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DEVELOPMENT OF THE SEPARATION MINIMA INFRINGEMENT 
SCREENING AND REPORTING SYSTEM: A REVIEW 

ABSTRACT 

After the establishment of the Single European Sky (SES) initiative, aeronautical data describing 
performances of the Air Traffic Management (ATM) system in Europe have become highly available. 
However, even nowadays it is sometimes quite difficult to obtain aeronautical data required to study 
safety-related events. Primarily because of confidentiality policies and access control restrictions. With 
a goal to minimise the occurrence of such events a technological solution named Airproxy has been 
developed. By presenting its relevance, conceptual and methodological background and utilisation 
framework this review paper has for the main objective to spread a word about development of the 
separation minima infringement screening and reporting system. As a worldwide applicable solution, 
Airproxy can be used around the world by the scientists, researchers and all those who may face the 
issue of limited availability of aeronautical data required to study separation minima infringements. 
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1. INTRODUCTION 
Compared to earlier years, nowadays it is much easier to obtain aeronautical data required for the 

research purposes in the field of the ATM system in Europe. Technological advances, clearer definition 
of performance areas, indicators and their metrics, the promotion and the increasing adoption of an 
open-access framework combined with the greater availability of data describing performance of the 
ATM system in Europe can be cited as the main reasons for the aforementioned. The establishment of 
the Performance Review Body (PRB) and the Performance Review Unit (PRU) can be also perceived as 
contributing factors to the aforementioned. Briefly, the PRB is established to support the European 
Commission (EC) in the implementation of the Performance Scheme, while the PRU, as part of the 
EUROCONTROL, is responsible for data sharing and a public reporting of different number of Key 
Performance Areas (KPAs) and Key Performance Indicators (KPIs) [1]. 

However, meanwhile few crucial things have not changed. Even though safety represents one of 
four key performance areas of the SES initiative, when it comes to studying safety-related events 
scientists and researchers usually face the limited access to the aeronautical data required to conduct 
comprehensive assessments. As such, nowadays it is far easier to find data required to perform 
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economic or traffic modelling rather than data required to study safety-critical events. For instance, 
even the PRU [2] provides data categorised into areas of traffic, capacity and delay, efficiency, 
environment and economics - but omits safety-related data.

As the ability of development of new technological solutions with strong analytical capabilities 
becomes a key factor of individuals' market success [3], many are turning to development of tailor-
made solutions. Accordingly, nowadays many research institutes have started to progressively develop 
their own technological solutions enabling them to collect data and conduct research in the field of 
interest. Undoubtedly, in order to accommodate traffic demand while keeping airspace operations 
safe, the aviation industry needs new technologies and concepts powered by high-quality data [4]. 
However, there are few limiting factors hindering that. For instance, Rusu et al. [5] argue that the 
aviation management systems are generally based on old and disparate systems. Poor data quality 
used by embedded software also makes significant effects on further development of safety-critical 
systems [6]. Also, there is an issue of the complex design of the aeronautical data chain with numerous 
stakeholders involved and with a lot of transaction points - all of which play a critical role in producing 
and transmitting data of appropriate quality. Moreover, within the aviation industry still a significant 
part of the work is performed manually - on the paper. Last but not least, there are issues of inefficient 
information, limited use of information and difficulty of applying new services [7]. Therefore Dou [8] 
argues that one of aspects of how the aviation industry can be further improved is through 
development of aeronautical data and information sharing solutions and platforms. 

This review research paper presents a novel technological solution named Airproxy developed to 
provide data and information about separation minima infringement events. Accordingly, it detects 
events when prescribed separation minima is not maintained between aircraft. The main motivation 
(aim) behind this paper is to increase awareness of a developed solution among the academic 
community. Primarily as they usually face the issue of limited availability of aeronautical data required 
to study safety-related events. While the main outcome of the conducted Research and Development 
(R&D) activities is development of a novel technological solution, the main objective of this review 
paper is to spread a word about its development. Accordingly, its presentation has the purpose to 
minimise future occurrence of events of limited availability of data required to study separation 
minima infringements. Foreseen target audience of a novel solution are all those interested in studying 
the separation minima infringements. Thereby, even though this paper mostly refers to the area of 
European Civil Aviation Conference, Airproxy can be applied anywhere around the globe. 

From a conceptual aspect, it can be defined that this paper consists of five chapters. The first part 
represents the introductory part, while the second part provides a brief review of the relevance of the 
R&D outcome. The third part briefly presents the conceptual and methodological background of the 
developed solution, while the next chapter presents its utilisation framework. Lastly, the paper is 
concluded with a brief research overview. 

2. THE RELEVANCE OF THE RESEARCH AND DEVELOPMENT OUTCOME 
The main relevance of the developed solution stems from several aspects. For instance, in Europe 

it comes from the SES-related regulatory framework. More precisely, within Annex 1 KPI for target 
setting and indicators for monitoring of the Commission Implementing Regulation (EU) 2019/317 of 
11 February 2019 laying down a performance and charging scheme in the single European sky and 
repealing Implementing Regulations (EU) No 390/2013 and (EU) No 391/2013, the rate of separation 
minima infringements is specified as safety related indicator that needs to be monitored and reported. 
Accordingly, at national level Member States are required to monitor the rate of separation minima 
infringements calculated as the total number of separation minima infringements with a safety impact 
that occurred in that airspace divided by the total number of controlled flight hours [9]. Thereby, the 
rate needs to be monitored, estimated and reported for the whole calendar year. On the global level, 
relevance of the developed solution stems from the worldwide-applicable standards and 
recommendations defined by the International Civil Aviation Organisation (ICAO) [10,11]. 
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3. CONCEPTUAL AND METHODOLOGICAL BACKGROUND

3.1 System Conceptualization

Model conceptualization represents the most important activity in development of any system [12]. 
From a technical aspect, it can be defined that a developed solution consists of several hardware 
components and software applications. Through their interoperability developed solution executes its 
tasks. Figure 1 shows a simplified overview of system conceptualization in respect to applied hardware 
components and applied protocols. 

 
Figure 1  Simplified overview of system conceptualization [13] 

Furthermore, it can be outlined that the solution obtains raw aeronautical data from the Flight Data 
Providers (FDPs). In the context of the data aeronautical data chain, they represent data originators. 
Accordingly, developed solution undergoes all phases except the first one (data origination). It firstly 
undertakes respectively the second phase of the aeronautical data chain - data handling. It refers to 
any action which requires interaction with aeronautical data and information regardless of whether 
the aeronautical data and information may be altered by that interaction or not [14]. In continuation, 
data handling is followed by the data processing phase. Briefly, data processing includes conduction of 
any action which requires interaction with aeronautical data and which results in its alteration or the 
creation of new aeronautical data or aeronautical information. After new aeronautical data or 
information is obtained, in order to make it available for later use it needs to be stored. Hence, data 
storage refers to saving of aeronautical data and information into a data repository. Within the last 
phase - data transfer phase, aeronautical data and aeronautical information are transferred from the 
system to its user(s) via a developed interface. Thereby, it can be outlined that raw aeronautical data 
is autonomously obtained by direct electronic connection. That means that a digital connection 
between computer systems has been set up so that data is transferred between them without any 
manual interaction [15]. 

3.2 Methodological Background 
From the methodological aspect Airproxy relies on the adoption of the existing methodological 

frameworks as they were defined and adopted by the globally and regionally aviation-relevant 
institutions. That primarily refers to the ICAO, the Federal Aviation Administration (FAA) and the 
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European Organisation for the Safety of Air Navigation (EUROCONTROL) which had over the years 
developed and published various standards, recommendations, guidelines and metrics in the area of 
separation minima infringements. Thereby, the major part of adopted methodological background of 
developed solution stems from the separation methods and minima specifications detailed and 
illustrated within Chapter 5 of the ICAO PANS-ATM Doc 4444 [16]. 

In principle, the methods used to achieve separation are varied and complex, depending on the 
phase of flight and the relative trajectories of the aircraft involved. A loss of separation between 
airborne aircraft occurs whenever specified separation minima in controlled airspace are breached. 
Thereby, minimum separation standards are specified by the Air Traffic Service (ATS) authorities, based 
on the ICAO standards. Accordingly, national authorities lay down vertical and horizontal separation 
standards to facilitate the safe navigation of aircraft in controlled airspace. However, national 
separation standards must comply with the aforementioned ICAO Doc 4444. All differences from the 
ICAO standards (if any) must be published in national Aeronautical Information Publications (AIPs). In 
addition, a loss of separation between aircraft which are responsible for their own separation by visual 
lookout are 7]. Therefore, developed solution 
does not looks for separation minima infringements in the airspace class G. Additionally, as the ICAO 
specifies Vertical Separation Minimum (VSM) for Instrument Flight Rules (IFR) flight to a nominal 1000 
ft (300 m) below FL290 and a nominal 2000 ft (600 m) above FL290, except where Reduced Vertical 
Separation Minima (RVSM) apply, the solution was configured to these figures. Also, according to the 

, the Horizontal Separation Minimum was set up to 5 Nautical Miles (NM). Last but 
not least, it is important to outline that the threshold of the HSM can vary from one to another 
geographical area. As such, the HSM can be reduced from 5 to 3 NM in areas where the conventional 
surveillance systems' capabilities allow. Hence, a developed solution was configured so that its user 
has an option to modify the separation figures. 

4. UTILISATION FRAMEWORK 
One measure of the effectiveness or safety of the Air Traffic Control (ATC) is the number of 

occurrences of operational errors [18]. In that respect, the utilisation framework of the Airproxy is 
based on a four-step approach. The first, screening phase deals with the collection of the raw 
aeronautical data and its processing. The second, detection phase analyses processed aeronautical 
data and looks for the events of the separation minima infringement. In the case of detection of an 
event of separation minima infringement, the system stores all data associated with such an event 
(raw and processed data). The storage phase is followed by the reporting phase. Within that phase 
findings about separation minima infringement events are delivered to the end-user via developed 
interface. Lastly but not least, it can be outlined that the Airproxy can collect and process input data in 
approximately real-time and can run 24/7. Figure 2 shows a simplified overview of the utilisation 
framework of the developed solution. 

      

 
SCREENING      DETECTION       STORAGE                REPORTING

Figure 2  Simplified overview of the utilisation framework of developed solution [19] 
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5. CONCLUSION
Aviation industry is one of the industries that have always been a forerunner of research, 

development and implementation of advanced technological solutions. Thereby, development and 
implementation of technological solutions enabling automated data processing is of high importance 
for the aviation industry. Primarily because nowadays development of the aviation industry is 
conditioned by the technological development. However, also there is no progress if aeronautical data 
is not available to ones trying to put their heads together with a goal to find a way to further improve 
the efficiency of the aviation industry. In that context, this review paper presents a novel technological 
solution named Airproxy. Through its utilisation, the ones facing with the issue of limited availability 
of aeronautical data required to study separation minima infringements can map, analyse (e.g., 
through application of the point pattern analysis) and deepen their understanding of the areas and 
periods of occurrence of the separation minima infringement events. Last but not least, it is important 
to outline that the end-users of the developed solution can interpret or further manipulate obtained 
data in a way they want. To list a few, end-users can further use obtained data for the purpose of 
studying trajectory- weather implications, airspace 
configuration, situational awareness etc. As such, Airproxy and its findings can be of great value to its 
users as they can contribute to the achievement of great successes. Therefore, Airproxy should be 
perceived as an enabler of further opportunities utilisation and not exclusively as a solution that 
automatically and autonomously collects data, processes it and reports about separation minima 
infringement events.  
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