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ABSTRACT

This new system integrates several technologiegrfmrnd control activities that provide a
detailed and dynamic overview of airport surfacevements in real time.

In the present paper, we will introduce the congapframework and the practical
application of the patented system which enabledawotify moving vehicles and aircraft on all
runways and adjacent locations in terms of botled@ad characterization. As a result, the
model also displays the type of aircraft detected the class and details of ground vehicles.

The feedback is provided to the Control Tower ahi cockpit in real time by a set of
dedicated software tools which leverage a contislgystem of geo-referred data. The result is a
clear visualization of a comprehensive, up to datrview of airport and runway operations
with meaningful imagery and additional significal@scriptions including aircraft make and
model.

A vital aspect of the system is the ability to penfi continuous controls of possible ground
collision paths between all moving objects, in gaitar aircraft and or vehicles. The technology
also has the ability to estimate collision prob&pand time: it immediately alerts the Control
Tower and cockpits, and activates an automaticpervised traffic light alarm system. Vehicle
operators and pilots are therefore directly warofeahy possible collision and helped to avoid it.

At the same time, the Control Tower is constantigt aonsistently updated on airport
movement conditions to facilitate decision-making.

The system has been designed modularly to be sealat to assure around the clock safety
surveillance with self diagnostic elements and foaintenance.

In particular, the modularity of this system make=asily adaptable to any geometrical
configuration and airport size. The same centrélaan change and/or add new modules
offering flexibility for small or large airports.

The built-in auto diagnostic capabilities ensur@imal field maintenance: any failure raises
a local, but non critical, alert for the whole syst
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INTRODUCTION

The concepts behind the present paper were devkelomeder to address several safety
concerns of the major surface traffic systems igfaats around the globe. These concerns
include the need to:

- know if something is present or moving on runwamsd taxiways;

- identify the type of entity (aircraft, truck, men, mammal, etc.);

- measure the speed and direction of that entity;

- identify the size and/or the model of the airglan

- prevent collisions between aircrafts and othéities;

- prevent intrusions of any entity on runways amdways;

- alert the Control Tower and/or the pilot(s) te ftresence of other aircraft and entities;
- provide a cost-effective solution.

There are already technologies which can perfori@aast some of the above-listed tasks, but
they are very expensive and/or do not providedollerage for all moving objects on the airport
surface. Since only a few major airports can aftorthvest so much money in safety systems,
the vast majority of airports don’t have a surfaatety system.

Furthermore, several ICAO protocols are alreadys@ or planned, but only apply to a fraction
of aircrafts, leaving the rest with no protectiohatsoever and leaving the ATC with a
significant lack of information in their Decisiorufport Systems.

The proposed surface traffic tracking system has lokeveloped with scalability and flexibility
in mind, in order to be adoptable by airports of aize, and without the need for collaboration
by any of the possible objects of concern (airstafuicks, other moving objects, people,
mammals, etc.) and even with no visibility (i.ee $ystem works during the night and during in-
clement weather like fog and rain).

0.1. GENERAL SYSTEM COMPOSITION
The system is made up of several functional units:

- Ground Detector (GD) units that measure presandespeed, placed along runways
and/or taxiways and/or at a given distance;

- Ground Scanning Systems (GSS), located at drjgmiats on run- and taxiways;

- An interconnecting network;

- Central processing Unit(s) (or CU) and Centraiv8illance/control Units (CSU);

- Peripheral Visualization Units (PVU) as approfejavithin ground support facilities or
on board aircraft, interconnected via one-to-omkoréink or broadcast.

All the units, also GD’s and GSS'’s, have a certigree of processing power and specific
data processing procedures installed.
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The main processing software installed on the aéptocessing unit(s) gathers and
processes all the incoming data, integrates it sty existing information, and provides the
visualization to surveillance units, where contotions can be executed by personnel (such as
pilots and air traffic controllers).
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Figure A) Schematic layout. 1) GSS are locateditital sections, such as the runway beginning
and end or at turns. 2) GD’s give continuous cayemaf runways and taxi-ways. 3) The CU is
located at the ATC tower. 4) CSU’s in use to digmlata and alarms. 5) PVU's can be used in

cockpits to display the same in-formation (or phereof) as shown on CSU'’s.
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GROUND DETECTOR (GD)

This is one of the two active components, andisisd to detect the presence, measure the
speed and identify the direction of an object pag#irough its optical axis.

It consists of an optical switch or distance métet, depending on the configuration,
measures a combination of the following:

the interruption or the continuity of the opticabsnent;
the distance of the interrupting object;
the time (relative or absolute) of the interruption

The component can furthermore be configured as:

- asingle element (with or without a reflector);
- an active part separated from its receiver; or
- rotating/oscillating meters.

A simple GD can be used to detect the interruptiotihe optical segment in order to signal a
crossing or intrusion, which is especially usetrl dvoiding impacts with mammals or other
wildlife crossing the green areas around the ruswAyGD can in fact be placed at various
levels from the ground for the purpose of deterngrdifferent types of entities.

Two or more GD’s can be paired or coupled at a kmdigtance in order to measure the
speed and the direction of a moving object. GDts lsa made fully modular, with one or more
emitting optics and receiving optics.

In order to avoid jamming and noise deriving frothey sources, the emitted signal is coded
with a unique Pseudo Noise Code, which makes itnfare robust and allows for a precise
synchronization of interconnected units. It's disde noted that GD’s transmit data through the
network only when an object is detected. They atsal “alive” messages every couple of
minutes to let the CU know about their status.dsecof missing alive message from one or more
GD’s, the CU can alert the operators suggestingtttego on the spot and substitute the out of
order unit. Since each GD and each GSS are geenefedl and owns a unique ID, at every
moment it is possible to display a map of the staffuall active units.

In the following paragraphs some typical configimas are presented.
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DUAL HEAD GD FOR PRESENCE/SPEED/DIRECTION
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Figre B). Scheme of a dual GD configuration. TwiD Gnits are used to improve reliability and
ease of use. As a moving object (in this exampleding gear) enters the lines of sight, the
system is activated and measures presence, speeitactions of the entity.

CLUSTERING NETWORK
Similarly to the previous configuration, a multidgteGD can provide the basis for a network,

in which each node is formed by a four-head GD mntlally interconnects to other similar
units. In this way area coverage is accomplished.
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Figure C). Scheme a): GD’s with four double heagsused to build up a network: in this
pattern, area coverage is provided as well as speedirection measurement. Scheme b): GD’s
with four simple heads are tiled in order to coaerarea with presence detection only, useful, for

example, on green areas around the airport to tedéential intrusions.

In case of multiple interconnected GD, the timiaterence should be common at least to all
interconnected units in order to allow for a preaemputation of speed.

GD’s are provided with a network interface, whi@neither be cabled or wireless, in order
to communicate between themselves and the Cemtreé$sing Unit, can be hosted in an
independent case or in existing light cases, aadrermostatic in order to keep the same
temperature even in varying climate conditions.

GROUND SCANNING SYSTEM (GSS)

The Ground Scanning System is used to determin2Dha 3D shape of an object passing
in front of it. This is accomplished with an actieptical system able to measure some key points
of the shape for the purpose of identifying theegaty of the entity (airliner, GA aircratft,
truck/GSU, car, person, animal) and its model ésecof aircraft or vehicles)

The classification of the object can be achievéteeiwith an absolute measurement
(producing absolute dimensions) or with a parametfimeasure (producing relative
dimensions).

In the first case the category and/or the modéétermined by matching the measurement
with a library of absolute dimensions, while in thder case the relative measurements are
compared against a parametric database. In bodtls,che database is preloaded either in the
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GSS or in the CU and is structured in such a wayp asinimize the processing requirements in
order to deliver near real-time outputs.

GSS's are provided with a network interface, wrdah either be cabled or wireless, in order
to communicate with the Central Processing Uninifarly to GD’s, GSS’s can be hosted in an
independent case or in existing light cases antharenostatic.

Furthermore, to comply with existing regulation§%3s are normally off and is switched on
and off by a controlling GD, which detects pasdiygbjects, their direction and speed. In this
way GSS's are only active for the minimum time rieeghto perform the scan.

Figure D). A section plane of a GSS hosted by!at lixture. The optical scanner is on the left,
and scans through a window; the electronic cirarnéson the right, and a thermometer and a
resistor are also included to keep the unit thetatias

Once the classification has taken place, the systandeliver, for displaying purposes, the 3D
model of the aircraft instead of an alphanumergg by dynamically inserting this 3D model on
the previously loaded 3D geometry of the airpdm, dutput is a dynamic real-time 3D model of
the airport and its traffic, thus creating a fultwal representation. By streaming the dynamic
information only in the form of 3D sprites to a ret@ unit (like a PVU), the network bandwidth
is kept to a minimum, and the displayed modeldrareediate to understand.



Tommasi Crudeli 8

CENTRAL UNIT (CU)

The Central Unit represents the main data collgaimd processing facility, and is provided
with one or more network interfaces, a workstatenmg a software suite. This software suite is
receives and process the incoming data streamsdilamtworked GD’s and GSS'’s, to identify:

- critical situations;

- possible collision paths;

- intrusions;

- aircraft taking the wrong runway or taxiway;

- excessive or inadequate speeds on runways dukegftar landing;
- excessive speeds of vehicles or aircraft on taxdway

Furthermore the CU takes charge of the productimhavailability of all the data required by
the CSU’s and by PVU's. It also actively sendsicaitdata (for alerts and alarms) to selected
CSU’s and PVU's.

The CU will also be able to assume and integratesialgorithms existing safety measures,
such as real time fleet position reports, radaa datput, S-mode/ASD feeds, etc.

Also collision detection takes place at the CU, int by means of time-space distance
fields:
DK

1.

. D4 2
n ° R(x.y,z,l) - R(disl,t)

A first screening is performed in a relative distan x n matrix (on a 1-on-1 basis), a
second screening is based upon relative direc{ednsys 1-on-1), while the actual calculation
takes place only for conflicting directions.

The evaluation of the collision probability is oioied numerically (not analytical) and takes
into account, for both objects:

- position/distance

- vectorial (3D) speed

- speed/position history

- speed/position variability

CENTRAL SURVEILLANCE/CONTROL UNIT (CSU)

The CSU is the human interaction interface of §stesn, as it provides information and
receives commands from system operators. It isiusetlisplaying an overview of the airport
area, of all the aircrafts moving on its surfagmainic details about them, as well as
information (presence, speed, heading, type) ahalling vehicles Furthermore it can alert in
case of possible intrusions and follow them u@ddition to identifying critical situations,
possible collision paths and their time/space tgtar aircrafts taking the wrong runway or
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taxiway. It could even be used for pinpointing esstee or inadequate speeds on runways during
takeoff or landing. As said before, the streamaihds made only of 3D sprites and some
additional information about their position, speacteleration, status (safe or in danger) etc.

Figure E). An example of a real-time virtual 3D Eamment which can be displayed on CSU'’s
and PVU’s. Any point of view can be dynamically siated.

All situations above can trigger audible and/ougisalarms, either at the CSU or on remote
devices (PVU'’s); obviously a CSU can be interfatmedxisting ATC networking, devices and
protocols, in order to exchange information ancheximize the detection capabilities of
potential danger situations.

By knowing the geometry of the airport surface, aiith the real-time acquisition and
processing (performed by the CU) through the CS&@an display the situation of the airport
surface in a virtual 3D environment.
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Figure F). A screenshot of the software interfaggesenting the overview modality, in which
the whole airport area is displayed. All surfacevaments are followed through the screen and
it's possible to zoom in to a more detailed viewn. &@other screen it’s possible to fly through
the 3D model constantly updated by the field data.

Also, emergency situations can be chromaticallpldiged. For example, a given aircraft on
a colliding path can be shown in flashing red.

PERIPHERAL VISUALIZATION UNIT (PVU)

Similarly to the CSU, information relevant to agimaircraft/vehicle/GSE can be sent to (or
requested by) a PVU, which is made up of a CPUsplal/, and an acoustical system: it
functions as an interface to convey informatiothi® pilot/driver/field operator. PVU’s can be
used to visualize the whole airport area in a airtmay, in order to find out dynamic information
about specific points, vehicles and aircrafts.

In particular, PVU’s can be used by pilots bef@idrg off and landing in order to visualize
the actual status of the runway (also on the fdj enor to the beginning of the operation. In
this way pilots can make sure that there are neraticraft or objects on the assigned runway,
no aircrafts or vehicles in colliding paths andimcursions. If this is the case, they can safely
decide to go on. Otherwise, they can postpone pleeation and, for example, contact the ATC
or even delay the TO, or regain height insteacodling.
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As an additional benefit, PVU’s can be used noy émldisplay real-time information, but
also to visualize how the situation will evolvetire next few moments, so the pilot can test, for
example, if the runway will still be free from otrarcraft and vehicles at the time he will be
actually landing or taking off. This is of cours@rm@dictive analysis, but a fairly accurate one,
since it is enforced by all the GD’s and GSS'’s wiace following the movements on the
ground.

This can be accomplished either in a direct way Viisualizing a specified predicted time
frame) or in a fast-forward fashion (i.e. visuaigiin ten seconds the predicted evolution of the
next two minutes).

All the above operations can of course be perforaigal at the ATC through the use of a
CSuU.

The data transfer to PVU's takes place via radier@n encrypted protocol (to prevent
information sniffing by unauthorized third parties)d each PVU receives only the pertinent
information (for example only the present statud predicted evolution of the runway the flight
is assigned to). This achieves the minimizatiothefrequired transmission bandwidth and keeps
the delivered information to the minimum requirBléévertheless a broadcast signal can include
critical messages to be delivered to all aircraftd GSU (Ground Support Units) on a public
channel.

On-field operators can use PVU'’s in order to logatreisions or as a way to receive
information and instructions from the ATC; similarlGSU drivers can use PVU's to verify their
assigned paths and decide what action to take.nilgist prove itself to be particularly useful
during emergencies, to coordinate all the vehicles.

CONCLUSION AND PROSPECTIVES

This paper presented a patented system used towonsly survey the surface of an airport
by means of active elements, able to classify alidw in their movements aircrafts, vehicles
and intrusions from the green. It also illustradegay to manage such information from the ATC
and on cockpits as well as some possible waysddhesn in order to improve safety in the
airport area.



