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(57) ABSTRACT

An illustrative example method of mapping a physical
environment using an occupancy grid containing a set of
cells associated with respective occupancy probabilities
includes measuring a potential position of an object, using a
sensor and identifying a segment representing a distribution
interval of probable values associated with respective prob-
ability values relating to the measured potential position.
The segment extends according to only one of two dimen-
sions of the coordinate system of the sensor and penetrates
a subset of potentially occupied cells. The method includes
evaluating a probability of occupancy of each potentially
occupied cell by determining the features of a segment
portion included in the potentially occupied cell, and deter-
mining the probability of occupancy of the potentially
occupied cell as a function of the determined segment
portion using the probability density function.
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[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]
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[Fig. 6]

[Fig. 7]




Patent Application Publication  Dec. 31, 2020 Sheet 7 of 9

(Fig. 8a]
RESRY

S (Xan Vrid

4 (xpi pid

Yai

[Fig. &c]
S (%2, v2)

. E
LT L T

N

US 2020/0406929 A1



Patent Application Publication  Dec. 31, 2020 Sheet 8 of 9 US 2020/0406929 A1




Patent Application Publication  Dec. 31, 2020 Sheet 9 of 9 US 2020/0406929 A1

[Fig. 11}




US 2020/0406929 A1l

METHOD AND SYSTEM FOR MAPPING A
PHYSICAL ENVIRONMENT USING AN
OCCUPANCY GRID

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to French Patent
Application No. FR1907103, filed on Jun. 28, 2019.

TECHNICAL FIELD

[0002] The present description relates to the generation of
maps of physical environments around sensors, particularly
in the field of motor vehicles, in particular that of motor
vehicles which are autonomous and/or fitted with one or
more advanced driver assistance systems. The present
description refers more specifically to a simplified method
and a corresponding system for mapping a physical envi-
ronment around a sensor, and also to a method for driving a
motor vehicle fitted with the sensor and to the corresponding
vehicle.

BACKGROUND

[0003] With the current development of motor vehicles
which are autonomous and/or fitted with ADAS (Advanced
Driver Assistance Systems), many techniques have been
developed for the reliable estimation of the vehicle envi-
ronment, on the basis of a large amount of data coming from
one or more sensors of the vehicle, such as lidars and/or
radars. A widely used approach consists in detecting objects
or obstacles in the environment of the vehicle, using one or
more sensors, then in converting the raw data from the
sensors into an occupancy grid containing cells associated
with respective occupancy probabilities. The occupancy
probability of each cell is calculated using an algorithm
called “Inverse Sensor Model” which converts the detected
data and the additional information into occupancy prob-
abilities. The sensors used are distance estimation sensors,
for example radars and/or lidars.

[0004] The generation of such mapping in the form of an
occupancy grid, in a motor vehicle environment, requires the
processing of a very large amount of data in a short space of
time. The complexity of the calculations and the execution
time are crucial aspects for the obtainment of a robust
method for establishing the occupancy of the cells on the
grid representing the environment.

[0005] The present description has the aim of improving
the situation, and in particular of simplifying the establish-
ment of a map of the environment around a sensor.

SUMMARY

[0006] With this aim and in a first aspect, the present
description relates to a method for mapping a physical
environment using an occupancy grid containing a set of
cells associated with respective occupancy probabilities.
The method includes measuring, using at least one distance
estimation sensor, a potential position of an object in the
physical environment, during which the sensor provides, for
the measured potential position, a first coordinate according
to a first dimension and a second coordinate according to a
second dimension in a coordinate system of the sensor
having at least two dimensions. The method also includes
identifying a segment representing a distribution interval of
probable values relating to the measured potential position,
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which extends according to only one of the two dimensions
of the coordinate system of the sensor. The probable values
relate to the measured potential position associated with
probability values given by a probability density function
that can be represented by a curve having an apex which
corresponds to the measured potential position. The identi-
fied segment penetrates a subset of potentially occupied cells
of the occupancy grid. For each potentially occupied cell of
the subset, the method includes evaluating a probability of
occupancy of the potentially occupied cell by determining
the features of a segment portion, included in the potentially
occupied cell, calculating the probability of occupancy of
the potentially occupied cell as a function of the determined
segment portion, and using the probability density function.
[0007] The method makes it possible to provide informa-
tion regarding an object of the environment, such as an
obstacle, in order to evaluate the situation in the area
surrounding the sensor. This information can then be used
for determining a driving space of a motor vehicle and
carrying out the planning of a journey.

[0008] The method makes it possible to reduce the com-
plexity of the calculations for determining the occupancy
probability values of the cells of the occupancy grid, in
particular owing to the fact that the distribution of the
probable values is carried out according to a single dimen-
sion of the coordinate system of the sensor. This results in
less calculation work being necessary.

[0009] One of the two dimensions of the coordinate sys-
tem of the sensor is chosen for identifying a segment as a
function of features of the distance estimation sensor relat-
ing to a measurement uncertainty according to each of the
two dimensions of the coordinate system of the sensor.
[0010] The coordinate system of the sensor is a polar
coordinate system in which each point is represented by a
distance and an azimuth and, in the case where the mea-
surement uncertainty of the sensor is considered to be
negligible in the azimuth dimension because it is below a
predefined threshold, the segment representing a distribution
interval of probable values relative to the measured potential
position is a segment of the line defined by the potential
measured position and an origin of the coordinate system of
the sensor, the middle of such a segment corresponding to
the potential measured position.

[0011] The coordinate system of the sensor is a polar
coordinate system in which each point is represented by a
distance and an azimuth and, in the case where the mea-
surement uncertainty of the sensor is considered negligible
in the distance dimension, because it is below a predefined
threshold, the segment representing a distribution interval of
probable values relative to the measured potential position is
an arc of a circle.

[0012] The method may include an approximating step
during which said arc of a circle is approximated by a line
segment perpendicular to the direction of a line defined by
the measured potential position and a point of origin of the
coordinate system of the sensor. Such an approximation
simplifies still further the calculations for processing the
uncertainty of the azimuth by allowing a simplified and
accurate identification of the potentially occupied cells.
[0013] For each potentially occupied cell of said subset,
during the step of calculating the probability of occupancy
of said potentially occupied cell, an approximation of said
probability of occupancy is carried out by calculating the
area of a rectangle, one of the dimensions of which corre-
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sponds to the length of the segment portion included in said
potentially occupied cell, and the other dimension of which
is an approximate probability value assigned to said poten-
tially occupied cell.

[0014] The approximate probability value assigned to said
potentially occupied cell is the probability value given by
the probability density function at the midpoint of the
segment portion included in said potentially occupied cell.
[0015] Thus, an additional simplification of the calcula-
tions relies on the replacement of the integration of the
probability function over the distribution interval with an
approximation of the integral to the area of a rectangle.
[0016] The sensor can be a lidar sensor, a radar sensor, a
camera or another device that is able to measure data relating
to the position of an object.

[0017] In the case where the sensor is a lidar sensor, or
more generally a sensor with a high accuracy of azimuth
measurement, the distance dimension is chosen for identi-
fying the segment mentioned above.

[0018] In the case where the sensor is a radar sensor, or
more generally a sensor with a high accuracy of distance
measurement, the azimuth dimension is chosen for identi-
fying the segment mentioned above.

[0019] A second aspect relates to a method for detecting
an obstacle comprising the generation of a mapping of a
physical environment by implementing the previously
defined method and detecting an obstacle in the environment
on the basis of the generated mapping.

[0020] A third aspect relates to a method for driving an
autonomous motor vehicle or for assisting the driving of a
motor vehicle fitted with at least one advanced driver
assistance system, characterized in that it comprises an
operation for generating a mapping of a physical environ-
ment of the vehicle by implementing the previously defined
method.

[0021] A fourth aspect relates to a system for mapping a
physical environment using an occupancy grid containing a
set of cells associated with respective occupancy probabili-
ties. The system includes a measuring device having at least
one distance estimation sensor arranged to measure a poten-
tial position of an object in the physical environment and to
provide, for the measured potential position, a first coordi-
nate according 1o a first dimension and a second coordinate
according to a second dimension in a coordinate system of
the sensor having at least two dimensions. A segment
identification module that identifies the segment represent-
ing a distribution interval of probable values relating to the
measured potential position and extending according to only
one of the two dimensions of the coordinate system of the
sensor. The probable values relate to the measured potential
position associated with probability values given by a prob-
ability density function that can be represented by a curve
having an apex which corresponds to the measured potential
position. A module for evaluating a probability of occupancy
of each of a plurality of potentially occupied cells of the
occupancy grid that are penetrated by the segment includes
a unit for determining the features of a segment portion,
included in the potentially occupied cell and a unit for
calculating a probability of occupancy of the potentially
occupied cell as a function of the segment portion deter-
mined, and using the probability density function.

[0022] A fifth aspect relates to a system for detecting an
obstacle incorporating the system for mapping a physical

Dec. 31, 2020

environment as previously defined and a module for detect-
ing an obstacle in said environment on the basis of the
generated mapping.

[0023] A sixth aspect relates to a motor vehicle, which is
autonomous or fitted with at least one advanced driver
assistance system, incorporating a system as defined previ-
ously for mapping a physical environment of the vehicle
using an occupancy grid containing a set of cells defined by
respective occupancy probabilities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Other features and advantages of the present
description will become more clearly apparent on reading
the following detailed description which shows different
embodiments given by way of examples that are in no way
limiting. The description is accompanied by the appended
figures wherein:

[0025] FIG. 1 represents a diagram of a system for map-
ping a physical environment using an occupancy grid con-
taining a set of cells defined by respective occupancy
probabilities, according to a particular embodiment;

[0026] FIG. 2 represents a block diagram of a method for
mapping a physical environment using an occupancy grid
containing a set of cells defined by respective occupancy
probabilities, according to a particular embodiment;

[0027] FIG. 3 represents a blank occupancy grid (without
any occupied cells);

[0028] FIG. 4 represents a sensor, at a point corresponding
to a potential position measured by the sensor and a distri-
bution interval of probability values relating to the potential
measured position in a dimension of distance of a coordinate
system of the sensor;

[0029] FIG. 5 represents a sensor, a point corresponding to
a potential position measured by the sensor and a distribu-
tion interval of probability values relating to the potential
measured position in an azimuth dimension of a coordinate
system of the sensor;

[0030] FIG. 6 represents the sensor and the measured
point of FIG. 4, with a curve representing a probability
density function for the distance dimension of the distribu-
tion interval;

[0031] FIG. 7 represents an approximation of the distri-
bution interval of FIG. 5;

[0032] FIG. 8a represents a cell of the occupancy grid of
FIG. 3, traversed by a segment corresponding to the distri-
bution interval of FIG. 4 or 5, and two points of intersection;
[0033] FIG. 85 represents the cell of FIG. 8a and two other
points of intersection;

[0034] FIG. 8¢ represents the cell of FIGS. 8a and 85 and
two selected points of intersection;

[0035] FIG. 9 represents a segment, corresponding to the
distribution interval of FIG. 4 or 5, and an associated curve
representing a probability density function applied to the
points of the distribution interval, as well as a rectangle, the
surface area of which corresponds to the approximate prob-
ability of occupancy of a cell;

[0036] FIG. 10 is a more detailed representation of FIG. 9,
including a representation of all the cells traversed by the
segment corresponding to the distribution interval of FIG. 4
or 5, and associated with respective calculated occupancy
probabilities; and

[0037] FIG. 11 represents only the occupancy grid
obtained on the basis of the calculated occupancy probabili-
ties as represented in FIG. 10.
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DETAILED DESCRIPTION

[0038] FIG. 1 represents a particular exemplary embodi-
ment of a system 100 for mapping a physical environment
using an occupancy grid 200 containing a set of cells g; that
are assigned respective occupancy probabilities.

[0039] By way of illustrative example, FIG. 3 represents
an occupancy grid 200 in two dimensions (x,y) in a coor-
dinate system of the grid 200, for example a system of
Cartesian coordinates. The occupancy grid 200 is used to tile
or discretize a representation of the environment, in the form
of a set of cells g; disposed in rows and columns, as
represented in FIG. 3. In this FIG. 3, the grid 200 is
composed of N;xN,, cells g, of square shape and of the
same dimension, forming a grid pattern. N, represents the
number of cells g, on the abscissa and N, represents the
number of cells g;; on the ordinate. The point of origin O of
the coordinate system of the grid 200 corresponds to the
apex of origin of the grid 200 on the bottom left in FIG. 3.
The spatial resolution, denoted res, of the grid 200 corre-
sponds 1o the dimension of one side of a cell g, One
position on the grid 200 can be described in the Cartesian
coordinate system of the grid by physical distances on the
abscissa x and on the ordinate y, for example expressed in
meters. Bach cell g;; occupies a given position in the grid
200, which is known and defined by an index i, here between
1 and N, and an index j, here between 1 and Ny,

[0040] The system 100 is for example integrated into a
motor vehicle (not represented) and makes it possible to
establish a mapping in the area surrounding the vehicle in
the form of an occupancy grid 200, similar to that in FIG. 3,
the cells of which are associated with respective occupancy
probabilities. These occupancy probabilities are for example
values between 0 and 1, the value “0” corresponding to an
unoccupied cell and the value “1” corresponding to an cell
that is definitely occupied (occupancy probability of 100%,
in other words equal to 1).

[0041] The system 100 comprises a measuring device 10
for measuring a potential position p of an object (such as an
obstacle), a module 20 for identifying a segment corre-
sponding to a distribution interval of probable values (or
probable positions) of the measured potential position L, a
module 30 for evaluating occupancy probabilities of cells of
the grid 200 and a module 40 for generating an occupancy
grid 200.

[0042] The measuring device 10 comprises at least one
distance estimation sensor 11 and a memory for storing
measured raw data. The sensor 11 is arranged to measure a
position of an object (such as an obstacle) of the physical
environment of the sensor 11 and to provide, for the mea-
sured position, measured data comprising a first coordinate,
according to a first dimension, and a second coordinate,
according to a second dimension, in a coordinate system of
the sensor with at least two dimensions. For example, the
coordinate system of the sensor 11 is a system of polar
coordinates in which each point is represented by a distance
r and an azimuth (angle) a with respect to a polar axis
(equivalent to the abscissa axis x in Cartesian coordinates, in
the coordinate system of the grid 200). In this case, the
sensor 11 measures and provides data of a detected position
comprising a distance r and an azimuth o. The data thus
measured is stored, at least temporarily, in the memory 12.
[0043] The identification module 20 is intended to identify
a segment S (or a section of a line), representing a distri-
bution interval of probable values relating to the measured
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potential position u, which extends according to only one of
the two dimensions of the coordinate system of the sensor.
Thus, the segment S extends either in distance (with a fixed
azimuth), or in azimuth (with a fixed distance). The distri-
bution interval, graphically represented by the segment S,
represents an uncertainty on the measured position p1 accord-
ing to only one of the two dimensions of the coordinate
system of the sensor 11, i.e. here either the uncertainty on the
measured distance r, or the uncertainty on the measured
azimuth o.. The processing of the measurement uncertainty
according to only one of the dimensions, neglecting the
dimension in which the sensor 11 offers a high measurement
accuracy, makes it possible to significantly reduce the com-
plexity of the calculations for determining the occupancy
probability values of the cells of the occupancy grid, while
making it possible to carry out accurate calculations.
[0044] The evaluation module 30 is intended to evaluate a
probability of occupancy of each of a plurality of potentially
occupied cells ¢, of the occupancy grid 200, these cells c,
being those penetrated by the segment S identified by the
identification module 20, with 1=i<N and N being the total
number of cells penetrated by the segment S. The evaluation
module 30 comprises: a unit 31 for determining features of
a segment portion x,, included in each of the potentially
occupied cells ¢,; and a unit 32 for calculating a probability
of occupancy of each of the potentially occupied cells ¢, as
a function of the segment portion x; determined and using a
probability density function ¢.

[0045] The mapping system 100 can be integrated into a
system 300 for detecting an obstacle comprising, in addition
to the elements 10, 20, 30 and 40 of the system 100, a
module 50 for detecting an obstacle using the generated
mapping of the environment, i.e. the grid of cells g,; respec-
tively associated with occupancy probabilities.

[0046] There will now follow a description, with reference
to FIG. 2, of a method for mapping the physical environment
of the sensor 11 using an occupancy grid 200 containing a
set of cells g,; associated with respective occupancy prob-
abilities, according to a particular embodiment. The method
is implemented by the system 100.

[0047] The method first comprises a step E0 of measuring,
here using the distance estimation sensor 11, a potential
position | of an object in the physical environment of the
sensor. The sensor 11 is for example a radar or a lidar or any
other sensor appropriate for evaluating a distance between
itself and an object or obstacle of the environment. During
the measurement step E0, the sensor 11 provides, for the
measured potential position , a first coordinate, according
to a first dimension, and a second coordinate, according to
a second dimension, in a coordinate system of the sensor 11
with two dimensions. In the example described here, the
coordinate system of the sensor 11 is a system of polar
coordinates in two dimensions in which each point is
represented by a distance r and an azimuth o with respect to
a polar axis (equivalent to the abscissa axis in Cartesian
coordinates, in the coordinate system of the grid 200). The
sensor 11 provides a distance coordinate 1. and an azimuth
coordinate 1, to the point, the potential position p of which
is measured by the sensor 11.

[0048] Inastep E1 of converting coordinates, a number of
Cartesian coordinates i, and p, of the measured potential
position p in the coordinate system of the occupancy grid
200 are calculated, on the basis of polar coordinates of
distance . and azimuth p, of the measured potential posi-
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tion p and of the known position of the sensor 11 in the
Cartesian coordinate system of the sensor of the grid 200
(this position being defined by Cartesian x and y coordinates
of the sensor 11 in the coordinate system of the grid 200).
The step E1 is implemented by a conversion unit 21 of the
identification module 20.

[0049] The method also comprises a step E2 of identifying
a segment S representing a distribution interval of probable
values relating to the measured potential position p. During
this step E2, a calculation unit 22 of the identification
module 20 determines a distribution interval of probable
values relating to the measured potential position p. This
distribution interval corresponds to a set of probable posi-
tions of the point, the potential position p of which has been
measured by the sensor 11. Specifically, due to the features
of the sensor 11, in particular the accuracy of distance and
azimuth measurement of the sensor 11, an uncertainty exists
on the values of the coordinates of the position measured by
the sensor 11. In the coordinate system of the sensor 11, the
distribution interval can be represented by a segment S, as
represented in FIGS. 4 and 5. This segment extends accord-
ing to a single one of the two dimensions of the coordinate
system of the sensor 11. In other words, in the example
described here, the segment S is defined either by a bounded
interval of distances and a given azimuth (FIG. 4), or by a
bounded angular interval and a given distance (FIG. 5). It
can therefore be either a portion of a straight line (FIG. 4),
in the case of a segment extending only in the distance
dimension r, or an arc of a circle (FIG. 5), in the case of a
segment extending only in the angular dimension «.

[0050] In the first case (FIG. 4), the probable values
relating to the measured potential position | comprise a
range of distances r associated with a fixed azimuth value.
The distance in the middle of this range and the associated
azimuth are the polar coordinates of the measured potential
position p in the coordinate system of the sensor 11.

[0051] In the second case (FIG. 5), the probable values
relating to the measured potential position | comprise a
range of angles o associated with a fixed distance value. The
angle in the middle of this range and the associated distance
are the polar coordinates of the measured potential position
w in the coordinate system of the sensor 11.

[0052] The probable values relating to the measured
potential position | are associated with probability values
given by a probability density function ¢. The probability
value of a point of the segment S represents the probability
that the detection (i.e. the object detected by the sensor 11)
is positioned at this point. The probability density function
¢ can be graphically represented by a curve Cppp which
associates probability values with each of the values of the
distribution interval, graphically represented by the segment
S. In FIG. 6, by way of illustrative example, is a graphic
representation of the curve Crpp associated with the seg-
ment S of FIG. 4. In this example, the probability density
function ¢ is a Gaussian function. Another type of probabil-
ity density function could be chosen. The curve Cppp has an
apex which corresponds to the measured potential position
. In other words, the apex of the curve Cp,p is the image
of the measured position p by the probability density func-
tion ¢. Preferably, the curve C.,, is symmetrical with
respect to a central axis passing through its apex. For
example, the probability density function ¢ is expressed by
the following relationship:
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where x represents a distance from the point of detection p
(detected potential position) along the axis connecting said
point u and the sensor 11.

[0053] The length of the segment S (in other words the
width of the distribution interval) is chosen in such a way
that the sum of the probability values associated with each
of the points of the segment (in other words the integral of
the probability density function ¢ over the distribution
interval) is greater than or equal to a target probability value,
for example 0.99.

[0054] For example, “0” denoting the standard deviation
of the probability density function ¢, the width of the
distribution interval is chosen as equal to 60 The standard
deviation is denoted o, in the case where the uncertainty on
the azimuth is negligible (FIG. 4) and o, in the case where
the uncertainty on the distance is negligible (FIG. 5). In
FIGS. 4 to 6, the symbols o, and o, represent the standard
deviation of the probability density function ¢ relating to the
azimuth measurement o and the standard deviation of the
probability density function ¢ relating to the distance mea-
surement, respectively.

[0055] One of the two dimensions of the coordinate sys-
tem of the sensor 11 is chosen—i.e. either the distance (FIG.
4) or the azimuth (FIG. 5)—for implementing the step of
identifying a segment, as a function of features of the sensor
11 relating to a measurement uncertainty according to each
of the two dimensions of the coordinate system of the sensor
11.

[0056] In the case where the measurement uncertainty of
the sensor 11 is considered to be negligible in the azimuth
dimension, because it is below a predefined threshold
(60"<res), the segment S representing a distribution interval
of probable values relating to the measured potential posi-
tion p is a segment of the straight line defined by the
measured potential position p and an origin of the coordinate
system of the sensor, the middle of said segment correspond-
ing to the measured potential position p. Thus, the distance
dimension is chosen to identify a segment S such as that of
FIG. 4.

[0057] In the case where the measurement uncertainty of
the sensor 11 in the distance dimension is considered to be
negligible, because it is below a predefined threshold (for
example 60 <res), the segment representing a distribution
interval of probable values relating to the measured potential
position 1 is an arc of a circle. Thus, the azimuth dimension
is chosen to identify a segment S such as that represented in
FIG. 5. In this case, the method can advantageously com-
prise an approximating step during which the arc of a circle
corresponding to the segment S is approximated by a line
segment which is perpendicular to the direction of a line
defined by the measured potential position p and a point of
origin of the coordinate system of the sensor 11 (this point
of origin representing the sensor 11 itself), as represented in
FIG. 7. Such an approximation simplifies the calculations
for processing an azimuth uncertainty by allowing a sim-
plified and accurate identification of the potentially occupied
cells.

[0058] In the case where the sensor 11 is a lidar, the
distance dimension is chosen for the identification of the
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segment S (FIG. 4). In the case where the sensor 11 is a
radar, the azimuth dimension is chosen for the identification
of the segment S (FIG. 5).

[0059] As shown in FIGS. 4 and 5, the identified segment
S penetrates a subset of potentially occupied cells of the
occupancy grid 200, denoted c, with 1 ranging from 1 to N
in the present description. For each potentially occupied cell
¢; of this subset, a step E3 of evaluating a probability of
occupancy of this potentially occupied cell is implemented.
The evaluating step E3 comprises a step E4 of determining
features of a portion x, of the segment S, included in said
potentially occupied cell ¢, of index i;

[0060] a step E5 of calculating the probability of occu-
pancy of said potentially occupied cell of index i as a
function of the features of the determined segment portion
and using the probability density function ¢.

[0061] The step E4 of determining a portion X, of the
segment S makes it possible to determine features of the
segment portion x;, for example the length of the segment
portion x, and the distance 1, between the middle of the
segment portion X, and the measured point w. It comprises
the calculating steps E40 to E45 described below, imple-
mented by the determination module 31.

[0062] The abscissa and ordinate coordinates of the mea-
sured potential position p are denoted p, and p, in the
coordinate system of the grid 200. The coordinates of the
two ends of the segment S, denoted for example u+30 and
u-30, in the coordinate system of the grid 200 are calculated
using the Bresenham segment tracing algorithm (with an
extension of neighbor status to 4 cells), in the step E40.
These coordinates can be expressed by the following rela-
tionship.

30.= 1 +cos(P) 30

y3c,;py+sin([5)-30
where a represents the azimuth of the point p and o
represents the standard deviation of the probability density
function ¢ used. The step E40 is implemented by a first
calculation unit 310 of the determination module 31.
[0063] During the step E41, the coeflicients a and b of the
linear equation

v=ax+b,

which defines the straight line that contains the segment S in
the coordinate system of the grid 200, are calculated by the
unit 31, based on the coordinates of the ends of the segment
S calculated during the step E40, using the following rela-
tionships:

Yio+ = V3o
gz ————
X3+ — X3

b=yie- —x30--0

The step E41 is implemented by a second calculation unit
311 of the determination module 31.

[0064] Then, during a step E42, the unit 31 determines
each of the points of the segment S constituting the inter-
sections between the cell borders and the straight line
determined during step E41, using the following relation-
ships:

VLN Lth yri=axpth

¥~ (Vr—=b)Ya xg=(ys~b)a
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where X;;, Xz, Vg Y respectively represent the fixed
coordinates of the two vertical lines, left and right, and the
two horizontal lines, top and bottom, defining the borders of
acell of index i, as represented in FIGS. 8a and 8. The step
E42 is implemented by a third calculation unit 312 of the
determination module 31.

[0065] During a step E43, the unit 31 selects the two
points of intersection which are located at the border of the
considered cell of index i represented in FIG. 8¢. These two
points of intersection are denoted (x,, y,) and (X,, y,). The
step E43 is implemented by a selection unit 313 of the
determination module 31.

[0066] During a step E44, the unit 31 calculates the length
d; of the segment portion S included in the cell of index i,
using the following equation:

a2V (o3, + (1)

The step E44 is implemented by a fourth calculation unit 314
of the determination module 31.

[0067] During a step E45, the unit 31 calculates the
distance r, between the middle of the segment portion of
index i1 and the measured point p, using the following
equation:

The step E40 is implemented by a fifth calculation unit 315
of the determination module 31.

[0068] The step ES of calculation of the probability of
occupancy of the potentially occupied cell of index i as a
function of the features of the determined segment portion x,
and using the probability density function ¢ will now be
described. It is implemented by the calculation module 32
and illustrated by FIGS. 9 and 10.

[0069] This calculating step E5S comprises a first step ES0
of determining an approximate probability value associated
with the cell of index i. For example, the approximate
probability value is equal to the probability value associated
with the midpoint of the segment portion x, (given by the
probability density function ¢), here according to the equa-
tion:

where r here represents a variable describing the distance
along the axis connecting said detection point 1 (detected
potential position) and the sensor 11 (same axis as that
previously defined in relation with the variable “x”) and r, is
a value at the center of the segment portion of index i (x;,),
as represented in FIG. 9. This step E50 is implemented by
a first calculation unit 320 of the calculation module 32.
[0070] The calculating step ES comprises a second step
E51 of evaluating the probability of occupancy of the cell of
index i, denoted p(r;), by the following approximation
equation:

P)~fep(r)drmepl(r;)d;

This step E51 is implemented by a second calculation unit
321 of the calculation module 32.
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[0071] Thus, the unit 32 calculates an approximation of
the probability of occupancy p(r,) of the cell of index 1, by
calculating the area of a rectangle, one of the dimensions of
which corresponds to the length of the segment portion
included in said potentially occupied cell, and the other
dimension of which is an approximate probability value
@(r,) attributed to the potentially occupied cell of index 1.
This allows an additional simplification of the calculations
based on a replacement of the integration of the probability
density function ¢ over the distribution interval (segment S)
by an approximation of the integral (result of this integra-
tion) to the area of a rectangle.

[0072] The method then comprises a step E6 of generating
an occupancy grid 200 on which the respective occupancy
probabilities of the cells are represented for example by
different colors. For example, a cell having a zero probabil-
ity of occupancy is white and the cells having a non-zero
probability of occupancy are represented in levels of gray,
the darker the cell, the higher the probability of occupancy.
FIG. 11 represents the occupancy grid 200 obtained based on
the occupancy probabilities calculated and represented in
FIG. 9.

[0073] During a testing step, it is possible to check
whether or not the sum of the probability of occupancy
values of the potentially occupied cells is close to 1. Experi-
mental results give a total probability value equal to 0.99476
for the entirety of the cells traversed by the segment S.
[0074] Inasecond aspect, the present description relates to
a method for detecting an obstacle comprising the genera-
tion of a mapping of a physical environment by implement-
ing the method that has just been described and a step of
detecting an obstacle in said environment on the basis of the
generated mapping.

[0075] In a third aspect, the present description relates to
a method for driving an autonomous motor vehicle or for
assisting the driving of a motor vehicle fitted with at least
one advanced driver assistance system, which comprises an
operation of generating a mapping of a physical environ-
ment of the vehicle by implementing the method described
previously.

[0076] In a fourth aspect, the present description also
relates to a system of detection of an obstacle incorporating
the system 100 for mapping a physical environment and a
module of detection of an obstacle in said environment on
the basis of the generated mapping.

[0077] Ina fifth aspect, the present description also relates
to a motor vehicle which is autonomous or fitted with at least
one advanced driver assistance system, incorporating a
system 100 for mapping a physical environment of said
vehicle using an occupancy grid containing a set of cells
defined by respective occupancy probabilities.

[0078] The measurement device 10 could comprise sev-
eral distance estimation sensors.

[0079] Although the subjects of the present description
have been described with reference to specific examples,
various obvious modifications and/or improvements could
be made to the embodiments described.

We claim:

1. A method of mapping a physical environment using an
occupancy grid containing a set of cells associated with
respective occupancy probabilities, the method comprising:

measuring, using at least one distance estimation sensor,

a potential position of an object in the physical envi-
ronment, wherein the sensor provides, for the measured
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potential position, a first coordinate according to a first
dimension and a second coordinate according to a
second dimension in a coordinate system of the sensor
having at least two dimensions;

identifying a segment representing a distribution interval

of probable values relating to the measured potential
position, wherein the segment extends according to
only one of the two dimensions of the coordinate
system of the sensor, wherein the probable values relate
to the measured potential position associated with
probability values given by a probability density func-
tion that can be represented by a curve having an apex
which corresponds to the measured potential position,
wherein the identified segment penetrates a subset of
potentially occupied cells of the occupancy grid;

for each potentially occupied cell of the subset, evaluating

a probability of occupancy of the potentially occupied

cell by

determining features of a segment portion included in
the potentially occupied cell, and

determining the probability of occupancy of the poten-
tially occupied cell as a function of the determined
segment portion, and using the probability density
function.

2. The method as claimed in claim 1, wherein one of the
two dimensions of the coordinate system of the sensor is
chosen for identifying the segment as a function of features
of the sensor relating to a measurement uncertainty accord-
ing to each of the two dimensions of the coordinate system
of the sensor.

3. The method as claimed in claim 1, wherein

the coordinate system of the sensor is a polar coordinate

system in which each point is represented by a distance
and an azimuth, and,

in the case where the measurement uncertainty of the

sensor is considered to be negligible in the azimuth
dimension because it is below a predefined threshold,
the segment representing the distribution interval of
probable values relative to the measured potential posi-
tion is a segment of a line defined by the potential
measured position and an origin of the coordinate
system of the sensor, and

a middle of the segment corresponds to the potential

measured position.

4. The method as claimed in claim 1, wherein

the coordinate system of the sensor is a polar coordinate

system in which each point is represented by a distance
and an azimuth and

in the case where the measurement uncertainty of the

sensor is considered negligible in the distance dimen-
sion because it is below a predefined threshold, the
segment representing the distribution interval of prob-
able values relative to the measured potential position
is an arc of a circle.

5. The method as claimed in claim 4, comprising approxi-
mating the arc of the circle by a line segment perpendicular
to the direction of a line defined by the measured potential
position and a point of origin of the coordinate system of the
Sensor.

6. The method as claimed in claim 1, wherein

for each potentially occupied cell of the subset, determin-

ing the probability of occupancy of the potentially
occupied cell includes approximating the probability of
occupancy by calculating the area of a rectangle;
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one of the dimensions of the rectangle corresponds to a
length of the segment portion included in the poten-
tially occupied cell; and

the other dimension of the rectangle is an approximate
probability value assigned to the potentially occupied
cell.

7. The method as claimed in claim 6, wherein the approxi-
mate probability value assigned to the potentially occupied
cell is the probability value given by the probability density
function at the midpoint of the segment portion included in
the potentially occupied cell.

8. The method as claimed in claim 1, wherein

the sensor comprises a LIDAR sensor and

a distance dimension is chosen for identifying the seg-
ment.

9. The method as claimed in claim 1, wherein

the sensor comprises a RADAR sensor and

an azimuth dimension is chosen for identifying the seg-
ment.

10. A method of detecting an obstacle, comprising

generating a mapping of a physical environment by
implementing the method of claim 1 and

detecting the obstacle in the environment based on the
generated mapping.

11. A method of driving an autonomous motor vehicle
comprising generating a mapping of a physical environment
of the motor vehicle by implementing the method of claim
1.

12. A method of assisting the driving of a motor vehicle
fitted with at least one advanced driver assistance system,
the method comprising generating a mapping of a physical
environment of the motor vehicle by implementing the
method of claim 1.

13. A system for mapping a physical environment using
an occupancy grid containing a set of cells associated with
respective occupancy probabilities, the system comprising:

a measuring device including at least one distance esti-
mation sensor arranged to measure a potential position
of an object in the physical environment and to provide,
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for the measured potential position, a first coordinate
according to a first dimension and a second coordinate
according to a second dimension in a coordinate system
of the sensor having at least two dimensions;

a segment identification module configured to identify a
segment representing a distribution interval of probable
values relating to the measured potential position and
extending according to only one of the two dimensions
of the coordinate system of the sensor, the probable
values relating to the measured potential position asso-
ciated with probability values given by a probability
density function that can be represented by a curve
having an apex which corresponds to the measured
potential position; and

a module configured to evaluate a probability of occu-
pancy of each of a plurality of potentially occupied
cells of the occupancy grid, penetrated by the segment,
the module including

a unit for determining the features of a segment portion
included in the potentially occupied cell, and

a unit for determining a probability of occupancy of the
potentially occupied cell as a function of the segment
portion and using the probability density function.

14. A system for detecting an obstacle, comprising

the system for mapping a physical environment of claim
13 and

a module for detecting an obstacle in the environment on
the basis of the generated mapping.

15. An autonomous motor vehicle comprising the system
of claim 13, wherein the physical environment is an envi-
ronment in a vicinity of the motor vehicle.

16. A motor vehicle, comprising
at least one advanced driver assistance system, and

the system of claim 13, wherein the physical environment
is an environment in a vicinity of the motor vehicle.
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