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(57) Abstract: There is described an onboard
device of a terrestrial vehicle for use in a
traffic surveillance system in an airport area
comprising means (GPS/SBAS-RX, -Proc)
for generating vehicle position data (GNSS
Pos), means (ADS-B Proc) for encoding the
generated position data and - means (1090ES
TX) for transmitting, at a predetermined
repetition frequency, radio-frequency signals
containing the encoded data. In order to
permit the device to be used at a large airport
without causing an excessive load of radio
emissions, the device also comprises means

1090E5 TX

for memorizing topographical data (Airp
Map), which define different zones of the
airport area, and emission data (Em-R),

which define different repetition frequencies

5

Non-Mode-S

of the signals to be transmitted (Em-R
Prof), means (Em-R Corr), for associating
emission data (Em-R) with the topographical

TX

data (Airp Map) and means (Area Corr) for
correlating the position data (GNSS Pos)
of the vehicle with topographical data (Airp
Map) in order to identify the airport zone in
which the vehicle happens to be and to assign
the repetition frequency associated with the
zone in which the vehicle happens to be as
the repetition frequency of the signals to be
transmitted.
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DESCRIPTION

The present inventibn' relates in general to
traffic surveillance systems at an airport and,. more
particulafly, to a device to: 5e installed aboard a
vehicle -for Tidéntifying and controlling the vehicle
itself in’a‘traffié surveillance system at an airpo?t.
| Various types of moﬁing objects are présent at
an airport; aircraft in thé take-off or.landing phase,

parked aircraft, vehicles for - the transport of

passengeré and baggége,, tankefs for refuelling the

aircraft, wvehicles for maintenanceVTtechnicians and .

security personnel. At a large airport the number of
such moving objects, -hereinafter to be collectively

indicated as vehicles, may arrive at several thousands.

For the safety and efficiency of all the airport

services it is desirable that theipOSition and identity

~of all the vehicles presént in the airport area should

be. accurately known at all times.

- At present!the most widely used surveillance
systems afe based on the combined and complemeﬁfary'usev
of so-called “non—coopefative"‘ sensors, i.e. sensors

capable of detecting the position of a wvehicle without

‘requiring the presence in the vehicle of any particular

AREA
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activé felect-ronicj devicés, aﬁd sé—called “cooperative”
sensors, i.e. capablé of detecting and identifying a'
V"ehicle provided with an electronic ‘device that can
interact with the central control ‘ur'li'(t‘: of  the systemn.
Typical non-cooperative sensors are referred to by the
acronym SMR (Surface Movement Radar) and are active
radars capéble of . detecting metall’i’c.'x}ehicles mo{ring on
a surface. | :

Typical cooperative sensors are the receivers
for systems ‘tha‘lt are based . on. “multilateration”

‘

techniques,” i.e. techniques that make it possible to

locate a source of radio signals by measuring the time

.heeded ‘by the signal emitted -by the source to reach

three. or more receivers | situated in ‘dliffere‘nt
predetermined ‘positi/ons. Other cooperative sénsors aré
the receivers for :s'ystems .that‘ make it possible to
locate a radio signal source b}yl'me‘ans‘ of the feéeption
and decoding 6f the signals themselves; .

In the latter case the position of the source

is already inserted in the signal that it emits. The"

signal sources carried aboard the aircraft are called

. “transponders”, i.e. they generally are receiver-

transmitter devices capable of transmitting sigrials both

‘spontaneously and/or in response to the reception of

:interrogation signals..
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The most widely used transponders in air
.traffic surveillance at present are the ones that
respond to interrogation signals emitted by radars of
the SSR (Secondary Surveillance Radarl type in A/C—Mode
or in 8 Mode. The surveillance technique known as A/C—
Mode reduires all transponders installed aboard aircraft
within thehaction‘radius:of the radar to respond to an
‘1nterrogation, while the technique known as S-Mode has a
selective interrogation capac1ty,' i.e. interrogations'
are always 1ntended for a particular aircraft.

Other types of transponders that have recently
been employed in air traffic surveillance systems in
c1v11 aviation are known as ADS-B S-Mode transponders.
- The acronym ADS-B (Automatic Dependent Surveillance-

Broadcast) .refers to techniques for the periodic and
automatic transmission. of information relating' to the
state of an aircraft ‘such as position, altitude; speed,

etc. The frequency band used for ADS-B is 1090 MHz+1MHz.

The ADS-B S-Mode techniques are -cons1dered to Dbe
particularly advantageous and safe, and therr use has
therefore been proposed not only for the surveillance’of
aircraft in flight and on the éround‘,but also for the
surveillance of vehicles and mobile objects of any kind
in an airport area. In particular, it has been proposed

to equip terrestrial vehicles and mobile objects with
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so-called non-transpondér devices, which differ from the

'transponder devices by virtue of the fact that they are

not provided with ' reception circuits: indeed,_ the
vehicles have to be located (by means bf ‘the signal

emissions), but do not have to respond to

interrogations.

A known - non-transponder - device - for
installation in a vehicle or other mobile’ object is

shown in the form of a functional block diagramme in

“‘Figurevl of the drawings attached hereto. Invthis'figure

a functional unit,'indicated by GPS/SBAS RX, .receives

GNSS-I  signals = (Global Navigation Satellite System

Interface) arriving from a satellite system, decodes

them and then sends them to a functional unit, !indicated

by GPS/SBAS Proc. There the decoded signals are
proceésed to obtain data (GNSS-Pos) that define the

position of  the vehicle on which the device 1is

‘installed. . These data are . applied to a central

processing 'uﬁit,‘rindicated by; Data Proc, which is
coﬁnected by means . of an input/outpﬁt “interface,
indicated by I/O Int, to a configuration dnd display
unit, indicated by Conf/Displ. The central unit. Data
Proc generates data reéarding the position of the
vehicle and emission criteria aetermined. in the unit

Conf/Displ and feeds them to an ADS-B processor (ADS-B
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Proc). There the data are encoded 'according to ADS-B
specifications ,and then sent to a transmission unit
1090ES TX that emits corresponding signals in S-Mode in
the 1090 MHz x 1 MHz band. The transmitted signals are
constituted by unitary déta séqﬁenceé[A modulated in
pulse position on the'carrier frequency of 1090 MHz; the

unitary sequences constitute an “ADS-B message” and

- follow each other at a predetermined . repetition

frequency (emission rate). . A power back Pow Supp

supplies all the circuits 'represented. by the wvarious

functional blocks with the electric energy they need for
functioning. The signals radiated by the device are

received and decoded by. the airport’s control station

and any aircraft present in the airport area.or in its

'.immediaté neighbourhood, which can therefore accurately

locate the ground vehicle on which the device is
instailed. |

| The principal drawback aésociated with ”the
adoption of én ”S—Mode channel. for ground vehicle
surveillance consists of the fact that the radio
emission load in the narrow band assigned to the channel
is very greatvon account of the large number of vehicles
that '‘have to'be’checkeq in the‘éirport‘afea, so that

interference effects between the signals can be intense

and numerous and therefore compromise the Safety of the



10

15

20

WO 2005/052887 PCT/IT2003/000776

aeronautical applications that are based on the S-Mode

~channel. The international body that concerns itself

with', standards in the civil aviation sector, known . as

. ICAO (International Civil Aviation organization) has
- specified the emission criteria of $-Mode transponder

. devices for aircraft: the position messages have to be

emitted twice a second wheﬁ the 'aircraft is in motion
énd at a much léwer rate, far example at the rate of
once every five seconds when it is standing still. These
criteria have been adopted .with the intention of
reducing interference between the sigﬁals emitted by the
aircraft to the greatest possible extent. Nevertheless,
the fact that, notwithstandihg the adoption .of these.

criteria, the same channel is also used for terrestrial

- vehicles would imply a radio signal load unacceptable at

a large airport.

The principal object of fhe present invention
is to pfopose an~oanard device for terrestrial wvehicles
of  the typé described above that can be used in an
airport traffic‘surveillance system without causing the
overload problems @escribed hereinabove.

This‘ object is attained by realizing the
onboard .device described and characterized in gereral

terms 1in the first claim attached hereto, while
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particular embodiments are desciibed. by .the dependent
claims.
Théiinvention4will be understood more clearly from
the  following. detailed description, which is given by
‘way of exampie and isinot to be considered limitative in
any'Jway,r with reference to the attached . figures, of
which: | |
- Figure 1 shows a block aiagrémme of .a known
non-transponder device, |
- Figure '2‘;shows a block diagramme of a non-
transponder device iﬁ accordande~with the inﬁention
and o | ' | . |
- Figure 3 shows a detailed block diagramme of a
functional block of'Figure 2.
| Referriné to the block diagramme of Figure 2, the
device in accordance with the invention differs ffom its
‘conventional counterpart shown' in Figpre 1 principally
by virtue of the fact that the«éentral pfocessing unit,
again indicated ‘by Data Proc, contains a module,
indicated by Map Man, in which there ére memorized
topographical data, i.e. data that.represeht a map of
the airport area in which the wvehicle on which the
device is to be installed is intended to operate, and
data thaé define various emission profiles of the

vehicle position signals. The module Map Man also



10

15

20

25

WO 2005/052887 PCT/IT2003/000776

contains processiné' means for managing the aforesaid
data. . . | :
Mdieoﬁer}  éccording, to the embodiment of the
in%éntion shown in Ehe diagramme of Figure‘z, the data
encoded by processor ADS-B Proc are sent both to a band
‘1090MHziiMHz Mode-S transmitter and to é transmitter,
indicated by Non—Mode-S, that emits 'signals in a
different band from ‘the band. uséd by the aircraft
transponders, for example a VHF band. More particulary,
as shown 'in the diagraﬁme‘of Figure 3, the module Map
Man contains‘»a.Adata ‘base (Airp Map) .that definés, a
schematig map of the airport area in digital terms. The
’area is subdivided into zones that ‘can be assigned
different ‘safety' levels on the basis of the specific
characteristics of:each.éne of them. A landing runway,
for example, wiil be aséiéned the topmést safety 1eVe1,‘
whole a parking area for terrestrial vehiclés will‘be
..associated with- the minimum safety level. Fﬁrthermore,
with eacﬁ‘zéﬁe there may also be éssociated a list of
vehicleé that are permitted to enter the zone in
question;
The lnaﬁagement ﬁodﬁle' Map Man.’cohtaiﬁs also an
area correlator (Area Corr) fhat contains an algorithm
capable of relating the'vehicle’s position data GNSS-Pos

arriving from the block GPS/SBAS Proc and the data that
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define the zone of the airport area that contains the
pOSlthH in question.

A second database, indicated by - Em-R Prof,
contains‘data that define various criteria, or profiles,
for signal emiesion and, in,xparticular, different
repetition frequenciee of the ADS-B messages. ‘

An emission correlator, indicated.'bY' Em—Rf Corr,
relatee the zones defined in the zone correlator Ar Corr

with respective emission profiles to provide the ADS-B

' processor with the data needed to set the emission

parameters, articularly the repetltion frequency (Em-R)

of the ADS-B messages to be transmitted and possibly

also of data (un-auth Al) for getting under' way a

procedure for signaling presences in a zone where access

is not permitted. Different profiles may be configured

according to zones and according to vehicles.

In the shown example the emission correlator Em-R

o

Corr receives also data from another onboard device (Veh

ID) of the vehicle. These data -characterize the vehicle,

. for eiamplF an identification code relating to the

vehicle in question ‘and its functional characteristics
and possibly also a code 1dent1fying the vehicle driver
In this case the emission correlator Em-R Corr can also

provide the ADS-B proceSsor"with data for possible

warning notices regarding unauthorized access.
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Use of the device in accordanceiwith the invention

‘makes it possible to ,implementzra' traffic surveillance

service .in an airport area with considerable safety

guarantees énd a minimﬁm load. of radio-frequency

.5 emissions. In particular, the possibility of associating

at all times -an exact location withinfthe airport area

with. each vehicle: makes it ﬁosgible“ for the position

signal emission profile most appropriate for the desired

safeﬁy levels to be determined in each case and in an

10 automatic ménner. Since the emissions at maximum

frequency are due only'to the wvehicles in'movement in

the most critical zones, for example the take-off and

1andin§»runways, i.e. a small peicentage of.the'vehicles

present in the airport area, tﬁe emissibn‘load in the

15 frequency band'(S—Mode at 1090 MHz) dedicated to data

transmissions between airc:éft is alWays limited. It

should also be noted that the device: in accordance with

the inventioﬁ 'can rgadily be adapted for wuse in

different airports: indeed, one has to do no more- than

20 to creaté the airport map and the emis;ion profiles in

' each case, i.e. load thenappropriaté daté‘in the aaté
!bases Airp Map and Em-R Prof.

‘Although only a single embodiment “has here  been

illustrated and described, it is clear that numerous

25 ‘variants - and modifications are possible' without
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overstepping the underlying ‘inventive concept. As far as

generation of the position data of the wvehicle is

%

concerned, for example; in place of a location system of
the GPS type, or also in combination therewith, it is
possible to use a system based on a gyroscope and an

i

odometer.
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CLAIMS
1. An onboard dev1ce of a terrestr1a1 vehicle for
use in a trafflc survelllance system in an airport area,
comprising
5 - means (GPS/SBAS—RX,‘.~Proc)’ for generating
vehicle position data (GNSS Pos), _
o means (ADS-B Proc) for’encoding the generated
p031tlon ‘data and | ;
- means (1090ES TX) for transmitting, at a
10 predetermined repetition frequenéy, radio;frequency
signals containing the encoded déta,
characterized in that it also comprises
- means’' for memorizing topographical data (Airp
Map), which define different zones 'of the "airport
15 area, énd, emission data (Em-R) , whicht ‘éefine
different repetition frequencies of the signals‘to be
transmitted (Em-R Prof),
- means (Em-R Corr) for ,aésociatinj "emission
data (Em;R)'With topographical data (Aifp Map) and
20 - means (Area Corr) for correlating the position
data (GNSS Pos) of the vehicle with the topographical
data (Airp Map) in order to identify the airport zone
T in whic_h'the‘véh'i'cle‘ happens’t’.'o'be and to assign the

repetition frequency ‘associated with the zome in
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which the vehicle happens to be as the repetition
frequency of the signals to be tranémitted;

2. A device in . accordaﬁce, withl Claim 1,
‘comprising also means (Veh ID) fpf génerating data that
5 characterize the ‘vehicle and means (ADS-B Proc) for

éncoding the charaéterization dafé, sd that the§ mayabe
. transmitted together wiﬁh the encoded position‘dataL

3. A device in accordancelwith Claim 2, wherein

the characterization data comprise idén;ificétion data
-10: of the wvehicle. | 7

4. A dévice in;accordancé withlclaim 2 6? Claim
3, whérein the characterization | data comprise
identifi¢ation data of the vehicle driver.

5.. A device in accordance ‘with“ any one of the

15 pfeceding claims; “wherein the means for generatiﬁg
" position data 'compriSe_a satellite location system.

6. A device in accordance with aﬁy'_one _of the
lpréceding claims, wherein the means for ‘generating
position data comprise a gyroscope.and anAodometef.tl

20 7! A device iﬁ éccordance wi;h. any one of the
preceding claims, wheréiﬁf the means .for encoding the
position data comprise a processor (ADS-B Proc) capable
of *enchihg* data ‘ in accordance ﬁithﬂ‘“’ADS;B

specifications.
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8. A device in accordance wifh any' one of the

- preceding claims, wherein the means for transinitting
‘radio'—frequency | signals .c_omprise' a transmission unit
(1o9oﬁs TX) functioning in accordance‘with the criteria

5 hof S-Mode surveillance technique.

9. A device in accdrdancé ;with Claim 8, wherein

. the means fér  transmitting ~radio—fréquency signéls
comprise a.: further transmissionl ‘ﬁnit . (Non-Mode-S TX)
functioning in atcordance with criteria different from

10 those of S-Mode surveillance technique.
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