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Abstract
Current research on ATM (Air Traffic Management) is progressively focusing on
the “green operations” concept. The European Commission as well as foreign
institutions has identified Air Traffic as one of the sectors in which a “green” policy
could be successfully implemented. Starting from the ACARE strategic research
agenda, published in 2002, many EU funded projects have been launched aiming
at a dramatic reduction of noise and pollution produced by Air Transportation
System.
Airport operations strongly affect the pollution and noise produced by an aircraft
during the whole mission impacting on the environment and people living near
airports. On the other hand, airport area and more generally the Terminal
Aerodrome Zone is the bottleneck of Air Traffic System. The maximum capacity of
Air Space is limited by the capacity of the airports.
Therefore, the optimization of such operations is recognized as a challenge that
aims at finding the best trade-off solution in order to maximize the airport capacity
and minimize both pollution and noise.
Modelling and simulation are the most powerful tools to study such an optimization
problem. To help the evaluation of the model performances, a synthetic
environment able to faithfully represent the airport area and its players (aircraft,
helicopters, ground vehicles, etc.) is presented in this paper as an analysis tool.
An experimental scenario that simulates Rome Fiumicino airport has been
developed. In it aircraft are modelled as single material points and they are moved
by an external simulation model implemented in Matlab/Simulink. The simulation
model accepts as input variables the waypoints’ list to be visited by the aircraft and
the aircraft speed. It gives as output the shortest path on the available taxi ways.
The aircraft position at each time step is sent through an UDP protocol to the
visualization environment and processed in order to obtain a fluent animation.

1 Introduction and state of the art
The stringent constraints imposed by the European
Community within noise and pollution emissions is forcing
the Air Transportation System development toward even
more green operations concepts.
This means an increasing necessity of further
technologies oriented to the aviation’s environmental
impact minimization by dramatically halving the CO 2 and
NOx emissions and the perceived noise due to air
transport.
Among other factors, the intent is addressed to green
engine technologies, novel aircraft configurations,
improved aerodynamic efficiency, airport operations and
air traffic management.
All future concepts pertaining to Airspace Complexity
require environmental analysis to ensure they are
consistent with emerging environmental constraints.
Airspace complexity, that influences the controller
workload, depends on both structural and flow
characteristics of the airspace. The structural

characteristics depend on features like the terrain, the
number of airways and airway crossings. On the other
hand the flow characteristics depend on features like
number of aircraft, mix of aircraft, weather, separation
between aircraft, and aircraft speeds. The management of
this complexity is in charge of Air Traffic Controllers (ATC)
that are the most responsible for the smoothness of
airport surface traffic flow.
Furthermore, the effectiveness of the airport surface
traffic control is critical for aviation safety. The need for
increasing capacity in the terminal airport is reflected on
the runway, taxiway and gate levels. The taxi process can
be defined as the surface movements of the aircraft
between the runways and the parking positions.
The complexity of the Air Traffic Management (ATM)
decision making processes could be mitigated by the
adoption of optimal system-wide control strategies to
manage airport congestion.
Moreover, many ATC problems and environmental
inefficiencies can appear as a result of taxi queuing and
take-off time uncertainty. Accurate models of airport traffic
prediction can provide new tools to assist ground
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controllers in choosing the best taxiways and the most
suitable holding points for aircraft. Such tools could also
be used to evaluate possible improvements on airport
configurations and airport structure.
Modern developments like Advanced Surface
Movement Guidance and Control Systems (A-SMGCS)
are aimed at a safer and more efficient surface traffic
management. SMGCS is a system owing a surveillance
infrastructure that allows information provision and
sharing between all the airport traffic processes.
In recent studies concerning the taxi planning (TP) the
optimization is carried out using numerical simulation.
In [1, 2] the authors studied aircraft surface
movements by numerical simulation and tried to analyze
the behaviour of aircraft during taxiing.
In [3][4][5] the planning of runway operations is
presented as the taxi process in interaction with the
departure process or with the departure and the arrival
process [6]. However, in these papers the taxi process is
modelled as a random delay that is caused by (and thus
dependent on) conflicts on the departure runway or at the
pushback, and not on conflicts on the taxiways
themselves. In [7][8] conflicts on taxi routes are
considered, but the optimization is done by choosing
between alternative taxi routes, and not by scheduling the
passage times on the routes.
The taxiing model of Gotteland et al. [7] proposes a
ground traffic simulation tool applied to Roissy Charles De
Gaulle and Orly airports. It is based on the
characterization of conflicts using pattern recognition and
is solved through a global optimization method using
genetic algorithms to minimize the time spent between
gate and runway, while respecting aircraft separation and
runway capacity.
The paper presented in [9] proposes a model for
tactical scheduling of the surface movements of the
aircraft. For each aircraft the optimal route is provided
from a given position to an intended location in regard of
safe, expeditious, and efficient movement. As case study,
the optimization has been applied to the Amsterdam
Airport Schiphol.
A similar approach has been proposed by Balakrisnan
and Jung [10] for the Dallas-Fort Worth airport with the
goal of assessing the advantages of taxi route planning.
The model is based on operational concepts that optimize
taxi routes by means of different control points on the
airport surface. Their results underline that the
optimization of taxi routes provide a consistent reduction
of the average departure and arrival taxi time and a
decrease in the average time spent in runway crossing
queues.
In [11] a taxi-planning support tool is proposed to
optimize delays and total taxi-time, taking into account the
necessary separation time to avoid conflicts. The taxiplanning concept presented is based on mixed-integer
linear programming: it produces solutions that are robust
to uncertainty due to input parameters such as the
expected landing times and the expected pushback times
that are rather difficult to predict accurately.
In this paper we present a simulation tool of airport
taxiways aimed at optimizing taxi operations: it takes into
account a network of all the accessible points of the
airport manoeuvring space of the experimental scenario
FIUMESYM on Rome Fiumicino Airport. The simulation
model has been implemented in Matlab/Simulink, in which
the input variables to be addressed are the list of points to
be visited – usually the starting point and the end point and the aircraft speed.
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The problem is to find an optimal path from the departure
gate to a given runway take-off position and vice versa:
the optimal path is chosen as the one that guarantees the
minimum length of the path.
The paper is organized as follows: in section 2 the
airport modelling is proposed in terms of infrastructure,
airplanes and ground vehicles that occur in the simulation;
in section 3 we describe the optimization model; in section
4 is presented the experimental scenario simulated on the
map of the airport; in section 5 a discussion of the results,
some concluding remarks and the future developments
are proposed. The ground simulation is then visualized
through the Aliview software, a 3D visualization software
developed using OpenGL graphic libraries [12].

2 Airport modelling
In this section the airport modelling is described focusing
on airport infrastructure, aircrafts and ground vehicles.
The airport is described through its gates, taxiways and
runways. In this paper the proposed simulation is set in
Rome Fiumicino Airport. We’ll refer to it as LIRF. This
airport can hold all a/c categories, it has 4 runways, 3
parallel each other and one perpendicular to the others,
as shown in fig.1.

Fig. 1 The Rome Fiumicino airport: runways are highlighted

The traffic in this airport reaches the maximum of 1157
ground movements a day. On the average, it is about
340.000 ground movements a year, 45% due to national
air traffic and 55% to the international one.

Fig. 2 LIRF ground map

In the most congested hours, the APRON is divided as
follows: taking off aircraft go through the route highlighted
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in red in fig.2, while landing aircraft go through the route
highlighted in blue.
In our model the airplane is considered as a material
point that moves following a linear law of motion to visit
fixed waypoints at a certain velocity.
The airport space is animated by ground vehicles.
Each vehicle moves with an assigned law of motion
through the taxi ways with an oriented direction and
cannot overlap along the way to other vehicles.

3 Model description
The airport operations model is composed of three main
modules:
1) data collection;
2) processing (Dijkstra algorithm);
3) visual module.
Once selected a specific airport, all the main ground
waypoints such as stand entrances, crosses between
taxiways, waiting points, take-off points and touch-down
points are collected in a list Wp = (1,2,..,N ) . The position,
in terms of Latitude and Longitude, is associated to each
waypoint i Î Wp .
It is to notice that not every path between the generic
couple of waypoints i, j can be covered. In fact some
paths may not be connected by any taxiway or, even if
they are connected by a taxiway, it may not be covered in
both directions.
In order to distinguish between the couple of way points
that are connected and those that are not linked each
other, a square matrix A(NxN ) is created.

The two matrices A and C , the starting point s Î Wp
and the end point e Î Wp are the inputs for Dijkstra
algorithm.
It gives as outputs the shortest path SP = (s,....,e) and its
cost E (SP).
The visual module processes data to simulate the
movement of the aircraft on the airfield. Once a reference
speed is assigned to the aircraft, it is simulated as a single
material point that moves among the list of waypoints of
the shortest path SP = (s,....,e) . For each time step t of
the simulation the aircraft position, in terms of latitude and
longitude, that interpolates the path SP = (s,....,e) is
calculated and provided to the visual software.
In order to obtain a more realistic visualization, it is
necessary to add information about heading values for
each instant of the simulation.
Simulated heading value is calculated through a
geometric algorithm and refreshed at each waypoint.
Moreover, a smoothing function is inserted to avoid
sudden heading changes in the visualization near the
waypoints.
Finally, at each time step, a vector that contains latitude,
longitude, speed and heading of the aircraft is transmitted
through UDP to the visual application.
Since the airport scenario is typically flat, a twodimensional approach is adequate to model the scenario.
Therefore it is not necessary to include altitude, pitch and
roll variables within the model.

The generic element A(i, j ) represents the condition of
the segment between the couple of way points i, j .
If the path between i and j is connected by a taxi way
that can be covered in the direction from i to j then the
value assigned to A(i, j ) is 1. On the other side, if the
path between i and j is not connected by a taxi way or
the taxiway cannot be covered in the direction from i to
j then the value assigned to A(i, j ) is 0.
In the table below, a sample of matrix A is reported: since
no taxiway can exist between i and i , the matrix
diagonal is 0.
The example shown in the table below can be read as
follows:
·
no taxiway exists between point 1 and point 3;
·
point 2 is connected to point 1 but not vice versa;
·
the taxiway that connects point 1 to point 4 can
be covered in both directions.
0
0
0
1
0

1
0
1
0
0

0
1
0
1
0

1
0
0
0
0

0
1
1
0
0

Tab.1 Example of matrix A(i,j)

In order to assign a weight to the path between the couple
of waypoints i, j , distances between them are calculated
and a square symmetric matrix C (NxN ) is created. The
generic element

C (i, j ) = C ( j, i) is the normalized

Euclidean distance between the couple of waypoints i, j .
June 15th – 17th, 2011, Venice, Italy

Fig.3 Single aircraft path planning algorithm steps
description

The model above described is limited to a single airplane
operating on the airport. When considering large airports,
this limitation is not realistic. Thus the model should
evolve in a dynamic manner to take into account the
presence of other ground and air vehicles that operate on
the airport at the same time.
The dynamic model is obtained by modifying the static
one above described. To this purpose, we suppose that
one aircraft, the ownship, has to be separated from other
vehicles – aircraft and ground vehicles – that operate at
471
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the same time on the airport. We also assume that the
other vehicles have been previously separated each
other.

Simulating airport operations in a synthetic environment

4 Experimental scenario
Model performances are described in a synthetic
environment able to faithfully represent the airport area
and its players (aircraft, helicopters, ground vehicles,
etc.).
The synthetic environment is based on a mixed
photorealistic/synoptic representation of the following
data:
·
Terrain
·
Buildings
·
Airport infrastructures (i.e. Runways and Taxi
ways)
·
Waypoints
·
Aircrafts
·
Ground vehicles

Fig.4 Multi-aircraft path planning algorithm steps description

In the dynamic model, the matrix C (NxN ) and the
starting point s Î Wp are considered as time dependant.
At each time step Dt of the simulation, the following
functions are recalled.
1) The algorithm checks the presence of any
vehicle on the airport area. If, at the time step
kDt , a vehicle is occupying the taxiway between
the generic couple of waypoints i, j then the
element C (i, j, kDt ) = C ( j, i, kDt ) is set to ¥ .
2) The ownship position at kDt
is calculated
considering the aircraft average speed on the
shortest path SP(( k - 1)Dt ) = (s,....,e) calculated
at the previous time step (( k - 1)Dt ) .

3) The ownship position at kDt , calculated at the
previous point, is considered as a new starting
point s(kDt ) Î Wp for the Dijkstra algorithm.

4) The two matrices A and C (kDt ) , the starting
point s(kDt ) Î Wp and the end point e Î Wp are
the inputs for Dijkstra algorithm.
It gives as outputs the shortest path
and
its
cost
SP(kDt ) = (s(kDt ),....,e)

Fig. 5 The LIRF terrain and buildings Google earth’s map

The map of the airport has been created from the
terrain surface built by Aliview as a quad mesh based on
DEM (Digital Elevation Maps) that implements multiresolution features to adapt the LOD (Level Of Detail) of
the surface to the field of view. Terrain rendering can be
achieved using free satellite pictures. On the terrain map,
buildings and airport infrastructures are depicted, as
shown in fig.5.
Each waypoint, that has to be visited during the
animation, is characterized by means of two values on a
Cartesian plane that correspond to the latitude and
longitude of the point on the digital map.
Rome Fiumicino airport ground area is modelled
through 45 waypoints that are listed in table 2.

E (SP(kDt )).
5) Finally, the matrix C (kDt ) is restored to the initial
condition (static model).
These functions are recalled at each time step until
s(kDt ) º e .
Afterwards, the simulation stops and the final path
FP = (s(0),..,s(kDt ),..,e) is provided to the visual module
to render it on the graphical interface.
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40
45

1
0

0
1

0
0

0
0

0
0

Tab. 3 Matrix A for the waypoints assigned.

The next step consists in the evaluation of the distance
matrix C, that is shown in tab. 4 below.
W.P.
4
21
25
40
45

4
0
7
5
3
9

21
7
0
2
5
3

25
5
2
0
2
4

40
3
5
2
0
4

45
9
3
4
4
0

Tab. 4 Matrix C for the distances between waypoints.

The last step is the choice of the best path that ensures
the minimum distance from the starting point 4 to the
arrival point 45. The best path is calculated by means of
the Dijkstra algorithm that gives as output the ordered list
of the waypoints that should be visited in order to optimize
the taxiway’s path.
Once the optimal path is calculated, the waypoints’
sequence has to be implemented in the Aliview flight data
monitoring system, to display a 3D representation of the
simulated scenario, by means of the synoptic
representation of the VOR (Vhf Omni directional Range)
and waypoints data, as we can see in fig.6.

Fig. 6 The visualization software screen shot.

Tab. 2 The waypoint’s list on the Rome Fiumicino airport.

For example, we considered to assign the waypoint 45
in the stand as starting point and the waypoint 4 next to
the runway as arrival point. The simulation gives as
output a total path that visits 5 waypoints, from the
starting point to the arrival one.
A part of matrix A is shown in tab.3 and it interprets the
accessibility from a waypoint to the following along the
path.
On tab.3 we can notice the accessibility from 45 to 21,
from 40 to 4, from 25 to 40 and from 21 to 25, whereas
there is no accessibility backwards between the same
waypoints.
W.P.
4
21
25

4
0
0
0

21
0
0
0

25
0
1
0
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40
0
0
1

45
0
0
0

The input data to Aliview are four vectors: Lat and Lon,
heading and speed. They contain latitude longitude,
heading and speed values at each time step of the
simulation.

5 Results and conclusion
In this paper we propose a simulation tool aimed at the
optimization of the airport operations. In particular we
focus on the optimization of the taxi operations and the
simulation of a taxi routing is implemented on the Rome
Fiumicino Airport, as case study. The model described is
simple and very effective because it considers aircraft as
material point, it receives as input a starting and an arrival
point on the airport map and it finds the optimal path on
the airport map, taking into account the constraints of
terrain, the buildings present in the airport area and the
one way limitations.
The optimization model has been implemented in an
experimental scenario simulated on the map of the airport,
by means of a 3D visualization software based on
OpenGL libraries.
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As result, we show the best route found between a
stand waypoint, considered as starting point, and the
waypoint on a joint of the runway, considered as arrival
th
point. In particular the considered waypoints are the 45
th
and the 4 and the optimal path is highlighted in red in
fig.7.

Fig. 9 Results displayed in the synthetic environment.

Fig. 7 The optimal path between the waypoints 45 to 4.

In fig. 8 the optimal path that results as output from the
Matlab simulation is depicted on the real Rome Fiumicino
airport map. It is the shortest path that the aircraft has to
follow to move from the waypoint 45, corresponding to the
stand and checked off with a yellow arrow, to the
waypoint 4, corresponding to a point of the runway joint
and checked off with a yellow cross.

These results are presented as an initial approach
toward the green operations concepts, in line with the
even more stringent constraints within noise and pollution
emissions.
The optimization tool we propose could be useful to Air
Traffic Controllers in the airport surface traffic flow
management as advice in the context of air space
complexity.
Our intent is to extend, as further development, this
approach to the management of multiple aircraft taxi
operations and to the coordination of ground operations
by means of optimal paths, in order to guarantee the
aviation safety required. In fact, aircraft are described by
their flight-plan (id, departure or arrival time, gate position,
requested runway, etc.), their wake turbulence category
(low, medium or high) and their take-off or landing
distance. In order to perform conflict detection, a model
for aircraft separation is required.
In this context, the realistic scenario function goes
beyond the planning aspect and it can be twofold: first it
has a coordinating function that allows to share risks and
strategies during the scenario process, second it can be
useful to improve communication between airport
operators.
By the way, it is quite difficult to predict with a good
accuracy the future positions of aircraft on taxiways. First
of all, the exact departure time is generally known just a
few minutes in advance and the exact landing time
depends on the runway sequencing. Hence, the proposed
model should take into account speed uncertainty, it must
be regularly updated with real aircraft positions and we
are quite conscious this is a very hard issue.
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