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ABSTRACT 

The present article focuses on the research and development planning for innovative railway systems. 

Within such a general framework, the specific objectives of the research have been defined within the 

framework of a large Intelligent Railway System project in Hungary. Our theoretical research work at 

the university is combined with practical experience gained at the Hungarian State Railways. In the 

course of this research work, the development of an intelligent railway system has been investigated 

by leveraging on the fruitful cooperation between academic and industrial partners, in order to 

promote the application and integration possibilities of the development results, as well as the 

introduction of innovative components in the railway system. In such a context, this article discusses 

the research plan, preliminary and long-term expected results, sharing objectives and experiences with 

the aim of providing novel views in an extremely current and challenging field of research. 
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INTRODUCTION 

The age of the elements of the Hungarian railway system automation can be compared to that 

of a middle-aged human. This fact has great importance when considering the operation of 

the system and the scheduling of its necessary reconstruction. Such reconstruction work must 

be scheduled by railway professionals many years in advance, on the basis of the data 

collected manually and of their professional experience, taking into account the economic 

circumstances and the limited human resources available. The railway sector faces multiple 

challenges at a European level, too. Participants of the railway sector are now developing a 

more service-centred attitude by focusing on passenger demands, while also making changes 

in operation by using the latest results of continuous technological advancements. The 

European Committee aims to make railway transport the backbone of European 

transportation. In order to take this leading role, however, it is necessary to increase the 

competitiveness of the railway with regard to other alternatives. In case of long-distance 

journeys, these alternatives are the low-cost flights and international bus services in Europe. 

Meanwhile, some other players have appeared recently in the field of mobility further 

expanding the range of travel options. Public transportation must compete with new service 

providers using unconventional business models, such as various car-sharing companies [1]. 

Further objectives include increasing the safety of railway transport, ensuring high-speed 

transportation, developing transport management at a European level and achieving 

sustainability in transportation. In the long term, the railway system providing energy-

efficient and reliable services can make part of a sustainable way of travelling which 

integrates various means of transport all over Europe [2-5]. 

Changing passenger demands generated by the transformation of the society – following the 

new trends in everyday life – call for the development of the railway industry and services, too. 

 
Figure 1. Gartner Hype Cycle for Emerging Technologies 2017, © Gartner [6]. 

Digitalisation has a significant role in this process, more specifically in the digital 

transformation of various transportation methods. Global technological concepts of 
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digitalisation, such as Internet of things (IoT), Big Data, Machine-to-Machine (M2M) 

communication, autonomous vehicles, robots and other emerging technologies are also 

gaining importance in the field of transportation (Fig. 1) [7-12]. 

For passengers, this means the provision of real-time travel information, a uniform ticketing 

system and increased automation in transportation [13]. 

RESEARCH OBJECTIVES 

The main topic of the research on intelligent railway information and safety systems can be 

made more specific by setting concrete objectives. Based on these objectives, the main lines 

of the research can also be defined. At the same time, the timeliness and significance of the 

topic of the research have also been pointed out [14, 15]. 

The fundamental research objective is to generalise, complete and expand the knowledge 

related to Intelligent Transport Systems (ITS), its various aspects and components that can be 

relevant from the viewpoint of railway systems (RITS – railway intelligent transportation 

systems [15]). The dominance of ITS in road transport can be disproved by modifying the 

common road-transport specific correlations [16-19]. 

In the course of the research, the following objectives have been set. 

Research objective 1: Specifying and summarising the timely definition of railway 

automation through international research, supplemented by the definition of the intelligent 

railway system [20, 21]. 

Research objectives 2: Defining the concept of machine intelligence through research, and 

analysing its application possibilities in transportation, and more precisely, in the railway 

system [22-24]. 

Research objective 3: Finding and specifying the necessary recommendations, methods and 

procedures to define machine intelligence in the railway system [22-25]. 

Research objective 4: Analysing and defining the requirements of developing an intelligent 

railway system [22]. 

Research objective 5: Discovering and examining the possible methods of developing an 

intelligent railway system [22]. 

Research objective 6: Enhancing the protection of critical railway infrastructure by finding 

new methods and procedures. Examining the effects of new intelligent system elements 

through their applicability [22, 26, 27]. 

Railway automation refers to the widespread use of infocommunication systems, the 

integration of system elements into networks and the generation of a growing amount of data 

on the network level. In the increasingly complex railway system, human problem-solving 

processes are being transferred to computers in order to improve efficiency in operation. 

The timeliness of the research can be illustrated by the ongoing developments, among which 

the example of the Mobility 4.0 initiative of the German railway must be specially 

mentioned. As a result of widespread digitalisation, German railway professionals managed 

to connect 200 trains into a uniform network. This will be further expanded in the future. 

Another result of this modernisation is that nearly 2 000 different parts can now be produced 

by 3D printing. According to plans, by the end of 2018, this new technology will be used to 

produce 15 000 different parts to ensure railway operation. The Deutsche Bahn group has 150 

ongoing projects which involve the digitalisation of transportation [28, 29]. 

RESEARCH METHODS 
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At the initial phase of the research, the general research methods have been employed. The 

method of comparison has been used to analyse the existing railway automation systems and to 

compare the concepts and practical examples presented in our earlier studies. Further methods 

used in this phase include the methods of reviewing the literature and providing definitions. 

At the next phase, a number of experiments are conducted in the research field based on the 

use of empirical methods, with a view to the non-disjoint competence fields of the topic. 

These experiments allow the verification of the observed facts. 

Finally, at the analysis of railway systems, the theoretical (primary) – logical (secondary) 

research methods are used. The conclusions of the hypothesis are made by synthesising the 

inductions drawn from the experience of individual cases and the deductions based on 

generalisations, by exploring the analogues between railway and other transport system 

applications (e.g. ITS) and by applying the scientific method of generalisation.  

The research is aimed at finding answers to the following research questions (RQ) in 

accordance with the objectives defined previously. 

RQ 1: What is the relationship between automation, digitalisation and the development of 

intelligent systems? 

RQ 2: What does machine intelligence (MIQ) mean and can it be measured and defined with 

regards to railway automation systems? 

RQ 3: Is there any relevance of the application of intelligent systems in the railway? 

The main hypothesis of the research states that it is possible to develop a technical system 

within the railway system to ensure high-level automation and to achieve the goals of 

increased railway safety, high-speed transportation and the support, management and 

sustainability of transportation on a European level. This system must also make part of the 

European cooperative Intelligent Transport Systems. 

OVERVIEW OF PRELIMINARY RESULTS 

This section provides a short summary of project plan and results of the preliminary study. 

The answer to the first RQ: Intelligent systems are highly automated systems. The progress of 

digitalisation can be simply illustrated by such global phenomena as the M2M or IoT. As a 

result of these global technological changes, automated systems will be able to offer extended 

functionality and a higher level of automation; as a result, the autonomy of those systems can 

also be increased [22]. 

The answer to the second RQ: The intelligence of machine systems can be fundamentally 

measured, as it has been described by numerous international studies. The above-mentioned 

autonomy is only one of the indicators that are able to characterise intelligent machine 

systems. In the current research, further indicators (e.g. Self-Organizing, adaptation, 

observability, etc.) have been defined that can be used to describe the intelligence of railway 

automation systems [30]. 

The answer to the third RQ: As an example, the EN50128 standard for railway applications 

mentions AI (Artificial Intelligence) Fault Correction in the first place among applicable 

solutions. Since the issuance of the standard in 2011, research on machine intelligence has 

provided further results. We believe those results will have even greater significance in the 

implementation of intelligent railway systems in the future. It is enough to mention, for 

example, the application of an expert system that is able to provide prediction analysis of the 

throughput capacity of railway infrastructure in real-time [31]. 
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The preliminary study that has been performed can be divided into two parts: theoretical 

(primary) research and logical (secondary) research. 

The elements of the theoretical (primary) research included a systematic review of the 

literature, standards, EU Regulations, Directives and other acts, Technical Specifications for 

Interoperability, resulting in fact and relationship findings as well as knowledge improvements. 

The elements of the logical (secondary) research included surveys with the participation of 

various players of the international railway industry (Operators, Infrastructure managers, 

Manufacturers, System integrators), resulting in speculative thoughts and railway-specific 

knowledge improvements. 

The results, conclusions and statements are here provided by synthesising the results of the 

primary and secondary research by sub-topics (e.g.: railway automation, ITS, creating new 

definitions, implementing the methods of using machine intelligence in railway systems, 

defining the Hungarian Digital Railway Strategy, etc.). 

According to their areas of application, the results of the research can be divided into two main 

categories. Results can be relevant both in academic/theoretical and in industrial/practical 

fields. The two-phase (preliminary) research provides the basis for the research, development 

and innovation projects currently underway at the university. Therefore, the results of our 

research will be directly used in the development project (“The Development of Integrated 

Intelligent Railway Information and Safety System”) lasting until 31/10/2020. 

Academic/theoretical results: It can be expected that the work of the research, development 

and innovation team (approximately 80 people) at the university will bring long-term results 

in the research of the designated topic, in the field of disciplinary research, extending 

curriculum and applied research. In order to start the project, it is necessary to conduct 

preliminary studies, which provide bases for the research work at the university. The results 

described in the present article can be considered as the results of the preliminary study, as 

they can help to conduct the original research to gain new knowledge. The R&D (Research 

and Development) project of the university is directed toward a specific practical objective 

and will have final results that can be applied in the railway system. 

Through the project organisation, a research and development team has been created which is 

able to deliver a project whose ambition is to be competitive at international levels. Until 

now, it has not been common to build a project organisation of this size around a single topic. 

Consequently, one of the significant results of our research in the academic world is that it 

has allowed the creation of this research infrastructure by specifying appropriate development 

plans and procedures. This means that, through the study of the appropriate system of rules, 

we have created the environment for a high-quality and highly-dependable (e.g.: SIL 4) 

development work. Our preliminary research has provided the bases for the start of more 

specific research projects, the circumstances of which had not been ensured at the university 

before. Our research, therefore, can be regarded as a kind of combination among 

meta-research, feasibility study and multi-year plan from the viewpoint of academic research.  

Besides the main research and development staff, BSc, MSc and PhD students are also 

involved in the university project, working in 17 workgroups and 21 work packages. These 

students are expected to write various scientific studies and publications in this field, and the 

project offers topics for theses and dissertations, too. 

Industrial results include a pilot project, product and technology development and at least one 

patent application. 
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The impact of our preliminary study can be of direct use for the industrial partners of the 

project (consortium members), as by the end of the experimental development based on this 

preliminary study, a marketable product will be created (i.e. project results feature a very 

high Technology Readiness Level). The expected product will go through a conformity 

assessment carried out by a notified body, and it must be tested in a pilot project and 

approved by at least one national authority.  

The knowledge synthesised from the results of the preliminary studies, the original research 

and the practical experience will allow industrial partners to create new products, new 

devices, new systems and to introduce and develop new services, which, in the long term, 

will have an effect on multiple players of the railway industry e.g. Operators, Infrastructure 

managers, Manufacturers, System integrators, etc. The Integrated Intelligent Railway 

Information and Safety System and its various elements (e.g.: control device, HMI, etc.) can 

be considered as an example of such a new product. Furthermore, the protection of innovations 

and intellectual contents must be also ensured within the framework of this project. 

SUMMARY OF THE RESEARCH PLAN 

The present research work provided the basis for a number of theses considering the 

development of interoperable railway system energy (ENE) and control-command and 

signalling system (CCS). These theses are discussed in view of the objectives and previously 

defined research questions. 

Thesis 1: Automation and digitalisation determine the characteristics and implementation of 

intelligent systems [5, 15, 22, 30, 32]. 

Thesis 2: The intelligence of machine systems can be defined by using Smartness 

Indicators [5, 13, 14, 33]. 

Thesis 3: Intelligent systems have an important role in ensuring sustainability and the well-

being of humans [5, 34]. 

Thesis 4: By increasing the adaptability of critical railway infrastructure, its vulnerability can 

be reduced [5, 16, 33]. 

Thesis 5: Adaptability can be achieved through the application of intelligent system 

elements [5, 33]. 

Thesis 6: In a complex, multi-level system, both distributed and centralised intelligence can 

be used [5]. 

Thesis 7: The criticality of system elements can be defined. The integration of the 

subsystems with the same level of criticality can ensure the flexibility of the system [5]. 

Thesis 8: Intelligence, as an element of the railway infrastructure, can be measured and 

planned [5, 13, 14, 16]. 

APPLICATION AND DIRECTIONS FOR FUTURE RESEARCH 

The current and expected research results of this project can be generalized to several fields of 

technical sciences, more specifically in military technical sciences, as well as in experimental 

development for military and defence purposes, as well as in various technological and 

technical innovations. Those research results can be used in particular in protecting critical 

infrastructures, and applying advanced processes and devices in the field of safety technology, 

technical safety and industrial automation, as well as in other related scientific and 

engineering field, whether railway-specific or not. Results include the development of  new 

procedures, methods and technologies for railway automation, providing new procedures for: 
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 planning the implementation of the Intelligent Railway System 

 elaborating a new general model of such system,  

 describing and explaining the operation of intelligent elements in the railway system 

 creating a new framework to measure the intelligence of the railway system [35, 36]. 

In general, the relevance of scientific results in the field of technical sciences can be 

determined by their roles in the industrial development. The above research results have not 

yet been put into everyday practice in the main railway environment. However, considering 

the current social changes in Europe and in the world, it is clear that further research work 

needs to be done in the field of transportation. 

In recognition of the stated issues, the research performed at Óbuda University for several years 

has effectively supported the conceptualisation and planning phase of the railway system 

consisting of intelligent elements, namely IntelliSys-R (Intelligent System for Railway [22]). 

CONCLUSIONS 

There is a growing demand for implementing various railway developments [37] on the bases 

of the latest scientific results. Intelligent transport systems will have to provide a holistic 

solution for all transportation means. The infrastructure of transportation (including its 

vehicles) can be considered critical from the point of social well-being; therefore its 

protection is of primary importance. Machine intelligence and smart systems are transforming 

our societies, and intelligent machines must also be used in the railway system, in view of the 

exponentially growing complexity of such infrastructural networks. Networking and 

communication-based operation will also have an increasingly important role in railway 

systems. A large amount of data [38] generated by the network-based operation will be 

automatically transformed into information allowing the basic forms of automatic operation 

in the railway system. In conclusion, the use of machine intelligence will lead to increased 

efficiency, sustainability and safety in transportation in the future. 
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