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(57)  Asystem for monitoring transit of vehicles along
a highway section (2), the system having a number of
transmitting-receiving stations (4a, 4b, 4c) installed along
the highway section and forming part of a wireless sensor
network; each of the transmitting-receiving stations (4a,
4b, 4c) being configured to communicate with the other
transmitting-receiving stations (4a, 4b, 4c), and having
an independent power source, and a charging device for
charging the independent power source; and the system
being characterized in that a number of pairs (A4, A,, A3,
A,) of the number of transmitting-receiving stations (4a,

System for monitoring vehicle transit along a highway section

4b) are configured to operate:

- in a first operating mode (ACTIVE), in which transit of
vehicles along the highway section (2) is detected, and
the type of vehicles in transit along the highway section
(2) is determined; and

- in a second charge operating mode (SLEEP), in which
the charging device for charging the independent power
source is activated;

and in that at least one pair of transmitting-receiving sta-
tions (4a, 4b) operates in one of the first and second
operating modes (ACTIVE, SLEEP), which differs from
the operating mode of the other pairs.
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Description

[0001] The present invention relates to a system for
monitoring vehicle transit along a highway section.
[0002] Vehicle transit along a highway section, e.g.
preferential city or motorway lanes, is monitored by sys-
tems based, for example, on video cameras, which trans-
mit the acquired images to a remote operating centre; or
on transmitting-receiving stations, which continuously
transmit a directional signal, with given spectral charac-
teristics, onto the monitored highway section, and detect
vehicle passage on the basis of the characteristics of the
signals reflected by the vehicles in transit which, in pass-
ing, alter the signal transmitted by the transmitting-re-
ceiving stations; or on coils laid under the road surface.
[0003] The efficiency of these systems depends close-
ly on factors, such as the quality of the acquired images
and incoming signals. As is known, image quality de-
pends, among other things, on external visibility and light-
ing, and is therefore seriously impaired by external fac-
tors, such as darkness, fog, snow, or dirt on the video
camera optical system; while incoming signal quality is
seriously affected, for example, by interference, weather
conditions, etc.

[0004] Moreover, currently used traffic monitoring sys-
tems are expensive and take a long time to install, involve
complicated wiring, create traffic hold-ups for mainte-
nance, etc.

[0005] Itis anobject of the presentinvention to provide
a system for monitoring vehicle transit along a highway
section, designed to eliminate the drawbacks of known
systems.

[0006] More specifically, the presentinvention propos-
es a monitoring system comprising small, low-energy
electronic devices installed along the road.

[0007] According tothe presentinvention, there is pro-
vided a system for monitoring vehicle transit along a high-
way section, as claimed in the accompanying Claims.
[0008] A preferred, non-limiting embodiment of the
present invention will be described by way of example
with reference to the attached drawing, which shows a
schematic of the architecture of the monitoring system
according to the invention.

[0009] Number 1 in the attached drawing indicates as
a whole a system for monitoring vehicle transit along a
highway section 2, in accordance with the present inven-
tion.

[0010] By way of a non-limiting example, the highway
section 2 shown schematically in the drawing is a lane
of a one-way highway, e.g. motorway or main road, trav-
elled by vehicles, e.g. vehicle 3.

[0011] More specifically, monitoring system 1 accord-
ing to the invention comprises:

- a known self-configuring wireless sensor network
comprising a number of transmitting-receiving sta-
tions 4a, 4b, 4c, which are installed on both sides of
highway section 2, and are configured to communi-
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cate with one other by known communication proto-
cols specific to this type of network, and to perform
specific functions as described below;

- a transmitting-receiving Gateway station 5 located
close to the monitored highway section 2 to collect
information from transmitting-receiving stations 4a,
4b, 4c; and

- aremote control centre 6 communicating with Gate-
way station 5.

[0012] More specifically, each pair of transmitting-re-
ceiving stations 4a, 4b of the wireless sensor network
installed on opposite sides of highway section 2 is con-
figured to detect passage of vehicle 3 along highway sec-
tion 2, and to type-classify the vehicles in transit on the
basis of a wireless signal transmitted by transmitting-re-
ceiving station 4a.

[0013] Transmitting-receiving stations 4c, on the other
hand, are configured to transmit the vehicle transit and
vehicle type information, processed by transmitting-re-
ceiving station 4b, to Gateway station 5, which transmits
the information to remote control centre 6. As shown in
the enlarged detail in the drawing, transmitting-receiving
stations 4a, 4b, 4c all have the same hardware configu-
ration, and each comprise:

- acontrol and processing unit 7 configured to control
operation of transmitting-receiving stations 4a, 4b,
4c;

- atransmitting-receiving unit 8; and

- anindependent power source 9.

[0014] The specific functions of transmitting-receiving
stations 4a, 4b, 4c are therefore performed by specific
software stored in control and processing unit 7 of each
station 4a, 4b, 4c.

[0015] Control and processing unit 7 of transmitting-
receiving station 4a is configured to control transmitting-
receiving unit 8 of station 4a to enable station 4a to :

- transmit and receive wireless signals, containing
network configuration information, to and from the
other transmitting-receiving stations 4a, 4b, 4c to op-
timize routing performance; and

- transmit a directional wireless signal S;, of given
spectral characteristics and power, to transmitting-
receiving station 4b.

[0016] Transmitting-receiving station 4a comprises a
sensor or device (not shown), e.g. a microphone or tel-
evision camera, for detecting arrival of vehicle 3.
[0017] Control and processing unit 7 of transmitting-
receiving station 4b is configured to control transmitting-
receiving unit 8 of station 4b to enable station 4b to :

- transmit and receive wireless signals, containing
network configuration information, to and from the
other transmitting-receiving stations 4a, 4b, 4c to op-
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timize routing performance;

- receive the directional wireless signal S;, of given
spectral characteristics and power, transmitted by
transmitting-receiving station 4a; and

- transmit vehicle transit and vehicle type information
to Gateway station 5;

and to detect transit of vehicle 3 along highway section
2, and type-classify the vehicle 3 in transit on the basis
of the wireless signal S, received by station 4b.

[0018] Control and processing unit 7 of transmitting-
receiving station 4c is configured to control transmitting-
receiving unit 8 of station 4c to enable station 4c to :

- transmit and receive wireless signals, containing
network configuration information, to and from the
other transmitting-receiving stations 4a, 4b, 4c to op-
timize routing performance;

- receive the vehicle transit and vehicle type informa-
tion processed and transmitted by transmitting-re-
ceiving station 4b; and

- transmit the vehicle transit and vehicle type informa-
tion, received from transmitting-receiving station 4b,
to Gateway station 5.

[0019] More specifically, as shown in the enlarged de-
tail of the drawing, transmitting-receiving Gateway sta-
tion 5 comprises:

- acontrol and processing unit 7 configured to control
operation of Gateway station 5;

- atransmitting-receiving unit 8;

- anindependent power source 9; and

- along-range transmitting-receiving unit 10.

[0020] At least one software is stored in control and
processing unit 7 of Gateway station 5 to control trans-
mitting-receiving unit 8 of Gateway station 5 to enable
Gateway station 5 to:

- receive the wireless signals containing the vehicle
transit and vehicle type information transmitted by
transmitting-receiving stations 4c; and

- control long-range transmitting-receiving unit 10,
e.g.a GSM or WI/FIl unit, to enable unit 10 to transmit
the vehicle transit and vehicle type information, re-
ceived by transmitting-receiving station 8 of Gate-
way station 5, to remote control centre 6, where the
information is stored and analysed.

[0021] More specifically, vehicles travelling along the
monitored highway section are detected and type-clas-
sified as follows: on detecting an on-coming vehicle by
means of the sensor, e.g. a microphone, a transmitting-
receiving station 4a begins transmitting wireless signal
S; - e.g. a 433 MHz, 868 MHz, or 2.4 GHz signal - to
transmitting-receiving station 4b, which measures the
power level of the incoming signal, compares it with the
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power level of the transmitted signal, and detects pas-
sage of the vehicle on the basis of the comparison.
[0022] The vehicle driving past transmitting-receiving
stations 4a and 4b, in fact, noticeably distorts and atten-
uates the wireless signal S; transmitted by transmitting-
receiving unit 8 of transmitting-receiving station 4a, and
control and processing unit 7 of transmitting-receiving
station 4b detects passage of the vehicle on the basis of
attenuation of the power level of the incoming signal. To
type-classify the vehicles in transit, control and process-
ing unit 7 of transmitting-receiving station 4b compares
the power level of the incoming signal with predetermined
threshold values of specific categories of vehicles, e.g.
cars, buses, trucks, etc., and classifies the vehicles in
transit on the basis of the comparison.

[0023] As stated, to minimize the infrastructures and
energy consumption required to operate monitoring sys-
tem 1, transmitting-receiving stations 4a, 4b, 4c and
Gateway station 5 each have an independent power
source 9, e.g. abattery (not shown) connected to a charg-
ing device, e.g. a photovoltaic, wind-driven, or vibration
module (not shown); and monitoring system 1 is config-
ured so that each pair of transmitting-receiving stations
4a, 4b (the drawing shows four pairs of stations 4a, 4b,
indicated by arrows Ay, A,, Az, A4) and transmitting-re-
ceiving stations 4c can operate in two modes.

[0024] More specifically, in a first SLEEP charge op-
erating mode, control and processing units 7 of transmit-
ting-receiving stations 4a, 4b, 4c totally disable the re-
spective stations, and enable the respective charging de-
vices of independent power sources 9.

[0025] In SLEEP mode, transmitting-receiving station
4a obviously detects no on-coming vehicles by means
of the sensor, and transmits no wireless signal to trans-
mitting-receiving station 4b, which, likewise, detects no
passing vehicles.

[0026] In asecond ACTIVE operating mode, transmit-
ting-receiving station 4a detects on-coming vehicles by
means of the sensor, and transmits the wireless signal
to respective transmitting-receiving station 4b, which de-
tects transit of, and type-classifies, the vehicles; and sta-
tions 4c transmit the vehicle transit and vehicle type in-
formation, received from transmitting-receiving station
4b, to Gateway station 5.

[0027] Each pair of transmitting-receiving stations 4a,
4b switches automatically from charge SLEEP mode to
ACTIVE mode on the basis of switching logic designed
by the Applicant to ensure reliable vehicle transit moni-
toring and minimum energy consumption. More specifi-
cally, system 1 is configured so that the pairs of trans-
mitting-receiving stations 4a, 4b forming part of the wire-
less sensor network are never all in the same operating
mode (ACTIVE or SLEEP) at the same time.

[0028] More specifically, pairs Aq, Ay, Az, A, of trans-
mitting-receiving stations 4a, 4b are activated singly or
in groups for a predetermined time and/or as a function
of the charge level of the respective batteries.

[0029] For example, in a first embodiment, monitoring
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system 1 may be configured so that pairs A; and A, op-
erate in ACTIVE mode, and, simultaneously, pairs A
and A, operate in SLEEP mode. In this embodiment,
pairs A, and A, are activated simultaneously for redun-
dant vehicle monitoring, and remain in ACTIVE mode for
a predetermined time At, or for as long as the charge
level of the respective batteries remains above a mini-
mum threshold value guaranteeing operation of each sta-
tion 4a, 4b.

[0030] In this embodiment, system 1 is configured so
that, at the end of time At, or when the charge level of at
least one of the batteries of stations 4a, 4b in pairs A,
and A, falls below the minimum threshold level, trans-
mitting-receiving stations 4a, 4b in pairs A; and A, switch
from ACTIVE mode to charge SLEEP mode, and the ve-
hicle transit monitoring function is taken over by the next
two pairs Az, A, switching from SLEEP mode to ACTIVE
mode.

[0031] The above switching procedure is performed,
on the basis of the above time or charge level conditions,
between the two currently active pairs and the next ad-
jacent two pairs in SLEEP mode, until all the pairs of
stations 4a, 4b in monitoring system 1 are used up.
[0032] In a second, alternative, embodiment, the sys-
tem is configured to activate two successive, but not nec-
essarily adjacent, pairs of transmitting-receiving stations
4a, 4b, e.g. pair A; and pair Az, which, as in the first
embodiment, remain active for a predetermined time At,
or for as long as the charge level of the respective bat-
teries remains above a minimum threshold value guar-
anteeing operation of each station.

[0033] In a third, alternative, embodiment, the system
may be configured to only activate one pair of transmit-
ting-receiving stations 4a, 4b at a time, and so that the
pair remains active for a predetermined time At, or for as
long as the charge level of the respective batteries re-
mains above a minimum threshold value guaranteeing
operation of each station, and otherwise switches from
ACTIVE mode to charge SLEEP mode; and the vehicle
transit monitoring function is taken over by the adjacent
pair or by the currently available pair switching from
SLEEP mode to ACTIVE mode.

[0034] Inall three embodiments described, to correctly
determine ACTIVE operating mode of the pairs of trans-
mitting-receiving stations 4a, 4b, transmitting-receiving
stations 4a, 4b of the wireless sensor network periodically
exchange current operating mode information.

[0035] The energy consumption of each transmitting-
receiving station 4a, 4b and 4c in ACTIVE operating
mode depends on the connection time t,,,,, stations 4a,
4b and 4c operates in ACTIVE mode; and the energy
consumption of each transmitting-receiving station 4 in
SLEEP mode depends on the time tg, gep Stations 4a,
4b and 4c operates in SLEEP operating mode.

[0036] Given thattime f_,,, is much shorter than time
ts; eep, that the energy consumption of each station 4 in
SLEEP mode is negligible compared to energy consump-
tion in ACTIVE mode, that the number of connection cy-
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cles Ngyges Of each transmitting-receiving station 4
equals f.,,,/At, and that the wireless sensor network
comprises n pairs of wireless transmitting-receiving sta-
tions 4, then the actual working life of the charge of the
wireless network, for a given energy charge of each sta-
tion 4, equals:

n* (Ncycles + Ncharge) *At

where Ngparge is the number of cycles At recovered by
each transmitting-receiving station 4 being charged dur-
ing time tg; gep.

[0037] The system according to the invention has the
following advantages: minimum infrastructure; high de-
gree of reliability; and low energy consumption.

[0038] Clearly, changes may be made to the system
as described and illustrated herein without, however, de-
parting from the scope of the present invention, as de-
fined in the accompanying Claims.

Claims

1. A system (1) for monitoring transit of vehicles along
a highway section (2), comprising a first number of
transmitting-receiving stations (4a, 4b, 4c) installed
along said highway section and forming part of a
wireless sensor network; each of said transmitting-
receiving stations (4a, 4b, 4c) being configured to
communicate with the other transmitting-receiving
stations (4a, 4b, 4c), and having an independent
power source, and a charging device for charging
said independent power source;
characterized in that a number of pairs (A, Ay, As,
A,) of said first number of transmitting-receiving sta-
tions (4a, 4b) are configured to operate:

- in a first operating mode (ACTIVE), in which
transit of said vehicles along said highway sec-
tion (2) is detected, and the type of said vehicles
in transit along said highway section (2) is de-
termined; and

- in a second charge operating mode (SLEEP),
in which said charging device for charging said
independent power source is activated;

and in that at least one pair of transmitting-receiving
stations (4a, 4b) operates in one of said first and
second operating modes (ACTIVE, SLEEP), which
differs from the operating mode of the other pairs.

2. Asystemasclaimedin Claim 1, and also comprising:
- a second number of transmitting-receiving sta-

tions (4c) configured to receive and transmit ve-
hicle transit and vehicle type information trans-
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mitted by said pairs (A4, Ay, A3, Ay) of transmit-
ting-receiving stations (4a, 4b) when operating
in said first operating mode (ACTIVE);

- a first transmitting-receiving station (5) config-
ured to receive and transmit said vehicle transit
and vehicle type information transmitted by said
second number of transmitting-receiving sta-
tions (4c) and by said pairs (A, Ay, Az, Ay) of
transmitting-receiving stations (4a, 4b); and

- aremote data processing centre (6) configured
to communicate with said first transmitting-re-
ceiving station (5).

A system as claimed in Claim 2, wherein said first
transmitting-receiving station (5) is a GSM or WI-FI
station.

A system as claimed in Claim 2, wherein said second
number of transmitting-receiving stations (4c) are
configured to operate:

- in a third operating mode (ACTIVE), in which
they receive said information transmitted by said
pairs (A4, Ay, Az, Ay) of transmitting-receiving
stations, and transmit said information to said
first transmitting-receiving station (5); and

- in said second charge operating mode
(SLEEP), in which said charging device for
charging said independent power source is ac-
tivated.

A system as claimed in Claims 1 to 4, wherein an
adjacentfirstand second pair (A4, A,) of transmitting-
receiving stations (4a, 4b) switch from said first (AC-
TIVE) to said second (SLEEP) operating mode and
from said second (SLEEP) to said first (ACTIVE) op-
erating mode respectively.

A system as claimed in Claims 1 to 5, wherein said
pairs (Aq, Ay, Az, Ay) of transmitting-receiving sta-
tions (4a, 4b) and said second number of transmit-
ting-receiving stations (4c) are configured to switch,
respectively, from said first (ACTIVE) to said second
(SLEEP) and from said third (ACTIVE) to said sec-
ond (SLEEP) operating mode, or vice versa, on the
basis of a threshold value of a charge level of the
respective said independent power sources and/or
on the basis of a predetermined time period.

A system as claimed in any one of the foregoing
Claims, wherein each pair (A4, Ay, Az, Ay) of trans-
mitting-receiving stations (4a, 4b) comprises:

- a second transmitting-receiving station (4a) in-
stalled along a first edge of said highway section
(2), and comprising sensor means configured to
detect an on-coming said vehicle, and first elec-
tronic transmitting means (8) configured to con-
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8.

10.

tinuously transmit a radio signal onto said high-
way section (2); and

- a third transmitting-receiving station (4b) in-
stalled along a second edge, opposite said first
edge, of said highway section (2), and compris-
ing first electronic receiving means for receiving
said radio signal transmitted by said first elec-
tronic transmitting means (8), and first process-
ing means (7) configured to detect transit of said
vehicle along said highway section (2) on the
basis of analysis of the incoming said radio sig-
nal.

A system as claimed in any one of the foregoing
Claims, wherein each said second and third trans-
mitting-receiving station (4a, 4b) and each of said
second number of transmitting-receiving stations
(4c) also comprise:

- interconnecting and data-exchange means (8)
for exchanging information with each of said
transmitting-receiving stations (4a, 4b, 4c) form-
ing part of said wireless sensor network; and

- second processing means (7) configured to
process information from said number of trans-
mitting-receiving stations (4a, 4b, 4c), and to
control switching of said transmitting-receiving
stations (4a, 4b) from said first (ACTIVE) to said
second (SLEEP) operating mode, and vice ver-
sa.

A system as claimed in any one of the foregoing
Claims, wherein said first electronic transmitting
means (8) of said second transmitting-receiving sta-
tion (4a) transmit a radio signal of predetermined
power, frequency, and modulation mode.

A system as claimed in any one of the foregoing
Claims, wherein said first processing means (7) of
said third transmitting-receiving station (4b) are con-
figured to :

- receive said radio signal of predetermined pow-
er, frequency, and modulation mode; and

- detect transit of said vehicle along said highway
section (2), and

- determine the type of said vehicle in transit,

on the basis of the power of the incoming said radio
signal.
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