning line which is posi-
tioned at a certain gap G from a shoulder edge

[0023] In a first embodiment of the invention, the sur-
roundings monitoring system includes a road geometry
determination unit, which is arranged to determine the
road geometry ahead of the vehicle based on the road
boundary detected by said radar. The road geometry de-
termination may preferably be performed in the manner
disclosed in A. Polychronopoulos, et. al.; "Integrated ob-
jectand road border tracking using a 77 GHz automotive
radar",; IEE Proc. - Radar Sonar Navig., Vol 151, No 6,
December 2004. A road border geometry is determined
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in a road border assignment process, which estimates
the road border geometry from measurement data ob-
tained by the radar. A probalistic and a geometric method
are disclosed as alternatives to assign the road borders.
Preferably a weighted combination of both methods is
used to obtain an accurate estimate of the road geometry.
[0024] In a second embodiment said surroundings
monitoring system further comprises a camera being
mounted on a vehicle for detecting an image of a road
within a vision zone and an image recognition system
being arranged to detect lane markers within said vision
zone. The detection of lane markers can be used to im-
prove the estimate of the road geometry by disregarding
measurement data that are too distant from the lane
markers.

[0025] In a third embodiment said surroundings mon-
itoring system further comprises a camera being mount-
ed on a vehicle for detecting an image of a road within a
vision zone and an image recognition system being ar-
ranged to detect lane markers within said vision zone. In
this embodiment, the road geometry may be completely
determined from the position of the lane markers detect-
ed by the camera. The detection of lane markers can be
used to improve the estimate of the by disregarding
measurement data that are too distant from the lane
markers. The road border geometry in the third embod-
imentis determined in aroad borderassignment process,
which estimates the road border geometry from meas-
urement data obtained by the radar.

[0026] The detected position of the lane markers can
furthermore be used to determine the presence and ex-
tension of aroad shoulder. In this event, the surroundings
monitoring system further comprises a road shoulder as-
sessment unit, which is arranged to assess the lateral
extension of a road shoulder as the difference in lateral
position of the shoulder edge estimated from the road
boundary detected by the radar and a lane marker adja-
cent to said shoulder, which lane marker being detected
by the camera.

[0027] The road departure warning unit may be fur-
thermore arranged to intervene in dependence of the lat-
eral extension of the road shoulder, i. . on the difference
in lateral position of the road boundary detected by said
radar and a lane marker adjacent to said shoulder, which
lane marker being detected by said camera. According
to this embodiment, it is possible to adjust the timing of
intervention in dependence of the existence and width of
road shoulders. If large road shoulders exist, the vehicle
may be allowed to pass the lane marker with a certain
distance before an intervention is made, on the other
hand if no road shoulder exists, but the lane marker co-
incides with a guard rail, a warning can be issued well
before the lane marker.

[0028] The road departure warning system may fur-
thermore be arranged to intervene in dependence of the
curvature of the road. The dependence may preferably
be of such a nature that such that the distance from a
centre line of the lane to the point of intervention is in-



7 EP 2 012 211 A1 8

creased for curves being convex toward the centre line
and the distance from a centre line of the lane to the point
of interception is decreased for curves being concave
toward the centre line., that is the point of intervention is
moved to the right at curves turning to the left and vice
versa.

[0029] Inthe type ofimage recognition system referred
to in the paragraph starting on page 4, line 5, where the
relative lateral position is determined from the instant im-
age, and where the relative lateral velocity is determined
from estimating derivatives of the relative lateral position,
the system is unaware of which type of curve is ahead
of the vehicle. Such system may only determine what
type of curve the vehicle is currently traveling in by use
of a yaw rate sensor and the determined distance to the
lane markers. In the event a vehicle is traveling in an S
curve, where the centre of the curve moves from one
side of the road to another side of the road, the current
systems are unable to adapt the lane departure warning
systems so as to allow certain type of curve cutting as-
sociated with S curves. With the new type of system,
judgment of which type of curve is ahead of the vehicle
is allowed for, which improves the capability of generating
alane departure warning system, which is more accurate
in respect of alerting the driver only in situations when
the driver unintentionally leaves the lane.

[0030] Generally the presence of a radar determining
the road boundary ahead of the vehicle is beneficial for
adapting lane warning departure systems to the actual
road geometry. One advantage is that the existence and
size of road shoulder may be assessed from estimating
the distance to a road boundary detected by the radar to
a lane marker detected by the camera. The lane warning
system can thereafter be adapted to intervene in depend-
ence on the existence and size of the road shoulder. An-
other advantage is that a lane warning system can be
adapted to the road geometry such that the vehicle will
be allowed to cut certain types of curves, while being
prevented to cut other type of curves.

BRIEF DESCRIPTION OF DRAWINGS

[0031] An embodiment of the invention will be de-
scribed below, with references to the appended drawings
where:
Fig. 1 shows a state of the art system for determining
the lateral position of the vehicle with respect
to lane markers,

Fig. 2 shows a schematic drawing of a surroundings
monitoring system determining the relative lat-
eral position of a vehicle on a road with lane
markers,

Fig. 3 shows a block diagram of a surroundings mon-
itoring system according to the invention,
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Fig. 4 shows a representation of a road boundary R
(6(x,y(t))) for a vehicle,

Figb5a shows a road scenario for a road curved to-
wards the left in the drawing, and

Figbb  shows a road scenario for a road curved to-
wards the right in the drawing, and

Fig. 5¢ is a schematic drawing showing the relations

between the road boundary, shoulder edge,
warning line, and lane marker.

EMBODIMENT(S) OF THE INVENTION

[0032] An embodiment will be described below with
references to figures 2 and 3. Figure 2 shows a schematic
drawing of a surroundings monitoring system 10 deter-
mining the relative lateral position y(t) of a vehicle 1 on
a road 12 with lane markers 14. Figure 3 shows a block
diagram of a surroundings monitoring system 10 accord-
ing to the invention.

[0033] The surroundings monitoring system 10 in-
cludes a radar 22 being arranged to detect the road
boundary 24 within a radar zone 26, said radar zone be-
ing positioned a head of said vehicle.

[0034] The radaris thus necessarily directed in the for-
ward direction of the vehicle. The road boundary 24 de-
tected by the radar 22 is formed by a reflected radar
beam. All objects that vertically extend in the height di-
rection along the road will be detected. Examples of ob-
jects which generate a sharp detectable reflection are
parked cars, guard rails, solid objects such as rocks,
houses, trees, animals and human beings. The lateral
distance to the road boundary may be directly used as
input to a road departure warning unit. The input data
from the radar may however be first treated by a road
geometry determination unit 23. The road geometry de-
termination unit may retrieve its input data from a camera
16.. A suitable road boundary determination unit is sold
under the trade name Mobil Eye. The road geometry de-
termination unit may also be arranged as disclosed in A.
Polychronopoulos, et. al.; "Integrated object and road
border tracking using a 77 GHz automotive radar",; IEE
Proc. - Radar Sonar Navig., Vol 151, No 6, December
2004. Preferably the road border geometry is determined
in combined probalistic and geometric method disclosed
in the document.

A road boundary 24 will thus be determined by detection
of the reflected radar signal. A shoulder edge 28 will be
determined from the detected road boundary in a shoul-
der edge determination unit 27. The road shoulder de-
termination unit is arranged to determine the shape and
lateral position of a shoulder edge based on the detected
road boundary by forming an essentially continuous
shoulder edge. The shoulder edge determination unit 27
is preferably included in a road geometry determination
unit 26. The shoulder edge representation may be a
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curved or straight line. Since the radar with good accu-
racy may detect objects along the road which extend in
the vertical direction, and which objects are positioned
relatively far from the vehicle, a road boundary 24 and
thus a shoulder edge 28 can be determined ahead of the
vehicle at distances exceeding 150m. Hence, the use of
a radar 22 to determine the road boundary ensures that
the shoulder edge 28 can be determined at a distance
extending further from said vehicle than an actual vision
zone, in which lane markers are detected. A particular
advantage in using a radar for detecting a road boundary,
is that vertically extending objects can be detected with
a good accuracy at a large distance, while the lane mark-
ers are difficult to detect at a large distance since the
relative angle between the cameras optical axis and the
surface of the lane marker becomes very small for distant
lane markers. It is therefore very difficult to detect lane
markers, if at all possible, at a distance exceeding 20 -
50 m.

[0035] The representation of the road boundary 24 is
stored in a memory suitably as a vector R(6((x,y)(t))) for
angles 0 relative to the heading direction 6 of the vehicle
positioned at the location (x,y) the time t. In figure 4, a
representation of a road boundary R(8(x,y(t))) for a ve-
hicle is illustrated.

[0036] A vehicle position determination unit 29 includ-
ed in the vehicle surroundings monitoring system is ar-
ranged to determine a lateral position y(t) of a vehicle on
aroad 12 withrespecttoa shoulderedge 28, or preferably
awarning line 42 as will be explained below. The vehicle
position determination unit may preferably include a cam-
era 16 as an input device for deriving the actual lateral
position of the vehicle. In this embodiment of the sur-
roundings monitoring system 10, acamera 16 is mounted
on a vehicle for detecting an image of a road within a
vision zone 18. An image recognition system 20 is ar-
ranged to detect lane markers 14 in the image captured
by the camera. The camera 16 and the image recognition
system 20 may be any known arrangement which is able
to capture an image of lane markers and determine the
position of the vehicle relative to lane markers. Such ar-
rangements are well known to a person skilled in the art.
A suitable systemis sold under the tradename MobilEye.
The vision zone 18 preferably extends ahead of the ve-
hicle as shown in figure 2. Alternatively, the camera can
be directed in the rearward direction. This is possible
since the main task of the image recognition system is
to determine the current lateral position of the vehicle,
which may be determined either by image recognition
detecting the lane markers in the front or rear direction
of the vehicle. The radar zone preferably extends further
from the vehicle than the vision zone.

[0037] As the vehicle travels along the road, the cam-
era will detect the lane markers 14 positioned along the
road. A road shoulder assessment unit 30 is included in
the surroundings monitoring system, which road shoul-
der assessment unit 30 is arranged to assess the lateral
extension D of a road shoulder 31 as the difference in
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lateral position of the shoulder edge estimated from road
boundary 24 detected by said radar 22 and a lane marker
14 adjacent to said shoulder 31, which lane marker 14
being detected by said camera 16. The road shoulder is
thus a relatively plane surface limited on one side of a
lane marker 14 detected by a camera, and on the other
side of a shoulder edge preferably forming a tangent to
vertically extending objects, detected by the radar, and
which are defining a road boundary 24.

[0038] In a preferred embodiment of the invention the
surroundings monitoring system includes a warning line
generation unit 33 which is arranged to locate a warning
line 42z, 42, at a gap from the shoulder edge 28. The
size of the gap G may be dependent on the width D of
the road shoulder, which is the distance from the lane
markers 14 to the shoulder edge 28. The size of the gap
G may furthermore be dependent on the curvature radius
R of the road. In the event a warning line generation unit
is included, the decision to intervene will be based on the
relative lateral position of the vehicle 1 with relation to
the warning line 42y, 42, , which depends on the position
of the shoulder edge. If a warning line generation unit is
not included the decision to intervene will be based on
the relative lateral position of the vehicle 1 with relation
to the position of the shoulder edge directly.

[0039] Preferably the shoulder edge determination unit
27, and, if included, the warning line determination unit
33 and/or a lane marker position determination unit all
use the same estimator for forming the respective shapes
of the shoulder edge, warning line, and if included an
lane marker position estimate. This may be done in a
common road geometry determination unit 23 using the
estimating process disclosed in Andreas Eidehall and
Fredrik Gustafsson, "Combined road prediction and tar-
get tracking in collision avoidance" in Proceedings of
IEEE Intelligent Vehicles Symposium 2004, pages
619-624.

[0040] The equations governing the Kalman process
which determines the road geometry and hence the ge-
ometry of the respective lines that is the shoulder edge,
the warning line, a continuous line representing the lane
markers is as follows:

d(y_off) = v*Psi_rel

d(Psi_rel) = Psi_abs - v*c_0

d(c0) = v*c_1
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d(c1) = 0

Where,

y_off = host vehicle position relative to the center of the
lane

Psi_rel = host vehicle heading angle relative to the lane
c0 = road curvature = 1/road radius

c1 = distance derivative of cO

v = host vehicle velocity

d= time derivative

[0041] The camera will be used to generate indata to
estimate y_off och Psi_rel. cO is measured from input
data from the camera and radar as is disclosed in the
reference.

Based on these equations the Kalman filter is created
according to general practice.

[0042] The respective lines will then be a set of parallel
curved lines off set a certain distance from each other.
[0043] The surroundings monitoring system further-
more comprises a road departure warning unit 32, which
is arranged to generate an intervention in the event said
road departure warning unit has determined that the ve-
hicle is about to leave the road. The intervention may be
provided in different forms, such as generation of a warn-
ing sign, activation of brakes, active steering of the ve-
hicle, etc..The most common lane warning units will pro-
vide an intervention in the form of a warning alerting the
driver. The warning may be visual or audial.

[0044] Generally a road departure warning unit 32 is
arranged to determine that the vehicle is about to leave
the road based on relative position of the vehicle to the
warning line, which is positioned at a certain gap G from
the shoulder edge 28. The size of the gap may be de-
pendent on the lateral extension D of the road shoulder
and/or of the curvature radius R of the road. The inter-
vention will be made when the vehicle approaches the
warning line and is positioned at a certain distance S from
the warning line. The distance S may be determined in
different manners. In one embodiment said road depar-
ture warning 32 unit is arranged to determine that the
vehicle is about to leave the road, when an estimated
time to departure T, that is the time T needed for the
vehicle to cross the warning line, is below a threshold
value, S: T< Threshold. In another embodiment road de-
parture warning unit 32 is arranged to determine that the
vehicle is about to leave the road, when an estimated
distance to departure L, that is the distance required for
the vehicle to travel in order to cross the warning line, is
below a threshold value, S: L< Threshold. In a third em-
bodiment the road departure warning unit 32 is arranged
to determine that the vehicle is about to leave the road,
that is to pass the warning line, when a value of a function
f of an estimated distance to departure L and an estimat-
ed time to departure T is below a threshold value, S: (T,
L) < Threshold.

[0045] The warning line positioned ata gap G from the
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road shoulder will form a continuous warning line running
along the extension of the road boundary 24. In the event
lane markers are detected by the image recognition sys-
tem 20, the gap size can be made dependent of the po-
sition of the lane markers.

[0046] In an embodiment of the invention, the road
shoulder assessment unit 30 is arranged to assess the
lateral extension D of aroad shoulder 31 as the difference
in lateral position of the shoulder edge 28 determined
from the road boundary 24 detected by said radar 22 and
a lane marker 14 adjacent to said shoulder 31. By as-
sessing that the lateral extension D is within a range,
such that D, < D < Dy, Where Dy, is smaller than a
normal lane width, it is possible to exclude misinterpre-
tation of a neighboring lane as a road shoulder, which
may be used by the vehicle. This criterion can also be
used to prevent that a neighboring lane traveling in the
opposite direction is interpreted as road shoulder. Differ-
ent rules may be applied for detected flat ground on the
left and right side of the vehicle. For example only a road
boundary to the right of the vehicle may be used when
defining a road shoulder. This rule may be applicable in
countries with right hand traffic. Consequently a rule that
only a road boundary to the left of the vehicle may be
used when defining a road shoulder may be usedin coun-
tries with left hand traffic.

[0047] The lateral distance to an actual lane marker
can be positive, thatis aninterventionis generated before
the vehicle passes the actual lane marker, or negative,
that is an intervention is made after the vehicle has
passed the actual lane marker.

[0048] In figure 5a road curved towards the left in the
drawingis shown. The road is provided with lane markers
14, 14y, 14 forming a left, middle and right delimitation
of two lanes 34, 36. A vehicle 1 is travelling in the right
lane 36 in the upwards direction in the figure. Warning
lines 40, 40 forms the fixed reference in lateral position
for a road departure warning unit. The road departure
warning unit compares the vehicles relative position to
the warning lines in order to determine whether an inter-
vention should be made or not. In one embodiment the
warning lines marks the position at which in intervention
will be made by aroad departure warning unitin the event
the vehicle will pass the warning lines 40, , 40g. Inanother
embodiment the timing of the intervention can be based
on an estimated time to departure T when the vehicle is
assumed to cross the warning line. A warning line exists
for the left and right side of the lane in which the vehicle
travels. The warning lines are positioned at gap G from
the shoulder edge estimated from the road boundary 24
detected by the radar.

[0049] The size of the gap is determined in a gap size
determination unit 44, which calculates the position rel-
ative to a road boundary. Input to the gap size determi-
nation unit 44 is information from the road geometry de-
termination unit 26, the shoulder assessment unit 30, a
vehicle speed sensor 46 and a vehicle yaw rate sensor
48.
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[0050] The gap size may be dependent on the follow-
ing input variables alone or taken in combination:

- the curvature radius R determined by the road ge-
ometry determination unit 26,

- the presence and lateral extension D of road shoul-
ders determined by road shoulder assessment unit
30,

[0051]
[0052]

The gap size can be expressed as G= T(D,R).
The timing of the intervention may be based on:

- atime to departure T, determined by the yaw rate
sensor and a vehicle speed sensor and an estimated
road geometry, and

- the distance to departure L.

[0053] The warning line 40, is positioned at a distance
A in the lateral direction to the lane markers 14z. The
magnitude of the distance A may be positive, that is the
warning line will be positioned in the lane, or negative,
that is the warning line will be positioned outside of the
lane. In figure 5a, the warning line 40y is positioned in
the lane 36, which indicates that the distance A has a
positive value, while the warning line 40, is positioned
outside of the lane 38, which indicates that the distance
A has a negative value. If the distance A has a negative
value an intervention will be made before the vehicle exits
the lane, while if the distance A has a positive value an
intervention will be made after the vehicle exits the lane.
[0054] As can be seen in figure 5a the lateral position
of the warning line 40, , 40g with respect to the road
boundary 24 is dependent on the curvature of the road
such that a minimal lateral distance from a centre of cur-
vature to said warning line is decreasing with adecreased
radius of curvature of the road. This allows a vehicle to
cut an inner curve with a certain distance, while prevent-
ing the vehicle to ride to close to the lane markers in an
outer curve. Naturally, it is possible to set different rules
forthe left and rightlane markers in the event, forinstance
it should not be allowed to pass a lane marker positioned
adjacent to an other lane, while allowing the vehicle to
pass lane markers which are facing a road boundary,
especially in the event a rod shoulder is positioned on
the other side of the lane marker.

[0055] In figure 5b road curved towards the right in the
drawing is shown. The warning lines 42, , 42 marks the
position at which in intervention will be made by a road
departure warning unit in the event the vehicle will pass
the warning lines 42, , 42g.

[0056] The warning lines are positioned at gap G from
the shoulder edge estimated from the road boundary 24
detected by the radar.

[0057] The size of the gap is determined in a gap size
determination unit 44, which calculates the position rel-
ative to a road boundary. Input to the gap size determi-
nation unit 44 is information from the road geometry de-
termination unit 26, the shoulder assessment unit 30, a
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vehicle speed sensor 46 and a vehicle yaw rate sensor
48.

[0058] The gap size may be dependent on the curva-
ture radius R determined by the road geometry determi-
nation unit 26, the presence and lateral extension D of
road shoulders determined by road shoulder assessment
unit 30. The gap size can be expressed as G= T(D, R).
[0059] It can here be noted that the warning lines 42, ,
42, are shifted towards the right in stead of to the left as
in figure 5a. This indicated that the warning lines are nor-
mally shifted in the same direction as the curvature of
the road:; that is to the left in a lane curved toward the left
and to the right in a lane curved to the right. The magni-
tude of the shift; that is the size of the gap is dependent
on the curvature radius such that a smaller curvature
radius R will generate a larger gap.

Figure 5c¢ is a schematic drawing showing the relations
between the road boundary 24, shoulder edge 28, warn-
ing line 42g, and lane marker 14.

Figure 5¢ shows the geometry of the road including dis-
continuous set of radar reflections forming a road bound-
ary 24. A continuous shoulder edge 28 is determined
from the radar reflections forming the road boundary 24
in a shoulder edge determination unit 27, which may be
included in the road geometry determination unit 26. A
warning line 42 determined in a warning line generation
unit is located at a gap G from the shoulder edge 28. A
lane marker 14 is positioned to the left in the figure. A
road shoulder extending between the lane marker 14 and
shoulder edge 28 has a lateral extension D.

[0060] A decision to intervene is based on the relative
lateral position S of a vehicle 1 to the warning line 42g.
The warning line 42y is positioned at a distance A to the
lane markers in the lateral direction. The position of the
warning line 42z may be on either side of the lane marker
14 depending on the geometry of the road and/or location
of the shoulder edge relative to the lane marker.

[0061] The dependence of the curvature radius of the
road for the gap G may be expressed as G=max(0,k/abs
(R)), where k is set between 50 and 500, preferably be-
tween 80 and 150, that is k is preferably set to approxi-
mately 100.

Claims

1. A surroundings monitoring system (10) for moni-
toring the surroundings (11) of a vehicle (1) compris-

ing:

a radar (22) being arranged to detect a road
boundary (24) within a radar zone (26), said ra-
dar zone (26) being positioned a head of said
vehicle (1), a shoulder edge determination unit
(27) arranged to determine a lateral position of
ashoulderedge (28) based on the detected road
boundary (24), a vehicle position determination
unit (29) being arranged to determine a lateral
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position (y(t)) of the vehicle (1) with respect to
said shoulder edge (28), characterized in that
said surroundings monitoring system (10) fur-
ther comprises a road departure warning unit
(32), which is arranged to generate an interven-
tion based on relative lateral position of the ve-
hicle (1) to the shoulder edge (28).

2. A surroundings monitoring system according to
claim 1, characterized in that the system further-
more includes a warning line generation unit (33)
which is arranged to locate a warning line (425, 42, )
at a gap G from the shoulder edge (28) and that the
road departure warning unit (32), is arranged to gen-
erate an intervention based on relative position (S)
of the vehicle (1) to the warning line (42g, 42)).

3. A surroundings monitoring system according to
claim 2, characterized in that the magnitude of the
relative position (S) of the vehicle (1) to the warning
line (42g, 42,) at which an interventions is made
(S=S(T)) is dependent on an estimated time (T) for
the vehicle to cross the warning line (42g, 42)

4. A surroundings monitoring system according to
claim 2 or 3, characterized in that the magnitude
of the relative position (S) of the vehicle (1) to the
warning line (1) at which an interventions is made
(S=S(T); S=S(T,L) is dependent on distance L to the
warning line (42g, 42).

4. A surroundings monitoring system according to
any of claims 1 - 3, characterized in that said sur-
roundings monitoring system (10) further comprises
a road geometry determination unit (23), which is
arranged to determine the road geometry ahead of
the vehicle (1) based on the road boundary (24) de-
tected by said radar (22).

5. A surroundings monitoring system according to
any of claims 1 - 4, characterized in that said sur-
roundings monitoring system (10) further comprises
a camera (16) being mounted on the vehicle (1) for
detecting an image of a road within a vision zone
(18) and an image recognition system (20) being ar-
ranged to detect lane markers (2) within said vision
zone (18);

6. A surroundings monitoring system according
claim 5, characterized in that said surroundings
monitoring system (10) further comprises a road
shoulder assessment unit (30), which is arranged to
assess the lateral extension (D) of a road shoulder
(31) as the difference in lateral position of the road
boundary (24) detected by said radar (26) and a lane
marker (14) adjacent to said road boundary (24),
which lane marker (14) being detected by said cam-
era (16).
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7. A surroundings monitoring system according to
claim 6, characterized in that the extension of said
gap (G) is dependent on the extension of the road
shoulder (D).

8. A surroundings monitoring system according to
any of claims 1 - 7, characterized in that the exten-
sion of said gap (G) is dependent on the curvature
(C) of the road.

9. A surroundings monitoring system according to
claim 8, characterized in that said gap (G) will form
awarning line (40g) running along the road boundary
(24) and that a lateral position of the warning line
with respect to the shoulder edge (28) is dependent
on the curvature (R) of the road such that a minimal
lateral distance from a centre of curvature to said
warning line (40g) is decreasing with a decreased
radius of curvature of the road.
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