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algorithms to detect potential conflicts and to ensure at the maximum extent possible that the 
proposed trajectory amendments will result in conflict-free trajectories. On this prototype 
version of STREAM only simple strategies to tackle uncertainty were tested (i.e. increasing 
the minimum safety distances in both the CD and the CR modules), and only the metric of 
minimum delay was considered online during the resolution process to determine  the 
optimality of the conflict-free scenarios provided by the system. Nevertheless, STREAM 
CD&R algorithms were designed with an expansion and modular perspective in order to 
potentially integrate in future versions new n-dimensional state-space variables and online 
metrics. This approach would further consider overall network performance could be of 
inestimable help for the future ATM system envisaged by SESAR. 

As part of the STREAM project, a performance assessment framework, a methodology and 
a set of metrics were developed to evaluate the potential impact of the operational 
implementation of the STREAM algorithms on airspace users and on the ATM system as a 
whole. A fast-time simulation environment was applied, which served as a test bed for the 
algorithms and allowed synthesizing high fidelity representations of the trajectories that 
aircraft would fly in response to the amendments proposed by the STREAM algorithms.  

The simulation results obtained serve to provide a quantitative assessment of the potential 
impact of the STREAM algorithms on a broad range of performance metrics in a 
representative scenario. More in detail, the assessment results show how the 7 NM version 
of the STREAM algorithms performs slightly better than the 10 NM one in the ATM System 
Performance Metrics while the 10 NM version outperforms the 7 NM one in the Operational 
Efficiency and Fairness and Equity Metrics. The assessment highlighted the potential 
positive impact on performance of the use of level changes to resolve conflicts. 

The performance assessment methodology also allowed studying the sensitivity of the 
metrics to trajectory prediction performance. An analysis was performed in order to evaluate 
the robustness of the STREAM solution in terms of conflict resolution success with respect 
to the trajectory prediction error. Two types of perturbations were introduced to model the 
Estimated Time of Departure Error and Along Track Error, with realistic distributions. The 
results obtained in this sense a demonstration of the capability to perform a thorough 
sensitivity analysis and provide insight into the potential value of the STREAM solution not 
only for individual conflict management but also to enable efficient flow management 
strategies. 

Figure 2:  Assessment Methodology & Metrics 
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1 Introduction 

1.1 Purpose of the document 

The purpose of this document is to: 

 Summarise the technical results and conclusions of the project (Publishable 
Summary); 

 Provide a complete overview of all deliverables;  

 Provide a complete overview of all dissemination activities (past and in progress). 
Where appropriate, provide feedback from presentations. Describe exploitation 
plans; 

 Provide a complete overview of the billing status, eligible costs, planned and actual 
effort (incl. an explanation of the discrepancies); 

 Analyse the lessons learnt at project level. 

1.2 Intended readership 

This document may be of interest to researchers on Air Traffic Flow Management, conflict 
detection and resolution and ATM performance assessment. In addition, those involved in 
the SESAR Work Packages working on related topics may also find it relevant, as the 
solutions proposed may be applicable to their work. 

1.3 Inputs from other projects 

STREAM project initially identified a list of SESAR mainstream projects which could be 
subject to provide relevant inputs to STREAM activities. Those projects were identified within 
SESAR WPs 4, 7 and 10: 

 WP4 

­ 04.05: Traffic management framework in En-Route 

­ 04.07.02: Separation task in en-route trajectory based environment 

 WP 7 

­ 07.06.01: Collaborative NOP 

­ 07.06.02: Business/Mission Trajectory Management 

­ 07.06.05: Dynamic DCB 

 WP10 

­ 10.02.01: ATC Trajectory Management Design 

­ 10.02.02: Trajectory Management Exchange Formats Definition 

­ 10.02.03: ATC System support to RBT/MT Revision 

­ 10.04.01: Enhanced Tools for Conflict Detection and Resolution 

­ 10.08.01: Complexity Assessment and Resolution 
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3 Dissemination Activities 

3.1 Presentations/publications at ATM conferences/journals 

1. 1st WPE Annual Joint Event – SESAR Innovation Days 2011. ENAC, Toulouse
(France). From 29/11/2011 to 01/12/2011. Two presentations were performed by the
STREAM team members covering project preliminary results, including concept of
operations, algorithms and metrics as well as baseline assumptions adopted. Associated
papers: STREAM – Concept, methodology and tools (authors: Andrea Ranieri and Ruben
Martinez from ALG, Miquel Angel Piera from UAB and Javier Lopez and Miguel Vilaplana
from BRTE); and Relational Time-Space Data Structure To Speed Up Conflict Detection
Under Heavy Traffic Conditions (authors Sergio Ruiz, Miquel Angel Piera and Catya A.
Zuñiga from UAB). STREAM presentations were well received, obtaining positive
feedbacks from the scientific Community, EUROCONTROL and the European
Commission. Evaluators of the STREAM technical paper suggested to better focus the
scope of the exercises planned in the project, this suggestion was fully considered during
the activities of the project, in particular when giving specification on the validation
strategy.

2. 5th International Conference on Research on Air Transportation – ICRAT 2012.
University of California, Berkeley (USA). From 22/05/2012 to 25/05/2012. Project
results obtained so far were presented. Associated paper: Computational Efficient
Conflict Detection and Resolution through Spatial Data Structures (authors: Sergio Ruiz,
Catya Zuñiga and Miquel Angel Piera from UAB and Andrea Ranieri and Ruben Martinez
from ALG). Paper presentation was well received; general positive feedback was
provided by the audience.

3. 2nd International Conference on Application and Theory of Automation in Command
and Control Systems – HALA! ATACCS 2012. Imperial College, London (UK). From
29/05/2012 to 31/05/2012. STREAM members from UAB (Catya Zuñiga and Miquel
Angel Piera) presented a PhD descriptive paper on the topic Pre-tactical Trajectory De-
Confliction algorithm for Air Traffic Management. Andrea Ranieri from ALG participated to
the PhD panel session on 4D Trajectory Management. The research directions of PhD in
HALA! confirmed their coherency with STREAM methodology and results.

4. Info day of the WPE 2nd call for projects. SESAR JU, Brussels (Belgium).
12/06/2012. Andrea Ranieri from ALG gave an executive presentation on the STREAM
project objectives and scope.

5. 2nd WPE Annual Joint Event – SESAR Innovation Days 2012. Technische
Universitaet of Braunschweig and DLR, Braunschweig (Germany). From 27/11/2012
to 29/11/2012. The STREAM team performed a presentation of the project results in
2012. Associated paper: Causal Decision Support Tools for Strategic Trajectory De-
confliction to Enable Seamless Aircraft Conflict Management (STREAM) (authors: Jenaro
Nosedal, Sergio Ruiz and Miquel Angel Piera from UAB and Andrea Ranieri, Ruben
Martinez and Alex Corbacho from ALG). Paper and Presentation were well received by
the audience, receiving specific feedbacks very positive from the attendants. The Young
Scientist Award 2012 was assigned to Sergio Ruiz from UAB, member of the STREAM
project team.
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3.2 Presentations/publications at other conferences/journals 

1. Elsevier Transportation Research Part C. In February 2013, the paper Strategic de-
confliction in presence of large number of 4D trajectories using causal modelling
approach (authors Sergio Ruiz, Jenaro Nosedal and Miquel Angel Piera form UAB and
Andrea Ranieri from ALG) was sent to Elsevier for its evaluation, feedback not received
yet.

3.3 Demonstrations 

No demonstrations have been performed apart from the verification and validation exercises 
performed in the context of 4.1 and 4.2 project activities. 

3.4 Exploitation plans 

The European dimension of STREAM will ensure cross-fertilization of innovative know-how 
at a European level, and the potential for exploitation and dissemination of the project results 
will be strengthened thanks to different capabilities and business threads of the members of 
the STREAM consortium. 

ALG will benefit in the future from the knowledge acquired through the definition and 
validation of the STREAM concept. Different extended scopes of the STREAM concept 
would be studied by ALG for applying STREAM solutions in the long term planning phase 
and in Dynamic Airspace Configuration contexts. Additionally Indra, ALG’s parent company, 
would consider STREAM developments as elements possibly being part of their future ATM 
IT systems and products. 

Thanks to the STREAM project, BR&TE has developed and tested major enhancements to 
its air traffic simulation and analysis infrastructure to fulfil the challenges posed by the 
project. The ability to simulate thousands of trajectories with a high degree of fidelity to 
recreate an innovative operational concept and asses the performance impact on the 
airspace users and the ATM system as a whole is a great asset of the tool, which we plan to 
exploit in future projects, both for internal R&D purposes and working with external partners. 
We believe that the simulation and analysis capabilities that result from STREAM have the 
potential to facilitate the early evaluation of new trajectory-based concepts, such as those 
proposed in SESAR. In particular, the ability to model trajectories with a high degree of 
fidelity to evaluate metrics such as fuel consumption, environmental impact and impact of 
operating costs can provide valuable insight before conducting more expensive and complex 
validation exercises such as real time simulations. We plan to pursue further initiatives using 
our simulation and analysis infrastructure in relation with SESAR Validation Activities and 
ANSP’s environmental impact assessment projects. 

UAB has been able to develop a new tool to support the state space of the ATM system. 
This tool is excellent from the computational efficiency point of view, and it opens the 
opportunity to develop state space analysis tools to test new SESAR paradigm under a 
causal analysis. Thus STREAM project has contributed to a better understanding of practical 
ATM problems, opening research opportunities related to practical aspects such as the need 
of new approaches to tackle uncertainties while considering capacity constraints, and also 
the robustness and sensitivity of the RBT’s to ETD delays. Considering the research and 
technology transfer capacity of UAB, STREAM project will allow us to improve the quality of 
our research and we hope it will foster new collaborations with the different ATM 
stakeholders in relation with SESAR Validation Activities. 
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A specific application of the developments performed in STREAM project is found in 
FIREMANIA (TIN2011-29494-C03-01), which is a research project supported by the Science 
and Innovation Spanish Ministry to provide greater flexibility and more agile capabilities in 
terms of fire management. Among the different technologies and research approaches, the 
use of Unmanned Aeronautical Vehicles (UAV’s) is under study to provide the right 
information obtained at the right time and place at very low cost to the operational decision 
making unit. The SDS developed can be used to guarantee safety distances between 
cooperative aircraft. 

Additionally, there are other potential applications through ASLOGIC, which is a spin-off 
company of Universitat Autònoma de Barcelona participating in several projects at Palma 
the Mallorca International Airport. There is a potential interest to use the SDS approach to 
support the ABT's in order to improve the ramp handling operations. 
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