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Description
TECHNICAL FIELD

[0001] This disclosure relates to techniques to map
and characterise the environment (i.e. surroundings) with
respect to a vehicle. Aspects therefore relate to deter-
mining the real world area in the vicinity of a vehicle, so
as to obtain information regarding the environment such
as the location of objects such as other vehicles, build-
ings, obstacles and such like. The invention has partic-
ular but not exclusive application to vehicles equipped
with radar systems so as to receive data regarding (e.g.
point) radar reflections relating to such objects and the
environment.

BACKGROUND OF THE INVENTION

[0002] In modern automotive applications, a vehicle
may be equipped withone or more systems such asradar
systems, which can provide data to the vehicle, pertain-
ing to the environment of the vehicle. Thus the data may
be provided from radar detections (reflection data), and
used to provide e.g. a 2 dimensional map of objects or
the environment in the vicinity of the vehicle. Typically
the radar returns give data on the distance to an object
ofthe environment, for a particular planar angle/segment.
[0003] Such systems are often required, or part of,
modern Advance Driver Assisted Systems (ADAS)
where there is a need to describe or characterize the
static environment of the host vehicle. Once the environ-
ment of the vehicle has been determined or character-
ized, this enables the vehicle system to determine, e.qg.
driving options, areas of the environment which are pro-
hibited for motion of the vehicle (i.e., which allows for
example determination of obstacles) and to provide in-
formation on available parking spaces. So to summarize,
in such systems the environment is characterized or de-
fined on the basis of input data from various sensors. In
the case of radar based systems, the input data may
consist of so called (point) detections, i.e. spatial loca-
tions of obstacles, which are detected from reflected
waves of sufficient amplitude from a radar system.

[0004] The problem of static environment description
in ADAS systems is relatively new. Various methodolo-
gies are known to provide for the description of the (e.g.
dynamic) environment e.g. moving cars, and the use of
occupancy grid map methods are known. Such method-
ologies have been used for the basis of more complex
approaches for the description of the vehicle surround-
ings. As mentioned such systems are used e.g. for au-
tomated parking. The definition of the environment relies
on determining the shapes (contours) of boundaries of
the prohibited areas/obstacles. Theoretically, the sim-
plest way to provide contour data is a direct connecting
of consecutive point detections (sorted by azimuth angle)
to form a contour comprising a polyline. So such a
polyline comprises straight lines joining point detections.
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The polyline thus is a 2-D representation of obstacles/en-
vironment in the horizontal ground plane.

[0005] However, taking the factors described above in-
to account, this approach is very inaccurate. In a single
radar scan some gaps can occur in the areas that contain
flat surfaces. On the other hand, in the areas containing
for example plants, bushes or geometrically complex
static structures, the number of detections can be locally
increased. Due to limited capacity of automotive commu-
nication interfaces like CAN or Flexray, using all detec-
tions available in a single scan, is usually impossible. All
this causes that there is a high demand for accurate and
simultaneously efficient, in terms of computational com-
plexity, algorithms in this area.

[0006] DocumentUS 5 335 298 A relates to a method
for extracting airport runway features from aradarimage
formed of an array of pixels. Document JP 2 940240 B2
relates to method for compressing waveform data in a
linear approximation, and in particular electrocardio-
graphic waveform data compression. Document US 4
783 829 A relates to a pattern recognition apparatus
which segmentally approximates a pattern derived from
an image data of an outline of an object region to recog-
nize the pattern.

[0007] It is one object of the invention thus to approx-
imate shapes of static objects in the environment of a
vehicle by providing contours thereof, by generation of
by polylines (based on sensor detections), which accu-
rately describe shapes and obstacles with respect to the
environment using as few points as possible, in a limited
time.

SUMMARY OF THE INVENTION

[0008] Inone aspectis provided a method of generat-
ing a polyline representing a contour of one or more ob-
jects of a vehicle environment, said polyline comprising
a series of one or more segments of straight lines, com-
prising

a) formulating a series of spatially ordered points in
2-dimensional space, each representing a (point)
detection with respect to object(s) in said environ-
ment determined by a vehicle on-board detection
system;

b) connecting the end points of said series of ordered
points with a first straight line segment, and deter-
mining the shortest distance between each of the
intermediate points and the first segment;

¢) determining from step b) a threshold based on a
measure of the dispersion of the intermediate points
around said segment;

d) for each side of said segment determining, for any
points that lie on that respective side, the pointwhich
is further from said segment;

e) determining any of the points found in step d)
which are further from the segment than said thresh-
old;
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f) formulating a polyline comprising plurality of seg-
ments connecting the end points via any of said
points determined from step €).

[0009] The method may include providing a revised
polyline, comprising:

g) determining for each segment of said formulated
polyline, a threshold based on a measure of the dis-
persion of the intermediate points of said segment
from said segment;

h) for each segment determining the distance be-
tween the segment and each intermediate point of
that segment; and determining for each side of said
segment, that point, if any, which is the maximum
distance from the respective segment,

i) determining any points found in step h) which lie
furtherfrom the respective segmentthan said thresh-
old found from g)

j) formulating a revised polyline, comprising a series
of revised segments, connecting the end points via
successive connective points, said connective
points being the end points of the segments inter-
mediate of the end points, and any additional points
found in step i).

[0010] The method may include performing one or
more further iterations by repeating steps g) to j) on said
revised polyline one or more times.

[0011] The iteration may be stopped depending onone
or more termination criteria, said termination criteria se-
lected from at least one of the following: maximum
number of iterations reached; a maximum processing
timeslot exceeded; a maximum number of nodes/points
in the determined polyline reached; and no new nodes
found in the polyline in the current iteration.

[0012] Said series of spatially ordered points may rep-
resent detections in the horizontal plane with respect to
the vehicle, ordered with respect to monotonically in-
creasing or decreasing azimuth angle.

[0013] Said point detections may be determined from
radar reflections reflected from said objects from radar
system located on board said vehicle.

[0014] Said measure of the dispersion of the interme-
diate points around said segment may be one of the fol-
lowing: the root mean squared distance of intermediate
points from the segment; the root mean squared distance
of intermediate points from the segment divided by seg-
ment length; mean absolute distance of intermediate
points from the segment; the mean absolute distance of
intermediate points from the segmentdivided by segment
length.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The presentinvention is now described by way
of example with reference to the accompanying drawings
in which:
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Figure 1 shows a plan view of a vehicle 1 equipped
with a radar system adapted to determine the char-
acteristics of the environment;

Figures 2 and 3 illustrate known methodology of
forming a polyline;

Figure 4 illustrates an example according to the in-
vention; and

Figure 5 illustrate how the degree of uncertainty of
results may be determined.

DESCRIPTION OF THEPREFERRED EMBODIMENTS
Prior Art

[0016] A known principle of determining contours of
the environment (ie. providing the shapes of boundaries
of the prohibited areas/obstacles) from e.g. radar returns
will now be described with reference to figure 1. Figure
1 shows a plan view of a vehicle 1 equipped with a radar
system adapted to determine the characteristics of the
environment (in the horizontal ground plane) by virtue of
(e.g. point) radar reflections 10 which (via e.g. antenna
receiver array) are characterized by virtue of their direc-
tion and distance (in the ground horizontal plane). The
figure shows the environment surrounding a vehicle 1 is
divided into narrow radial or rectangular sectors 12 hav-
ing a quite narrow angle in the forward direction, and
designated common origin. In each sector the nearest
(e.g. point) detection 10 (e.g. from a radar return) is de-
termined, in other words the distance to the detection is
determined from the radar system. So for each sector
the space available 11 to the vehicle in the direction as-
sociated with that sector can be determined. Such an
approach is fast and straightforward, but the accuracy of
shape description of static objects is very limited.
[0017] This approach according to aspects of the in-
vention can be further modified/enhanced to describe the
environment by means of providing an accurate con-
tour/polyline and in a more efficient manner.

[0018] So prior art methods such as "Fences” describe
the static environment surroundings where obstacles
(i.e. objects in the vicinity of the vehicle) are represented
by so called contours, which are polylines representing
shapes of static objects projected onto the ground plane.
In other words obstacles such as building other vehicles
and such like are described by contours, represented by
a series of one or more straight line (segments). The
straight line or segment joins e.g. point detections. Once
a set of one or more contours has been determined rep-
resenting the environment, the ECU can use this data
for decision making.

[0019] Contours can be thus generated from raw data
provided by various types of sensors, such as e.g. radar
elements (transmitter and receiver units). Due to meas-
urement method used by radars, the detections are usu-
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ally somewhat random. The number of detections is lim-
ited by two factors: not all obstacles can reflect radar
wave sufficiently, etc. (physical factor) and given hard-
ware resources allows for a limited maximum number of
detections in a single scan (technological / economical
factor). Thus such a straightforward method of generat-
ing contours is not ideal.

[0020] Thus to recap, the description of the static en-
vironment of a vehicle can be characterized by the gen-
eration of polylines called contours, which comprise of a
series of straight lines joined between points; the points
generally representing radar return data. The contours
can thus be defined by (x, y) (detection) points called
vertices. Location of the vertices are determined and es-
sentially equivalent to the location of confirmed detec-
tions. The methodology ofthe "Fences" algorithms is thus
to approximate shapes of static objects by polylines
based on sensor detections, which generates the
polylines, which accurately describe shapes using as few
points as possible, in a limited time.

Prior Art Method 1

[0021] A known methodology of forming a contour
(polyline) of connecting points (each based on an e.g.
pointradar returnin the horizontal plane), to characterize
the environment, will be described with reference to fig-
ure 2.

[0022] Initially a series of consecutive points is ob-
tained based on (point) radar reflections in consecutive
angular segments inthe horizontal plane. Ainitial polyline
20 of straight line segments connecting each consecutive
point/vertex (reflection) is formed. Initially all these points
(within a contour) are marked as "active". In the method-
ology, the contour is simplified by means of successive
interpolation. Soinitially the contour comprises of a series
of lines connecting vertices.

[0023] The first step is to reduce the number of con-
necting points by connecting every second point, de-
pending on certain condition. Points between interpolat-
ing lines endpoints are "deactivated" (i.e. not considered)
depending on their distances from the interpolating line.
This revised polyline 21 is produced. If the distance be-
tween the examined pointand the proposed interpolating
line is below a threshold then this point is deactivated
and interpolating line with respect to adjacent points (on
each side of the point) is adopted as a contour segment.
Otherwise, the original segments are left.

[0024] In further iterations, again interpolating lines
connecting every second active point are proposed to
form further revised polyline 22.

[0025] The algorithm ends when there are no points
deactivated within a given iteration. Figure 2 shows the
plots of the contour initially 20 and after two iterations 21
and 22.

[0026] As the method starts from the most detailed
shape description (uses all points), it offers very high ac-
curacy of the description. However it does not guarantee
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limited time of polyline approximation or number of iter-
ations.

Prior Art Method 2

[0027] The main disadvantage of the method de-
scribed above is overcome by contour simplification done
in a single pass only. In a further known method, deac-
tivation of a point in is based on the angle between two
segments of contour connected in this point. If the angle
is wide enough (i.e. two segments are almast co-linear)
then the point is deactivated. In other case the point re-
mains active. This is shown in figure 3. The original
polyline is shown by reference (a) and the refined polyline
shown by reference (b).

[0028] The main advantage of this approach is a priori
known time of the calculations. However, this approach
suffers from the fact that it can incorrectly approximate
an Sor C shapes as a straight line if the angles between
consecutive segments are low enough (left part of the
contour in the figure. Such approach can incorrectly plot
a series of adjacent small variations of segments direc-
tions (right part of the contour in the figure.

Example according to one aspect of the Invention

[0029] Again as above, input data again is a group of
ordered i.e. consecutive (point) detections shown by plot
(a) in figure 4a. The points may represent successive
point reflections from a vehicle radar system from objects
in the surrounding environment. The peints are ordered
in as much as they represent radar reflections in e.g.
consecutive angular or spatial segments in the horizontal
plane.

Initialisation
[0030]

i) The first step is an initialization step where the two
endpoints of the group of ordered points are adopted
as initial nodes of a single straight line contour, which
in further steps is converted to an approximating
polyline. So in otherwords the first step is an approx-
imation which starts with the simplest possible shape
i.e. the single segment (shown by reference numeral
2 in figure 4a) connecting end points.

ii) Iteration

Figure 4a shows the steps of a first iteration, which
may be repeated in further iterations.

a) In the first iteration step, a measure of disper-
sion of detections around the segment 2 is de-
termined and used to determine a threshold
Dthr. In other words, the threshold is based on
the measures of dispersioninterms of the short-
est(i.e. perpendicular) distance D between each
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(intermediate) pointand line 2. Examples of how
this can be done will be explained hereinafter.
The box in the figure represents the threshold.

b) In the next step it is determined for both the
left hand side and right hand side of line 2, which
point lies the furthest from the line 2. So for the
left hand side that point which lies furthest is P2
and for the right hand side that point which lies
the furthest from line 2 is P1.

¢) In the next step, it is determined if any of the
two points found from step b) (P1 and/or P2) lie
outside the threshold Dthr found in step a) . So
in other words the perpendicular distances of
each of these points from line 2 is compared to
threshold Dthr. If one or both of these points lie
outside the threshold they form points of a new
segment of a revised polyline. Thus in the ex-
ample, both points P1 and P2 lie outside the
threshold distance (Dthr) and become the points
of a new polyline seen in figure 4b. The revised
polyline thus comprises three segments 4a, 4b
and 4c, as seen in figure 4b.

[0031] If only one point (left or right hand side) is found
which lies outside the threshold then only that point forms
the vertex (point) of a new polyline formed of two seg-
ments or lines (joining the endpoints) via that point. If no
points are found thatlie outside the threshold, the process
finishes.

[0032] The process steps of the iteration ii) above may
repeated one or more times, In other words steps a), b)
and ¢) may be repeated, for each segment found in the
revised polyline.

[0033] Inthe example, figure 4b shows a further (sec-
ond) iteration. The process above with respect to ii) is
thus repeated. So again, for each segment of the new
(approximating polyline) a measure of dispersion of de-
tections around the segment is calculated. This is used
to calculate a threshold for each segment; so for seg-
ments 4a, 4b and 4c, new thresholds Dthra, Dthrb and
Dthrc are calculated respectively. So for segment 4c, a
measure of the dispersion of points Pa Pb Pc Pd and Pe
from line 4c¢ is determined, and used to calculate Dthrc.
Examples of how this is implemented will be explained
hereinafter. The thresholds for each segments 4a 4b and
4c are represented also by boxes 7, 6 and 5 respectively.
[0034] Again inline with step b) in the first iteration, for
each segment (4a, 4b, and 4c¢) and for each side of the
segment, (left hand side and right hand side) the point
with the maximum distance from the respective segment
is determined.

[0035] Again in line with step c) for each of (any of)
these points, (if found) of maximum distance on left and
right hand sides) it is determined whether the point lies
further from the segment than the respective threshold.
If any of the max points lies outside the threshold, it forms
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the basis of a new point for a segment in a revised
polyline. Soin summary if the distance between segment
and the maximum detection found for each side is greater
that the dispersion value then the detection will become
anew node of the approximating polyline in next iteration.
[0036] Inthe example asseeninfigure 4b, for segment
4a, for the right hand side, the paint with the maximum
distance from the line is point Pg; this will form the basis
of a new segment in the revised poly line (see figure 4c)
as this is distance is larger than the threshold (dispersion
measure) Dthra for segment 4a.. There are no points
found on the left hand side of this segment. Thus for
segment 4a, in the revised polyline this is effectively di-
vided into two sub-segments: 8f (joining end point PE2
to Pg) and 8e (joining Pg to P2).

[0037] Forsegment 4b the point of maximum distance
on the right-hand side is Pf; this is greater than the thresh-
old distance for that segment Dthrb and so will form a
point on the new polyline (figure 4c which can be subject
of a further third iteration).

[0038] For the right hand side the point of maximum
distance from the segment is Ph - this point lies within
the threshold Dthrb and so will not form the basis of a
new polyline. Thus segment 4b in the new palyline is
refines as two segments 8d and 8c (joining points P2-Pf
and Pf-P1 respectively). For segment 4c¢ the maximum
distance with respect to the left hand side is Pc - this is
more than the threshold for this segment Dthrc and so
will form a point and thus the basis for a new segment in
therevised polyline offigure 4c. There are no points found
on the right-hand side. Thus in the revised polyline, seg-
ment 4¢ is converted to sub-segments 8b and 8a joining
points P1-Pc and Pc to PE1 respectively.

[0039] Of course it may be that points are found both
sides of a particular segment which are greater distance
away from the segment than the threshold for that seg-
ment- in this case both points will form the basis of revised
polyline with new segments. In this case the particular
segment of the polyline will form three new segments of
arevised polyline.

[0040] The steps may be repeated in further iterations.
The number of iterations may be determined by one or
more termination criteria. If the termination criterion is
not fulfilled then a further iteration is implemented. If the
termination criterion is fulfilled then the process will be
stopped, so when the iterations are stopped may be de-
pendent on a particular termination criterion. The skilled
person would understand that the process may be ter-
minated depending of various criteria such as: maximum
number of iterations exceeded; .the time out for further
computations in a current time slot; maximum number of
nodes in approximation polyline exceeded; or no new
nodes in the polyline in the current iteration.

[0041] As far as the dispersion criteria regarding de-
termination of the threshold for each segment, the skilled
person would understand there may be various ways in
determining these. These may include any of the follow-
ing: the root mean squared distance of detections from
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the segment; the root mean squared distance of detec-
tions from the segment divided by segment length; mean
absolute distance of detections from the segment; and
the mean absolute distance of detections from the seg-
ment divided by segment length.

[0042] After examples of the methodology, a degree
of uncertainty may be calculated. This will be described
with respect to figure 5. For each final segment 31 an
uncertainty region can be stated and defined as a rec-
tangle 32 (black dashed lines in the figure) including all
detections belonging to the segment. The rectangle is
parallel to the segment, and centered by the segment.
Its size is defined by the spread of detections belonging
tothis segment. Thus distance between the segment and
the point furthest from the segment will be half the width
of the box 32. In addition this can be extended by indi-
vidual uncertainties shown for example in figure 5, by
ellipses 33 of azimuth and range uncertainties of detec-
tions centered on the detection. The uniform probability
density of detections positions within the rectangle is as-
sumed. It is thus possible that uncertainty region will be
longer than the segment to include each detection be-
longing to the segment. The position of the sensor e.g.
radar detector is shown by reference numeral 34.
[0043] The order of detections is usually given by a
monotonically increasing or decreasing azimuth angle.
The order of detections through iterations may remains
unchanged. During iterations detections are marked as
active (nodes of polyline) orinactive (not used for polyline
definition).

[0044] Methodology according to aspects of the inven-
tion provides a flexible control of a compromise between
simplicity and accuracy of the approximation. Time for
the approximation can be controlled. Further good shape
description can be provided with a low number of nodes.

Claims

1. A method of generating a polyline representing a
contour of one or more objects of a vehicle environ-
ment, said polyline comprising a series of one or
more segments of straight lines (8a, 8b,8¢,8d,8¢,8f),
comprising

a) formulating a series of spatially ordered points
(P) in 2-dimensional space, each representing
a point detection with respect to one or more
object in said environment determined by a ve-
hicle on-board detection system;

b) connecting the end points (Pg4, Pgo) of said
series of ordered points with a first straight line
segment (2), and determining the shortest dis-
tance (D) between each of the intermediate
points and the first straight line segment;

c) determining from step b) a threshold (Dy,,)
based on a measure of the dispersion of the in-
termediate points around said first straight line
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segment;

d) for each side of saidfirst straight line segment
(2) determining, for any points that lie on that
respective side, the point which is furthest from
said first straight line segment (2);

e) determining any of the points found in step d)
which are further from the first straight line seg-
ment than said threshold (P4/P,);

f) formulating a polyline comprising plurality of
straight line segments (4a,4b, 4c) connecting
the end points via any of said points determined
from step e).

2. A method as claimed in claim 1 including providing
a revised polyline, comprising:

g) determining for each straight line segment
(4a, 4b, 4c) of said formulated polyline, a thresh-
old (Dinras Dinebs Pinre) Pased on a measure of
the dispersion of the intermediate points of said
segment from said segment;

h) for each of said straight line segments, (4a,
4b, 4c) determining the distance between the
segment and each intermediate point of that
segment; and determining for each side of said
straight line segment, that point, if any, which is
the maximum distance from the respective seg-
ment,

i) determining any points (Pf, Pc,Pg) found in
step h) which lie further from the respective
straight line segment than said threshold found
from @)

j) formulating a revised polyline, comprising a
series of revised straight line segments (8a, 8b,
8c,8d,8¢,8f), connecting the end points via suc-
cessive connective points, said connective
points being the end points of the straight line
segments (8a, 8b,8¢,8d,8e,8f) intermediate of
the end points, and any additional points found
in step ).

3. A method as claimed in claim 2 including performing
one or more further iterations by repeating steps g)
to j) on said revised polyline one or more times.

4. A method as claimed in claim 3 where iteration is
stopped depending on one or more termination cri-
teria, said termination criteria selected from at least
one of the following: maximum number of iterations
reached; a maximum processing timeslot exceeded;
a maximum number of points in the determined
polyline reached; and no additional points found in
the polyline in the current iteration.

5. A method as claimed in claims 1 to 4 where said
series of spatially ordered points represent detec-
tions in the horizontal plane with respect to the ve-
hicle, ordered with respect to monotonically increas-
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ing or decreasing azimuth angle.

A method as claimed in any preceding claim where
said measure of the dispersion of the intermediate
points around said straight line segment (8a, 8b,8c,
8d,8e,8f) is cne of the following: the root mean
squared shortest distance of intermediate points
from the straight line segment (8a, 8b,8¢,8d,8e,8f);
the root mean squared shortest distance of interme-
diate points from the straight line segment (8a, 8b,
8c,8d,8e,8f) divided by straight line segment length;
mean absolute shortest distance of intermediate
points from the straight line segment (8a, 8b,8¢,8d,
8e,8f); the mean absolute shortest distance of inter-
mediate points from the straight line segment (8a,
8b,8¢,8d,8e,8f) divided by straight line segment
length.

Patentanspriiche

1.

Verfahren zum Erzeugen einer Polylinie, die eine
Kontur eines oder mehrerer Objekte einer Fahrzeu-
gumgebung reprasentiert, wobei die Polylinie eine
Serie von einem oder mehreren Segmenten von ge-
raden Linien (8a, 8b, 8c, 8d, 8e, 8f) aufweist, aufwei-
send

a) Formulieren einer Serie von raumlich geord-
neten Punkten (P)im zweidimensionalen Raum,
die jeweils eine Punkterfassung in Bezug aufein
oder mehrere Objekte in der Umgebung repra-
sentieren, die durch ein fahrzeugeigenes Fahr-
zeugerfassungssystem bestimmt werden;

b) Verbinden der Endpunkte (P4, Pg,) der Serie
von geordneten Punkten mit einem ersten ge-
raden Liniensegment (2) und Bestimmen des
kirzesten Abstands (D) zwischen jedem der
Zwischenpunkte und dem ersten geraden Lini-
ensegment;

c) Bestimmen aus Schritt b) einer Schwelle
(Dypy) basierend auf einem Mal der Streuung
der Zwischenpunkte um das erste gerade Lini-
ensegment herum;

d) flr jede Seite des ersten geraden Linienseg-
ments (2), Bestimmen, fir Punkte, die aufdieser
jeweiligen Seite liegen, des Punkts, der am wei-
testen von dem ersten geraden Liniensegment
(2) entfernt ist;

e) Bestimmenderjenigen der in Schritt d) gefun-
denen Punkte, die weiter von dem ersten gera-
den Liniensegment entfernt sind als die Schwel-
le (P4/Py);

f) Formulieren einer Polylinie, die eine Vielzahl
von geraden Liniensegmenten (4a, 4b, 4c¢) auf-
weist, die die Endpunkte Uber diejenigen der in
Schritt ) bestimmten Punkte verbinden.
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2. Verfahren gemaB Anspruch 1, das ein Vorsehen ei-

ner revidierten Polylinie umfasst, aufweisend:

g) Bestimmen, fUr jedes gerade Liniensegment
(4a, 4b, 4c) der formulierten Polylinie, einer
Schwelle (Dyyra Dinby Dinre) asierend auf ei-
nem MaR der Streuung der Zwischenpunkte des
Segments von dem Segment;

h) flir jedes der geraden Liniensegmente (4a,
4b, 4c), Bestimmen des Abstands zwischen
dem Segmentund jedem Zwischenpunktdieses
Segments; und

Bestimmen, fiir jede Seite des geraden Linien-
segments, des Punkts, falls vorhanden, der den
maximalen Abstand von dem jeweiligen Seg-
ment hat,

i) Bestimmen derjenigen der in Schritt h) gefun-
denen Punkte (Pf, Pc, Pg), die weiter von dem
jeweiligen geraden Liniensegment entfernt lie-
gen als die von g) gefundene Schwelle;

j) Formulieren einer revidierten Polylinie, die ei-
ne Serie von revidierten geraden Liniensegmen-
ten (8a, 8b, 8c, 8d, 8e, 8f) aufweist, die die End-
punkte Gber aufeinanderfolgende Verbindungs-
punkte verbinden, wobei die Verbindungspunk-
te die Endpunkte der geraden Liniensegmente
(8a, 8b, 8c, 8d, 8e, 8f) zwischenden Endpunkten
sind, und alle weiteren in Schritt i) gefundenen
Punkte.

Verfahren gemank Anspruch 2, das ein Durchfiihren
einer oder mehrerer weiterer lterationen durch ein-
oder mehrmaliges Wiederholen der Schritte g) bis j)
auf der revidierten Polylinie umfasst.

Verfahren geman Anspruch 3, wobei die Iteration in
Abhangigkeit von einem oder mehreren Beendi-
gungskriterien gestoppt wird, wobei die Beendi-
gungskriterien aus zumindest einem der folgenden
ausgewahlt sind: maximale Anzahl von lterationen
ist erreicht; ein maximaler Verarbeitungszeitschlitz
ist Uberschritten; eine maximale Anzahlvon Punkten
in der bestimmten Polylinie ist erreicht; und keine
weiteren Punkte in der Polylinie in der aktuellen lte-
ration gefunden.

Verfahren gemaf den Anspriichen 1 bis 4, wobei die
Serie von raumlich geordneten Punkten Erfassun-
geninder horizontalen Ebene in Bezug aufdas Fahr-
zeug reprasentiert, geordnet in Bezug auf einen mo-
noton zunehmenden oder abnehmenden Azimut-
winkel.

Verfahren gemal einem vorhergehenden An-
spruch, wobei das Mal der Streuung der Zwischen-
punkte um das gerade Liniensegment (8a, 8b, 8c,
8d, 8e, 8f) herum eines der folgenden ist: der kir-
zeste quadratische Abstand von Zwischenpunkten
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von dem geraden Liniensegment (8a, 8b, 8c, 8d, 8e,
8f); der kirzeste quadratische Abstand von Zwi-
schenpunkten von dem geraden Liniensegment (8a,
8b, 8c, 8d, 8e, 8f) geteilt durch die Lange des gera-
den Liniensegments; der mittlere absolute kirzeste
Abstand von Zwischenpunkten von dem geraden Li-
niensegment (8a, 8b, 8c, 8d, 8e, 8f); der mittlere ab-
solute kirzeste Abstand von Zwischenpunkten von
dem geraden Liniensegment (8a, 8b, 8c, 8d, 8e, 8f)
geteilt durch die Lange des geraden Linienseg-
ments.

Revendications

Procédé de génération d’une polyligne représentant
un contour d’'un ou plusieurs objets d’'un environne-
ment de véhicule, ladite polyligne comprenant une
série d'un ou plusieurs segments de lignes droites
(8a, 8b, 8c, 8d, 8e, 8f), comprenant les étapes con-
sistant a

a) formuler une série de points spatialement or-
donnés (P) dans un espace bidimensionnel,
chacun représentant une détection de point en
ce quiconcerne un ou plusieurs objets dans ledit
environnement déterminée par un systéme de
détection embarqué de véhicule ;

b) relier les points d’extrémité (Pg,, Pg,) de la-
dite série de points ordonnés avec un premier
segment de ligne droite (2) et déterminer la dis-
tance la plus courte (D) entre chacun des points
intermédiaires et le premier segment de ligne
droite ;

c) déterminer & partir de I'étape b) un seuil (Dy,,)
sur la base d’'une mesure de la dispersion des
points intermédiaires autour dudit premier seg-
ment de ligne droite ;

d) pour chaque cété dudit premier segment de
ligne droite (2), déterminer, pour tout point situé
sur ce cbté respectif, le point qui est le plus éloi-
gné dudit premier segment de ligne droite (2) ;
e) déterminer tous les points trouvés a 'étape
d) qui sont plus éloignés du premier segment de
ligne droite que ledit seuil (P4/P,) ;

f) formuler une polyligne comprenant une plura-
lité de segments de ligne droite (4a, 4b, 4c) re-
liant les points d’extrémité via l'un desdits points
déterminés a I'étape €).

2. Procédé selon la revendication 1, incluant I'étape

consistant a fournir une polyligne révisée, compre-
nant les étapes consistant a :

g) déterminer pour chaque segment de ligne
droite (4a, 4b, 4c) de ladite polyligne formulée,
un seuil (Dypras Dinrbs Dinre) SUT 1a base d’une me-
sure de la dispersion des points intermédiaires
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dudit segment par rapport audit segment ;

h) pour chacun desdits segments de ligne droite
(4a, 4b, 4c¢), déterminer la distance entre le seg-
ment et chague point intermédiaire de ce
segment ; et déterminer pour chaque cté dudit
segment de ligne droite, le point, s’il en existe,
qui est a la distance maximale par rapport au
segment respectif,

i) déterminer tous les points (Py, P, Pg) trouvés
a I'étape h) qui sont situés plus loin du segment
de ligne droite respectif que ledit seuil trouvé a
I’étape g),

j) formuler une polyligne révisée, comprenant
une série de segments de ligne droite révisés
(84, 8b, 8c, 8d, 8e, 8f) reliant les points d'extré-
mité via des points connectifs successifs, lesdits
points connectifs étant les points d’extrémité
des segments de ligne droite (8a, 8b, 8c, 8d, 8e,
8f) intermédiaires des points d’extrémité et tous
les points supplémentaires trouvés a I'étape i).

Procédé selon la revendication 2, incluant 'étape
consistant a exécuter une ou plusieurs itérations
supplémentaires en répétant les étapes g) a j) une
ou plusieurs fois sur ladite polyligne révisée.

Procédé selon la revendication 3, dans lequel l'ité-
ration est arrétée en fonction d’'un ou plusieurs cri-
téres de terminaison, lesdits critéres de terminaison
étant choisis parmiau moins I'un des suivants : nom-
bre maximal d’itérations atteint ; temps de traitement
maximal dépassé ; nombre maximal de points dans
la polyligne déterminée atteint ; et aucun point sup-
plémentaire trouvé dans la polyligne dans l'itération
courante.

Procédé selon les revendications 1 a 4, dans lequel
ladite série de points spatialement ordonnés repré-
sente des détections dans le plan horizontal par rap-
port au véhicule, ordonnées par rapport a un angle
d’azimut qui augmente ou diminue de facon mono-
tone.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel ladite mesure de ladisper-
sion des points intermediaires autour dudit segment
de ligne droite (8a, 8b, 8¢, 8d, 8¢, 8f) est 'une des
suivantes : la distance moyenne quadratique la plus
courte de points intermédiaires par rapport au seg-
ment de ligne droite (8a, 8b, 8c, 8d, 8e, 8f) ; la dis-
tance moyenne quadratique la plus courte de points
intermédiaires par rapport au segment de ligne droite
(8a, 8b, 8c, 8d, 8e, 8f) divisée par la longueur du
segment de ligne droite ; la distance moyenne ab-
solue la plus courte de points intermédiaires par rap-
port au segment de ligne droite (8a, 8b, 8c, 8d, 8e,
8f) ; la distance moyenne absolue la plus courte de
points intermédiaires par rapport au segment de |-
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gne droite (8a, 8b, 8c, 8d, 8e, 8f) divisée par la lon-
gueur du segment de ligne droite.
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