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The Global Air Navigation Plan (GANP) is a flexible global engineering approach that allows all States to advance their Air 
Navigation capacities based on their specific operational requirements. Aviation professionals have an essential role in the transition 
to, and successful implementation of the GANP. The development of new air traffic control technology requires new competencies 
from operational and maintenance personnel under the circumstances. And this, in turn, requires new education curricula for initial, 
vocational and advanced training in this area. 

The paper is focused on the creation of methodology for the partial automation of the comparison of existing and required 
competences of Air Traffic Management (ATM) personal and synthesis of training courses and modules, using a formal, ontology-
based approach as a tool to solve these problems. One of the problems in the implementation of the GANP is that, on the one hand, 
there are currently no unified requirements for all categories of ATM personnel, and on the other hand, the development of ATM 
technologies is far ahead of the pace of training of personnel of appropriate qualifications. This problem becomes even more noticeable 
in countries that have just started an active modernization of ATC systems and do not have enough experience in this field. 

The paper describes the general methodological approach based on the education ontology modelling for human competency 
gap analysis in ATM and for gap analysis between the university curricula outcomes and the ATM requirements. The ontology of key 
personnel competencies issues for the design and integration of large-scale future ATM programmes is proposed.   
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1. Introduction 

Aviation is one of the most dynamic modes of transport. Traditional organization for Air Traffic 
Management (ATM) with strong defined air corridors and constant monitoring of air traffic by controllers 
is not enough today.  

The Global Air Navigation Plan (GANP) represents a strategic methodology which leverages 
existing technologies and anticipates future developments based on State/industry agreed operational 
objectives (ICAO, 2016). The GANP explores the need for more integrated aviation planning at both the 
regional and State level and addresses required solutions by introducing the consensus-driven Aviation 
System Block Upgrades (ASBU) systems engineering modernization strategy. The Block Upgrades will 
enable aviation to realize the global harmonization, increased capacity, and improved environmental 
efficiency that modern air traffic growth now demands in every region around the world. The GANP also 
outlines implementation issues involving the near-term performance-based navigation and Block 0 
Modules and the Planning and Implementation Regional Groups (PIRGs) that will be managing regional 
projects. 

Aviation professionals have an essential role in the transition to, and successful implementation of 
the GANP within PIRGs activities (Fig.1) (ICAO, 2017). The system changes will affect the work of many 
skilled personnel in the air and on the ground, potentially changing their roles and interactions and even 
requiring new proficiencies to be developed. Furthermore, with the expected growth of aviation, it is critical 
that enough qualified and competent personnel are available to ensure a safe and efficient aviation system 
(EUROCONTROL, 2010). 

Investing in human performance will help to reduce industry costs, and improve overall 
organizational performance by: 

• improving system design, development & implementation processes and outcomes, 
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• improving selection, recruitment, staffing, 
• improving work organization, 
• improving procedures and training, 
• improving system safety, 
• improving transition into operations and the social acceptance of changes. 
It is therefore critical that the concepts being developed within the GANP take into account the 

strengths and weaknesses of existing and future skilled personnel at every juncture. All actors with a stake 
in a safe air transportation system will need to intensify efforts to manage risks associated with human 
performance and the sector will need to proactively anticipate interface and workstation design, training 
needs and operational procedures while promulgating best practices. 

 

Figure 1. Regional planning process 

One of the problems in the implementation of the GANP is that, on the one hand, there are currently 
no unified requirements for all categories of ATM personnel, and on the other hand, the development of 
ATM technologies is far ahead of the pace of training of personnel of appropriate qualifications. This 
problem becomes even more noticeable in countries that have just started an active modernization of ATC 
systems and do not have enough experience in this field. In particular, Georgia is among the countries 
mentioned. On 1 January 2014, Georgia becomes EUROCONTROL’s 40th Member State, so during 
previous years very quickly develop the technological environment. The official statistics of SESAR 
baseline shows that in Georgia optimized ATM network services - 47%, advanced air traffic services - 70%, 
high performing airport operations - 100%, enabling aviation infrastructure -73% (EUROCONTROL, 
2017). At the same time official investigation reports of aviation accidents and incidents during previous 
years on the territory of Georgia shows that, unfortunately, there are several incidents, which have the direct 
connection with the human insufficient competencies in ATM during the operation.    
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An additional problem under these conditions is that it is difficult to identify competencies of 
personnel that require development in order to meet the requirements of modern ATM technologies and in 
the same time it is difficult to understand the gap between the training curricula outcome and the industry 
requirements. 

The paper is focused on the creation of a novel methodology for the partial automation of the 
comparison competences of ATM personal and synthesis of training courses and modules, using a formal, 
ontology-based approach as a tool to solve these problems. 

2. Research Methodology 

The aim of the study is to develop a methodological approach based on the ontology-based modelling for 
human competency gap analysis in ATM and for gap analysis between the university curricula outcome and the 
ATM requirements. 

The main objectives of the research are as follows: 
1. To create ontology for the formal representation of an educational course, its modules, learning outcomes 

and keywords. 
2. To propose a methodology for the partially automated population of the ontology based on programme 

specifications and module templates. 
3. To design, implement and evaluate an ontology alignment algorithm for ontologies of the educational 

courses and modules. 

The main research question and the objectives of this work are the following: 
1. Which information about educational courses and modules should be used for comparison with necessary 

competences of ATM personal and how will it be stored in ontology? 
2. How to automate the population of the ontology with the data from the documents? 
3. What is the alignment algorithm for ontologies of educational courses and modules? Which similarity 

measures should it utilize? 
The main contribution of this work is ontology alignment-based methodology for the automated comparison 

of education courses and modules, belonging to the cognitive learning domain, for development necessary 
competences of ATM personal in new technological environment. 

3. Early Results 

At the first stage of research the general approach for staff development was proposed (Fig.2).  
This approach is based on three models of competencies: 
1. The competencies required for GANP implementation; 
2. Competence actually available for individuals of ATM staff; 
3. Competences that are formed by existing programmes, courses and modules in the process of 
education and training (E&T). 

 
Figure 2. General model of ATM staff development 
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The input for the first model created on the base of analysis of ATM services taxonomy and 
necessary competencies (knowledge, skills, and attitudes) for staff for GANP implementation. 

The input for the second model created on the base of analysis and testing of real competences of 
real individuals, who work in ATM enterprise, on the base of surveillance and set of questionnaires.  

The input of the third model created on the base of analysis of the key components (outcomes) that 
are formed in the process of training the staff in the existing E&T courses and modules. 

The core element of all three mentioned models is the matrix of competences (Fig.3). 
 

 

Figure 3. Matrix of competences 

These matrices are formed for each of three models from the sets of necessary competences in the 
field of knowledge 𝐾 𝑘 , 𝑘 , ∀𝑖, ∀𝑘, ∀i,∀k , skills 𝑆 𝑠 , 𝑠 , ∀𝑖, ∀𝑠, and attitude 𝐴 𝑎 , 𝑎 , ∀𝑖, ∀𝑎 
formed on the basis of the input requirements of each model. 

The set of inputs and matrix for each of three models were converted to the three ontologies. 
Ontology was chosen as the data model due to its ability to formally specify semantics, to represent 
taxonomies and to make inferences regarding data.   

According to (Borisov et al., 2014), ontology should characterize conceptualization and should 
restrict the possible values of predicates and functions in order to agree on knowledge representation in a 
certain logic-based language. In this view, ontology refers to a logical theory in which axioms restrict the 
interpretation of non-logical symbols of the language. 

Thus, informally, ontology is a description of the system of views concerning a data domain as 
applied to a certain task. An ontological description includes the terminology and the imposed rules that 
restrict the definitions and the relationships between the terms. Formally, ontology is a system of concepts 
and a set of assertions, based on which a system of classes, objects, relations and inferences can be built. 

In (Euzenat and Shvaiko, 2007) ontology defined as the following tuple, which is added in the study 
by set A of axioms: 

  𝑂 𝐶, 𝐼, 𝑅, 𝑇, 𝑉, 𝐴, ,⏊, ∈,  

where: 
C is the set of classes used to store the sets of individuals in a domain of interest, 
I is the set of individuals, which are particular objects in the data domain of interest, 
R is the set of binary relations, either between two individuals (known as Object property), or 

between an individual and a data type (known as Data type property),
T is the set of data types (for example, integers, strings), 
V is the set of particular values (C, I, R, T, V being pairwise disjoint), 

 is a relation on  𝐶 𝐶 ∪ 𝑅 𝑅 ∪ 𝑇 𝑇  , called specialisation, 
⏊ is a relation on 𝐶 𝐶 ∪ 𝑅 𝑅 ∪ 𝑇 𝑇 , called exclusion,
∈ is a relation over  𝐼 𝐶 ∪ 𝑉 𝑇 , called instantiation, 

= is a relation over 𝐼 𝑅 𝐼 ∪ 𝑉 , called assignment.
A Is a set of axioms, which consist of logical statements that are always true, and the knowledge 

that can be derived from them. They may contain ontology restrictions (constraints) that are 
imposed on the values of properties. The types of constraints depend on the expressiveness of 
the ontology representation language. 

 
This definition includes the concepts of classes, objects and data type relations. It enables the 

representation of the classes’ taxonomies and hierarchies of properties, the instantiation of classes and the 
assignment of relations. At the same time, it is easily readable and clear in terms of human understanding.   
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Description logics are a family of mathematical logics and are a decidable subset of first-order logic 
(Tsarkov and Horrocks, 2003). It is a set of knowledge representation formalism that represents a data 
domain by defining the concepts and terminology of the domain of interest, its objects and individuals. 
Description logics provide formal, mathematically based, semantic definitions of concepts. It is suited to 
reasoning, which allows for making logically proved assertions using statements that already exist. A 
knowledge representation system based on description logic enables the creation of knowledge bases, 
reasoning regarding them and the management thereof. Description logics are widely used for ontology 
modelling. 

A significant number of ontology editors have been designed today. For ontology models building 
we use open-source ontology editor Protégé 2000 tool that allows a user to construct domain ontology, 
customize data entry forms and enter data (Protégé, 2017). The tool can be easily extended to access other 
knowledge based embedded applications. 

At the first step of the research the ATC maintenance and technical support (MTS) service modelling 
approach is developed on the base of ontology engineering methodology for hierarchical description of 
services. The relationship between ATC demand and provider model is based on the developed quality of 
service system (QoS). The model synthesis is starting on conception model level for ATC services. The 
synthesis methodology derived for ATC specific modelling proceeding is represented in Figure 4 (Kundler, 
2014).  

 

 
Figure 4. The synthesis methodology 

The synthesis is performed by following steps: 
 Development of service taxonomy using components of ontology engineering; 
 Execution of service discovery; 
 Composition of services; 
 Orchestrations of service classes. 
 

The ontology approach identifies the different ATC service domains, core concepts and service 
classes. The ATC service taxonomy is presented by a three-partition level graph, which is shown in Figure 5 
(Kundler, 2014). 
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The development of ATC service taxonomy is performed by selected steps of ontology design 
principles. The aim is to develop a formal structured taxonomy and class hierarchy of ATC services, 
relations and objects as a preparation and frame for service process modelling. Each class hierarchy is 
decomposed into detail sub classes by detailed ATC Operational Controller; ATC maintenance and 
technical support ATC QoS class hierarchies. 

 

 
 

Figure 5. ATC service taxonomy graph 

 
The ATC service ontology development includes the ATC service class hierarchy, Object and Data 

proprieties. An interactive-navigating Onto Graph Model is developed by the Open Source Ontology Editor 
Protégé 2000 (Fig. 6). 

 

 
Figure 6. Service ontology for ATC class hierarchy 

At the next step of the general model (Fig. 2) the algorithm for the comparison of gap between 
necessary for GANS implementation and real competences of ATM staff and algorithm for the comparison 
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of gap between requirements for the development of individual competences and real competences that 
formed by existing educational courses and modules were developed. 

As a result of the research, it will be possible to form formal procedures for synthesis of content for 
courses and modules for upgrade of ATM staff competence. 

During the research the ways and erected models between personnel competencies and new 
technological environment to make them harmonized and as a result have an increased safety, capacity and 
efficient level of ATM operation for the future growth requirements of air transportation in Georgia were 
found. 

4. Conclusions and Future Study 

By proposed research plan one of the main goals is to answer the following open questions: What 
the procedures and requirements do we need to become educational and real airport environment 
harmonized in Georgia? What type of updated training methodology do we need for the industrial practices? 
Where is the main difference between international and national models of aviation education?  As well we 
have planned regular meetings with the professionals, academic staff and students of field, their critics, 
questions, and ideas are very important for us to develop new stage of research, included the development 
of new part of curricula for vocational educational program such as “ground air navigation systems 
maintenance” and specific training methodology for potential maintenance staff of ATM. Through the use 
of different aviation educational and professional facilities we continue visits for practically study of real 
technological environment and in laboratory conditions make experiments connected with the new 
technologies, which help to erect mathematical and simulation models for effective harmonization of 
competent personnel skills and innovative technologies in ATM.  
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