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Description

Field of the invention

[0001] The present invention relates to parking man-
agement systems, in general, and particularly to an au-
tomatic parking management system for managing park-
ing areas, particularly but not limitatively parking areas
with non-delimited parking places.

Description of the related art

[0002] The ever increasing use of cars and the limited
space available for parking them, particularly in urban
areas, has led to serious problems in the parking man-
agement. The lack or shortage of available parking space
is one of the major issues of practically all the urban cent-
ers. At the present time, it is very difficult for a driver
wishing to travel to a urban area to know in advance if
there will be available parking space for his/her car. This
means that the driver, when he/she has reached the de-
sired destination, is often forced to drive around the area
in search of an available parking space; this is a waste
of precious time, and increases the traffic and, ultimately,
the overall air pollution. Additionally, when eventually a
parking space is found, additional time is wasted for find-
ing parking meters or tickets to pay the prescribed parking
fee. Moreover, the conventional parking systems often
require to be paid in advance, even if the exact parking
duration is almost never known at the time the car is
parked; this is a problem, because it is not rare that the
parking fee paid in advance is insufficient, but the driver
cannot extend the parking time by paying an additional
fee.
[0003] A further issue regards the presence of parking
rules distinguishing areas in which the parking is free,
areas in which the parking requires the payment of a
parking fee, areas in which parking is forbidden, areas
in which parking is admitted only to restricted groups of
people, i.e., only to residents or to disabled people, areas
in which parking is admitted only temporarily, etc.
[0004] Monitoring areas in which parking is regulated
in any of the above manners is costly and time consum-
ing. Typically, an entrusted person has to visually inspect
all of the regulated parking area periodically, regardless
of whether vehicles are actually parked there. This task
becomes more difficult when the spaces are spread
across a large area, such as a whole city block. Likewise,
it is often expensive and logistically inconvenient for po-
lice or municipality officers to enforce parking regulations,
keeping track of vehicles parked in forbidden areas or
without paying the prescribed parking fee.
[0005] Conventional parking meters do not fully solve
the abovementioned problems, because they are not ca-
pable of monitoring the presence/absence of vehicles in
the parking. Indeed, adopting conventional parking me-
ters requires a continuous monitoring action by dedicated
personnel.

[0006] To overcome these problems, several parking
management systems have been proposed in the last
years, based on the automatic detection and communi-
cation to a remote entity of the occupancy of each indi-
vidual parking place in a parking lot. All these systems
generally require that the individual parking places can
be uniquely identified, and that each parking place is ei-
ther occupied or free.
[0007] For example, the U.S. patent 7,026,954 disclos-
es an intelligent parking system for a parking lot compris-
ing a plurality of individual parking spaces, like a parking
garage. The parking system can provide space-specific
location data to potential users to facilitate efficient utili-
zation of parking lots. The data is generated in substan-
tially real-time at the entrance to the parking garage. The
system includes at least one object (vehicle) detector for
each parking place.
[0008] The International patent application WO
98/04080 discloses a parking management communica-
tion system that may be used to monitor and reserve
parking places, allowing law enforcement officials to
monitor parking facilities with greater ease and expedi-
ency. In short, the parking management communication
system includes a central control unit having a data base
(including data like parking facility availability, vehicle
identification, user identification and billing information),
a central interface unit in wired or wireless communica-
tion with a user interface unit, like a mobile telephone. A
user may report his arrival at the parking lot to the central
interface unit and, after having parked his/her car in a
parking place, the user reports the parking to the central
interface unit. The parking of the vehicle may be sensed
by a sensor, such as an optical sensor, which automat-
ically reports the parking of the vehicle to the central in-
terface unit.
[0009] US 2003/0074129 discloses an automatic com-
puter driven system and method for delivering informa-
tion regarding available parking spaces to motorists.

Summary of the invention

[0010] The Applicant observes that in both the two
known solutions, each parking place is associated with
at least one corresponding vehicle detector, which is ca-
pable of establishing if the parking place is occupied or
not by a vehicle.
[0011] However, said solutions are not easily imple-
mented in urban areas, i.e., where the parking problems
are more exacerbated. Indeed, in urban areas, parking
lots including parking places which are individually de-
limited are not really common, being confined only to
restricted areas, e.g., multi-level parking lots. Converse-
ly, in urban areas the parking areas often consist of un-
delimited, open parking places, usually arranged along
the sides of the streets, near the sidewalks. In this case,
the single parking place is neither delimited nor identifi-
able as such. Albeit this allows best packaging of the
vehicles, it poses problems in realizing an automatic
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parking management system.
[0012] With such a type of parking area, it is useless
to identify the individual parking places, since each indi-
vidual parking place becomes defined only once a vehicle
is parked in it; indeed, the dimensions of each parking
place are established by the vehicle occupying it: the
longer the vehicle, the longer the parking place accom-
modating it. The known parking management systems
are instead based on an a priori identification of each
individual parking place, and are not suitable to be used
in at least parts of urban parking areas.
[0013] In view of the state of the art outlined in the
foregoing, the Applicant has faced the problem of realiz-
ing a parking management system which can be efficient-
ly used for managing also parking areas having undelim-
ited parking places, as in the case of parking areas along
the sides of the street, and wherein what is relevant for
the occupancy is the available parking length.
[0014] According to an aspect of the present invention,
a parking management system as set forth in claim 1 is
provided. The parking management system may man-
age at least one parking area and be adapted to provide
parking management services to vehicle drivers looking
for parking places. The parking management system in-
cludes a sensor system adapted to monitor the at least
one parking area for providing occupancy indications
about the occupancy of the parking area, and a data gath-
ering and communication network, adapted to collect the
occupancy indications from the sensor system and to
derive therefrom indications about available parking
spaces in the at least one parking area. The parking man-
agement system further includes a service management
center adapted to receive said indications about the avail-
able parking spaces in the at least one parking area, and
to receive from the vehicle driver a request of availability
of a parking place; said request including data related to
a size of the requested parking place. Based on said data
related to the size of the requested parking place and
said indications about the available parking spaces, the
service management system notifies the vehicle driver
the availability of the parking place of the requested size.
[0015] The Applicant believes that sending data relat-
ed to the size of the requested parking place, in combi-
nation with a system for determining indications about
available parking spaces, allows to efficiently provide a
service for finding a suitable parking place in a parking
area while assuring an optimal vehicle occupation of the
parking area (e.g. leaving the parking places undelimit-
ed). Preferred embodiments of the parking management
system are set forth in dependent claims 2 to 15.
[0016] According to another aspect of the invention, a
method for managing the parking in at least one parking
area as set forth in appended claim 15 is provided.
[0017] The method includes the steps of monitoring at
least one parking area for providing occupancy indica-
tions about the occupancy of the parking area; collecting
the occupancy indications and deriving therefrom indica-
tions about available parking spaces in the at least one

parking area; receiving said indications about the avail-
able parking spaces in the at least one parking area at a
service management center; receiving from a vehicle
driver a request of availability of a parking place at the
service management center, wherein said request in-
cludes data related to a size of the requested parking
place; and, based on said data related to the size of the
requested parking place and said indications about the
available parking spaces, notify the vehicle driver the
availability of the parking place of the requested size.

Brief description of the drawings

[0018] The features and advantages of the present in-
vention will be best understood by reading the following
detailed description of some embodiments thereof, given
merely by way of non-limitative example, that will be con-
ducted making reference to the accompanying drawings,
wherein:

Figure 1 schematically depicts the general architec-
ture of a parking management system according to
an embodiment of the present invention;
Figure 2 schematically illustrates an exemplary
structure of a database included in a service man-
agement center of the parking management system
of Figure 1, according to an embodiment of the
present invention;
Figure 3 is a flow chart schematically showing the
interaction of a generic sensor node part of a sensor
system of the parking management system of Fig-
ure 1 with a corresponding local base unit, according
to an embodiment of the present invention;
Figures 4A and 4B depict a schematic flow chart
showing the operations performed by the service
management center when it interacts with a custom-
er exploiting the parking management services of-
fered by the parking management system, according
to an embodiment of the invention;
Figure 5 schematically depicts the main steps of a
method for planning the topology of parking areas in
a region of interest, according to an embodiment of
the present invention;
Figure 6 illustrates in more detail a portion of the
parking area shown in Figure 1, in a cross-sectional
view along a line crossing the sensor nodes;
Figures 7A and 7B show an example of how the
presence of parked vehicles is detected by the sen-
sor nodes of the parking area of Figures 1 and 6,
according to an embodiment of the present inven-
tion; and
Figure 8 schematically shows, in terms of blocks,
the main functional components of a local base unit
and of the service management center of the parking
management system of Figure 1, according to an
embodiment of the present invention;
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Detailed description of the preferred embodiments

[0019] With reference to the drawings, in Figure 1 a
general architecture of a parking management system
100 according to an embodiment of the present invention
is schematically shown.
[0020] In particular, in the figure a portion of a generic,
e.g., urban, street 105 is illustrated, including a roadway
110 which comprises, in the example considered; two
lanes 110a, 110b. A parking area 115, having the shape
of a strip, runs adjacent to the lane 110a of the roadway
110, close to a sidewalk 117; the parking area 115 is
separated from the adjacent lane 110a of the roadway
110 by a horizontal road sign 120, and forms a parking
lane.
[0021] Vehicles can be parked in the parking area 115
so as to form an alignment, with the front bumper of a
vehicle facing the back bumper of an adjacent vehicle.
[0022] The parking area 115 further includes one or
more parking location signs 122, each one adapted to
provide a parking location code useful for identifying and
locating the parking area 115, or different zones (por-
tions) thereof (for example, in case the parking area 115
corresponds to an entire street, a single parking location
sign may be provided, adapted to identify the street as a
whole; alternatively, more parking location signs may be
provided, e.g., adapted to identify two end sections and
a central section of the street). The parking location signs
122 may be directly painted on the roadway 110 or on
the sidewalk 117, or they may be vertical road signs.
[0023] It has to be noted that the parking area 115 may
be arranged in a different way: for example, it may have
a different shape, e.g., different from a strip, or it may
include two strips, each one adjacent to a respective one
of the lanes 110a, 110b of the roadway 110.
[0024] The parking management system 100 of the
present invention is adapted to automatically monitor the
parking area 115 for obtaining information related to the
occupancy thereof, and to provide guidance to vehicle
drivers who are looking for a parking place, notifying them
the availability of parking space in the parking area 115.
[0025] From the architecture viewpoint, the parking
management system 100 of the present invention com-
prises three main component systems: a sensor system
125, a data gathering and communication network 130
and a Service Management Center (SMC) 135. Briefly,
the sensor system 125 is adapted to monitor the parking
area 115, and to provide corresponding monitoring infor-
mation to the SMC 135 through the data gathering and
communication network 130. The SMC 135 collects and
processes the information from the sensor system. On
the basis of the collected information, the SMC 135 pro-
vides parking management services to vehicle drivers in
search of parking places.
[0026] The sensor system 125 includes a plurality of
sensor nodes 140 arranged so as to monitor the parking
area 115. The sensor nodes 140 are deployed across
the parking area 115, and are each one capable of gen-

erating pieces of information that, altogether, are useful
to determine the occupancy of the parking area 115 in
real time; in particular, each sensor node 140 is adapted
to detect the occupancy (due for example to the presence
of a vehicle) of a respective portion of the parking area
115, and to consequently generate an occupancy indi-
cation. In an embodiment of the present invention, since
the parking area 115 of Figure 1 is adapted to the parking
of vehicles aligned aside the lane 110a, said pieces of
information generated by the different sensor node 140
are used for calculating the available (i.e., empty, not
occupied) linear parking spaces of the parking area 115.
[0027] The occupancy indications generated by the
sensor nodes 140 are collected by the data gathering
and communication network 130, processed and then
transmitted to the SMC 135. In an embodiment of the
present invention, the data gathering and communication
network 130 includes one or more, for example a plurality
of concentrators or Local Base Units (LBUs) 145(i) (i =
1 to n), each one adapted to collect the occupancy indi-
cations provided by one or more, for example a plurality
of corresponding sensor nodes 140, for example sensor
nodes 140 that are located in the proximity of the corre-
sponding LBUs. According to an embodiment of the
present invention, each LBU 145(i) is associated with the
set of sensor nodes 140 that monitor the parking area
115 of a street 105, or to a sub-set thereof, like for ex-
ample the sensor nodes monitoring just one of the park-
ing lanes of the street (in case the latter has two parking
lanes), or portions thereof; however, a single LBU 145(i)
may be associated with the set of sensor nodes 140 of
parking areas of more than just one street 105. The LBUs
and the associated sensor nodes are in communications
relationship. For example, according to an embodiment
of the present invention, each sensor node 140 is coupled
to the corresponding LBU 145(i) through a wireless con-
nection; however, nothing prevents from having sensor
nodes that are connected to the respective LBUs by
means of wired connections. Each sensor node 140 is
in particular capable of transmitting the occupancy indi-
cations to the corresponding LBU 145(i) (either by its
own motion or responsive to a polling of the LBU). Each
LBU 145(i) is adapted to process the occupancy indica-
tions received from the sensor nodes it is associated with,
so as to derive indications about the available linear park-
ing spaces in the parking area(s) 115 (or in the portion
thereof that is monitored by the set of sensor nodes as-
sociated therewith).
[0028] The SMC 135 is in communication relationship
with the LBUs 145(i) deployed within a prescribed area
(for example, a urban district of a city, or even the whole
city area). Particularly, each LBU 145(i) is connected to
the SMC 135 through a wired or wireless connection, for
example through an Ethernet, the Internet, a mobile te-
lephony network like a GSM/GPRS/EDGE or UMTS tel-
ecommunication network. The SMC 135 is adapted to
receive from the LBUs 145(i) the indications of the avail-
able (e.g. linear) parking space in the monitored parking
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area(s) 115. In an embodiment of the present invention,
the SMC 135 includes a database 150 for storing the
data received from the LBUs 145(i), and a function (for
example a software engine) that is adapted to process
said data so as to provide the parking management serv-
ices to customers.
[0029] Users, typically drivers of vehicles 155, who
wish to take advantage of the services offered by the
parking management system 100 can get in contact with
the SMC 135 using their mobile phones 160, or other
suitable communications terminal like a smart phone, a
palmtop, a laptop with a mobile phone card, through a
telephony network 165 (possibly including, in addition to
one or more public mobile telephony networks, the public
switched telephone network).
[0030] Figure 2 schematically illustrates an exemplary
structure of the database 150 exploited by the SMC 135,
according to an embodiment of the present invention.
The database 150 may in particular be structured in a
tabular form, storing information about the availability of
parking space and the identification of the vehicle drivers
(hereinafter referred to as customers) exploiting the park-
ing services provided by the parking management sys-
tem 100.
[0031] Particularly, the database 150 may include a
parking space availability table 200 and, optionally, a cus-
tomer identification table 210. The parking space avail-
ability table 200 includes a plurality of records 220(i) (i =
to n), each one corresponding to a specific LBU 145(i)
and adapted to store data indicating the parking availa-
bility of the associated (portion of) parking area(s) 115.
[0032] According to an embodiment of the present in-
vention, each record 220(i) includes a LBU identification
(key) field 230(i), a location field 240(i) and a parking
space availability field 250(i).
[0033] The key field 230(i) is adapted to store an iden-
tifier that identifies the LBU 145(i) to which the record
220(i) corresponds. The location field 240(i) is adapted
to store data that specifies the location(s) of the parking
area(s) 115 monitored by the sensor nodes 140 associ-
ated with the LBU 145(i).
[0034] The herein described embodiment of the
present invention is particularly adapted to the manage-
ment of parking areas 115 where parked vehicles are
aligned along a parking lane and where the single parking
places are not individually delimited, thus the availability
of parking space strongly depends on the length of the
vehicle that has to be parked. Indeed, vehicles having
different lengths need empty parking places of different
lengths: the longer the vehicle to be parked, the longer
the parking place needed (other, additional aspects may
affect the size, e.g. length of the parking space needed,
as will be discussed later). Consequently, in order to allow
the best packaging of the vehicles, short vehicles should
be parked in parking places that are not too long (if avail-
able), leaving the longer parking places for the parking
of the longer vehicles. For this purpose, the parking space
availability field 250(i) may include a plurality of sub-

fields, corresponding to different predetermined lengths
(thresholds) LMIN(j) (j=1 to m): based on the indications
about the available linear parking spaces obtained from
the LBU 145(i), the SMC 135 classifies the available lin-
ear parking spaces with respect to the predetermined
lengths LMIN(j). More particularly, for each predeter-
mined length LMIN(j), the SMC 135 may calculate if there
is at least one free parking place having a length higher
than the predetermined length LMIN(j), and accordingly
writes the result in the parking space availability field 250
(i).
[0035] According to an embodiment of the present in-
vention, the customer identification table 210 includes a
plurality of customer-related records 260(k), each one
adapted to store information about a corresponding cus-
tomer exploiting the parking services provided by the
parking management system 100. As will be described
in the following of the present description, part of the data
stored in each customer-related record 260(k) is provid-
ed by the customer itself, while the other part is automat-
ically generated by the SMC 135.
[0036] More particularly, each customer-related
record 260(k) comprises a customer identification (key)
field 265(k) adapted to store an identifier (e.g. numerical)
code ID(k) that identifies a single customer. According
to an embodiment of the present invention, the identifier
code ID(k) is assigned to each customer by the SMC 135
when he/she contacts the SMC 135 asking for a parking
service. According to a further embodiment of the present
invention, the parking management system 100 allows
the customer to subscribe to the parking services offered
by the parking management system 100; in this case,
once a customer has subscribed, he is assigned an iden-
tifier code ID(k) which is thereafter used by the SMC 135
to identify the customer.
[0037] According to an embodiment of the present in-
vention, the customer related record 260(k) further in-
cludes a number plate field 270(k), adapted to store the
number plate of the vehicle that the customer has to park.
[0038] A still further field of the customer-related record
260(k), referred to as cost field 275(k), is an indication
of the unitary cost (e.g., the cost for an hour of parking)
of the parking service that the customer has requested.
For example, the unitary cost may be calculated by the
SMC 135 depending on the vehicle to be parked (e.g.,
on the basis of its length).
[0039] The customer-related record 260(k) further in-
cludes a parking start-time field 280(k) and a parking
end-time field 285(k), that are adapted to store an indi-
cation of the parking start- and end-times, and are used
by the SMC 135 for establishing the effective duration of
the parking service exploited by the customer, in order
to evaluate the parking fee that the customer has to pay.
More particularly, according to an embodiment of the
present invention, the start-time field 280(k) indicates the
time at which the customer has parked his/her vehicle in
the parking area 115, while the end-time fields 285(k)
indicates the time at which the vehicle has left the parking
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area 115. Said time indications are obtained by the SMC
135 by actions of the customer, for example, through an
SMS, and/or are verified by the parking management
system 100 itself, as will be described in the following.
[0040] In this way, based on the information provided
by the cost field 275(k), the parking start-time field 280
(k) and the parking end-time field 285(k), the SMC 135
is able to compute the parking fee that the customer has
to pay.
[0041] The operation of the parking management sys-
tem 100 will be now described.
[0042] Figure 3 illustrates a flow chart 300 schemati-
cally showing the interactions of a generic sensor node
140 of the sensor system 125 with its corresponding LBU
145(i), according to an embodiment of the present inven-
tion.
[0043] The sensor node 140 is responsible for provid-
ing occupancy indications in respect of a corresponding
area portion surrounding the sensor node 140. The sen-
sor node 140 is in particular capable of detecting the
presence of an object (of dimension greater than that of
the sensor node 140 dimension), like a vehicle, within
the corresponding area portion. Once the sensor node
140 has been activated (e.g., after its installation within
the parking area 115), it starts monitoring the correspond-
ing portion of the parking area 115 (block 305), in order
to establish the presence or the absence of vehicles. For
example, according to an embodiment of the present in-
vention (described in greater detail later), the sensor
node 140 is based on magneto-resistive technology, and
includes a magnetic field sensor capable of sensing com-
ponents of the magnetic field. Depending on the absence
or presence of an object like a vehicle, the magnetic field
in the area monitored by a generic sensor node is per-
turbated; the sensor node 140 evaluates whether or not
the sampled magnetic field exceeds a predefined thresh-
old, thereby establishing the presence or not of a vehicle
over it; for example, if the sampled magnetic field ex-
ceeds the threshold, the area around the sensor node
140 is considered as occupied.
[0044] Said operations are for example repeated for a
sensing period having a duration of the order of some
minutes or less (decision block 310, exit branch N). After
the expiration of said sensing period (decision block 310,
exit branch Y), the sensor node 140 transmits the occu-
pancy indications related to its corresponding area por-
tion to the corresponding LBU 145(i) (block 315).
[0045] By constantly repeating all the above described
operations (going back to block 305) the occupancy in-
dications that are made available to the LBU are updated
every sensing period. Since the sensing period has a
time duration of the order of some minutes or less, the
occupancy state of the area portions monitored by the
different sensor nodes is updated essentially in real time.
[0046] The LBU 145(i) waits for receiving the occupan-
cy indications from the sensor node 140 (decision block
320, exit branch N); during the sensing period, the state
of occupation of the area portion around the sensor node

140 as seen by the LBU 145(i) is based on the last re-
ceived occupancy indications from the sensor node.
[0047] At the expiry of the sensing period, the sensor
node 140 contacts the LBU for transmitting the fresh oc-
cupancy indications thereto (decision block 320, exit
branch Y), the LBU 145(i) receives the occupancy indi-
cations from the sensor node 140 and preferably stores
them in a local database (block 325). The occupancy
indications collected by the LBU 145(i) from all the sensor
nodes 140 associated therewith are then processed
(block 330), in order to determine the available parking
space in the parking area(s) 115 to which the LBU 145
(i) is associated.
[0048] In alternative, the LBU 145(i) may periodically
poll the sensor node 140 to get the fresh occupancy in-
dications.
[0049] Then, the LBU 145(i) transmits the indication
about the available parking space to the SMC 135 (block
335), where the data are processed. Particularly, the
available linear parking spaces are classified with respect
to the predetermined lengths LMIN(j), so as to fill the
parking space availability field 250(i) in the database 150,
as previously described in connection with Figure 2. In
alternative embodiments of the invention, the transmis-
sion of the indication about the available parking space
to the SMC 135 may occur at a different time, i.e. not
necessarily with a time periodicity linked to the sensing
periods of the sensor nodes.
[0050] Then (coming back to block 320), the LBU 145
(i) waits for receiving fresh occupancy indications from
the sensor nodes 140.
[0051] In this way, the parking space availability field
250(i) may be updated essentially in real time.
[0052] Referring now to Figures 4A and 4B, a flow
chart 400 schematically showing the interactions of the
SMC 135 with a customer of the parking management
system 100 is depicted, according to an embodiment of
the present invention.
[0053] As previously described, when a potential cus-
tomer in search of a parking place wishes to take advan-
tage of the services provided by the parking management
system 100, he/she contacts the SMC 135 through
his/her communication terminal 160, such as a mobile
phone. For example, according to an embodiment of the
present invention, the customer sends a service request
SMS (Short Message Service) message 405 to the SMC
135. By the service request SMS message 405, the cus-
tomer provides to the SMC 135 information 407 adapted
to describe in detail the requested parking management
service. An exemplary service request SMS message
405 may provide the following information 407:

ID:49 AREA:streetxxxx TIME:13,00 LENGTH:4,00

[0054] The service request SMS message 405 in-
cludes a plurality of message fields (in this example, four),
each one adapted to specify a portion of the information
407 describing the requested parking management serv-
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ice.
[0055] The first message field (ID:49, in the example)
is a code, identifying the customer, that needs to be pro-
vided only if the customer has subscribed to the parking
management system 100 (for example, the code is as-
signed to the customer upon subscribing). In this way,
the SMC 135 may identify the customer, comparing the
received code with the identifier codes ID(k) stored in the
customer identification table 210 of the database 150.
Alternatively, in case the customer is not a subscriber,
said field can be replaced by the indication of the number
plate of the vehicle to be parked. In this latter case, the
SMC 135 may store the number plate in the number plate
field 270(k) of the customer indication table 210, and
then it may assign a temporary identifier code ID(k) to
the customer.
[0056] The second message field (AREA:streetxxx, in
the considered example) specifies instead the location
where the customer desires to park his/her vehicle. Par-
ticularly, the customer may indicate a specific zone, like
for example a street or a square, or he/she may provide
a broader location, like an urban district. Then, as will be
described in greater detail in the following of the descrip-
tion, the SMC 135 will determine, and then notify to the
customer the nearest available parking space with re-
spect to the indicated location. In an embodiment, an
indication of the geographical location wherein the park-
ing space is required may be derived from a satellite po-
sitioning system receiver (such as GPS or Galileo) as-
sociated to the user or to the vehicle of the user (e.g. in
the form of coordinates). In another embodiment, such
geographical location may be automatically retrieved by
the SMC 135, for example exploiting the localization func-
tionalities of the mobile telecommunication network 165,
adapted to determine an at least approximate location of
the mobile device 160 according to known techniques,
e.g. in the field of GSM networks.
[0057] With the third message field (TIME:13,00, in the
example) the customer can provide to the SMC 135 an
approximate indication about the expected arrival time
to the location where he/she desires to park.
[0058] The fourth message field (LENGTH:4,00, in the
example) indicates the type of vehicle which the parking
place is required for. More particularly, the indication pro-
vided with the fourth field of the SMS message is related
to the length (or class of length) of the customer’s vehicle.
According to an embodiment of the present invention,
the customer may also personalize further the request,
for example in order to request a parking place relatively
longer than the length of his/her vehicle; this feature is
particularly useful for beginner drivers, who do not feel
very comfortable with the parking maneuvers. In an em-
bodiment, the model of the vehicle which the parking
place is required for is sent to the SMC 135. Optionally,
the SMC 135 may calculate the length of the necessary
parking place taking into account also the steering radius
associated to the notified vehicle model (for example by
querying an additional table in the database 150 dedi-

cated to the steering radius data of the car models in
circulation).
[0059] Once the customer has sent the service request
SMS message 405, the latter is received by the SMC
135 (block 410) through the telecommunication network
165.
[0060] Based on the code contained in the SMS mes-
sage, the SMC 135 identifies the customer, performing
a search among the identifier codes ID(k) stored in the
customer identification table 210 of the database 150,
and selects the corresponding customer record 260(k).
In case the customer is not a subscriber, and/or the serv-
ice request SMS message 405 does not include any cus-
tomer identifier code, a new customer record 260(k) with
a new identifier code ID(k) is automatically created and
assigned to the customer.
[0061] Afterward, the SMC 135 identifies the area
around the location indicated in the service request SMS
message 405, in order to evaluate the availability of park-
ing spaces (block 415). For this purpose, the SMC 135
scrolls the parking space availability table 200 of the da-
tabase 150, so as to find the location field 240(i) which
corresponds to the location indicated in the service re-
quest SMS message 405. Then, the SMC 135 selects
the record 220(i) including the location field 240(i), and
scrolls the sub-fields of the corresponding parking space
availability field 250(i), in such a way as to assess the
lengths of the available parking area portions in the park-
ing area 115. More particularly, the SMC 135 identifies
the sub-field corresponding to the smallest length LMIN
(j) which is not smaller than the length indicated in the
service request SMS message 4058 (possibly taking into
account also the extra length needed for parking the ve-
hicle). In this way, the SMC 135 determines if there is at
least one free parking place having a length compatible
with the length indicated in the service request SMS mes-
sage 405.
[0062] In case no parking place of the desired length
is available (decision block 420, exit branch N), the SMC
135 notifies the customer that it is impossible to park the
vehicle in the selected location (block 425). For example,
the notification can be performed by the SMC 135 by
means of an SMS message sent to the mobile phone
160 of the customer. Alternatively, or in addition, accord-
ing to an embodiment of the present invention, the SMC
135 may scroll again the parking space availability table
200, in order to examine further records 220(i). Particu-
larly, the SMC 135 may identify those records 220(i)
whose location fields 240(i) correspond to locations close
or near (within a predetermined distance range) to those
indicated into the service request SMS message 405,
and performs again the abovementioned operations.
[0063] In case a parking place of the desired length
has been ascertained to be available (decision block 420,
exit branch Y), the SMC 135 notifies the customer that it
is possible to park the vehicle (block 427), for example
by sending a parking space availability SMS message
429 to the customer mobile phone 160. In addition, the
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parking space availability SMS message provides to the
customer a precise indication of where the parking place
is located. According to an embodiment of the present
invention, said parking space location indication provided
to the customer may include the address (e.g., street, or
square, with civic number) where the parking place is
located, together with a parking location code corre-
sponding to the nearest parking location sign 122. If the
customer is equipped with a GPS or with another graphic
communication interface storing a map of the area, the
SMC 135 can also provide indications suitable to deter-
mine the path to be followed to reach the parking place,
together with an estimation of the time needed. According
to a further embodiment of the present invention, if the
SMC 135 is equipped with, or operatively coupled to an
integrated system for the mobility management, many
real time information concerning mobility of the area can
be provided to the drivers, for instance the estimation of
the time needed to reach the parking place, updated on
the basis of real-time traffic conditions.
[0064] Once the customer has identified the parking
place assigned thereto by the SMC 135, he/she parks
the vehicle, and notifies the SMC 135 or the accomplish-
ment of the parking, for example sending an SMS mes-
sage 433 thereto. The SMC 135 receives said notifica-
tion, and verifies whether, in a time period close to the
receipt of the service request SMS message 405 and in
a location close to the parking location sign 122 that has
been indicated to the customer, the occupancy indica-
tions provided from the corresponding sensor nodes 140
is changed or not (block 430).
[0065] In case the occupancy indications provided by
the sensor nodes 140 of the indicated location remains
unchanged for an excessive period of time, meaning that
no vehicle has been parked in the area, (decision block
435, exit branch N), the SMC 135 starts a confirmation
procedure, requesting (e.g., via SMS) the customer to
provide a precise indication of the location in which
he/she has parked the vehicle (block 440). For example,
according to an embodiment of the present invention, the
customer may have to check the nearest parking location
sign 122, read and provide (e.g. via SMS) the corre-
sponding parking location code to the SMC 135, in such
a way to allow the latter to identify and verify the actual
parking place occupied by the customer’s vehicle.
[0066] Once the accomplishment of the parking has
been correctly verified (decision block 435, exit branch
Y or, in case of confirmation procedure, exit branch of
block 440), the SMC 135 notifies the positive verify result
to the customer, and, in addition, it may request a con-
firmation SMS message 447 (block 445); if, in an alter-
native embodiment of the invention, the number plate of
the customer’s vehicle was not provided to the SMC 135
at the time the service request SMS message 405 was
sent, in the confirmation SMS message the customer
may be requested to enter the number plate of his/her
vehicle.
[0067] After the confirmation SMS message has been

received from the customer, the SMC 135 fills the start
time field 280(k) in the customer record 260(k) with a
time indication that corresponds to the time of receipt of
the service request SMS 405 (block 450); alternatively,
the time indication may correspond to the time of receipt
of the confirmation message from the user.
[0068] When the customer wishes to take the vehicle
back, thereby leaving the parking place free, he/she com-
municates his/her intention to the SMC 135, e.g., through
a leaving notification SMS message 457, indicating also
the number plate of the vehicle (block 455). Then, the
customer drives the vehicle away.
[0069] In the same way as described in the foregoing,
the SMC 135 verifies if, within a specified time period
close to the receipt of the leaving notification SMS mes-
sage and in a location near the parking location sign 122
where the customer had parked his/her vehicle, the oc-
cupancy indications provided from the corresponding
sensor nodes 140 signals a change (from occupied to
free). In the affirmative case, the SMC 135 fills the parking
end time field 285(k) in the customer record 260(k) with
the time that corresponds to the receipt of the leaving
notification SMS message (block 460). If on the contrary
within the specified time period no parking place is de-
tected to have been freed, the SMC 135 may send to the
customer, e.g. via an SMS message, a notification, and
ask for a confirmation; in any event, the parking space
is not considered to have been freed until so detected by
the sensor nodes 140.
[0070] When the customer leaves the parking, the
SMC 135 calculates the parking fee that the customer
has to pay for the parking (block 465). For example, the
parking fee can be calculated by subtracting the time
indication stored in the start time field 280(k) from the
time indication stored in the end time field 285(k), and
then multiplying the subtraction result by the unitary cost
provided in the cost field 275(k).
[0071] The amount of the parking fee is then notified
to the customer, e.g., via an SMS 475, together with a
confirmation indication including the parking end time
and the total parking time (block 470).
[0072] In order to exploit the services offered by the
parking management system 100 of the present inven-
tion, the customer has the possibility of paying in several
different ways.
[0073] According to an embodiment of the present in-
vention, for the subscriber customers, the payment may
be regulated on a periodical basis, for example once per
month; the parking fees originating from all the parking
services exploited in the month are added up and the
cumulated amount is billed to the customer. For this pur-
pose, the customer record 260(k) may include an extra
field for storing a running total of the parking fee to be
paid.
[0074] According to a further embodiment, the parking
fee is directly debited from a bank account of the cus-
tomer.
[0075] Alternatively, the parking managing system 100
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may have an arrangement with one or more telephone
companies, in such a way that the parking fee can be
debited from a customer account.
[0076] According to a still further embodiment of the
invention, the payment of the parking fee can be accom-
plished exploiting the LBUs 145(i). In this case, the LBUs
145(i) are configured for enabling payment services, both
by credit cards and cash.
[0077] The parking management system 100 of the
present invention may be advantageously used for im-
plementing a system that automatically manages the un-
authorized parking. Said system can be used by the po-
lice or by the municipality officers for keeping track of the
parking places which have been occupied without au-
thorization, and for which the payment has not been ac-
complished. Indeed, by observing the parking space
availability table 200 and the customer identification table
210 of the database 150 of the SMC 135, it is possible
to recognize whether there are zones of the parking area
115 in which vehicles have been parked without author-
ization.
[0078] More particularly, the police officers may re-
quest to the SMC 135 information about the location of
the parking places that have been ascertained to be abu-
sively occupied within one or more parking areas 115.
The SMC 135 provides the requested information to the
police officers, possibly together with additional informa-
tion, like, for example, the zones wherein the unauthor-
ized parking is mainly concentrated. Additionally, the
SMC 135 may provide an optimized planning for the po-
lice intervention (going first to the zones where there are
more vehicles that are parked without authorization).
[0079] Having obtained said information, the police of-
ficers may go to the identified zones, equipped with suit-
able communication interfaces, like for example palm-
tops equipped with an image identification device, and
they may personally take note of the number plates of
the vehicle that have been parked without authorization.
[0080] Referring now to Figure 5, the main steps of a
method for planning the topology of parking areas 115
in a region of interest, e.g., a urban district, are schemat-
ically illustrated, according to an embodiment of the
present invention.
[0081] More particularly, starting from a map 500 of
the region of interest in which the parking areas 115 have
to be planned, a road graph diagram 505 which describes
every road branch of the map 500 is obtained, with graph
nodes identifying road junctions. In the example at issue,
six road branches 510, 515, 520, 525, 530, 535, with
corresponding junctions Ni (between the road branches
510, 515, 535), Nj (between the road branches 515, 520,
530), Nk (between the road branches 520, 525) and NI
(between the road branches 510, 525) are identified in
the drawing.
[0082] For each (right and left) side of each road
branch, a road arc is defined. In the example at issue,
the road branch 515 has two road arcs: a road arc Aij,
starting from the junction Ni and ending to the junction

Nj is associated with the left side of the road branch 515,
and a road arc Aji, starting from the junction Nj and end-
ing to the junction Ni is associated with the right side of
the road branch 515. A parking area 115 including a plu-
rality of sensor nodes 140, like the parking area 115 il-
lustrated in Figure 1, may be established for one or both
of the road arcs Aij, Aji of the road branches where it is
intended to allow parking. A parking location sign 122
and a corresponding LBU 145(i) may be installed for
each road arc Aij, Aji.
[0083] However, in case the road branches are short,
it is possible to install a single LBU 145(i) in association
with two or more road branches. Also, more than one
road arc can be defined for each side of a road branch,
which may be useful in the case of relatively long road
branches. In this case, a parking location sign 122 may
be installed for each road arc.
[0084] Figure 6 illustrates in detail a portion of the
parking area 115 of Figure 1 in a cross-sectional view
along a line AA crossing the sensor nodes 140.
[0085] The sensor nodes 140 are adapted to recognize
the presence of an object, like a vehicle, in an area portion
surrounding them. Preferably, the sensor nodes 140 may
be structured in such a way that they do not need to be
supplied by external power sources. Preferably, the sen-
sor nodes 140 are designed to be miniaturized, low cost
and low power-consuming devices.
[0086] For example, the sensor nodes 140 can be im-
plemented by battery-powered magneto-resistive sensor
chip devices, having a reduced processing capability,
sufficient to allow them performing preliminary data
processing.
[0087] In particular, the sensor nodes 140 are installed
under the road surface, for example embedded in seats
obtained by curing the asphalt layer, aligned along a line
(AA in the drawing) more or less at the middle of the
parking lane 115. Alternatively (not shown in Figure 6)
the sensor nodes 140 can be installed on the road surface
(e.g., they may be attached to the surface of the asphalt
layer by gluing). In some circumstances, it may be pref-
erable to install the sensor nodes 140 on the edge of the
sideway, for example along the sideway vertical wall (as
schematically indicated by line A’A’ in Figure 1), or on
the sideway, in proximity of the parking area (as indicated
schematically by line A"A" in Figure 1).
[0088] The sensor nodes 140 are preferably installed
at regular distances to each other, with a spacing D of,
advantageously, 2 meters or less, for example ranging
from about 20 centimeters to about 2 meters. More pref-
erably, the distance between each sensor and any neigh-
boring sensor is less than or equal to about 150 cm. A
particularly advantageous distance is comprised from
about 40 cm to about 120 cm. The shorter the spacing
D between adjacent sensor nodes 140, the better the
resolution achieved on the occupancy indications.
[0089] Preferably, in order to reduce the power con-
sumption of the sensor nodes 140, each sensor node
140 may be configured to communicate with the corre-
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sponding LBU 145(i) only when it detects a change in
the occupancy state of the corresponding area portion.
[0090] The position of each sensor node 140 with re-
spect to the corresponding LBU 145(i) is determined dur-
ing the planning of the parking area topology, being for
example recorded by a localization device during the
planning. Alternatively, the localization of the single sen-
sor nodes 140 can be achieved by measuring the power
of the radio signal transmitted by the sensor nodes 140
in assigned positions
[0091] According to an embodiment of the present in-
vention, each sensor node 140 may include a bi-axial
magnetic field sensor, adapted to sense two different
components of the magnetic field modified by the pres-
ence of a vehicle: the magnetic field vertical component
Vz(t), (perpendicular to the road surface) with respect to
the background magnetic field in the absence of vehicle
Vz0, and the magnetic field horizontal component Vxy
(t) (in the plane of the road surface), with respect to the
background magnetic field in the absence of vehicle
Vxy0. According to an embodiment of the present inven-
tion, each sensor node 140 is adapted to sample the
value of the magnetic field components Vz(t) and Vxy(t)
at a predetermined sampling rate, for example of some
Hz. The values of the magnetic field components Vz(t)
and Vxy(t) strongly depend on the presence of an object
like a vehicle. If the sensor node 140 evaluates whether
or not the sampled magnetic field components Vz(t) and
Vxy(t) have exceeded a predefined value, the presence
of a vehicle over it is established.
[0092] The sensor nodes 140 may further be adapted
to combine together the sensed magnetic field compo-
nents Vz(t) and Vxy(t), in order to reduce the possibility
of missing detection of vehicles.
[0093] A simple choice provides for combining the
modulus of the sensed magnetic field components Vz(t)
and Vxy(t), in such a way to obtain a sensed signal S(t)
equal to: 

[0094] During each sensing period (see blocks 305
and 310 of the flow chart 300 of Figure 3) each sensor
node 140 evaluates whether or not the sensed signal S
(t) has exceeded a predefined threshold TH. If the sensed
signal S(t) has exceeded the threshold TH, the corre-
sponding area portion around the sensor node 140 is
marked as occupied. As a consequence, the sensor node
140 asserts, for example to a high logic value "1", an
occupancy flag signal. Otherwise, the corresponding ar-
ea portion near the sensor node 140 is marked as free,
and the sensor node 140 deasserts, for example to a low
logic value "0", the occupancy flag signal. In this way,
according to this embodiment, the occupancy indications
provided by each sensor node 140 is represented by the
value taken by the occupancy flag signal.

[0095] After the expiration of the sensing period (deci-
sion block 310, exit branch Y of the flow chart 300 of
Figure 3), the value of the occupancy flag signal is com-
municated by the sensor node 140 to the LBU 145(i) (see
block 315 of the flow chart 300 of Figure 3).
[0096] The occupancy flag signals of a plurality of sen-
sor nodes 140 are then collected by the corresponding
LBU 145(i), in order to be processed in such a way to
estimate the available parking space of the parking area
115 to which the LBU 145(i) is associated.
[0097] With reference to Figures 7A and 7B, an ex-
ample of how the presence of parked vehicles is detected
by the sensor nodes 140 of the parking area 115 is de-
scribed, according to an embodiment of the present in-
vention.
[0098] More particularly, in this example two vehicles
705 and 710 are assumed to be parked in a row, with a
gap between the back bumper of the vehicle 705 and the
front bumper of the vehicle 710 of about six meters. More-
over, in this example it is assumed that the space D be-
tween adjacent sensor nodes 140 is equal to approxi-
mately 50 centimeters.
[0099] Figure 7B is a diagram 720 illustrating the am-
plitude of the sensed signals S(t) sensed by the sensor
nodes 140 of Figure 7A, at a certain time instant. More
particularly, the diagram 720 has a horizontal axis 730
indicating the positions of the sensor nodes 140 with re-
spect to the first sensor node 140 of Figure 7A, starting
from the left of the drawing, (the values are expressed in
cm); in the diagram, the small dots correspond each one
to a sensor node; a vertical axis 740 indicates the ampli-
tude of the corresponding sensed signals S(t) (the values
are expressed in mV).
[0100] According to this example, the threshold TH
which is used to discriminate the presence or absence
of an object over a sensor node has been set to 15 mV.
[0101] As can be observed in Figure 7B, the presence
and the position of the first vehicle 705 affect the sensed
signals sensed by ten sensor nodes 140 (labeled as 750
in the figure) causing the corresponding sensed signals
S(t) to take values higher than the threshold TH. The
presence and the position of the second vehicle 710 af-
fect the sensed signals sensed by nine sensor nodes 140
(labeled as 760 in the figure) causing, subject to the be-
low, the corresponding sensed signals S(t) to take values
higher than the threshold TH.
[0102] It has to be remarked that the mere fact that a
vehicle is parked over a sensor node does not necessarily
mean that the sensed signal sensed by that sensor node
exceeds the predetermined threshold TH; for example,
in the considered example it can be observed that a sen-
sor node (labeled as 770 in the figure) positioned under
the second vehicle 710 senses a signal S(t) lower than
the threshold TH. This can occur for different reasons,
like for example a malfunctioning of the sensor node 140
or a magnetic noise source near the sensor node 140 or
a specific magnetic characteristic of the vehicle. In order
to overcome problems like this, according to an embod-
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iment of the present invention the generic LBUs 145(i)
is capable of establishing whether the values of sensed
signals S(t) provided by the sensor nodes that are below
the threshold TH correspond to false indications of ab-
sence of a vehicle. For example, according to an embod-
iment of the present invention, in order to assess where
there are free parking places, account is taken of the
occupancy indications provided by groups of adjacent
sensor nodes, instead of just considering the sensor
nodes in isolation; in particular, the occupancy flag sig-
nals provided by the sensor nodes 140 associated within
an LBU are collected, and arranged to form a parking
occupancy flag string. According to the example shown
in the drawings, the occupancy flag signals of the sensor
nodes 140 form the following parking occupancy flag
string:

0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,
0,0,0,0,0,1,1,0,1,1,1,1,1,1,0,0,0.

[0103] The succession of ten "1"s in the occupancy
flag string denotes the presence of the vehicle 705. Re-
garding the second vehicle 710, the corresponding group
of flag signals is "1,1,0,1,1,1,1,1,1", with a sensor node
apparently not detecting the presence of the vehicle, pos-
sibly due to noise or malfunctioning; the LBU performs a
low-pass filtering of the values in the string, so that it is
transformed into "1,1,1,1,1,1,1,1,1", and thus the isolated
"0" is replaced by a "1".
[0104] Figure 8 schematically shows, in terms of
blocks, the main functional components of an LBU 145
(i) and of the SMC 135, in an embodiment of the present
invention. It has to be noted that each of the functional
components can be implemented by software, hardware,
or a mix of the two.
[0105] More particularly, the LBU 145(i) includes an
input communication interface 805, adapted to commu-
nicate with the sensor nodes 140 to which the LBU is
associated, for receiving from them the occupancy indi-
cations. The occupancy indications provided by the sen-
sor nodes 140 associated with the LBU are collected by
an occupancy indications collector unit 810 and stored
into a LBU local database 815. For example, according
to an embodiment of the present invention, the local da-
tabase 815 is adapted to store the parking occupancy
flag strings including the flag signals provided by the sen-
sor nodes 140. An occupancy indications processor 820
is adapted to process the occupancy indications stored
in the local database 815, in such a way to derive indi-
cations about the available parking spaces in the parking
area 115. A communication interface 825 allows com-
munications with the SMC 135, for sending thereto the
information about the available parking spaces in the
parking area monitored by the LBU.
[0106] The SMC 135 includes an LBU communication
interface 830, enabling communications with the various
LBU 145(i), for receiving therefrom the indications about

the available parking spaces, and a customer communi-
cations interface 835, for the communications with the
customers (adapted for example to receive SMS mes-
sages from the customers, and to send notification SMS
messages to the customers). The indications about the
available parking spaces received from the various LBU
145(i) are collected by a collector unit 840 and stored in
the database 150. A processor unit 845 is adapted to
process data stored in the database 150.
[0107] The present invention provides an automatic
parking management system that is adapted to automat-
ically monitor parking areas for obtaining information re-
lated to the occupancy thereof, and to provide guidance
to vehicle drivers who are in search of a parking place,
notifying them of the availability of parking space in the
parking area.
[0108] The parking management system according to
the present invention is particularly suitable to be used
for managing parking areas having undelimited parking
spaces.
[0109] Indeed, the present invention provides a smart
solution adapted to solve all the typical drawbacks that
a vehicle driver in search of a free parking place has to
face, particularly in case the search is performed in urban
areas, where the parking areas are usually along the
sides of the streets.
[0110] Thanks to the parking management system of
the present invention, it may be possible to reduce the
traffic and the overall air pollution in urban areas.
[0111] The customers of the parking management sys-
tem may pay the exploited parking services in several
different ways, depending on the customer’s preferenc-
es. Also, the payment may be rendered proportional to
the space, e.g. the length occupied by a vehicle in the
parking area.
[0112] Moreover, the parking management system of
the present invention may be advantageously used by
the police or by the municipality officers to manage the
unauthorized parking in an easy way.
[0113] Furthermore, by archiving the information
stored in the database of the service management cent-
er, it is possible to study the history of the parking areas
managed by the parking management system of the
present invention. Particularly, keeping track of the oc-
cupancy indications provided by the sensor nodes of the
parking areas and keeping track of the various payments,
the management of the parking may be advantageously
optimized. This feature is particularly useful when taking
into account parking rules distinguishing areas in which
parking is admitted only to restricted groups of people,
areas in which parking is admitted only temporarily, and
so on.
[0114] The present invention has been described mak-
ing reference to some exemplary embodiments. Natural-
ly, in order to satisfy contingent and specific require-
ments, a person skilled in the art may apply to the solution
described above many modifications and alterations. It
should be understood that various omissions, substitu-
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tions and changes in the form and details of the described
embodiments, as well as other embodiments are possi-
ble; moreover, it is expressly intended that specific ele-
ments and/or method steps described in connection with
any disclosed embodiment of the invention may be in-
corporated in any other embodiment as a general matter
of design choice.
[0115] For example, even if the embodiments that
have been described mainly refer to the management of
parking areas with undelimited parking places, the
present invention can also be applied to parking lots in-
cluding parking places which are individually delimited.
[0116] Although in the present description reference
has been made to a sensor system wherein each sensor
node is configured to be independently coupled with the
corresponding local base unit by means of a communi-
cation link, similar considerations apply if the occupancy
indications provided by a group of sensor nodes are pro-
vided to the local base unit through a common commu-
nication link, for example managed by a single sensor
node configured to be wired-connected with the sensor
nodes of the group.
[0117] Use of magneto-resistive devices as sensor
nodes is merely illustrative; indeed, the sensor nodes
may be implemented using other types of sensors capa-
ble of sensing the magnetic field.
[0118] Moreover, it will be apparent to those skilled in
the art that the modulus of the magnetic field components
sensed by a sensor node can be combined, so as to
determine a different sensing signal, in a way that is dif-
ferent from that previously described.
[0119] Furthermore, the occupancy indications of the
parking area may be provided by sensing physical quan-
tities other than the magnetic field. For example, each
sensor node can be a photo detector (e.g., a photodiode,
or a phototransistor) capable to visually inspect the area
around the sensor node. Alternatively, the occupancy in-
dications may be determined using pressure sensors,
adapted to perceive the presence of a vehicle by detect-
ing its weight. In any case, the present invention can
make use of any sensing device capable of detecting the
presence of vehicles.
[0120] Additionally, the system and method of the
present invention is also adapted to manage parking ar-
eas having two or more discrete typologies of parking
spaces, e.g. two or more parking lengths.

Claims

1. A parking management system (100) including:

- a sensor system (125) adapted to monitor at
least one parking area (115) for providing occu-
pancy indications about the occupancy of the
parking area;
- a data gathering and communication network
(130), adapted to collect the occupancy indica-

tions from the sensor system and to derive there-
from indications about available parking spaces
in the at least one parking area; and
- a service management center (135) configured
to:

receive said indications about the available
parking spaces in the at least one parking
area;
receive from a user a request (405) of avail-
ability of a parking place, wherein said re-
quest includes data (407) related to a size
of the requested parking place, and
based on said data related to the size of the
requested parking place and said indica-
tions about the available parking spaces,
notify the user of the availability of the park-
ing place of the requested size, wherein the
sensor system includes a plurality of sensor
nodes (140) distributed in correspondence
to the at least one parking area, and each
one adapted to detect the occupancy of a
respective portion of the at least one parking
area and to provide the respective occupan-
cy indication,

characterized in that a respective distance of each
sensor node from any neighboring sensor node is
lower than or equal to 2 meters.

2. The parking management system of claim 1, wherein
said parking area has non-delimited parking places.

3. The parking management system of claim 1 or 2,
wherein the data gathering and communication net-
work includes at least one local base unit (145(i))
coupled with at least one sensor node and being
adapted to collect the respective occupancy indica-
tion therefrom.

4. The parking management system of claim 3, wherein
each sensor node of said plurality is configured to
provide the respective occupancy indication to the
corresponding local base unit through a communi-
cations link including one or more among a wired
and a wireless communication link.

5. The parking management system of claim 3 or 4,
wherein the at least one local base unit is configured
to provide the indications about the available parking
spaces to the service management center through
a communications link including one or more among
a wired and a wireless communication link.

6. The parking management system of any one of
claims 1 to 5, wherein the sensor nodes are deployed
in correspondence to the parking area in at least one
linear succession.
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7. The parking management system of claim 6, wherein
each sensor node is located at a fixed distance (D)
from the neighboring sensor nodes.

8. The parking management system of any one of
claims 1 to 7, wherein a respective distance of each
sensor node from any neighboring sensor node is
lower than or equal to approximately 150 cm.

9. The parking management system of any one of
claims 1 to 8, wherein each sensor node includes a
magnetic field sensor capable of sensing at least one
component (Vz(t), Vxy(t)) of a magnetic field in the
respective portion of the parking area.

10. The parking management system of any one of the
preceding claims, wherein said indications about the
available parking spaces are in the form of indica-
tions of available parking surface areas.

11. The parking management system of any one of
claims 1 to 10, wherein said indications about the
available parking spaces include indications about
the available linear parking spaces in the parking
area.

12. The parking management system of any one of
claims 1 to 11, wherein the notification to the user of
the availability of the parking place of the requested
size further includes an indication of the geographi-
cal position of the requested parking place of the
requested size.

13. The parking management system of any of the pre-
ceding claims, wherein the service management
center is configured to communicate with the user
through a user interface unit (160).

14. The parking management system of claim 13,
wherein the user interface unit is a mobile phone.

15. A method for managing the parking in at least one
parking area, the method including the steps of:

monitoring the at least one parking area for pro-
viding occupancy indications about the occu-
pancy of the parking area;
collecting the occupancy indications and deriv-
ing therefrom indications about available park-
ing spaces in the at least one parking area;
receiving said indications about the available
parking spaces in the at least one parking area
at a service management center;
receiving from a user a request of availability of
a parking place at the service management cent-
er, wherein said request includes data related
to a size of the requested parking place; and

based on said data related to the size of the request-
ed parking place and said indications about the avail-
able parking spaces, notify the user of the availability
of the parking place of the requested size, wherein
said monitoring the at least one parking area in-
cludes the steps of:

detecting the occupancy of a respective portion
of the at least one parking area by means of a
respective sensor node of a plurality of sensor
nodes distributed in correspondence to the park-
ing area; and, based on said respective detected
occupancy, providing the respective occupancy
indication,
characterized in that a respective distance of
each sensor node from any neighboring sensor
node is lower than or equal to 2 meters.

Patentansprüche

1. Parkverwaltungssystem (100), beinhaltend:

ein Sensorsystem (125), das eingerichtet ist, um
mindestens einen Parkbereich (115) zu überwa-
chen zum Bereitstellen von Belegungsangaben
über die Belegung des Parkbereichs;
ein Datenansammel- und Kommunikationsnetz
(130), das eingerichtet ist, um die Belegungs-
angaben von dem Sensorsystem zu sammeln
und davon Angaben über verfügbare Parkplätze
in dem mindestens einen Parkbereich abzulei-
ten; und
ein Service-Verwaltungscenter (135), das kon-
figuriert ist zum:

Empfangen der Angaben über die verfüg-
baren Parkplätze in dem mindestens einen
Parkbereich;
Empfangen von einem Benutzer einer An-
frage (405) der Verfügbarkeit von einem
Parkplatz, wobei die Anfrage Daten (407)
bezüglich der Größe des angefragten Park-
platzes beinhaltet, und
basierend auf den Daten bezüglich der Grö-
ße des angefragten Parkplatzes und der
Angaben über die verfügbaren Parklücken,
Benachrichtigen des Benutzers über die
Verfügbarkeit des Parkplatzes der ange-
fragten Größe, wobei das Sensorsystem ei-
ne Vielzahl von Sensorknoten (140) be-
inhaltet, die bezüglich des mindestens ei-
nen Parkbereichs verteilt sind, und wobei
jeder eingerichtet ist, um die Belegung ei-
nes jeweiligen Teils des mindestens einen
Parkbereichs zu erfassen und, um die je-
weilige Belegungsangabe bereitzustellen,
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dadurch gekennzeichnet, dass eine jeweilige
Distanz von jedem Sensorknoten von einem be-
nachbarten Sensorknoten kleiner oder gleich 2
Metern ist.

2. Parkverwaltungssystem nach Anspruch 1, wobei der
Parkbereich nicht-begrenzte Parkplätze aufweist.

3. Parkverwaltungssystem nach Anspruch 1 oder 2,
wobei das Datenansammel- und Kommunikations-
netz mindestens eine lokale Basiseinheit (145(i)) be-
inhaltet, die mit mindestens einem Sensorknoten ge-
koppelt ist und eingerichtet ist, um die jeweilige Be-
legungsangabe davon zu sammeln.

4. Parkverwaltungssystem nach Anspruch 3, wobei je-
der Sensorknoten der Vielzahl konfiguriert ist, um
die jeweilige Belegungsangabe zur entsprechenden
lokalen Basiseinheit durch ein Kommunikations-Link
bereitzustellen, der einen oder mehrere unter einem
Kabel gebundenen und einem kabellosen Kommu-
nikations-Link beinhaltet.

5. Parkverwaltungssystem nach Anspruch 3 oder 4,
wobei mindestens eine lokale Basiseinheit konfigu-
riert ist, um die Angaben über die verfügbaren Park-
lücken zu dem Service-Verwaltungscenter durch ein
Kommunikations-Link bereitzustellen, der eines
oder mehrere unter einem Kabel gebundenen und
einem kabellosen Kommunikations-Link beinhaltet.

6. Parkverwaltungssystem nach einem der Ansprüche
1 bis 5, wobei die Sensorknoten bezüglich dem Park-
bereich in mindestens einer linearen Abfolge ausge-
bracht sind.

7. Parkverwaltungssystem nach Anspruch 6, wobei je-
der Sensorknoten an einer festen Distanz (D) von
dem benachbarten Sensorknoten lokalisiert ist.

8. Parkverwaltungssystem nach einem der Ansprüche
1 bis 7, wobei eine jeweilige Distanz von jedem der
Sensorknoten zu einem Nachbarsensorknoten ge-
ringer oder gleich etwa 150 cm ist.

9. Parkverwaltungssystem nach einem der Ansprüche
1 bis 8, wobei jeder Sensorknoten einen Magnetfeld-
sensor beinhaltet, der in der Lage ist, mindestens
eine Komponente (Vz(t), Vxy(t)) eines magnetischen
Felds in dem jeweiligen Teil des Parkbereichs wahr-
zunehmen.

10. Parkverwaltungssystem nach einem der vorange-
gangenen Ansprüche, wobei die Angaben über die
verfügbaren Parklücken in der Form von Angaben
von verfügbaren Parkoberflächenbereichen sind.

11. Parkverwaltungssystem nach einem der Ansprüche

1 bis 10, wobei die Angaben über die verfügbaren
Parklücken Angaben über die verfügbaren linearen
Parklücken in dem Parkbereich beinhalten.

12. Parkverwaltungssystem nach einem der Ansprüche
1 bis 11, wobei die Benachrichtigung zu dem Benut-
zer der Verfügbarkeit des Parkplatzes der angefrag-
ten Größe ferner eine Angabe der geographischen
Position des angefragten Parkplatzes der angefrag-
ten Größe beinhaltet.

13. Parkverwaltungssystem nach einem der vorange-
gangenen Ansprüche, wobei das Service-Verwal-
tungscenter konfiguriert ist, um mit dem Benutzer
durch eine Benutzerschnittstelleneinheit (160) zu
kommunizieren.

14. Parkverwaltungssystem nach Anspruch 13, wobei
die Benutzerschnittstelleneinheit ein Mobiltelefon
ist.

15. Verfahren zum Verwalten des Parkens in minde-
stens einem Parkbereich, wobei das Verfahren die
Schritte beinhaltet:

Überwachen des mindestens einen Parkbe-
reichs zum Bereitstellen von Belegungsanga-
ben über die Belegung des Parkbereichs;
Sammeln der Belegungsangaben und Ableiten
von Angaben über verfügbare Parklücken in
dem mindestens einen Parkbereich;
Empfangen der Angaben über die verfügbaren
Parklücken in dem mindestens einen Parkbe-
reich an einem Service-Verwaltungscenter;
Empfangen, von einem Benutzer, einer Anfrage
der Verfügbarkeit von einem Parkplatz an dem
Service-Verwaltungscenter, wobei die Anfrage
Daten bezüglich der Größe des angefragten
Parkplatzes beinhaltet; und
basierend auf den Daten bezüglich der Größe
des angefragten Parkplatzes und den Angaben
über die verfügbaren Parklücken, Benachrichti-
gen des Benutzers über die Verfügbarkeit des
Parkplatzes der angefragten Größe, wobei das
Überwachen des mindestens einen Parkbe-
reichs die Schritte umfasst:

Erfassen der Belegung eines jeweiligen
Teils des mindestens einen Parkbereichs
mittels eines jeweiligen Sensorknotens von
einer Vielzahl von Sensorknoten, die be-
züglich des Parkbereichs verteilt sind; und,
basierend auf der jeweiligen erfassten Be-
legung, Bereitstellen der jeweiligen Bele-
gungsangabe,
dadurch gekennzeichnet, dass eine je-
weilige Distanz von jedem Sensorknoten
von einem benachbarten Sensorknoten ge-
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ringer oder gleich 2 Metern ist.

Revendications

1. Système de gestion du stationnement (100) com-
prenant:

- un système de capteurs (125) adapté au con-
trôle d’au moins une aire de stationnement (115)
pour fournir des indications d’occupation sur
l’occupation de l’aire de stationnement;
- un réseau de communication et de collecte de
données (130), adapté pour recueillir les indica-
tions d’occupation du système de capteurs et
d’en déduire des indications sur des espaces de
stationnement disponibles dans l’au moins une
aire de stationnement; et
- un centre de gestion de service (135) configuré
pour: 

recevoir lesdites indications au sujet des es-
paces de stationnement disponibles dans
l’au moins une aire de stationnement;
recevoir d’un utilisateur une demande (405)
de disponibilité d’un espace de stationne-
ment, dans lequel ladite demande com-
prend des données (407) liées à une taille
de l’espace de stationnement demandé, et
sur la base de ces données relatives à la
taille de l’espace de stationnement deman-
dé et desdites indications sur les espaces
de stationnement disponibles, notifier à l’uti-
lisateur la disponibilité de l’espace de sta-
tionnement de la taille demandée,

dans lequel le système de capteurs comprend plu-
sieurs noeuds de détection (140) distribués de ma-
nière à correspondre à l’au moins une aire de sta-
tionnement, et chacun conçu pour détecter l’occu-
pation d’une partie respective de l’au moins une aire
de stationnement et pour fournir l’indication d’occu-
pation respective,
caractérisé en ce qu’une distance respective entre
chaque noeud de détection et n’importe quel noeud
de détection voisin est inférieure ou égale à 2 mètres.

2. Système de gestion du stationnement selon la re-
vendication 1, dans lequel ladite aire de stationne-
ment a des espaces de stationnement non délimi-
tées.

3. Système de gestion du stationnement selon la re-
vendication 1 ou 2, dans lequel le réseau de com-
munication et de collecte de données comprend au
moins une unité de base locale (145(i)) couplée à
au moins un noeud de détection et étant adaptée à
recueillir les indications d’occupation respectives de-

puis celui-ci.

4. Système de gestion du stationnement selon la re-
vendication 3, dans lequel chaque noeud de détec-
tion desdits plusieurs noeuds de détection est con-
figuré pour fournir l’indication d’occupation respec-
tive à l’unité de base locale correspondante par un
lien de communications comprenant un lien ou da-
vantage parmi un réseau filaire et un lien de com-
munication sans fil.

5. Système de gestion du stationnement selon la re-
vendication 3 ou 4, dans lequel l’au moins une unité
locale de base est configurée pour fournir les indi-
cations sur les espaces de stationnement disponi-
bles au centre de gestion de service par un lien de
communication comprenant un lien ou davantage
parmi un réseau filaire et un lien de communication
sans fil.

6. Système de gestion du stationnement selon l’une
quelconque des revendications 1 à 5, dans lequel
les noeuds de détection sont déployés de manière
à correspondre à l’aire de stationnement en au moins
une succession linéaire.

7. Système de gestion du stationnement selon la re-
vendication 6, dans lequel chaque noeud de détec-
tion est situé à une distance fixe (D) des noeuds de
détection voisins.

8. Système de gestion du stationnement selon l’une
quelconque des revendications 1 à 7, dans lequel
une distance respective entre chaque noeud de dé-
tection et n’importe quel noeud voisin est inférieure
ou égale à environ 150 cm.

9. Système de gestion du stationnement selon l’une
quelconque des revendications 1 à 8, dans lequel
chaque noeud de détection comprend un capteur de
champ magnétique capable de détecter au moins
un composant (Vz(t), Vxy(t)) d’un champ magnéti-
que dans la partie correspondante de l’aire de sta-
tionnement.

10. Système de gestion du stationnement selon l’une
quelconque des revendications précédentes, dans
lequel lesdites indications sur les espaces de sta-
tionnement disponibles sont sous la forme d’indica-
tions de surfaces de stationnement disponibles.

11. Système de gestion du stationnement selon l’une
quelconque des revendications 1 à 10, caractérisé
en ce que lesdites indications sur les espaces de
stationnement disponibles comportent des indica-
tions sur les espaces linéaires de stationnement dis-
ponibles dans l’aire de stationnement.
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12. Système de gestion du stationnement selon l’une
quelconque des revendications 1 à 11, dans lequel
la notification à l’utilisateur de la disponibilité de l’es-
pace de stationnement de la taille demandée com-
prend en outre une indication de la position géogra-
phique de l’espace de stationnement demandé de
la taille demandée.

13. Système de gestion du stationnement selon l’une
quelconque des revendications précédentes, dans
lequel le centre de gestion de service est configuré
pour communiquer avec l’utilisateur par une unité
d’interface utilisateur (160).

14. Système de gestion du stationnement selon la re-
vendication 13, dans lequel l’unité d’interface utilisa-
teur est un téléphone mobile.

15. Procédé pour la gestion du stationnement dans au
moins une aire de stationnement, le procédé com-
prenant les étapes suivantes:

surveiller l’au moins une aire de stationnement
pour fournir des indications d’occupation sur
l’occupation de l’aire de stationnement;
recueillir les indications d’occupation et en dé-
duire des indications sur des espaces de sta-
tionnement disponibles dans l’au moins une aire
de stationnement;
recevoir lesdites indications sur les espaces de
stationnement disponibles dans l’au moins une
aire de stationnement dans un centre de gestion
de service;
recevoir d’un utilisateur une demande de dispo-
nibilité d’un espace de stationnement au centre
de gestion de service, dans lequel ladite deman-
de comprend des données relatives à la taille
de l’espace de stationnement demandé; et

à partir desdites données relatives à la taille de l’es-
pace de stationnement demandé et desdites indica-
tions sur les espaces de stationnement disponibles,
notifier à l’utilisateur la disponibilité de l’espace de
stationnement de la taille demandée,
dans lequel ladite surveillance de l’au moins une aire
de stationnement comprend les étapes suivantes:

détecter l’occupation d’une partie respective de
l’au moins une aire de stationnement par au
moyen d’un noeud de détection respectif et de
plusieurs noeuds de détection répartis de ma-
nière à correspondre à l’aire de stationnement;

et, à partir desdites occupations détectées respec-
tives, fournir l’indication d’occupation respective,
caractérisé en ce qu’une distance respective entre
chaque noeud de détection et n’importe quel noeud
de détection voisin est inférieure ou égale à 2 mètres.
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