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ABSTRACT 

The main aim of this project was to gather scientists and young researchers around air 

traffic control management topic with a goal of improving and increasing air traffic efficiency. 

During this two-year project main activities were conducted regarding development and 

application of the ATC simulators, analysis of air traffic controller training, research on impact 

of trajectory based operations on the complexity of air traffic and development of a language 

technology system as a support for air traffic control communication. The main results of this 

research are presented through five published papers and two additional project applications. 

Additional results are enhanced scientific capacity of young researchers, established research 

teams, upgraded technical characteristics of the simulators and functions of the Laboratory for 

the control of air navigation, developed basic software for the 3D tower simulator, improved 

cooperation with aviation industry in Croatia and established partnership with other European 

universities and institutions through the application of the KAAT project. 
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1. INTRODUCTION 

This report contains the main characteristics of the internal two-year project Development 

of Air Traffic Management (ATM) Research Centre. Air traffic management is a wide set of 

functions (air traffic services, air traffic flow and capacity management, airspace management) 

that ensures safe, orderly and expeditious flow of traffic with a maximum utilization of air 

traffic control (ATC) capacity and optimal dynamic utilization for different airspace users [1]. 

Air traffic in Europe and Croatia is characterised by a constant growth in air traffic demand [2]. 

Under certain conditions increased air traffic demand can generate negative impacts on flight 

efficiency (appearance of delays, usage of longer routes, higher fuel consumption, higher 

financial expenses and increased negative impact on the environment) and on air traffic safety 

(increased air traffic controller workload, increased air traffic complexity and loss of situational 

awareness). 
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To prevent or reduce negative impacts of increased traffic demand, it is necessary to 

explore and provide new technical and technological solutions within the air traffic 

management system. These solutions should ensure optimal use of airspace in order to increase 

flight efficiency, improve air traffic safety, and enhance sustainability of air traffic management 

system. Development of ATM in Europe, as well as in Croatia, is based on the Single European 

Sky (SES) requirements of performance scheme for air navigation services [3] and high-level 

goals from the Single European Sky ATM Research (SESAR) ATM Master plans [4, 5].  

Until 2015, the research in the field of ATM in Croatia has solely been the result of the 

individual efforts of the scientists from the Faculty of Traffic and Transport Sciences, 

Department of Aeronautics regarding air traffic control training [6], airspace capacity and 

sectorization improvement [7, 8, 9], air traffic flow analysis [10], implementation of the new 

navigation concepts [11, 12] in Croatian airspace and its impact on the complexity of air traffic 

[13].  

The main characteristics of this project are presented in the following sections. The 

research goal and motivation of the project are described in Section 2, while Section 3 describes 

main research activities along with the individual contribution of every team member. Section 

4 gives an overview of the planned and spent budget. In Section 5 project results are presented 

with an emphasis on the new project applications, finished projects, obtained additional grants 

and published papers. The report ends with a conclusion and recommendations for the future 

work. 

2. RESEARCH GOAL AND MOTIVATION 

There are two main goals of this project. The first goal is establishment of the ATM 

research centre and increase in research capacities, i.e. gathering scientists and young 

researchers interested in ATM.  

The second goal is a specific research in ATM field – the impact of air space modification 

and its influence on air traffic efficiency and environment, implementation of new navigation 

systems and their impact on air traffic complexity and air traffic controller workload, research 

related to the development and use of ATC simulators in air traffic controller training, and 

finally application of language technologies as a support in ATC communication.  

In 2012, a Laboratory for the control of air navigation was founded at the Department of 

Aeronautics as the first prerequisite to improve and strengthen scientific research in the field 

ATM. In order to increase research potential and to continue with ongoing scientific work, it 

was important to develop a research centre that would gather scientists and young researchers, 

who would investigate, explore and enhance the ATM system. Furthermore, this research centre 

should also be a meeting point of aviation industry and science. 

The research centre follows the latest achievements in the field of air traffic management 

which are the result of SESAR. Moreover, it follows the latest achievements in the development 

of European air traffic management, and all relevant European regulations on the efficiency of 

air traffic management system and its elements. 

3. RESEARCH ACTIVITIES 

The research activities done by the project team members are presented in this section. 

The activities are divided into four main scopes (Project management, ATC training, ATC 

Simulators, Communication and language) with an emphasis on contributions of all individual 

team members. These scopes are defined in accordance with the project research goals.  
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3.1. Project management 

Project manager is the lead member and coordinator of the project, responsible for the 

project implementation, time scale and budget spending. The project manager during this two-

year project was Assist. Prof. Biljana Juričić. She proposed the project aims and organised and 

managed the project activities and tasks. Her main task was to gather and establish the network 

between the team members and to insure technical and technological tools that would be used 

during the project. She mentored PhD student and foreign exchange student involved in the 

project. She actively participated in the main research activities that are visible through the 

dissemination of project results. During this project she participated in the preparation of the 

project application documentation that was used as a basis for applying of two new projects. At 

the end she prepared the project final report. 

3.2. ATC training  

During the project, new European regulation on air traffic controllers training EU REG 

2015/340 was analysed in detail and compared to previous EU regulation REG 805/2011. 

Project manager Biljana Juričić did the majority of these activities. She mentored PhD student 

Bruno Antulov-Fantulin who also participated in this part of the research. Regulation 2015/340 

brought several novelties in air controller (ATCO) training that should be implemented into 

training organisations before the provision of ATCO training. They created the list of major 

differences in the training requirements of air traffic controllers related to ATC training 

organization, and air traffic controller licence (Table 1). 

Table 1. Major differences in EU REG 2015/340 comparing to EU REG 805/2011  

Nr. Major differences: 

1.  ATCO Licence – age limitation (21) is abolished   

2.  English language proficiency – Level 6 is 9 years valid 

3.  STD – Synthetic Training Device (simulator and part–task trainer) 

4.  Instructors: theoretical and practical (OJTI and STDI) 

5.  STDI – licence endorsement 

6.  Practical training – incorporated into the Basic Training course  

7.  Assessment – assessment of practical exercises incorporated into the Basic Training 

8.  Assessor – licence endorsement 

9.  Continued validity - there are no expiration dates of certificate 

10.  Management system of TO 

11.  Contracted activities 

12.  Different Personnel requirements   

 

Finances spent in this scope of activities: 250,00 kn.  

 

The results were implemented in HUSK ATCO basic training plans and programmes and used 

in the provision of air traffic controller training. 

3.3. ATC Simulators  

ATC simulators played a vital role in this project when three different simulators were 

used during the research. Two of the simulators enabled the use of the real-time simulations 

while the third one is still in the development phase. The activities done within the scope of 



Juričić B. (project leader), Radišić, T. (project associate), Pavlinović M. (project associate), Antulov-

Fantulin B. (project associate): Development of Air Traffic Management Research Centre 

4 
 

ATC simulators improved the technical equipment and enhanced the functions of the 

Laboratory for the control of air navigation: 

 

 BEST Radar Simulator used for ATC training and scientific research – its main aim 

was to enable real-time human-in-the-loop simulations primarily used for ATC training. 

Biljana Juričić and Bruno Antulov-Fantulin fully implemented the novelties of the 

above mentioned EU REG 2015/340 into the practical part of ATC training and prepared 

the new ATCO training plans and programs (for ATCO basic training courses and 

synthetic training device instructor training course) and adjusted simulation exercises 

used during ATCO training. The new graphics cards and cables were acquired to enable 

implementation of the new wide screens (Picture 1.) that improved the ATCO working 

environment during training. 

 

 New Research Simulator used for scientific research – this software was built earlier 

and was using hardware of the BEST Radar Simulator. Its main aim was to enable real-

time human-in-the-loop simulations after implementation of new navigational concepts 

and to examine their influence of on ATC and ATM. This simulator imitated a real ATC 

environment (Picture 2.). Tomislav Radišić, PhD, worked on the development and 

function of this simulator. He prepared the scientific paper of the concept of the 

development, methods, technology and process of validation in building an ATC 

simulator for real-time human-in-the-loop simulations. 

 

 

 

 

 

 

 

 

 

 

          Picture 1. BEST Radar Simulator           Picture 2. Main Radar Display of  

                implemented wide screens                             the New Research Simulator 

 

The other activities regarding the new research simulator was its usage for simulations 

of trajectory based operations (TBO) and for measuring the impact of TBO on air traffic 

complexity. T. Radišić and B. Juričić worked on analysis and testing of complexity 

scores. Results showed that TBO significantly reduced complexity in specific traffic 

situations. Results of these activities were used in preparing a scientific paper.  

 

In the third activity PhD student Bruno Antulov-Fantulin used subjective complexity 

data and other recorded human-machine interactions from the previous human-in-the-

loop simulations. In cooperation with T. Radišić who advised him on data processing 

and statistical analysis, B. Antulov-Fantulin made the research and analysed the data. 

The results of the research showed that human-machine interactions can be used, with 

some limitations, to detect increases in air traffic complexity and situations where the 
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controller’s workload capacity is used. They prepared the scientific paper of these 

results.  

 

At the end of this scope of activities an evaluation of the air traffic controllers working 

environment was done. This analysis was mostly carried out by PhD student Bruno 

Antulov-Fantulin. He made a review of previous research on the significance of 

ergonomic approach in designing working environment of an air traffic controllers and 

prepared a scientific paper. The main focus of the research was the influence of 

ergonomic chairs on air traffic controller working environment and performance.  

 

 3D Tower Simulator – hardware development of this simulator started during previous 

project but software development continued during this project. The project enabled 

modification of existing and development of new simulator components of aircraft 

model and flight management system used for aircraft trajectory generator. The main 

value of this project is the development of aircraft trajectory generator for aircraft 

movement when on ground, when aircraft is on final approach to land and when aircraft 

is in the first phase of climb on departure. Another project outcome is the development 

of air traffic controller interface with 3D tower view that enables future air traffic 

controllers to provide air traffic control in the training environment similar to the real 

one (Picture 3.). 

 

 
Picture 3. View from the TWR – aircraft in the initial climb after take-off 

 

Unity software was used as the most suitable for visualisation of the 3D tower view. It 

was necessary to undergo On-line education and training in Unity software to start 

working. At the end a simple pseudo-pilot interface was developed that enabled 

interaction between air traffic controller and pseudo-pilot in the simulated environment.  

Total finances spent within this scope of activities: 10.565,28 kn.  

3.4. Communication and language  

This part of the research was done by Mira Pavlinović, PhD and it included research on 

language and communication in air traffic control. The activities that were carried out include: 

development of a language technology system as a support for air traffic control 

communication, comparison of current language models and proposed language technology 

system, compilation of spoken corpus of radiotelephony phraseology, language analysis of 

compiled spoken corpus and prescribed radiotelephony phraseology, development of a system 

for control of radiotelephony communication using MATLAB software package, dissemination 

of results and publication of a paper.  
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Table 2 – The steps of research on language and communication in air traffic control 

Phase Activity 

1.  Research on prescribed radiotelephony phraseology 

2.  Compilation and analysis of spoken corpus of radiotelephony phraseology 

3.  Development of a system for control of radiotelephony communication using MATLAB software package 

4.  Modelling of a proposed language technology system as a support for air traffic control communication 

5.  Comparison of current language models and proposed language technology system 

 

Total finances spent within this scope of activities: 1.984,00 kn.  

4. BUDGET SPENDING 

The following tables contain financial scope of the project. They describe šlanned and 

achieved activities as well as the project planned budget and costs spent during the two year 

period (Table 3 and Table 4). The activities that were not achieved could be planned in future 

research. 

Table 3 – Planned and realized activities with budget overview for the Phase I (2015) 

Nr. Planned activity 
Planned 

budget 
Achieved Cost 

1.  
Education or training 9.000,00 not achieved 0,00 

2.  
Participation on ZIRP conference – 

Conference fee for 4 persons – 2 

published papers 

1.000,00 

partially performed, 1 published 

paper (The New ATCO Training 

Requirements) 

250,00  

3.  
Participation on INAIR 2015 conference 

in Amsterdam – Conference fee for 2 

persons – publication of 1 paper   

15.000,00 

performed, 2 published papers 

(Development and Validation of an 

ATC Research Simulator and 

Using Human-Machine Interaction 

Frequency as a Proxy Measure of 

Subjective Air Traffic Complexity) 

9.473,53 

4.  
Services of aviation industry experts in 

development of research, calculations 

and simulations  

5.000,00 not achieved 0,00 

5.  
Preparation of project application   10.000,00  

applied and funded University 

research grant Enhancement of Air 

Traffic Control Simulation Centre 

(TP053) 

0,00 

6.  
Preparation and translation of scientific 

papers 
6.000,00  not achieved 0,00 

7.  
Fee for publication of a scientific paper 

in a journal (A or B category) 
8.000,00  not achieved 0,00 

8.  

Unplanned performed activities: Participation on international workshop: Workshop on Education 

and Training Needs for Aviation Engineers and Researchers in Europe, September 23, 2015, 

Brussels expenses of transport and accommodation for one person 

5.308,42 

 

Total: 

54.000,00 

Received funds: 

15.000,00 

Total: 

15.031,95 

 

Table 4 – Planned and realized activities with budget overview for the Phase II (2016) 
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Nr. Planned activity 
Planned 

budget 
Achieved Cost 

1.  Education or training 9.000,00 Not performed 0,00 

2.  

Participation on ZIRP conference – 

Conference fee for 1 person – 2 published 

papers  

400,00 

Participation on 

Ergonomics 2016 

conference instead of 

ZIRP 2016 conference 

1.494,49 

3.  

Participation on INAIR 2016 conference – 

Conference fee for 2 person – publication of 

a paper  (location is still unknown) 

15.000,00 
Performed, without paper 

publication and expenses 
0,00 

4.  
Fee for publication of 2 scientific papers in a 

journal (A or B category) 
16.000,00  Not yet performed * 0,00 

5.  
Preparation and translation of scientific 

papers 
6.000,00  

performed for 1 

published paper  
1.984,00 

6.  

Data preparation, analysis, calculations and 

simulations   
5.000,00 

Simulator preparation – 

acquisition of new 

graphics cards and cables 

for new simulator wide 

screens  

752,00 

7.  
On-line education and 

training in Unity software 
339,75 

 

Total: 

51.400,00 

Received funds: 

15.000,00 

Total: 

4.570,24* 

 
*As it can be seen from the Table 2, only 4.570,24kn is spent during second year of the project. 

There is still 10.429,76 kn on the project account. These funds are planned for publishing scientific 

paper Reduction of air traffic complexity using trajectory-based operations and validation of 

novel complexity indicators in the journal IEEE Transactions on Intelligent Transportation 

Systems which is explained later in part 5.4.  

5. RESULTS 

The results achieved during this project are presented in this section. Firstly, the students 

involved in the project are stated, then cooperation with the other universities and industry. 

Project results were disseminated through published scientific papers at the international 

conferences or scientific journal. 

5.1. Involvement of students 

The activities in which Bruno Antulov-Fantulin, a PhD student, participated are named 

and described in the Section 3. He used the experience he gained during this project to prepare 

the final qualifying exam before defending his PhD thesis. 

An exchange student Mathilde Marc from Frech Air Force Academy also participated in 

the project. During her three month studies at the Department of Aeronautics, she took part in 

Phase II of the project. Using Unity software, she developed one part of the code for the 3D 

Tower Simulator which was in the development phase at the Department. Her mentor was 
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Biljana Juričić. Tomislav Radišić was providing help and guidance on Unity software and the 

development of new code. She successfully defended her master thesis at French Air Force 

Academy. 

5.2. Cooperation with industry and academia 

During the course of this project, a closer cooperation with aviation industry in Croatia 

was developed through involvement in KAAT project application. Important stakeholders from 

aviation industry in Croatia – Croatia Control ltd., Croatia Airlines, Croatian Civil Aviation 

Agency and Aeronautical Technical Centre J.S.C. – gave their Letters of Support to KAAT 

project application.  

Also some new connections with international universities and aviation institutions were 

established: University Politechnica of Bucharest, Instituto Superior Tecnico, University of 

Portugal, Transport and Telecommunication Institute - Transporta un SakaruInstitūts (TSI), 

University Of Strasbourg, Inova+, Quasar Human Capital, Deep Blue, University of Zilina, 

Menzies Aviation, AigleAzur, AvramIancu Airport, ÉcoleNationaleSupérieure des Mines 

D'albi-Carmaux, Romanian Aviation Academy.  

A short description of KAAT project is given in Section 5.3. 

5.3. Project applications and obtained additional funds 

Team member activities during the project were also used for preparation of two new 

project applications that are presented in the Table 3. 

Table 5. Additional project applications 

Nr. 
Funds 

resource 

Type of 

program 

Time 

schedule 
Name o the project 

Obtained 

funds 
Status 

1.  
University of 

Zagreb 

Support 

funding 
2015. 

Enhancement of Air Traffic 

Control Simulation Centre 
15.013,14 kn. Finished 

2.  EU Erasmus+ 3 year project 
Knowledge Alliance in Air 

Transport - KAAT 

In evaluation 

phase 

In 

evaluation 

phase 

1. Enhancement of Air Traffic ControlSimulation Centre 

The main aim of this support project was enhancement and upgrade of the existing ATC 

simulator (procurement of the hardware components used for development of 3D Tower 

simulator such as 3D visualisation tool). In Phase II of this on-going project these activities 

continued with software development using Unity platform. 

2. Knowledge Alliance in Air Transport - KAAT 

KAAT project has been applied by the consortium of 17 partners from education and 

business of 7 countries: Croatia, France, Italy, Latvia, Portugal, Romania, and Slovakia. It tends 

to develop innovative partnership between universities, training providers, airports, airlines, 

maintenance and handling companies, air traffic providers, regulatory bodies and international 

organizations. One of the partners is Faculty of Transport and Traffic Sciences of University of 

Zagreb.  

The main aim of the project is the development of new, innovative and multidisciplinary 

approaches to teaching and learning in aviation industry in Europe. The consortium identified 

the need for better skilled work force for aviation business and operations in the future but also 

a modernization of initial higher education. KAAT also focuses on the development of 

methodology for Aviation Sectorial Qualification Framework as basis for recognition of prior 

learning or work experience.  
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Before the project was applied, a Workshop on Education and Training Needs for 

Aviation Engineers and Researchers in Europe was held on which the guidelines for KAAT 

project application were agreed (Table 1.). 

 

5.4. Published papers 

The following papers were published and presented at international conferences as a 

result of this project: 

1. Juričić, B., Antulov-Fantulin, B., Ivković, M.: New ATCO Training Requirements, ZIRP 

2015, FPZ, ZAGREB, 2015. 

2. Radišić, T., Novak, D., Juričić, B.: Development and Validation of an ATC Research 

Simulator, INAIR 2015, Amsterdam, 2015. 

3. Antulov-Fantulin, B., Rummens, M., Radišić, T.: Using Human-Machine Interaction 

Frequency as a Proxy Measure of Subjective Air Traffic Complexity, INAIR 2015, 

Amsterdam, 2015. 

4. Antulov-Fantulin, B., Bucak, T., Juričić, B.: The Significance of Ergonomic Approach in 

Designing Working Environment of an Air Traffic Controller, 6th International Ergonomics 

Conference ERGONOMICS 2016 – Focus on Synergy, June 15 – June 18, 2016, Zadar, 

Croatia 

The following was published in scientific journal as a result of this project: 

1. Pavlinović, M., Boras, D., Juričić, B.: Development and Implementation of a Language 

Technology System in Air Traffic Controller Student Training, International Journal of 

Education and Information Technologies. 10 (2016); 251-256. 

Paper Reduction of air traffic complexity using trajectory-based operations and validation of 

novel complexity indicators (authors: T. Radišić, D. Novak, B. Juričić) is accepted by the 

reviewers of the scientific journal IEEE Transactions on IntelligentTransportation Systems and 

is being prepared for the final version of manuscript. 

6. CONCLUSION AND FUTURE WORK 

The development of air traffic management in Europe is an ongoing process that 

continues due to a constant increase in air traffic and due to different requirements of airspace 

users. Aviation industry, universities and authorities are actively taking part in this process. The 

goal of this process is to increase safety and efficiency of air traffic and to reduce negative 

effects such as environmental impact, delays and financial losses. 

The established ATM research centre has contributed in specific issues in the field of 

ATM what can be seen from the results of this project. The emphasis was on the application 

and development of the ATC simulators and research of the impact of trajectory based 

operations on air traffic complexity. Research centre contributed in improvement of cooperation 

with the aviation industry in Croatia and in establishing partnership with the other European 

universities and institutions through the application of KAAT project  

Overall outcomes of this project are improvement and upgrade of the technical equipment 

and functions of the Laboratory for the control of air navigation. 

The research centre should continue its work and widen its activities and investigation in 

the following issues of ATM: development and validation of automated data processing systems 

(fast time simulations) and innovative air traffic controller tools, testing and enhancement of 

voice communication system, upgrade of aerodrome control simulator and development of 

approach control simulator, identification of elements for improving safety of air traffic, 
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analysis of assessment methods during air traffic controller training, determining measures to 

increase air traffic efficiency and to reduce environmental impact, defining methods for 

separation of unmanned aerial vehicles and defining measures for monitoring of air traffic 

controller efficiency. 
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