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Publishable Summary 

The motivation of the ELSA project is the foreseen shift from the current airspace structure to the 
SESAR concept, with user-preferred trajectories and Functional Airspace Blocks. These changes will 
be hardly understood by relying on the analysis of single elements, i.e. by applying the current state-
of-the-art validation approaches. The characteristics of the future ATM system will instead emerge out 
of the interactions among all the different changes as delivered by SESAR, producing effects on 
different levels, from local to EU-wide.  

The science of complex systems offers methods and techniques to capture exactly these phenomena. 
ELSA explored this research area, addressing the following research questions: 

 Which are the methods to analyse and monitor the emerging characteristics of the ATM
system?

 Can the application of complex system science to ATM provide means to analyse and monitor
the ATM system?

The general objective of the project was to analyse, describe and model the dynamics of the ATM 
system, especially those concerning the propagation of disturbances (performance and safety 
related). The analysis was carried out in the current scenario (based on real data). Methods and 
techniques were selected to be suitable also for the analysis of disturbances in a SESAR scenario, 
with Trajectory-based operations.  

The project had three strands of activity: 

 an extensive statistical analysis of data of the ATM system with Complex Systems theory
techniques in order to characterize statistical regularities. Example include variation in
predictability during the flight execution phase, correlation between traffic and safety metrics,
seasonal fluctuations, etc.;

 the development of an Agent Based Model of increasing complexity and degree of realism, to
simulate the current scenario and possibly the SESAR scenario, with performance-based
operations;

 the design of a prototype of a decision support tool, based on and informed by the results of
the two other strands. The prototype mostly focused on visualising and interacting with some
of the phenomena analysed by ELSA, e.g. disturbances to predictability.

Two limitations applied to the ELSA work. Firstly, the dataset that was made available to ELSA had a 
given time and space coverage (e.g. only en-route portion of the flights). Project objectives were 
revised accordingly. Second, the Agent Based Model did not reach a sufficient maturity in the current 
scenario to be extended to the SESAR one.  

Statistical regularities 

The analysis was refined through a series of iterations, starting very early in the project. The initial 
proposed list of 27 analyses was narrowed down to 8 analyses, to then result in 5 best analyses. The 
key driving criterion in this selection was the potential benefit for the ATM community, iteratively 
validated with different stakeholders: ATM experts, safety experts, ANSPs. 

The analysis goals were also progressively refined in terms of feasibility and fit with the available 
data. The final goals were defined as: 

  analyse changes and variation in predictability during execution phase of the flight,
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  analyse the sensitivity of predictability to external disturbances, like weather and traffic load,

  analyse the sensitivity of predictability to change of user strategies, i.e. NM and Airlines.

The final list of best analyses includes the following: 

1. Seasonal variations of communities:

This analysis was used to detect sets (communities) of nodes (airports, or sectors, or navpoints) 
clustered together. Communities are generically defined as sets of nodes that are more connected 
among themselves than with the rest of the network. The variations of communities during a period of 
time (day, week, month, year) can be analysed. See Figure 1. 

Figure 1. Community analysis of EU airports. 

2. Community analysis of the impact of the ash cloud:

This analysis applies the same method of the previous one (community detection), but it focuses on 
special events, like the volcanic ash cloud in 2010. Compared to the previous analysis a finer time 
resolution is needed, to detect changes in the community during the day. 

3. Analysis of ATCO management strategies: differences among countries and sectors:

Quantitative metrics (i.e. average delay accumulated by all flight passing through a selected area in 
one hour) are used to describe the ATCOs’ controlling strategies and to compare their behaviour 
across different countries and in time. For instance the negative delay (i.e. time gained) was 
correlated to the number of flights for different countries or single sectors. See Figure 2. 

4. Analysis of the correlations between STCA events and Complex Network metrics in the
Rome FIR:

The correlation between the occurrences of safety events (i.e Short Terms Conflict Alerts) and 
network metrics was calculated, by matching the number of safety events with specific fixes. A high 
correlation is found between safety events and the fixes’ strength and betweenness. Two thresholds 
are also found, one below which safety events tend to zero, and one above which there is a high 
probability of a high number of occurrences. 

5. Analysis of the most critical navpoints of the Italian airspace:

The Italian airspace was analysed in order to identify the most critical navpoints in terms of two 
specific network metrics: Strength and Betweenness. The rankings obtained with these metrics were 
compared with the operational experts’ subjective assessments. Almost all the critical navpoints 
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identified by ENAV experts were among the first positions in the ELSA rankings. The end goal of this 
analysis is to build a quantitative taxonomy of fixes and to match it with the experts’ knowledge. 

Figure 2. Changes in delays during the day. 

Each of the best analysis is described with a standard format, covering the following points: proposed 
solution, expected benefits, limitations of the proposed solution, enablers and constraints. 

Potential future applications of the proposed analyses include the following. 

 Community analysis: inform sectorisation with the analysis of traffic flows, validate the applied
sectorisation by post-flight analysis.

 ATCOs management strategies: develop indicators to monitor ATCOs’ behaviour and detect
unexpected deviations, inform definition of business trajectories with post-flight analysis.

 Correlation between network and safety metrics: identify hotspots to be monitored, identify
resilient areas to be analysed and re-inforced, correlate safety KPIs with network
characteristics and load.

 Critical navpoints: support to airspace design activities. This analysis can be done for post-
flight analysis (based on actual trajectories), but also to predict the position of critical points
(based on the user preferred trajectories). This feature will be useful in a SESAR scenario,
with no fixed airway structure.

In general, these analyses may bring benefits to the ATM community by supporting a data-driven 
approach to monitoring and managing the airspace. NOP and ANSPs may use them to detect hidden 
problems, or regularities over different time periods (from one single day to months, or a whole year). 

In particular, the analysis of correlation between safety occurrences and network metrics has been 
recognized by ATM safety expert (ENAV and MUAC Safety teams, EUROCONTROL DNM Safety 
Unit) as already mature. It can be proposed as a tool for Safety Monitoring (Commission 
Implementing Regulation (EU) No. 390/2013), that could already be introduced into operations. 

Agent-Based Model 

The ELSA Agent Based Model was developed to reproduce some of the stylised facts observed in the 
Air Traffic Management of the European airspace. The model itself had two main parts: (i) The 
strategic layer, focused on the interaction between the Network Manager and the Airline Operators 
and (ii) the tactical layer, focused on flight and controllers’ interaction at the level of one sector. 
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The ABM development was driven by a criterion of simplicity, in order to model only the parameters 
that are strictly necessary to replicate the selected real features. The rationale of this choice was to 
completely control what was happening in the model, in order to clearly understand how the various 
factors contribute to the end results. Validation activities were carried out as much as possible to 
calibrate both layers on ATM real features. 

ABM Tactical layer 

The tactical layer of the Agent Based Model aims at describing the interactions between flights and 
controllers in a single Air Traffic Control (ATC) sector. This model was calibrated against real data and 
used to simulate the current ATM scenario, in order to investigate how the presence of shocked areas 
affects the system performance. Simulations were run for cases when airspace areas are closed to air 
traffic, for example for adverse weather conditions, or military manoeuvres. Different possibilities 
regarding the concentration and size of these areas were considered, e.g. small randomly distributed 
shocks, or small shocks clustered one next to the other. 

The main result of the ELSA model is that the larger the porosity, the smaller the delay – where 
porosity is measured as the available volume divided by the total volume of the sector. Another result 
is that the model generates trajectories that are more optimized than planned ones in terms of the 
total time needed to cross the sector. This result seems to revert when shocked areas with larger 
radius are considered (see Figure 3).  

This result indicates that the system seems to have room for optimization. For relatively small 
shocked areas the model optimizes the flight trajectories, resulting in overall negative delays. This 
effect is also present when there are no shocked areas and the model is therefore simply making 
trajectories conflict free. Small shocks that are uniformly distributed leave more room for optimization, 
rather than small concentrated shocks.  

Shocks – 5NM radius Shocks – 25NM radius 
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Figure 3: Average delay and number of rerouting when the sector is filled with shocks of 
different size and different distributions (unif=unfrom, gaus=Gaussian distribution, 

pow=power law distribution). If the shocks are small the delay decreases when the number of 
shocks increase, while the opposite happens for larger shocks.  

The potential application of the tactical ABM is to provide a sandbox, a generic ATM simulator, where 
to test innovative concepts and measure the degree of optimisation that could be achieved. As 
compared to current model-based simulations, the ELSA ABM is designed as to capture the 
characteristics and regularities of a generic sector, not of a specific geographic area or a specific 
traffic sample. It can be used to compare different concepts, without polluting the results with geo-
specific factors. For this application to become more mature, ELSA would need to enlarge the scope 
of the current simulator, to reproduce different sector types, and to combine these sectors into a multi-
sector simulator. The target simulator will have the capability of moving from the current scenario to a 
SESAR scenario, by acting on two main elements: (i) Progressive integration of sectors into larger 
control areas, to reduce the current fragmentation, (ii) Implementation of user-preferred trajectories, 
by optimising the travelled distance over multiple sectors as described by SESAR concept of 
operations. 

The expected benefits are threefold: (i) the ABM can be used to measure the optimization space. In 
the current scenario, it has demonstrated that moving to a business trajectory model is not only 
feasible but desirable in terms of overall optimization; (ii) the ABM can be used as a research tool, 
either as a common sandbox for different research programs (to make research easier to compare), 
or (iii) to provide synthetic data for data mining algorithms testing. The ELSA consortium decided to 
publish the ABM code as open-source, to facilitate the adoption by the research community. 

ABM Strategic layer 

The strategic layer of the Agent Based Model simulates the submission of flight plans by the air 
companies to the Network Manager, who computes the sector loads and rejects flight plans if the 
sector capacity has been exceeded. Some sectors can also be randomly shut down after the first 
round of submissions, which triggers an additional round of negotiations. There are two versions of 
the model. The simplest version considers only the sector network and allows to perform extensive 
exploration of the interplay between the strategies of the air companies, the structure of departing 
waves, and the airspace geometry. The second version is more realistic and considers the navpoint 
network. It can be calibrated on real data. 

The key parameter of the model is the satisfaction of the air companies, measured as a function of 
punctuality and trajectory length. The satisfaction is calculated by comparing the preferred flight plan 
and the accepted one for a given flight. This parameter can measure how much the system is able to 
satisfy air companies’ demands. 
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Complexity Manager in the execution scenario. A snapshot of the complexity map is represented in 
the image below. 

Figure 5. A snapshot from the Complexity Map. 

Both tools are specialized views on a common set of data and information, as shown in the image 
below. 

Figure 6. Overview of the proposed decision support tools for the strategic planning scenario. 

The potential application of this strand of work would be to show the proposed concepts and 
visualisations to SESAR projects working on similar tools, i.e. Network Management tools. The core 
of the ELSA work went into information visualisation, so part of this work can also be used to visually 
communicate some SESAR concepts, showing their application in operational scenarios. 

The main benefit for the ATM community of this part of the work lies in the interface design. The 
proposed scenarios were prepared to show how the target roles could visualise and interact with 
traffic in a SESAR scenario. The work is a visualisation of existing SESAR concepts, with details on 
the interface and tools to be used.  

Conclusions 

The main value delivered by ELSA to the SESAR community lies in the coordination of the data 
analysis part with the simulation of a future SESAR scenario. Three aspects are relevant. 

First, ELSA developed several methods and tools to numerically describe the current ATM system at 
the EU level, but the same methods and tools can be used to measure the benefits brought by the 
implementation of SESAR concepts, e.g. integration of sectors in FABs, user-preferred trajectories. 
Such an extensive application of different analysis methods, together with rigorous validation, is a 
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distinctive contribution to ATM research. Second, the ELSA simulation was calibrated on real data, 
both as input parameters (e.g. flight plans, aircraft speeds) and as end results (e.g. overall delay, 
number and types of re-routings). Third, although during the project the ELSA simulator did not reach 
a sufficient maturity in the current scenario to be extended to the SESAR one, it can be potentially 
used to run different scenarios, applying the ELSA analyses to measure with rigorous quantitative 
metrics the achieved optimisation, compare different solutions, carry out stress tests to see how 
various configurations cope with shocks like strikes, bad weather, large volcanic ashes, and so on. All 
these simulations can be run by modifying key ingredients like user trajectories, airspace structure, 
ATM behaviour, to observe the resulting interactions and system-level dynamics.  
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present in the system, seen from the perspective of the Complex System science. We consider 
here three time-scales: (i) we perform an analysis over different AIRACs to address long-term 
seasonality; (ii) we perform intra AIRAC analysis to address the existence of weekly patterns 
and (iii) in some case we perform intraday analyses to address the existence of intraday 
periodicities. The third, fourth and fifth parts of the report focus on the difference between the 
planned 4D trajectories and the actual ones. Specifically, we deal with spatial deviation in the 
third part while the fourth one focuses on the time deviations, i.e. the delays. The results of these 
two analyses are compared for different countries in the fifth part. A section of the report is also 
devoted to investigate the ATM system at the level of the ATC sectors. We investigate some 
basic features of the sectors infrastructure and some basic aspect of the flight trajectory 
management within sectors. The last part of the report deals with the external shock the system 
underwent during the explosion of the Eyjafjallajokull volcano in Iceland in April 2010. We study 
in this part how the ATM system was affected and reacted to this massive stress by using the 
metrics introduced in the first part. An exploratory analysis of safety data and their interrelation 
with flight trajectory data is also included in the final section of the report. 

D5.2 2nd Joint Event Review 
This document contains the paper “Statistical Regularities in ATM: network properties, trajectory 
deviations and delays” presented at SESAR Innovation Days (SID), 27th 29th December 2012. 
The paper summarizes the results of the first year of the ELSA project. 

Approved 

D2.1 Prototype agent-based model 

This deliverable describes the first steps toward a future two-layers Agent-Based Model (ABM) 
for the Air Traffic Management in the European airspace. The model itself is split in two parts, 
the Strategic layer and the Tactical layer, which aim to emulate the two main steps occurring in 
the ATM. For each part, the main characteristics of the system are first examined. Then, it is 
indicated which of them are planned to be included in the final version of the ABM and what is 
already implemented in the first versions of the model. It is also described in detail the first 
versions and the results obtained so far. Pseudo-code and flow-charts of the programs are also 
provided. 

Approved 

D3.1 Scenario Selection 
This deliverable presents the progress of the work on the ELSA decision-support tool. It 
introduces the design process and method, the principles informing the tool, and a preliminary 
activity analysis. A benchmark from other domains is also included at the end of the document. 

Approved 

D4.1 Validation Plan 
This deliverable presents the ELSA validation plan, detailing the objectives, the planned 
exercises, and the interactions between the validation Work Package and the technical Work 
Packages. 

Approved 

D5.4 
Dissemination and external 
coordination 

This deliverable reports all the dissemination activities accomplished within the project. 
Conference papers and presentations are enclosed. 

Submitted 

D2.2 Calibrated agent-based model - The deliverable describes the advances made in the two layers of the model: Strategical and 
Approved 
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1st draft Tactical. Specifically, the advances for the Strategical layer of the model mainly regard a better 
modelling of the different crossing times of each sector and the calibration of the model over a 
network of sectors whose features are taken from real data relative to the French airspace. 
Moreover, several metrics are introduced in order to the level of regulation of the airspace and 
the degree of satisfaction of individual air companies and of the aggregate of different air 
companies. For the Tactical layer of the model the main advances regard the implementation of 
a new de-conflcting module mainly based on the possibility that aircraft change velocity. This 
implementation is done by means of a genetic algorithm. The pseudo-codes of the two layers of 
the Agent-Based Model are also provided. 

D3.2 Static Decision Support Tool 

This deliverable presents the progress of the work on the ELSA decision-support tool. It presents 
a short-list of concepts for the ELSA decision support tool. For each concept, we describe the 
main ideas, the design values behind, the support they may give to the various users, brief 
prototypical scenarios of use. The examples from other domains that were sources of inspiration 
are also summarised. 

Approved 

D4.2 Validation Report 
This deliverable contains the first ELSA validation report, detailing the objectives, the exercises 
carried out and their outcomes. 

Approved 

D5.3 3rd Joint Event Review 
This document contains the paper and slides presented at SESAR Innovation Days, 26th-28th of 
November 2013. The title of the paper is “An Agent Based Model of Air Traffic Management”. It 
summarizes the results of the Agent Based Model developed as part of the ELSA project 

Approved 

D2.3 
Calibrated agent-based model - 
final version 

This document describes the Agent-Based Model developed within the project. The model is 
composed of two distinct layers: the strategic layer, simulating the interaction between the 
Network Manager and the Airline Operators and the tactical layer, focused on aircraft and 
controllers' behavior in a single Air Traffic Control (ATC) sector. 

Submitted 

D3.3 Validated Decision Support Tool 

This deliverable presents the final concepts of the ELSA decision-support tool. For each 
concept, we describe the main ideas, the design values behind, the decision support they offer. 
Images of the tools and of the corresponding interaction modalities are also given. Scenarios of 
use are represented in a storyboard format. 

Submitted 

D4.3 Final Validation Report 
This deliverable contains the ELSA final validation report, detailing the objectives, the exercises 
carried out and their outcomes. 

Submitted 

D5.5 Final workshop 
This deliverable contains the materials used for the project final workshop and for all the final 
dissemination presentations. 

Submitted 

Table 1 - List of Project Deliverables



Project Number E.02.18 Edition 00.00.04 
D0.10 - Final Project Report 

18 of 30 

©SESAR JOINT UNDERTAKING, 2011. Created by ELSA project members for the SESAR Joint Undertaking within the frame 
of the SESAR Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source 

properly acknowledged. 

3 Dissemination Activities 

The work done during the ELSA project has regularly being submitted to various conferences and 
events associated to various communities. Articles presenting the work done in the ELSA project 
have been submitted each year to the SESAR innovation days and to ATOS conference. Also, the 
project periodically updates its wiki page on the Compex World website to disseminate towards the 
general public and the Complex World Network. Dissemination and exploitation actions were also 
carried out by exploiting personal contacts and other projects’ meetings. 

3.1 Dissemination towards General public and Complex World 
Research Network 

The ELSA Project wiki page is available at the following address: http://complexworld.eu/wiki/ELSA  
The website is updated with information about ELSA project activities and productions, including the 
list of research papers. 

Figure 7: ELSA wiki page – Complex World 

3.2 Dissemination towards the ATM public 

ELSA results have been presented in various occasions to the following audiences: 

- ANSPs Safety Managers and Safety Experts,
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- ENAV Safety Unit,

- Members of FABEC, in IANS Luxembourg

- MUAC Safety Group and Trainers.

3.3 Presentations at SESAR innovation days (SESAR 
community) 

SESAR innovation days have been an opportunity to present to the SESAR community the on-going 
work and the achievements of the ELSA project. 

3.3.1 SESAR Innovation Days, Stockholm, Sweden, November 26-
28, 2013 

For SID 2013, the ELSA project members submitted a paper entitled “An Agent Based Model of Air 
Traffic Management”[1]. The contribution describes the structure of the two layers of the Agent Based 
Model developed within ELSA and gives an overview of the main results.   

3.3.2 SESAR Innovation Days, Braunschweig, Germany, November 
27-29, 2012

For SID 2012, the ELSA project members submitted a paper entitled: “Statistical Regularities in ATM: 
network properties, trajectory deviations and delays”[2]. The paper summarizes the results of the first 
year of the ELSA project. We performed a network study of the air traffic infrastructure starting from 
the airports and then refining our analysis at the level of navigation points, in order to understand what 
are the main features that may help explaining why some nodes of the network happen to be found in 
the same community, i.e. cluster. In a second investigation we performed a study at the level of flight 
trajectories with the aim of identify statistical regularities in the spatio-temporal deviations of flights 
between their planned and actual 4D trajectories. 

3.3.3 SESAR Innovation Days, Toulouse, France, 29 November – 2 
December, 2011 

For SID 2011, the ELSA project members submitted a paper entitled: “ELSA Project: Toward a 
complex network approach to ATM delays analysis”[3]. This paper shows how tools borrowed by the 
Complex Network Theory can be used to study the issue of delays in the air traffic system. It also 
reports the preliminary results delivered by the project. 

3.4 Presentation at other ATM conferences 

3.4.1 4th International Air Transport and Operations Symposium 
(ATOS), Toulouse, France, July 8-10, 2013 

For ATOS 2013, the ELSA project members submitted a paper entitled: “Exploratory analysis of 
safety data and their interrelation with flight trajectories and network metrics”[4]. This paper presents 
an exploratory analysis of the correlation between different network metrics and safety events. The 
objective is to develop analysis methods and indicators that relate the network structure with safety 
events. In particular by using data gathered with an automatic tool developed by EUROCONTROL 
and a database of traffic data, the authors measured the correlations between the classical metrics of 
the airspace network, especially the network of navigation points, and the occurrence of Short Term 
Conflicts Alerts (STCA). The results obtained are not univocal; correlation between STCA 
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occurrences and classical network metrics are present but the correlation coefficient is around 0.7. 
This indicates that correlation between STCA occurrences and the airspace characteristics can be 
established but further analyses with more data are necessary to confirm this result.  

3.4.2 3rd International Air Transport and Operations Symposium 
(ATOS), Delft, Netherlands, June 18-20, 2012 

For ATOS 2012 the ELSA project members showed a presentation entitled “BIG DATA IN ATM: 
Lesson Learnt from the ELSA Project”. The presentation described the approach adopted by ELSA in 
order to exploit successfully the huge amount of data available to develop useful solutions for the 
ATM world. 

3.4.3 1st Complex World Annual Conference, Seville, Spain, July 8-
11, 2011 

For the 1st Complex World Annual Conference the ELSA project members showed a presentation 
about how the ELSA project dealt with resilience in the ATM system. The presentation gave an 
overview of the project and described the research direction taken by ELSA in the analysis of ATM 
resilience. 

3.5 Presentations/publications at other conferences/journals 

3.5.1 European Conference on Complex Systems (ECCS), 
Barcelona, Spain, September 16-20, 2013 

For ECCS 2013, the ELSA project members submitted an abstract entitled: “An Agent Based Model 
of the Air Traffic Management”[5]. The conference presentation described the characteristics of the 
Agent Based Model developed within ELSA by detailing the agents involved and the way the interact 
with each other. Moreover results of the preliminary simulations were also presented. 

3.5.2 European Conference on Complex Systems (ECCS), 
Bruxelles, Belgium, September 3-7, 2012 

For ECCS 2012, the ELSA project members submitted an abstract entitled: “How the ATM System 
modifies in presence of extreme exogenous events: the special case of the Iceland Volcano 
eruption.”[6] The presentation was about  the analysis of the modifications induced in the ATM system 
network by the ash cloud that spread over Europe in April 2010. By using the Complex Systems tools 
the authors showed how the system reacted in terms of number of active flights and airports and in 
terms of the reshaping of airport and sectors communities. 

3.6 Publications on other journals 

The ELSA team members submitted a paper entitled “Multi-scale analysis of the European airspace 
using network community detection” to the scientific journal PLOS ONE [7]. The paper has been 
accepted and the final version is currently being prepared. In this work, we analyse the European 
airspace as a multi-scale traffic network whose nodes are airports, sectors, or navigation points and 
links are defined and weighted according to the traffic of flights between the nodes. By using the 
ELSA database of the air traffic in the European airspace, they investigate the architecture of these 
networks with a special emphasis on their community structure. The paper proposes that 
unsupervised network community detection algorithms can be used to monitor the current use of the 
airspaces and improve it by guiding the design of new ones. Specifically, the authors compared the 
performance of three community detection algorithms, also by using a null model which takes into 
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account the spatial distance between nodes, and they discuss their ability to find communities that 
could be used to define new control units of the airspace. 

3.7 Demonstrations 

The following two demonstrators have been developed during the project: 

1. Demonstrator of the ABM tactical layer to show a real-time simulation of the air traffic within a
sector

2. Demonstrator of the Decision Support Tool to show all the functionalities of the proposed
concept.

ABM demonstrator 

In order to show in an easier and more understandable way the outputs of the tactical layer of the 
ABM, it was developed a graphic simulator of the air traffic within the considered sector. The ABM 
Demonstrator simulates the traffic in the sector of the Italian airspace LIRROV. The Demonstrator can 
simulate the deviation occurred to the aircraft trajectories to avoid conflicts and possible shocks that 
appears within the sector.  

Figure 8: ABM demonstrator 

The enclosed figure illustrates the Demonstrator interface. The blue dots are the aircraft, the circles 
around them represents the minimum separation of 5 NM. The green lines are the planned 
trajectories while the red circles represent the shocked areas. Shocks can occupy a single or multiple 
flight levels. This is why in the figure there is an aircraft crossing a shocked area. 
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During the exhibit at SESAR Innovation Days 2013 we showed different real-time examples of the 
ABM. We gathered a good feedback on the ability of the model to simulate the air traffic in presence 
of different shocks configurations and traffic loads. 

Decision Support Tool Demonstrator 

Two videos have been prepared to show the functionalities of each of the designed Decision Support 
Tool. The “Flight Lane” is the tool that supports Flight Operator Centre in managing the airline flights 
both in the planning and execution scenarios. The “Complexity Map” is the main tools for the Network 
Manager in the planning scenario and for the Complexity Manager in the execution scenario. 

Figure 9: A snapshot of the demonstrator showing the "Flight Lane" 

Figure 10: A snapshot of the demonstrator showing the "Complexity Map" 
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3.8 Exploitation plans 

The results and lessons learnt from the ELSA project will benefit the Deep Blue Company and the 
research community (especially in the fields of Complex Systems and …). 

3.8.1 Expected benefits for Deep Blue 

The Company will transfer some of the proposed analyses (and the database developed to support 
them) into the following existing activities: 

- SESAR Validation activities, in support to various SESAR projects, via ENAV,

- analysis of automatically collected safety data, via the ASMT activities of the
EUROCONTROL Safety Unit.

This exploitation will require additional work to advance the level of maturity and to customise the 
analyses. 

The WP3 results will be exploited in different research activities, to demonstrate the company 
capability of developing highly innovative concepts for safety critical systems. Current opportunities 
include two research projects on cockpit innovation.    

In general, the ELSA results will be fed whenever possible into other R&D activities, including other 
SESAR WpE projects, in order to advance their maturity and make them exploitable at the market 
level. Example include the following projects: EXCROSS, ASCOS, PROSPERO, ProGA.   

3.8.2 Expected benefits for the University of Palermo 

The research unit at the University of Palermo has gained significant competence in two areas: 

- Development, management, and use of complex database of large datasets,

- Development of Agent Based Models and their calibration on real data.

These competences will be useful in many other research activities of the Palermo research group, 
not only in the research on air traffic activities but also on other topics, such as complex systems of 
social, financial and economic nature. 

Moreover the competences and knowledge acquired with the ELSA project could be used for further 
empirical analyses, to advance the level of maturity of the ones already discovered and to identify 
new statistical regularities for example concerning the way this socio-technical complex system reacts 
to major stress events such as in the case of the volcano eruption in Iceland in April 2010. 

Finally, the results of the ELSA project could constitute the starting point for the preparation of new 
grant proposals on air traffic dynamics, socio-technical systems, and traffic systems. 

3.8.3 Expected benefits for the University of Pisa 

The research unit at the Scuola Normale di Pisa has gained significant competence in two areas: 

- Development, management, and use of complex database of large datasets,

- Development of Agent Based Models and their calibration on real data.

These competences will be useful in many research activities of the group in Pisa, not only in the 
research on air traffic activities but also on other topics, such as finance and economics.  
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Moreover the competences and knowledge acquired with the ELSA project could be used for further 
empirical analyses, to identify new statistical regularities, and to advance the level of maturity of the 
ones already discovered.  

Finally, the results of the ELSA project could constitute the starting point for the preparation of new 
grant proposals on air traffic dynamics, socio-technical systems, and traffic systems. 

3.8.4 Expected benefits for the research community 

ELSA delivered results on the application of complex network methods to the ATM world. The 
systematic tracing of the different analysis techniques that were followed represent a valuable lesson 
learnt, including the end result of a set of “bet analyses”. 

Among the tangible benefits for the research community, we can mention: 

- the development of a database structure to support and speed up the analysis of ATM data,

- the definition of a set of relevant analyses for the ATM system,

- the development of a multi-layered agent-based model, that could be potentially extended or
made more generic.

For the research community of interaction design, ELSA delivered three different concepts, including 
the future reference scenarios to be considered and the roles therein. 
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Contacts with the other SESAR projects (not WpE) are too limited. There is no access to the SESAR extranet. 

A workshop could be set up with SESAR projects representatives to ease dissemination towards them. 

The deliverable structures could be made easier, in order not to divert resources from the research work. 
Preliminary deliverables could be more in the form of working documents.  

To tackle this issue, ELSA adopted an internal process of iteratively defining the outlines of the final 
deliverables, to focus the reporting work on high value elements.  

Table 4 - Project Lessons Learnt 
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6 Support from external experts 

We were supported by SJU air traffic controller M    

We had one day meeting with him on the 27th January 2014.  

Several further interactions took place via email, to refine WP3 scenarios. 



Project Number E.02.18 Edition 00.00.04 
D0.10 - Final Project Report 

30 of 30 

©SESAR JOINT UNDERTAKING, 2011. Created by ELSA project members for the SESAR Joint Undertaking within the frame 
of the SESAR Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source 

properly acknowledged. 

7 References 

[1] Bongiorno, C., Miccichè, M., Mantegna, R., Gurtner, G., Lillo, F., Valori, L., Ducci, M.,
Monechi, B., Pozzi, S. (2013) An Agent Based Model of Air Traffic Management, SESAR
Innovation days, November, 2013.

[2] Vitali, S., Cipolla, M., Miccichè, M., Mantegna, R., Lillo, F., Gurtner, G., Pozzi, S., Beato, V.
(2012) Statistical Regularities in ATM: network properties, trajectory deviations and delays,
SESAR Innovation days, November 27, 2012.

[3] Lillo, F., Miccichè, M., Mantegna, R., Beato, V., Pozzi, S. (2011) ELSA Project: Toward a
complex network approach to ATM delays analysis, SESAR Innovation days, November,
2011.

[4] B. Monechi, M. Ducci, M. Cipolla, S. Vitali, S. Micciché, R. N. Mantegna, G. Gurtner, F. Lillo,
L.Valori, S. Pozzi (2013) Exploratory analysis of safety data and their interrelation with flight
trajectories and network metrics, ATOS 2013.

[5] C. Bongiorno, G. Gurtner, L. Valori, F. Lillo, R. N. Mantegna, S. Miccichè, M. Ducci, B.
Monechi, S. Pozzi (2013) An Agent Based Model of The Air Traffic Management, ECCS
2013.

[6] Vitali, S., Cipolla, M., Mantegna, R., Gurtner, G., Lillo, F., Beato, V., Pozzi, S. and Miccichè,
M. (2012) How the ATM System modifies in presence of extreme exogenous events: the
special case of the Iceland Volcano eruption, ECCS 2012.

[7] G. Gurtner, S. Vitali, M. Cipolla, F. Lillo, R. N. Mantegna, S. Miccichè, S. Pozzi (2013) Multi-
scale analysis of the European airspace using network community detection, PLOS ONE
(final version being prepared)




