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(57)  The invention relates to a method for detecting
and monitoring events on a territory, comprising the use
of at least a directional sensor (1) and at least a relevant
device for moving said directional sensor (1) for cycli-
cally scanning the territory, characterised in that each
scanning cycle of territory comprises the motion of said
at least one directional sensor (1) with a first rotation
about a vertical axis (2) of an angle between 0° and 360°
and a second rotation of an angle (o) between 0° and
90° about horizontal axis perpendicular to the laying di-
rection of said at least one directional sensor (1), the
method comprising a preliminary step during which di-

Method, apparatus and system for optimised detection of events in a geographical area

vides said first rotation in a first number of first angular
sectors and said second rotation in a second number of
second angular sectors so as to divide the territory into
corona circular sectors, each scanning cycle comprising
the motion of at least one directional sector (1) so as to
direct it later toward one or more of said corona circular
sectors, detection of an event occurring by comparison
of detected instantaneous values with an assembly of
reference values for one or more chemical-physical pa-
rameters in said territory.

The invention further relates to an apparatus imple-
menting the method according to the invention connect-
ed to a central unit (200).
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Description

[0001] The present invention relates to a method for
optimised detection of events on a geographical area,
to an apparatus employing said method and to a detec-
tion system.

[0002] More particularly, the invention concerns a
method able to guarantee a scanning of a limited terri-
tory, in such a way to detect certain kind of events on
the territory (e.g. fires, ice on different surfaces, hydro-
thermal alteration) in an optimised way, i.e. concentrat-
ing the more frequent scanning on sub-regions, that can
be modified with the passing of time. The invention fur-
ther relates to an apparatus implementing the method
of the invention using a (tele-) sensor and robotic
means. The invention further relates to system wherein
one or more apparatuses are connected to a remote
processing and control unit.

[0003] As it is well known, an always more frequent
needing of controlling territory and monitoring environ-
mentis due to the increase of events such as fires, safe-
ty and environment degrade, road safety (ice, tunnels).
[0004] To this end, nowadays, dedicated control sys-
tems with convenient costs have not been employed.
[0005] Particularly, the Applicant does not know sys-
tems having a capillary distribution of detection units
that are efficient, reliable and economically convenient.
[0006] Even more, automatised systems do not exist
able to monitor the creation of code along highways and
diffusing the relevant data without violating privacy,
since these systems use video shots.

[0007] Object of the present invention is that of pro-
viding a method for detecting events within a pre-set vol-
ume solving the above-mentioned drawbacks.

[0008] Main object of the present invention is that of
providing the apparatuses and instruments necessary
for carrying out the method according to the invention.
[0009] Further object of the present invention is that
of providing an apparatus for implementing the method
according to the invention.

[0010] Itis object of the invention a method for detect-
ing and monitoring events on a territory, comprising the
use of at least a directional sensor and at least a relevant
device for moving said directional sensor for cyclically
scanning the territory, characterised in that each scan-
ning cycle of territory comprises the motion of said at
least one directional sensor with a first rotation about a
vertical axis of an angle between 0° and 360° and a sec-
ond rotation of an angle between 0° and 90° about hor-
izontal axis perpendicular to the laying direction of said
at least one directional sensor, the method comprising
a preliminary step during which divides said first rotation
in a first number of first angular sectors and said second
rotation in a second number of second angular sectors
so as to divide the territory into corona circular sectors,
each scanning cycle comprising the motion of at least
one directional sector so as to direct it later toward one
or more of said corona circular sectors, detection of an
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event occurring by comparison of detected instantane-
ous values with an assembly of reference values for one
or more chemical-physical parameters in said territory.
[0011] Preferably, according to the invention, said
second rotation is a rotation of an angle between 0° and
80°.

[0012] Preferably, according to the invention, said first
angular sectors are identical angular sectors.

[0013] Preferably, according to the invention, said first
identical angular sector correspond each to an angle
corresponding to the focal opening of one of said at least
one directional sensor.

[0014] Preferably, according to the invention, said
second angular sectors are identical angular sectors.
[0015] Preferably, according to the invention, said
second identical angular sector correspond each to an
angle corresponding to the focal opening of one of said
at least one directional sensor.

[0016] Preferably, according to the invention, the
method comprises a preliminary scanning, carried out
at regular intervals, for individuating alterations of pre-
set chemical-physical parameters with respect to said
reference values, said one or more corona circular sec-
tors comprising the sectors wherein said alterations
have been individuated.

[0017] Preferably, according to the invention, during
each scanning cycle, said one or more corona circular
sector are subjected to scanning with a resolution higher
than the preliminary scanning.

[0018] Advantageously, according to the invention,
said at least one directional sensor is each time directed
toward the centre of said corona circular sectors.
[0019] Preferably, according to the invention, corona
circular sectors wherein alterations of pre-set parame-
ters have been individuated are subjected to scanning
with a higher frequency than the other sectors.

[0020] Advantageously, according to the invention,
the method comprises the use of one or more not direc-
tional sectors.

[0021] Advantageously, according to the invention, in-
ventive method comprises a preliminary step wherein
said at least one directional sensor is calibrated meas-
uring a chemical-physical parameter of a pre-set terri-
tory remote zone at the ground level or above the ground
level, said chemical-physical parameter being also
measured by said at least one not directional sector pro-
vided close to said remote point.

[0022] Preferably, according to the invention, at least
two directional sensors are moved, for example a stand-
ard telecamera and an infrared thermo-camera.

[0023] Advantageously, according to the invention, in-
dividuation of the position of a detected event occurs by
the polar co-ordinates obtained by the programming of
the sensor motion.

[0024] Preferably, according to the invention, posi-
tions of detected events are displayed overlapping the
same on a bi-dimensional territorial map, reconstructing
on said map said corona circular sectors.
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[0025] It is further object of the present invention an
apparatus for detecting and monitoring events on a ter-
ritory, comprising a data detection fixed site, provided
with at least a directional sensor, characterised in that
it implements the method according to the invention.
[0026] Preferably, according to the invention, said at
least a directional sensor is an optical sensor, particu-
larly an infrared sensor.

[0027] Preferably, according to the invention, said at
least one directional sensor is a variable focal sensor.
[0028] Preferably, according to the invention, said at
least one directional sensor is a temperature sensor.
[0029] Advantageously, according to the invention,
said fixed control site comprises a metallic support ele-
ment at the top of which a container (mainly a metallic
container) is housed, within which said at least one di-
rectional sensor as well as a motion robotics for said
sensor are provided.

[0030] Always according to the invention, said sup-
port element can be provided with electric self-supplying
photovoltaic panels.

[0031] According to the invention, the apparatus can
comprise one or more not directional sensors.

[0032] It is still object of the present invention a sys-
tem for detecting and monitoring events on a territory,
characterised in that it comprises one or more appara-
tuses according to the invention, the system further
comprising a central unit processing the information re-
ceived from said one or more detection sites.

[0033] Preferably, according to the invention, each
one of said one or more sites comprises a local proces-
sor suitable to carry out a pre-processing of the mean-
ingful data to be transmitted to the central processing
unit.

[0034] Preferably, according to the invention, trans-
mission of said meaningful data occurs by a detection
data transmission modem provided in each site.
[0035] Preferably, according to the invention, said
transmission occurs by cable telephony or by mobile tel-
ephones.

[0036] Preferably, according to the invention, a re-
ceiving unit receives said meaningful data.

[0037] Preferably, according to the invention, said
meaningful data are transmitted by the receiving unit to
a data switching unit, sending the data to the central unit
comprising at least on electronic processor and/or stor-
ing them within a storage memory.

[0038] Advantageously according to the invention,
each one of said one or more control sites comprises a
laser laying system for controlling the proper scanning
of said at least one sensor.

[0039] According to the invention, territory positioning
of the control sites can be made according to a preor-
dained geometric matrix with linked nodes.

[0040] According to the invention, the system can
comprise at least one installation comprising a surface
monitored by at least one local sensor with respect to
one or more chemical-physical parameters, said sur-
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face being suitable to be monitored by said at least one
directional sensor at pre-set time instants.

[0041] The invention will be described for illustrative
and not limitative purposes with reference to the drawing
of the enclosed figures, wherein:

figure 1 shows a zone subjected to scanning by the
method according to the present invention;

figure 2 shows an example of overlapping of the
scanning field according to figure 1 with a bidimen-
sional territory map;

figure 3 shows the block diagram of the apparatus
according to an embodiment of the invention.

[0042] Detection method, preferably tele-detection,
according to the invention provides a preliminary step
of setting the detection modes in function of the territory
ambit, of the strategies and of the control priority.
[0043] Detection modes and detected data are re-
spectively processed and superimposed to a geo-altim-
etry. Territory configuration of the territory spatial model
to be controlled for example in a planimetric-altimetric
form or altimetric form and for altimetric section profiles.
[0044] Infunction of the environment priorities, spatial
orientation of a sensor is programmed, and scanning
frequency of zones and width of detection are deter-
mined.

[0045] Making reference to figure 1, method compris-
es the use of sensor 1. It is operated by means able to
make them regular movements, i.e. afirst rotation about
a vertical axis 2 (an axis perpendicular to the ground)
and a second rotation with respect to an axis perpen-
dicular to the first one and to the laying direction. This
second rotation moves the sensor of an o angle, pref-
erably between 0° and 80° with respect to the position
in correspondence of which the sensor is directed ver-
tically toward the ground, so as to subject to scanning
an essentially conical volume. Distance range within
which tested sensor works corresponds to these limits.
[0046] Sensor tested in this embodiment was an in-
frared sensor that can be employed with any lighting
condition. Furthermore, an optical sensor can be em-
ployed for monitoring the formation of queues along the
roads, without that the diffusion of the relevant informa-
tion can infringe the privacy rules, since it concerns tem-
perature data that, being included in set interval and
configuration ranges, indicate the presence of the same
queues.

[0047] In order to efficiently treat the data, territory to
be controlled is divided into scanning sectors.

[0048] Said scanning sectors can be differently cho-
sen, but a particularly efficient choose, thus particularly
optimising the detection, is that of dividing the scanning
about the vertical axis in a pre-set number of angular
sectors, each angular sector corresponding to the focal
opening angle of the optical sensor.

[0049] It has been tested a division into 16 angular
sectors, each one of 22,5° with the above-mentioned
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infrared sensor.

[0050] Atthe same time, second rotation has been di-
vided into equal angular sectors, always in function of
the focal opening of the sensor.

[0051] Instead, for the tested infrared sensor, 4 sec-
tors, each one of 20°, have been chosen (zenithal move-
ment).

[0052] A division of the territory to be subjected to

scanning into corona circular sectors follows this
choose, as shown in figure 1, said sectors becoming al-
ways larger departing from the sensor position.

[0053] Sensor is thus moved in such a way that it for
example always is directed toward the centre of said co-
rona circular scanning sectors.

[0054] Saiddivisioninto corona circular scanning sec-
tors only has an advantage for the scanning efficiency,
but it is particularly advantageous for an easy recon-
struction of the data on a map of the subjected to scan-
ning territory.

[0055] Furthermore, in this way it is possible deter-
mining the movement time from one zone to another
one, as well as the exact succession of the scannings.
[0056] In the system according to the invention, this
advantage is correlated with a further coupling for mo-
tion.

[0057] Infact, sensor requires sometime for detecting
an image corresponding to a scanning zone. After this
time, system moves the sensor in such a way that it
passes to the following corona circular sector.

[0058] The above can be particularly realised in such
a way that motion starts in the processing local unit from
the moment when the loading buffer is full.

[0059] Scanning modes are further such to maximise
the tele-detection definition, frequency and precision of
scanning where it is necessary for detecting meaningful
events.

[0060] To this end, it is preferable making a prelimi-
nary atmospheric scanning, for preliminarily verifying
critical atmospheric alterations (for example smokes,
temperatures).

[0061] Said scanning can occur all along the volume
defined by the above rotations, or only on part of it.
[0062] Individuation of critical volumes or areas, more
generally of meaningful events can be made by a com-
parison of the standard image with the image detected
of the micro zone temperatures.

[0063] Thus detections are preferably concentrated in
correspondence of said critical volumes. It can be made
both subjecting to scanning exclusively said volumes,
and subjecting to scanning them with a higher frequency
with respect to other volumes.

[0064] Alocal analyses of the detection site allows the
recognition of the thermal events determining the alarm
for example on the basis of critical levels set for temper-
ature classes.

[0065] Individuation of the event position occurs by
the polar co-ordinates obtained by the programming of
the motion of the sensor on the azymuthal plane and on
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the zenithal plane.

[0066] Controlled area is shown in figure 2, on a ter-
ritory map.

[0067] Sensor employed is preferably an optical sen-
sor, still more preferably an infrared sensor, remote de-
tecting the temperature, preferably at a distance be-
tween 1 and 5 km. It is provided with predefinition of
detectable thermal level that can be examined at time
intervals by processing software.

[0068] For each scanning radial - annular cycle as de-
scribed in the above, it is possible an initial calibration
directing the sensor toward a reference point (or zone
with very small dimensions) not too wherein it is provid-
ed another sensor controlling the temperature (or other
physical parameter taken into consideration, for exam-
ple relative humidity, luminosity and wind speed) of said
point. In this way, at the beginning of each scanning cy-
cle, detection is calibrated again and the following de-
tection is reliable.

[0069] Making reference to figure 3, an embodiment
of the apparatus according to the invention provides
self-powered data detection fixed positions 100, and a
central unit 200 processing the information transmitted
to the fixed positions 100 placed on territory, by which
interesting events are detected.

[0070] Information associated to each station com-
prise:

- position of the station (area/territory to be control-
led), also identified by an identification number;

- integrated aero-photo-grammetric and satellite in-
dividuation of events;

- meaningful data and alarms;

- operative, didactic and informative notes;

- map with auxiliary sites (for example equipped with
reachability, intervention devices, emergency shel-
ters, first aid fixtures).

[0071] Besides the above maps, within the area to be
monitored, maps containing information about themes
concerning to the environment to be controlled and
monitored with reference to the territory patrimony
(theme maps), Said cartographies can also be config-
ured with user interactive modes.

[0072] Control site 100 is comprised of a metallic sup-
port element at the top of which an outside, proof con-
tainer (mainly a metallic container) and for example with
a hemispherical shape; it is provided with a protection
part on which possible photovoltaic panels could be in-
serted for electric supply of the system; within said con-
tainer sensor 1, 1', 1", motion robotics (not shown in the
figure) and a local electronic processor 3, 3', 3", can be
housed.

[0073] Itis further provided the presence of a modem
4, 4', 4"for transmission of data detected by a fixed te-
lephony or mobile telephone to the central processing
unit 200, as well as emergency electric supply accumu-
lators (not shown).
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[0074] Receipt of data occurs in a receipt unit 7, that
can be controlled by a control panel 8, receiving data
both from sensors , 1', 1", preferably thermal sensors,
and from other sensors (for example one or more smoke
optic sensors 11, one or more multicriteria sensors 12,
for example integrated multicriteria sensors anti-vandal-
ism, smoke and temperature).

[0075] These data are transmitted to the switching
unit 6, sending the data to the processors 5, 5' included
in the processing central unit 200 (by the gateway divid-
er 23 and protocol converter gateways 22) and/or stores
them into a local and/or remote storing memory 9.
[0076] Each control site 100 can take advantage of a
possible laser laying system, for controlling the proper
sensor 1, 1', 1" laying.

[0077] Territorial positioning of control sites 100 is
made according to a preordained geometric matrix with
linked nodes.

[0078] Total control of site is assigned to a self-diag-
nosis software for periodic control of the proper opera-
tion of the site in robotics motion and data transmission.
[0079] Itis further possible the implementation of aux-
iliary control devices for controlling for example micro-
climate, hydrothermal, water bed, anti-vandalism,
smokes, atmosphere, sun radiation.

[0080] Detection sites can control as an average a cir-
cular surface of about 300 hectares and their position
on territory must be configured on the basis of local en-
vironmental control strategies (pattern, linear, puncti-
form extension); functionality of a system of stations is
co-ordinated in progression of scannings.

[0081] Asdescribedinthe above, scanning of territory
surface occurs by concentric radial - annular motion of
the tele-detection thermal sensor 1.1". 1".

[0082] Meaningful data of the event are transmitted
by mobile telephone (for example optical fibre, fixed te-
lephony, GSM, GPRS or UMTS, or other telecommuni-
cation system): they concern thermal entity of the event,
detected image and polar co-ordinates of the event with
respect to the emitting site individuated by an identifica-
tion code.

[0083] Before the control central unit 200, by the re-
ception of the above data, sent from a site 100, super-
imposition is displayed on the monitor of the positioning
of the event on the 2D thematic cartography prepared
in order to intelligible individuation and interpretation of
the event generating the alarm.

[0084] By said processing, progressive cognitive
deepening steps can be carried out:

1. simple cartographique individuation;

2. representation of paths allowing the preferential
reachability as far as time and best access are
concerned ;

3. transmission of informative messages, visualisa-
tion of sites and of intervention and support means
kind available, close to the event.
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[0085] Periodic collection of total data is memorised
in a suitable hardware file. Said collection could be used
for statistic, preventive, environmental, and hydro geo-
logical applicative extensions.

[0086] Apparatus described is thus addressed to the
informatised territorial control for multifunction monitor-
ing, particularly hydrothermal, anti-fire, road safety and
environmental safety monitoring.

[0087] Averyimportantparticular application is detec-
tion and monitoring of ice on the road. In fact, by the
system according to the invention, it is possible detect-
ing temperature of a scanning zone and, thanks to an
auxiliary sensor, also the relative humidity in said scan-
ning zone.

[0088] By using these data in combination with the
known Glaser diagram, presence of ice on the ground
can be inferred in function of the calculation of conden-
sation (dew temperature) phenomenon, of steam con-
tained in atmosphere, of surfaces subjected to scan-
ning.

[0089] It is further possible calibrating before the in-
frared sensor using the relative humidity data.

[0090] Particularly, itis allowed the use of devices pro-
vided with energetic autonomy, for local processing of
environment and spatial meaningful data for detecting
of events to be monitored, such as safety, anti-fire, ter-
ritory, hydrogeology, environmental alterations, micro-
climate.

[0091] Finally, use of the apparatus according to the
invention (informatised and automatised territory envi-
ronmental monitoring) can create with passing of time
a strategic data file for environmental monitoring.
[0092] The present invention has been described for
illustrative but not limitative purposes, according to its
preferred embodiments, but it is to be understood that
modifications and/or changes can be introduced by
those skilled in the art without departing from the rele-
vant scope as defined in the enclosed claims,

Claims

1. , Method for detecting and monitoring events on a
territory, comprising the use of at least a directional
sensor (1) and at least a relevant device for moving
said directional sensor (1) for cyclically scanning
the territory, characterised in that each scanning
cycle of territory comprises the motion of said at
least one directional sensor (1) with a first rotation
about a vertical axis (2) of an angle between 0° and
360° and a second rotation of an angle (o) between
0° and 90° about horizontal axis perpendicular to
the laying direction of said at least one directional
sensor (1), the method comprising a preliminary
step during which divides said first rotation in a first
number of first angular sectors and said second ro-
tation in a second number of second angular sec-
tors so as to divide the territory into corona circular
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sectors, each scanning cycle comprising the motion
of at least one directional sector (1) so as to direct
it later toward one or more of said corona circular
sectors, detection of an event occurring by compar-
ison of detected instantaneous values with an as-
sembly of reference values for one or more chemi-
cal-physical parameters in said territory.

Method according to claim 1, characterised in that
said second rotation is a rotation of an angle (o) be-
tween 0° and 80°.

Method according to claim 1 or 2, characterised in
that said first angular sectors are identical angular
sectors.

Method according to claim 3, characterised in that
said first identical angular sector correspond each
to an angle corresponding to the focal opening of
one of said at least one directional sensor.

Method according to one of claims 1-4, character-
ised in that said second angular sectors are iden-
tical angular sectors.

Method according to claim 5, characterised in that
said second identical angular sector correspond
each to an angle corresponding to the focal opening
of one of said at least one directional sensor.

Method according to one of claims 1-6, character-
ised in that it comprises a preliminary scanning,
carried out at regular intervals, for individuating al-
terations of pre-set chemical-physical parameters
with respect to said reference values, said one or
more corona circular sectors comprising the sectors
wherein said alterations have been individuated.

Method according to claim 7, characterised in that
during each scanning cycle, said one or more coro-
na circular sector are subjected to scanning with a
resolution higher than the preliminary scanning.

Method according to one of claims 1-8, character-
ised in that said at least one directional sensor is
each time directed toward the centre of said corona
circular sectors.

Method according to one of claims 7-9, character-
ised in that corona circular sectors wherein altera-
tions of pre-set parameters have been individuated
are subjected to scanning with a higher frequency
than the other sectors.

Method according to one of claims 1-10, character-
ised in that the method comprises the use of one
or more not directional sectors.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

10

Method according to claim 11, characterised in
that it comprises a preliminary step wherein said at
least one directional sensor is calibrated measuring
a chemical-physical parameter of a pre-set territory
remote zone at the ground level or above the
ground level, said chemical-physical parameter be-
ing also measured by said at least one not direc-
tional sector provided close to said remote point.

Method according to one of claims 1-12, character-
ised in that at least two directional sensors are
moved, for example a standard telecamera and an
infrared thermo-camera.

Method according to one of claims 1-13, character-
ised in that individuation of the position of a detect-
ed event occurs by the polar co-ordinates obtained
by the programming of the sensor motion.

Method according to one of claims 1-10, character-
ised in that positions of detected events are dis-
played overlapping the same on a bi-dimensional
territorial map, reconstructing on said map said co-
rona circular sectors.

Apparatus for detecting and monitoring events on a
territory, comprising a data detection fixed site
(100), provided with at least a directional sensor (1,
1', 1"), characterised in that it implements the
method according to one of the claims 1-15.

Apparatus according to claim 16, characterised in
that said at least a directional sensor (1, 1', 1") is
an optical sensor, particularly an infrared sensor.

Apparatus according to claim 17, characterised in
that said at least one directional sensor (1, 1', 1")
is a variable focal sensor.

Apparatus according to one of claims 16-18, char-
acterised in that said at least one directional sen-
sor (1, 1', 1 ") is a temperature sensor.

Apparatus according to one of claims 16-19, char-
acterised in that said fixed control site comprises
a metallic support element at the top of which a con-
tainer (mainly a metallic container) is housed, within
which said at least one directional sensor (1, 1', 1")
as well as a motion robotics for said sensor (1, 1',
1") are provided.

Apparatus according to claim 20, characterised in
that said support element are provided with electric
self-supplying photovoltaic panels.

Apparatus according to one of claims 16-21, char-
acterised in that the apparatus comprises one or
more not directional sensors.
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System for detecting and monitoring events on a
territory, characterised in that it comprises one or
more apparatuses according to one of claims16-22,
the system further comprising a central unit (200)
processing the information received from said one
or more detection sites (100).

System according to claim 23, characterised in
that each one of said one or more sites comprises
a local processor (3, 3', 3") suitable to carry out a
pre-processing of the meaningful data to be trans-
mitted to the central processing unit (200).

System according to claim 24, characterised in
that transmission of said meaningful data occurs by
a detection data transmission modem (4, 4', 4") pro-
vided in each site.

System according to claim 25, characterised in
that said transmission occurs by a fixed telephony
or by mobile telephones.

System according to claim 23, characterised in
that said meaningful data are received by a receiv-
ing unit (7).

System according to claim 27, characterised in
that said meaningful data are transmitted by the re-
ceiving unit (7) to a data switching unit (6), sending
the data to the central unit (200) comprising at least
on electronic processor (5, 5') and/or storing them
within a storage memory (9) in function of detection
of events on territory..

System according to one of claims 23-28, charac-
terised in that each one of said one or more control
sites comprises a laser laying system for controlling
the proper scanning of said at least one sensor (1,
1, 1").

System according to one of claims 23-29, charac-
terised in that territory positioning of the control
sites can be made according to a preordained ge-
ometric matrix with linked nodes.

System according to one of claims 23-30, charac-
terised in that the system comprises at least one
installation comprising a surface monitored by at
least one local sensor with respect to one or more
chemical-physical parameters, said surface being
suitable to be monitored by said at least one direc-
tional sensor (1,1', 1") at pre-set time instants.
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