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(54) System and method for detecting and managing occupation of an area by objects

(57) Described herein is a system (1) for detecting
and managing occupation of an area (3) by objects (2),
said system comprising: a plurality of sensor devices (4),
which are arranged in a plurality of points (A) within the
area (3) in order to detect a state of occupation or a state
of non-�occupation of each point (A) by at least one object

(2) located within the area (3); and a processing unit (5)
designed to determine, as a function of the state detected
in the points (A) by the sensor devices (4), the degree of
non-�occupied free surface that is available within the area
(3) in order to accommodate at least one further object
(2).



EP 1 816 623 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

�[0001] The present invention relates to a system and
a method for detecting and managing occupation of an
area by objects.
�[0002] In particular, the present invention regards a
system and a method designed to detect and manage
occupation of an area dedicated to parking of means of
transport, such as, for example, bicycles, motor cycles,
automobiles, campers, vans, lorries, and buses, to which
the ensuing treatment will make explicit reference without
this implying any loss of generality.
�[0003] As is known, the detection of occupation of
parking or waiting areas by means of transport and in
particular management of the free spaces present within
said areas today represents one of the main questions
that form the subject of continuous interventions and im-
provements aimed at obtaining an optimization of the
public or private spaces that can be occupied by means
of transport when parking, the latter being a requirement
that is particularly felt both by users of the means of trans-
port and by the various attendants or bodies responsible
for management and control of the areas got the parking
or waiting of vehicles.
�[0004] For this purpose, systems have been proposed
provided with image-�acquisition apparatuses based up-
on infrared technology, which detect the image of a de-
limited area in order to verify the state of occupation
thereof by means of transport. In detail, said areas are
designated by the term "delimited areas" in so far as they
are typically circumscribed by lines drawn on the surface
of the parking area which mark off the space reserved to
parking of a means of transport of given dimensions.
�[0005] The infrared detection systems referred to
above present the major drawback of being far from re-
liable in so far as image acquisition is affected by the
external environmental lighting conditions. In particular,
in the presence of poor lighting present, for example, at
night or in the case of rain or fog, the system becomes
particularly subject to disturbance and far from reliable.
�[0006] The aim of the present invention is hence to
provide a system that will overcome the drawbacks de-
scribed above and that will contribute to improving and
optimizing management of occupation of an area by ob-
jects, which correspond, in particular, to means of trans-
port.
�[0007] The above aim is achieved by the present in-
vention in so far as it regards a system designed to detect
and manage occupation of an area by objects, according
to what is specified in Claim 1 and, preferably, in any one
of the subsequent claims depending either directly or in-
directly upon Claim 1.
�[0008] According to the present invention, a method is
moreover provided, designed to detect and manage oc-
cupation of an area by an object, according to what is
specified in Claim 9 and, preferably, in any one of the
subsequent claims depending either directly or indirectly
upon Claim 9.

�[0009] The present invention will now be described
with reference to the annexed plate of drawings, which
illustrate a non-�limiting example of embodiment thereof,
and in which:�

- Figure 1 is a schematic illustration of a system for
detection and management of an area that can be
occupied by objects, said system being provided ac-
cording to the teachings of the present invention;

- Figure 2 represents a system for detection and man-
agement of a parking area occupied by means of
transport,� said system being provided according to
the teachings of the present invention;

- Figure 3 is a schematic illustration of an example of
a possible first arrangement of means of transport
within a delimited parking area; whilst

- Figure 4 is a schematic illustration of an example of
a possible second arrangement of means of trans-
port within a delimited parking area.

�[0010] The present invention is essentially based upon
the principle of detecting in a plurality of points distributed
within an area, a state of occupation or a state of non-
occupation of each point by at least one object located
in the area itself, and of determining, as a function of the
state detected in the points, the degree of non-�occupied
free surface that is available within the area in order to
place at least one further object.
�[0011] In other words, the present invention is essen-
tially based upon the idea of determining, through an ar-
ray or grid of sensor devices appropriately distributed on
an area to be managed, a set of information regarding
the dimensions of the surface occupied within the area
itself by one or more objects, and of processing said in-
formation to calculate the degree of free space present
in the area itself, which can potentially be occupied by
further objects.
�[0012] With reference to Figures 1 and 2, the reference
number 1 designates as a whole a system that is able to
determine the extension of area 3 occupied by one or
more objects 2 in order to calculate, as a function of said
extension, the degree of non-�occupation of the area 3,
i.e., the ratio or amount of free surface that can be occu-
pied by other objects 2 within the area 3 itself.
�[0013] In particular, the system 1 is able to determine
the dimensions of the free surface that can be occupied,
verify whether the free surface determined within the area
3 can be occupied or otherwise by one or more objects
2, and identify, on the basis of the verification made, the
type of object or objects that can be located on the free
surface identified.
�[0014] The system 1 basically comprises a plurality of
sensor devices 4, which are arranged in a set of points
A of the area 3 according to a pre-�set plane geometrical
configuration and are each designed to supply an indi-
cation regarding the state of occupation or of non-�occu-
pation of the corresponding point A of the area 3 by an
object 2.
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�[0015] In particular, in the example shown in Figures
1 and 2, the points A, on which the sensor devices 4 are
arranged, are distributed over the surface of the area 3
according to a matrix or grid- �like geometrical configura-
tion, in which each point A is associated uniquely to a
given row and column. In the case in point in Figure 1,
the points A belonging to one and the same row or to one
and the same column are arranged so that they are not
aligned with respect to one another, but it is evident that
they can also be arranged along a row or a column so
that they are aligned with respect to one another (Figure
2).
�[0016] The system 1 further comprises a processing
unit 5, which is designed to receive from the sensor de-
vices 4 the information regarding the state of occupation
or non- �occupation of the respective points A and is de-
signed to process said information to identify the free
points A (i.e., the points not occupied by any object) so
as to be able to verify, as a function of the latter, the
presence/ �absence of free surfaces that can be occupied,
and the amount or ratio thereof that can be occupied.
�[0017] With reference to Figure 1, the sensor devices
4 each comprise: a detection sensor 4a, which supplies
a detection signal containing the information regarding
occupation or non-�occupation of the point A; and a com-
munication module 4b, which is able to communicate the
detection signal to any other sensor device 4 and/or di-
rectly to the processing unit 5.
�[0018] In particular, the detection sensor 4a can com-
prise, for example, an infrared sensor or an ultrasound
sensor, or any other type of sensor of the sort. In the case
in point, in the example illustrated in Figure 1, each de-
tection sensor 4a is stably fixed in a known way on the
plane surface of the area 3 in a position corresponding
to the point A so as to generate the detection signal in-
dicating the occupation of the point A when an object 2
or a portion of object 2 is above the detection sensor 4a
itself.
�[0019] As regards, instead, the communication mod-
ule 4b of the sensor device 4, this has the function of
communicating with any of the other sensor devices 4
and/or directly with the processing unit 5 so as to transmit
to the latter the corresponding detection signal.
�[0020] In the example illustrated in Figure 1, the com-
munication modules 4b are advantageously able to im-
plement a wireless communication with the processing
unit 5 so as to transmit the detection signals thereto. The
wireless communication can be obtained, for example,
advantageously by implementing the communication
protocol ZigBee or any other similar protocol.
�[0021] In particular, each communication module 4b
is able to communicate with the processing unit 5 through
a "short range" transceiving sequence made between a
set of communication modules 4b of the sensor devices
4 arranged between the communication module 4b itself
and the processing unit 5.
�[0022] According to a different embodiment (not illus-
trated), each communication module 4b is able to make

a short-�range communication with the processing unit 5.
�[0023] As regards the processing unit 5, this may be
defined by a local computer, which is designed to receive
the detection signals generated by the array of sensor
devices 4 and process them according to an algorithm,
which determines, as a function of the position of the
occupied points A within the area 3, the size of the surface
occupied by the objects 2, and the size of the free surface
that can be occupied.
�[0024] The processing unit 5 is able to determine, as
a function of the free surface that can be occupied, the
size and hence the type and number of objects that could
potentially be arranged in the free surface that can be
occupied.
�[0025] In particular, the processing unit 5 is provided
with a computing module 5a, and a storage module 5b,
stored in which are: a first table containing, for each point
A, to which a sensor device 4 is associated, the respec-
tive co- �ordinates measured according to a given geomet-
rical reference system; and a second table containing a
set of types of objects and for each type of object the
corresponding dimensions of surface occupation and/or
the degree of surface occupation within an area.
�[0026] The processing unit 5 further comprises a mod-
ule 5c that is able to implement a long-�range or short-
range communication with the sensor devices 4.
�[0027] In use, the sensor devices 4 transmit, at pre-
set time intervals, the detection signals to the processing
unit 5, which calculates, as a function of the condition of
occupation and of non-�occupation of the points A and of
their positions (which can be calculated through the first
table), the dimensions of the surface occupied, and the
degree of free surface present in the area 3.
�[0028] Once the degree of free surface with respect to
the area 3 has been determined, and in particular the
size of the free surface itself, the computing module 5a
identifies through the second table and as a function of
the values calculated (ratio of free surface and/or size
thereof), the type and/or combination of the objects hav-
ing dimensions such that they can be accommodated in
the free surface itself.
�[0029] Furthermore, the system 1 is designed to re-
ceive a request for positioning of a new object 2 in the
area 3 and is able to verify whether there exists or not
enough free space in order to position the object 2 itself.
In particular, in the case where a sufficient free space
exists, the processing unit 5 identifies the position of the
free space within the area 3 in which the object 2 can be
positioned.
�[0030] In the case in point, the processing unit 5 is
designed to: receive at input information that encodes
the type and/or dimensions of the new object 2 to be
positioned in the area 3; verify, on the basis of the con-
ditions of occupation of the points A, the free space that
can be occupied and hence the type of objects 2 that can
be arranged in the free space itself; check whether the
new object 2 can be positioned or otherwise in the free
space; and determine preferably, but not necessarily, the
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optimal position of insertion.
�[0031] The system 1 may be able to recognize in a
completely automatic way the type and hence the dimen-
sions of the object 2 that must be set in the area 3. In
particular, the system 1 can be provided with a recogni-
tion area 10 (Figure 2) in which the object 2 to be recog-
nized is set.
�[0032] In the example shown in Figure 2, the system
1 is provided with a plurality of detection sensor devices
11 equivalent to the detection sensor devices 4 described
above (some of which are represented in Figure 2 with
a dashed line), which are arranged in the recognition area
10 in respective points B and are each designed for sup-
plying to the processing unit 5 a detection signal indicat-
ing the occupation or non-�occupation of the point B by
the object 2 to be recognized.
�[0033] In use, the object 2 to be recognized is set in
the recognition area 10, and the processing unit 5, having
received the detection signals generated by the detection
sensor devices 11, determines the surface of the recog-
nition area occupied by the object 2 as a function of the
state of occupation or non- �occupation detected by the
sensor devices 11 in the respective points B.
�[0034] Following upon determination of the surface of
the recognition area 10 covered by the object 2, the
processing unit 5 is able to determine the type and/or
dimensions of the object 2.
�[0035] The system 1 can find advantageous applica-
tion in detection and management of the surface that can
be occupied in the areas 3 dedicated to parking or waiting
of means of transport, such as, for example, bicycles,
motor cycles, automobiles, campers, vans, lorries, bus-
es.
�[0036] Figure 2 shows an application of the system 1,
in which the parking area 3 is occupied (in sequence from
left to right in Figure 2) by a bicycle 12, an automobile
13, a van 14, and a lorry 15, and in which the recognition
area 10 is set in a position corresponding to the entrance
I to the parking area 3 in such a way as to enable the
processing unit 5 to recognize automatically the means
of transport prior to its entry into the parking area 3, and
verify, on the basis of said recognition and as a function
of the free space detected within the parking area 3,
whether said means of transport can be accommodated
within the parking area 3 itself.
�[0037] With reference to the example illustrated in Fig-
ure 2, the processing unit 5 processes the detection sig-
nals generated by the sensor devices 4 and identifies in
the area 3 the presence of a bicycle 12, an automobile
13, a van 14, and a lorry 15, and calculates the size of
the free space that can be occupied by other means of
transport.
�[0038] Following upon determination of the free space,
according to the dimensions of the vehicle recognized,
which in the example illustrated corresponds to a bicycle
12, a combination of the sub- �areas S (indicated with
dashed line in Figure 2) that can be occupied by the bi-
cycle 12 is identified within the free space that can be

occupied.
�[0039] In the above description, it should be pointed
out that the parking area 3 can correspond to a non-
delimited area or else to an area delimited in a pre- �set
way by means of the visible lines L (traced on the surface
of the area), sized for containing a given means of trans-
port. In the example shown in Figures 3 and 4, the system
1 is able to verify whether within the delimited area 3
there exists a portion of space sufficient for accommo-
dation of another means of transport. For example, in the
case where the delimited area 3 is sized in such a way
as to be able to contain a lorry 15 (Figures 3 and 4), and
is occupied by an automobile 13 (indicated by the solid
line), the system 1 detects the existence of a free space
sufficient to accommodate another automobile 13 (rep-
resented with a dashed line in the configuration appear-
ing in Figure 3) or alternatively a pair of bicycles 12 (rep-
resented with a dashed line in the configuration appear-
ing in Figure 4).
�[0040] The system 1 described above is extremely ad-
vantageous in so far as it enables optimal management
of the spaces available within an area in which the objects
can be positioned.
�[0041] In addition, the system is particularly advanta-
geous in so far as, unlike systems of an infrared type, it
is not subject to disturbance by any variation in the en-
vironmental lighting conditions that occur in case of poor
night lighting, or in the presence of rain, fog, etc.
�[0042] Finally, it is clear that modifications and varia-
tions can be made to the system 1 described and illus-
trated herein without thereby departing from the scope
of the present invention, defined in the annexed claims.

Claims

1. A system (1) for detecting and managing occupation
of an area (3) by objects (2); the system being char-
acterized in that it comprises: �

- sensor means (4) arranged in a plurality of
points (A) within the area (3) for detecting a state
of occupation or a state of non-�occupation of
each of said point (A) by at least one object (2)
accommodated in the area (3) itself; and
- processing means (5) designed to determine,
as a function of the state detected in the points
(A) by said sensor means (4), the degree of non-
occupied free surface that is available within
said area (3) in order to accommodate at least
one further object (2).

2. The system according to Claim 1, characterized in
that said processing means (5) comprise computing
means (5a) designed to determine, as a function of
the state detected by said sensor means (4) in the
points (A), the size of the non-�occupied free surface
that is available within said area (3) in order to ac-
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commodated at least one further object (2).

3. The system according to Claim 2, characterized in
that said computing means (5a) are designed to de-
termine, as a function of said size of the non-�occu-
pied free surface, the type of objects (2) that can be
arranged within the non-�occupied free surface.

4. The system according to Claim 2 or Claim 3, char-
acterized in that said computing means (5a) are
designed to determine, as a function of the size of
the non-�occupied free surface, a combination of dif-
ferent types of objects (2), which can be arranged
within the non-�occupied free surface itself.

5. The system according to any one of Claims 2 to 4,
characterized in that said computing means (5a)
are designed to receive information indicating the
type of object to be positioned within said area (3),
and to verify, as a function of the free surface deter-
mined, whether said object can be set within said
area (3).

6. The system according to any one of the preceding
claims, characterized in that said sensor means
(4) are located in a plurality of points (A) of the plane
surface of said area (3) according to a substantially
matrix geometrical distribution.

7. The system according to any one of the preceding
claims, characterized in that said area (3) compris-
es a parking area, and said objects (2) comprise
means of transport.

8. The system according to Claim 7, characterized in
that it comprises a plurality of sensor means (11)
arranged in a plurality of points (B) of a recognition
area (10) according to a pre- �set geometrical config-
uration for detecting a state of occupation or a state
of non- �occupation of each of said point (B) by a
means of transport located in the recognition area
(10) itself; said processing means (5) being designed
to determine, as a function of the state detected in
said points (B) by said sensor means (4), the type
and/or the dimensions of said means of transport.

9. A method for detecting and managing occupation of
an area (3) by objects (2); said method being char-
acterized in that it comprises the steps of: �

- detecting in a plurality of points (A) distributed
within the area (3) a state of occupation or a
state of non-�occupation of each point (A) by at
least one object (2) located in the area (3) itself;
and
- determining, as a function of the state detected
in said points (A), the degree of non-�occupied
free surface that is available within said area (3)

in order to accommodate at least one further ob-
ject (2).

10. The method according to Claim 9, characterized in
that it comprises the step of determining, as a func-
tion of the state of occupation or non-�occupation de-
tected in said points (A), the size of the non-�occupied
free surface that is present within the area (3) in order
to accommodate at least one further object.

11. The method according to Claim 10, characterized
in that it comprises the step of determining, as a
function of the size of the non-�occupied free surface,
the type of objects (2) that can be arranged within
said non-�occupied free surface.

12. The method according to Claim 10 or Claim 11, char-
acterized in that it comprises the step of determin-
ing, as a function of the size of the non-�occupied free
surface, a combination of the types of objects that
can be arranged within the non-�occupied free sur-
face itself.

13. The method according to any one of Claims 9 to 12,
characterized in that it comprises the steps of:�

- detecting in a plurality of points (B) distributed
inside a recognition area (10), a state of occu-
pation or a state of non-�occupation of each point
(B) by at least one object (2) set in the recogni-
tion area (10) itself;
- determining, as a function of the state of occu-
pation or non-�occupation detected in said points
(B) of the recognition area (10), the type and/or
the dimensions of said object (2); and
- verifying, as a function of the type and/or of the
dimensions of said recognized object (2) and on
the basis of the dimensions of the free surface
determined, whether it is possible or not to ac-
commodate said object (2) in said free surface
determined.

14. The method according to any one of Claims 9 to 13,
characterized in that said area (3) comprises a
parking area,� and said objects (2) comprise means
of transport.

Amended claims in accordance with Rule 86�(2) EPC.

1. A system (1) for detecting and managing occupa-
tion of an area (3) by objects (2); the system being
characterized in that it comprises:�

sensor means (4) arranged in a plurality of points
(A) within the area (3) for detecting a state of
occupation or a state of non-�occupation of each
of said point (A) by at least one object (2) ac-
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commodated in the area (3) itself; said sensor
means (4) being stably fixed on the plane sur-
face of the area (3) in a position corresponding
to the point (A) so as to generate the detection
signal indicating the occupation of the point (A)
when an object (2) or a portion of object (2) is
above the sensor means 4a itself; and

- processing means (5) designed to deter-
mine, as a function of the state detected in
the points (A) by said sensor means (4), the
degree of non- �occupied surface that is
available within said area (3) in order to ac-
commodate at least one further object (2);
- said processing means (5) comprising
computing means (5a) designed to deter-
mine, as a function of the state detected by
said sensor means (4) in the points (A), the
size of the non- �occupied surface that is
available within said area (3) in order to ac-
commodated at least one further object (2);
- said computing means (5a) being de-
signed to determine, as a function of the size
of the non- �occupied surface, a combination
of different types of objects (2), which can
be arranged within the non- �occupied sur-
face.

2. The system according to Claim 1, wherein said
computing means (5a) are designed to determine,
as a function of said size of the non-�occupied sur-
face, the type of objects (2) that can be arranged
within the non-�occupied surface.

3. The system according to the Claims 1 or 2, wherein
said computing means (5a) are designed to receive
information indicating the type of object to be posi-
tioned within said area (3), and to verify, as a function
of the free surface determined, whether said object
can be set within said area (3) .

4. The system according to any one of the preceding
claims, wherein said sensor means (4) are located
in a plurality of points (A) of the plane surface of said
area (3) according to a substantially matrix geomet-
rical distribution.

5. The system according to any one of the preceding
claims, wherein said area (3) comprises a parking
area, and said objects (2) comprise means of trans-
port.

6. The system according to Claim 5, further compris-
ing a plurality of sensor means (11) arranged in a
plurality of points (B) of a recognition area (10) ac-
cording to a pre-�set geometrical configuration for de-
tecting a state of occupation or a state of non-�occu-
pation of each of said point (B) by a means of trans-

port located in the recognition area (10) ; said
processing means (5) being designed to determine,
as a function of the state detected in said points (B)
by said sensor means (4), the type and/or the dimen-
sions of said means of transport.

7. A method for detecting and managing occupation
of an area (3) by objects (2); comprising:�

- detecting, by sensor means (3a) arranged in a
plurality of points (A) distributed within the area
(3), a state of occupation or a state of non-�oc-
cupation of each point (A) by at least one object
(2) located in the area (3) itself, when an object
(2) or a portion of object (2) is above said sensor
means (4a); and
- determining, as a function of the state detected
in said points (A), the degree of non- �occupied
surface that is available within said area (3) in
order to accommodate at least one further object
(2); �
said method being characterized by compris-
ing:
- determining, as a function of the state of occu-
pation or non-�occupation detected in said points
(A), the size of the non-�occupied surface that is
present within the area (3) in order to accommo-
date at least one further object; and
- determining, as a function of the size of the
non-�occupied surface, a combination of the
types of objects that can be arranged within the
non-�occupied surface itself.

8. The method according to Claim 7, further com-
prising:�

- determining, as a function of the size of the
non-�occupied surface, the type of objects (2)
that can be arranged within said non- �occupied
surface.

9. The method according to Claims 7 or 8, further
comprising: �

- detecting in a plurality of points (B) distributed
inside a recognition area (10), a state of occu-
pation or a state of non-�occupation of each point
(B) by at least one object (2) set in the recogni-
tion area (10);
- determining, as a function of the state of occu-
pation or non-�occupation detected in said points
(B) of the recognition area (10), the type and/or
the dimensions of said object (2); and
- verifying, as a function of the type and/or of the
dimensions of said recognized object (2) and on
the basis of the dimensions of the free surface
determined, whether it is possible or not to ac-
commodate said object (2) in said free surface
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determined.

10. The method according to any one of Claims 7 to
9, wherein said area (3) comprises a parking area,
and said objects (2) comprise means of transport.
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