
 

 

 
 

Budapest University of Technology and Economics 

 

 

 

Development of Disruptive Technologies and Solutions 

for Future Aviation 

 

Habilitation Thesis 

 

 

Presented by 

 

Dániel Rohács, PhD 
Associate Professor, head of Department 

 

 

 

 

 

 

 

 

 

 

 

Habilitation Committee of the Faculty of Transport Engineering and Vehicle Engineering 

Budapest University of Technology and Economics 

 Budapest, 2020  



Rohács Dániel 

2 

 

 

Abstract 

 

Aeronautics and air transportation is in a transition phase from a second to a third “S” – 

curve of technological development. The stakeholders’ high level groups and leading 

institutions define the objectives of the future developments and aiming to support the 

future developments. The coming technologies might be developed by maintaining and 

improving the existing technologies or by developing and implementing radically new, so 

called disruptive technologies. 

Researchers of countries with limited aeronautical industry and limited support in 

aeronautics research might contribute to the future aviation by using the existing 

technologies to the new areas and / or developments, study and implementing the 

disruptive technologies.  

The overall objective of this thesis booklet is to summarize the own activities in the 

development of disruptive technologies, and their potential application in the future 

aviation technologies. This covers (i) the selection and deployment of the disruptive 

technologies and solutions, (ii) the prediction and demand analysis – applied to small 

aircraft transport, (iii) the development of the safety and security philosophy for personal 

aircraft transportation systems, (iv) the development of a total impact analysis 

methodology and new approach to aircraft conceptual design and (v) the integration of 

drones in the smart city transportation system.  

 

The major results of the related research activities and the development of the core areas 

are summarized in the following theses.  
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1. Introduction 

The history of air transport and generally the development of aeronautics might be 

approximated by S- curves known from innovation diffusion theory (Rogers, 2003).  

In these days, after the first era related to pistons, the second era and jet S – curve is about 

to end. Therefore, the stakeholders high level groups, leading institutions, aircraft 

producers, operators and policy makers developed challenging visions (National, 2002), 

(ACARE, 2011), and objectives of the future aviation segment (Startegic, 2011), (FAA, 

2016)  based on new, disruptive and radically new technologies, solutions.  

 

Figure 1. Areas having strong influences on the future aviation (National, 2002) 

Researchers of countries with limited aeronautical industry and inadequate support in 

aeronautics research (like of Hungary) might contribute to the future aviation by (i) using 

existing technologies in new areas (like the development of drone applications), (ii) 

joining to major industry players (as Airbus, or DLR) and / or (iii) developing, studying 

and implementing disruptive technologies, radically new solutions.  

The development of future aviation might be initiated with the generation of new 

operational concepts, the identification of the new and emerging technologies, the 

evaluation and selection of the identified technologies, the development of the new 

solutions, and the test, certification of the new products and services including a total 

impact evaluation. Such methodology was applied – for example – in the EU FP7 Gabriel 

project, (Gabriel, 2011 - 2014), (Rohacs & Rohacs, 2016), managed by the author of this 

thesis. 

The overall objective of this thesis booklet is to summarize the own activities in the 

development of disruptive technologies, and their potential application in the future 

aviation technologies. This covers (i) the selection and deployment of the disruptive 

technologies and solutions, (ii) the prediction and demand analysis – applied to small 

aircraft transport, (iii) the development of the safety and security philosophy for personal 

aircraft transportation systems, (iv) the development of a total impact analysis 
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methodology and new approach to aircraft conceptual design and (v) the integration of 

drones in the smart city transportation system.  

These problems in fact represent the general process of developing new technologies and 

concepts, upon the elements specified in the Figure 2.  

 

Figure 2. General process of developing new technologies and concepts 

All the research activities outlined in this thesis were supported with national and / or 

international (EU supported) projects. Investigations were performed by high level 

professional methodologies (applied to research, model-formation, modelling, 

simulations, testing, impact evaluation) being combined with economic assessment and 

innovation development processes.    
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2. Research problems and their potential solutions 

2.1. Motivation - Overall objective 

The author of this thesis developed his knowledge and competence at different high level 

universities, international organisations, and was involved in numerous national and 

international projects with several universities, research centres, institutions. All projects 

and research activities performed aimed to develop radically new and disruptive 

technologies / concepts. In certain projects, such as the development of personal air 

transportation system, or magnetic levitation to assist the aircraft take-off and landing 

processes) even society expectations and acceptance problems were investigated and 

managed.  

The topic defined as “Developing the Disruptive Technologies and Solutions for Future 

Aviation” might be seen complex. However,  

(i) future accelerated developments require new, radically new technologies 

and solutions to reach the ambitious objectives defined by high level groups 

of stakeholders and policy makers, 

(ii) EU transport – including aeronautics and air transport –supporting the 

international research programs are heavily focused on disruptive 

technologies and solutions, 

(iii) the development of the future disruptive technologies and concepts – 

including their investigation, testing, implementation and certification – 

might be supported with integrated and uniform general methodologies. 

These facts support the research activities in the field of developing disruptive 

technologies and concepts (see Figure 2.).   

The overall objective of this thesis booklet is to provide a short summary of the results 

related to the author in the development of disruptive technologies, their study and 

application in the future aviation context.   

The overall result of the author is the contribution to the creation, investigation, test and 

implementation of future disruptive technologies and solutions supporting the 

development of the air transportation segment.  

 

This thesis deals with material sciences, industrial and production systems and 

management. It is only focused on aircraft (including core systems and sub-systems) and 

air traffic management areas.  

2.2. Definition of the problems investigated 

The thesis booklet describes possible solutions for the core problems related to the 

general process of developing new technologies and concepts (Figure 2.). The author of 

this thesis booklet played an active and team / project leading roles.  
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The five selected problems (as tasks) and their developed solutions covered in this thesis 

are the followings: 

(i) the selection and deployment of the disruptive technologies and solutions,  

(ii) the prediction and demand analysis – applied to small aircraft transport,  

(iii) the development of the safety and security philosophy for personal aircraft 

transportation systems,  

(iv) the development of a total impact analysis methodology and new approach to 

aircraft conceptual design 

(v) the integration of drones in the smart city transportation system.  
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3. Results of research, development and innovation - theses 

3.1. Selecting, developing, and deploying disruptive technologies and 

concepts  

The problem: there is no adequate method for the identification, evaluation, selection and 

development of disruptive technologies, while the future aviation targets require radically 

new methods, concepts and systems.  

3.1.1. Definition and classification of technologies and solutions 

Technology is a set of knowledge, human, energy, financial resources, tools, machines, 

organizational methods, human actions to support products or services developed for 

public goods (Dosi, 1982) (Montobbio, 2003).  

The development of the new technologies appears in three different forms. First, the 

innovative technologies (Rothwell, 1994), (Dodgson, Gann, & Salter, 2002) improve the 

existing technologies, existing solutions. Such technologies are often called as sustainable 

technology, seeing that it sustains the continuous development of the existing systems.  

Secondly, radically new solutions are called as the development of disruptive 

technologies (Christensen, 1997). Such technologies destroy the existing systems and 

develop new solutions and even market for these new solutions (products or services). 

The new technologies overcome the existing technologies (such as gas turbine caused a 

step changes in air transportation). Therefore, the disruptive technologies initiate radical 

changes in the given area of economy and a step change in the technological level 

(Norman, 1998) (Kroo, 2004). 

Finally, the third type of new technologies is the subversive technologies that cause 

radical changes on the society level.      

3.1.2. Technology identification, evaluation and selection 

The technology identification, evaluation and selection (TIES) is a central problem of the 

development and application of disruptive technologies and solutions. Probably, the most 

known and applied TIES method was developed by Kirby (Mavris & Kirby, 1999), 

(Kirby, 2001). This TIES integrates a set of different methods (such as quality function 

deployment, concept and design space definition, morphological matrix, design – 

management – integrated product teams, physics – based modelling and simulations, 

operation optimization system, advanced life cycle cost analysis, response surface 

equation, modelling and simulation with Monte Carlo simulation, fast probability 

integration, technical metrics, “k” factors, compatibility matrix, technology impact 

matrix, technology mappings, decision matrix, multiple attribute decision making, 

technology readiness level, technology frontiers, resources allocation.) into one unique 

and generally applicable methodology. This methodology combines the mathematical 

models, physics – based simulation, with non-mathematical methods as “k” factors and 

the systematic approaches in TIES. 
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The existing TIES have severe difficulties. As usually, there is limited information on the 

radically new technologies and the possible solutions applying those new technologies. 

Therefore, the classical TIES technique was adapted to the selection of the radically new 

technologies and a new methodology was developed for the evaluation of the new 

solutions. (Figure 3.).  

  

Figure 3. Methodology of identification, evaluation and selection of radically new technologies and 

concepts. 

This new methodology is summarised by the following new utility model.  

 

𝑢𝑠(𝑥1, 𝑥2, … 𝑥𝑛, 𝑦1, 𝑦2, … , 𝑦𝑚 )

= ∏ 𝛿𝑖(𝑥𝑖)

𝑛

𝑖=1

(∑ 𝑤𝑥𝑖

𝑛

𝑖=1

𝑥𝑖 + ∑ 𝑤𝑦𝑗

𝑚

𝑗=1

𝑥𝑗) ,             ∀𝑠 
(1) 

 

where u is the utility for s = 1, 2, … , q number of solutions depending on the 

𝑥1, 𝑥2, … 𝑥𝑛,    𝑦1, 𝑦2, … , 𝑦𝑚 operational solutions and measurable criterions, 𝛿𝑖(𝑥𝑖) is a 

symbol, working with analogy to Kronecker symbol, it is one if the (𝑥𝑖) ∈ {𝑥𝑖,𝑚𝑖𝑛 ÷

𝑥𝑖,𝑚𝑎𝑥} and zero if not and w is  the weighting coefficient.    

This methodology includes three evaluations, which might be even applied separately: (i) 

the first supports the decision on whether the new solution can be used or some of its 

characteristics / performance is out of the operational zones, (ii) the second evaluates the 

solutions against their operability in different operational phases, while (iii) the third 

calculates the criterions.  

 

3.1.3. Disruptive technology development 

The L1 level Gabriel project is a good example of developing radically new technologies 

and solutions. In the development of maglev power to assist the commercial aircraft take-
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off and landing processes, European research and development is World leading 

(NAVAL, 2016), (Batenin, Bityurin, Ivanov, Inozemzev, & Gorozhankin, 1997).  

The Gabriel consortia introduced an original idea (Figure 8.) and tried to show the 

feasibility of this new idea by using existing and well-applied methods (Rohacs J. , 

Rohacs, Jankovics, Voskuijl, & Sibilski, 2012), (Rohacs J. , Rohacs, Schmollgruber, & 

Voskuijl, 2012), (Schmollgruber, et al., 2012) , (Rohacs & Rohacs, 2014). However, due 

to the unusual solutions, numerous original and new scientific methods were elaborated 

and applied. Some of them are outlined by this thesis booklet, such as the development of 

the disruptive technology identification, evaluation and selection, security risk prediction 

of radically new solutions and total impact analysis (Majka, et al., 2013). Other problems 

such as the physics-based modelling of the acceleration, deceleration of the sledge by 

magnetic levitation technology, the concept development, the selection of maglev 

supporting system, the conceptual design of the Gabriel concept, the study on aircraft 

aerodynamics and flight performance, especially the take – off and landing performance 

of the undercarriage-less aircraft, the redesign of the aircraft without an undercarriage 

(Figure 4) (Rogg, et al., 2013), (Schmollggruber, Rohacs, Voskuijl, & Andreutti, 2013), 

the complex simulation of aircraft motion (Figure 5.), the study of the precision landing in 

simulation and in the developed small demonstration models (magnetic track and UAVs) 

were solved by a standard scientific approaches (Siepenkötter, et al., 2014). 

 

 

 

 

Figure 4. The optimization process of the adapted aircraft  

(major contributor: The French Arospace Lab – ONERA ONERA (Schmollggruber, Rohacs, Voskuijl, & 

Andreutti, 2013)) 
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No belly-fairing 

A320E-Taxi 
 

 

 New engine 
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New wing 
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Figure 5. Simulation study on rendez-vous control: landing of aircraft on the moving sledge  

(major contributor Delft University of Technology) (Pool, et al., 2013), (Rohacs J. , Rohacs, Graaff, Kocsis, 

& Guraly, 2014))   

One of the most interesting study was conducted in the development of a so-called 

rendez-vous system, being responsible to permit landings on the maglev levitated sledge. 

The original target was to reach a landing accuracy of ± 1 m in any direction. Therefore, 

a dedicated control system was developed, which harmonized the motion of the aircraft 

and the sledge moving on the maglev track. The motion control was based on measuring 

the relative distance between the aircraft and sledge, and a special supporting system. 

The control system was based on optical sensing (Figure 6.). Simulation and real flight 

tests validated the concept and the feasibility of the control system upon the targeted 

accuracy.   
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Figure 6. Principle of the rendez-vous control system rendezvous control (Pool, Rofalski, Siepenkötter, 

& Voskuijl, 2014)  

 

The developed ground supporting system had a dedicated screen to facilitate the duties of 

the pilots during the rendez-vous (Figure 7.). 

 
Figure 7. Rendez-vous supporting information screen (Schmollgruber, et al., 2014) 

 

 

Thesis I.  

 

 

3.1.4.  Implementing the developed methodology 

Most importantly, the methodology created was applied to the development of the EU 

FP7 project titled “Integrated Ground and on-Board system for Support of the Aircraft 

 

I have adapted the technology identification, evaluation and selection method to the 

selection and development of disruptive technologies and radically new solutions 

(structures, systems, or services). This method is based on the development of a design 

matrix (of the potential solutions) and its evaluation (upon the operational phases, as 

well as the weighted scores of operability and other selected criterions). I made a major 

contribution to the development of the Gabriel concept (using magnetic levitation 

technology to assist the aircraft take-off and landing): I defined and designed the 

methodology of the feasibility study of the concept. I have defined the concept 

validation test including the concept of rendez-vous control and developed a supporting 

system for the pilots.  



Development of Disruptive Technologies and Solutions for Future Aviation  

17 

 

Safe Take-off and Landing study (GABRIEL)” (Rohacs & Rohacs, 2014). The author of 

this thesis was the technical manager of the project.  

The Gabriel project (Gabriel, 2011 - 2014) is a L1 level EU supported project, which 

investigated how magnetic levitation might be used – as a ground-based power – to 

support the aircraft take-off and landing processes. Such radically new disruptive 

technologies and solutions might be developed by thinking out of the box (Truman & 

Graaff, 2007), (Rohacs & Rohacs, 2015). The methodology introduced here on the 

selection, development and deployment of disruptive technologies was used in the 

concept generation, and also along the conceptual design, verification / validation duties 

(Rohacs & Rohacs, 2014).  

This project assessed the possible improvements of the aircraft take-off and landing 

processes (Rohacs J. , Rohacs, Jankovics, & Schmollgruber, 2012)  (Rohacs & Rohacs, 

2014). It was found that the use of magnetic levitation technology is the most promising 

technology for radically increasing the efficiency or air transport and decreasing the 

environmental impact at the airport vicinities. Altogether nine possible application 

techniques of magnetic levitation were defined, including their core operational phases. 

For the selection of the most adequate option, an evaluation technique based on 15 

criteria was used, such as environmental friendliness, complexity, safety or costs 

(Schmollgruber, et al., 2012), (Rohacs & Rohacs, 2016). This resulted in the 

configuration based on a cart with gears and a sledge being levitated above the maglev 

track (Figure 8.). 

 

Figure 8. Operational concept of the Gabriel project (achieved by the developed technology 

identification, evaluation and selection methodology)  

 

In another application of this methodology, the conceptual design of a cargo UAV 

resulted in unconventional forms of structural solutions (Gal, Rohacs, & Rohacs, paper 

ICAS2018_0697, 2018).  
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Altogether, the developed methodology and its application was applied in the PPlane 

project (Rohacs J. , et al., 2011), the Gabriel project (Rohacs J. , Rohacs, Jankovics, & 

Schmollgruber, 2012), (Schmollgruber, et al., 2012), the IDEA-E project (IDEA-E, 2017 

- 2020) and was published in several papers (Baburin, Gy., Bicsak, Jankovics, & Rohacs, 

2013), (Rohacs & Rohacs, 2014), (Rohacs & Rohacs, 2016), (Gal, Rohacs, & Rohacs, 

2018).  
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3.2. Prediction and demand analysis – applied to small aircraft transportation 

The problem: small aircraft and air transportation development does not follow the classic 

product or service diffusions theories and thus cannot be forecasted with the classic 

methods. A general problem is the lack of data, and even the reliability of those limited 

being available.  

The possible solution requires a new approach and methodology.  

3.2.1. Study the future 

The progress in sciences and technologies pushes and the demand in future air transport 

pulls the development. The stakeholders’ representatives, policy makers working on the 

industry visions and white papers should be supported with sound technology foresights 

and demand forecasts.  

Four problems related to small aircraft demand forecast was identifies:  

• the known forecasts might overestimate the real demand and they are rather based 

on industry feelings (Figure 9.), 

• the demand does not depend on the usually observed major drivers (like GDP or 

populations) (Figure 10.), 

• the inputs have serious constraints, as false or missing data (Figure 11.), 

 

Figure 9. Forecasts of itinerant general aviation operations at all US towered airports (Shetty & 

Hansman, 2012) 

 

Figure 10. Influences of the economic factors on the general aviation (Shetty & Hansman, 2012) 
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• there is a lack of information on the technology progress (dummies) initiating step 

changes in small aircraft development. 

 
Figure 11. Historical data-series on the number of air passengers (in thousand) of the selected 

German regions (source NUTS2 (EUROSTAT, Your Key to European Statistics, 2018)) demonstrating the 

available inputs (Saarland), partly available records (Rheibnhessen-Phalz) and completely missing data 

(Their) (Rohacs, Törő, Wangai, Nguyen, & Rohacs, 2018)  

 

3.2.2. Methodology for demand estimation 

In Europe, the first extensive forecast studies on small aircraft were performed by 

EUROCONTROL, aiming to identify and predict the influence of small aircraft on air 

traffic management (ATM). These studied the results of the NASA AGATE (Advanced 

General Aviation Transport Experiments), NASA SATS (Small Aircraft Transportation 

System) megaprojects and assessed the numerous models for demand forecast. These 

initiatives were dealing with the possible use of known forecasting methods (like 

regression or gravity models), analysed and developed further models / methods, like 

Markov approximation, or the estimation of the interaction of the civil air traffic with new 

small aircraft transportation.   

The first results at EUROCONTROL (Rohacs D. , 2005), (Rohacs, Brochard, & Gausz, 

2005), (Rohacs D. , 2006), (Rohacs D. , 2006), (Rohacs D. , 2007) were summarised in a 

PhD thesis (Rohacs D. , 2007). The methodology developed was later applied by the EU 

supported EPATS (EPATS, 2007) and SAT-Rdmp (SAT-Rdmp, 2010 - 2012) projects. 

The forecasts were given by assessing the mode shift behaviour from road to air 

transportation, being combined with the „S” –curve and travel money budget (TMB) 

constraints (Laplace, Ghijs, & Rohacs, 2011), (Ghijs & Rohacs, 2013). Unfortunately, 

those forecast were overestimating the role of high speed trains and road transportation 

(Figure 12.).  
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Figure 12. Prediction of the small aircraft transportation flights routes in 2035, coloured by the 

number of daily flights (Ghijs & Rohacs, 2013) 

Further development was reached by combining the affordability and accessibility of 

various transportation means. This approach was applied by PPlane and Esposa EU 

projects.  

Finally, a new systematic approach was developed to forecast the small aircraft, rotorcraft 

and business jet segments (in the FORSAT, FORROT and FORJET EU projects) (for 

example: (Rohacs, Törő, Wangai, Nguyen, & Rohacs, 2018)) supported by CleanSky 2 

megaproject.  

This new approach has the following novelties: 

• selecting the drivers after their detailed evaluation (including the reliability and 

sensitivity), 

• selecting the inputs (historical and available forecasted data of drivers – sources of 

statistical information centres, large data sources as World Bank, Knoema, IMF, 

OECD, Visiongain, or large institutions, international organisation as ICAO, 

IATA, NASA, Airbus, Honeywell), 

• introducing a special method to harmonise the missing or possibly false input 

data,  

• developing a driver identification, evaluation and selection method, 

• integrating the demand forecast depending on the accessibility (airport density, 

provided service as air taxi) and affordability (price of using small aircraft), 

• combining the forecast of drivers, available forecast methods (like autoregressive 

or autoregressive with exogenous term) with “S”-curve (Gompertz model) in 

short- and long-term modelling (Figure 13.),  

• proposing a basic methodology composed of 5 core steps (Figure 14.), 

• introducing dummies and economic cycles to modify the forecast results and 

• finalizing the results to estimate the required numbers of aircraft.  
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Figure 13. The role of Gompertz curve in forecasting (Rohacs, Törő, Wangai, Nguyen, & Rohacs, JTI-

CS2-2016-CFP05-TE-01-05, 2018) 

The developed methodology is based on using:   

• 𝑑𝑖(𝑡0 − 𝑡) and 𝑑𝑖(𝑡0 + 𝑡), i = 1, 2, … , n) selected input drivers as historical 

(𝑡0 − 𝑡) and forecasted (𝑡0 + 𝑡) data, 

• 𝑓𝑗 , j = 1, 2, … , m harmonisation functions (or models), 

• 𝑑𝑚𝑘
 , k = 1, 2, … , p – dummies taking into account the appearance of new 

technologies and  

• 𝑒𝑐𝑙
, l = 1, 2, … , q effects of economic cycles. 

(𝐷𝑝𝑘𝑚(𝑡0 + 𝑡), 𝐷𝑎
𝑐

(𝑡0 + 𝑡), … ) = 

= 𝜙( 𝑑1(𝑡0 − 𝑡), 𝑑2(𝑡0 − 𝑡), … , 𝑑𝑛(𝑡0 − 𝑡) 

𝑑1𝑓
(𝑡0 + 𝑡), 𝑑2𝑓

(𝑡0 + 𝑡), … , 𝑑𝑚𝑓
(𝑡0 − 𝑡), 

𝑓1 (𝑑1(𝑡0 − 𝑡), 𝑑2(𝑡0 − 𝑡), … , 𝑑𝑛(𝑡0 − 𝑡)), 

𝑓2 (𝑑1(𝑡0 − 𝑡), 𝑑2(𝑡0 − 𝑡), … , 𝑑𝑛(𝑡0 − 𝑡)), …, 

𝑓𝑚  (𝑑1(𝑡0 − 𝑡), 𝑑2(𝑡0 − 𝑡), … , 𝑑𝑛(𝑡0 − 𝑡)), 

𝑑𝑚1
(𝑡0 + 𝜏1), 𝑑𝑚2

(𝑡0 + 𝜏1), … , 𝑑𝑚𝑝
(𝑡0 + 𝜏1), 

𝑒𝑐1
(𝑡0 + 𝑡), 𝑒𝑐2

(𝑡0 + 𝑡), … , 𝑒𝑐𝑞
(𝑡0 + 𝑡)) 

(2) 

Here is an example for the harmonisation functions: the demand generation value (Dgv): 

 𝐷𝑔𝑣 = ∑ 𝑐𝑖𝛿𝑖
𝑛
𝑖=1 , (3) 

where  𝑐𝑖 are the coefficients defining the role of different factors at the regional level air 

trips, 𝛿𝑖 is like a Kronecker symbol defining the activity of the given factor (it is equal to 

1 once the given factor characterises the regional developments and air trips, and zero if 

not), 𝑖 → factors as business, agriculture, industry, trade, science and technology, tourism, 

airports (this last equals to 1 once the region have medium or large size airport(s)).  

For example the Dgv developed for Germany is 
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𝐷𝑔𝑣 = 0.75 δbusiness +  0.12 δagriculture +  0.24 δindustry +  0.54 δtrade +

 + 0.42 δscience and technology +  0.48 δ tourism +  0.45 δ airports  . 
(4) 

Using this technique, the demand generation values equal to 0.6, 1.11 and 2.52 for Trier, 

Rheinhesse-Paltz and Saarland respectively (Figure 14.). By taking into account these 

values and the population data on air passengers related to the Saarland region, the basic 

indicator (𝐼𝑎𝑝𝑏
) might be converted to the other two regions such as:  

 

𝐼𝑎𝑝 = 𝐼𝑎𝑝𝑏

𝐼𝑝

𝐼𝑝𝑏

𝐷𝑔𝑣

𝐷𝑔𝑣𝑏
+ 휀 (5) 

 

where  𝐼𝑝 – is the indicator on the population of the regions, index  b  related to the basic 

indicators or values and  휀  is the white noise with standard deviation 10 thousands air 

passengers. 

The dummies were estimated from the available foresight data and roadmaps developed 

for different regions.  

 

Figure 14. The applied general methodology of passenger demand forecast for the small aircraft 

segment (Rohacs, Törő, Wangai, Nguyen, & Rohacs, 2018 a., b.,c) 
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Thesis II. 

 

 

3.2.3. Using the developed methodology 

This shortly described methodology was applied in numerous large EU supported and 

national projects. Firstly, in the EPATS project, with a Eurocontrol contract, and with an 

improved version in the SAT-Rdmp project (see Figure 12.). Later, the methodology was 

also used in the EU Pplane (Pplane, 2009 - 2012) and Esposa (Esposa, 2011 - 2014) 

projects.  

 
Figure 15. Summarised results of the small aircraft demand in form of passenger kilometres. 

The methodology was used to forecast the non-cooperative targets (SINBAD project 

(SINBAD, 2007 - 2010)) and the Hungarian UAV demand as well (Rohacs D. , 2008). 

The methodology as available in 2020 was completed in the FORSAT (Figure 15.) 

FORROT and FORJET projects. The core technique was adequate for the FORSAT 

project, as it provided results for the NUTS2 level. On the other hand, its implementation 

to the FORROT and FORJET projects was powerless due numerous difficulties: (i) the 

number of small business jets is rather marginal, (ii) the drivers were difficult to be 

identified, (iii) the usual drivers like the GDP had no determining role, (iv) the business 
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I improved the forecasting methods described in my PhD thesis and I summarised 

them into a new complex methodology adapted to small aircraft transportation. This 

methodology defines the selection of specific drivers, uses the historical and 

available forecasted data (related to the drivers), harmonizes the input data series, 

estimates the technology dummies, effects of economic cycles and utilizes a complete 

five step forecasting method combined with the regression models and Gompertz 

curves. 
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jet specific drivers are difficult to capture (e.g. the country level registration of the small 

business jet mostly depends on the possible tax optimisation structures).  

The developed methodology and its application was applied in the EPATS, SAT-Rdmp 

(Laplace, Ghijs, & Rohacs, 2011), (Ghijs & Rohacs, 2012), (Ghijs & Rohacs, 2013), 

Pplane, Esposa and Sindbad (Rohacs D. , 2008) projects. It gives the basic approach to 

FORSAT, FORROT, FORJET PROJECTS, (Rohacs, Törő, Wangai, Nguyen, & Rohacs, 

2018 a., b.,c) and was published in several papers, (Rohacs D. , 2004), (Rohacs D. , 

2004), (Rohacs D. , 2005), (Rohacs, Brochard, & Gausz, Analysis of the Impact of a 

Future Small Aircraft on ATM in Europe, 2005), (Rohacs D. , 2005), (Rohacs, Brochard, 

& Gausz, 2005), (Rohacs D. , An Initial European Small Aircraft Prediction Model for 

2020, 2006), (Rohacs D. , 2006), (Rohacs, Gausz, & Dalichampt, 2006), (Rohacs D. , 

2007), (Rohacs D. , 2007) (Rohacs D. , 2007), (Wangai, Nguyen, & Rohacs, 2019), 

(Wangai, et al., 2019).  
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3.3. Developing the safety and security philosophies for personal aircraft 

transportation systems 

The problem: the available technologies already permit to develop small personal aircraft, 

which could be operated by less-skilled pilots (owners or plane renters) at small airport 

(built close to the city centres), together with the existing civil air transportation. Seeing 

these circumstances, the operation of such aircraft must be supported by dedicated safety 

and security philosophies.  

The possible solution must cover the reconsideration of the safety philosophy related to 

larger civilian aircraft, the development of the requirements to design / operate small 

personal aircraft configurations, and the creation of a security philosophy.   

3.3.1. Development of personal aircraft 

Small and personal air transportation is in focus of various (i) large national projects 

(NASA Advanced General Aviation Transport Experiments (AGATE), General Aviation 

Propulsion (GAP), Small Aircraft Transportation Systems (SATS), Personal  Air Vehicles 

(PAV)), (ii) international European projects (European Personal Air transportation 

System (EPATS) (EPATS, 2007), Small aircraft Transport Roadmap (SAT-Rdmp) (SAT-

Rdmp, 2010 - 2012), Personal Plane Transportation System (PPLANE) (Pplane, 2009 - 

2012), Efficient Systems and Propulsion for Small Aircraft (Esposa, 2011 - 2014), 

Enabling Technologies for Personal Aerial Transportation Systems (mycopter, 2011 - 

2015) and (iii) Hungarian national projects, as the development of 4-seater composite 

aircraft (SafeFly, 2007 - 2010), the development of the Corvus Racer 540 acrobatic 

aircraft (Corvus, 2008 - 2010). Author of this theses booklet was involved in each of the 

above listed initiatives, beside the NASA and mycopter projects. 

The NASA SATS project developed an extremely good vision on the future development 

of small aircraft and introduced numerous new and original solutions (Holmes, Durhan, & 

Tarry, 2004), (Moore, 2018) 

The personal air transportation system requires a new special safety philosophy as it 

might be based on new design philosophy using new advanced materials, piloted by less-

skilled pilots, and operated at small airports close to the city centers, or even in the urban 

areas.  

  

3.3.2. Development of safety & security philosophies (including the supporting 

systems)  

The author of this thesis, was first investigated personal aircraft transportation in its MSc 

thesis (Rohacs D. , 2004). This came with the radically new idea of connecting various 

control channels to facilitate the pilotage of the aircraft. Its applicability was 

demonstrated by a simple linearized time variant state space representation of the 

connected models of the engine and elevator control channels (Figure 16. and 17.).  
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Figure 16. Connecting the engine control and the elevator to facilitate the control of a small aircraft 

(Rohacs D. , 2004) (Rohacs, Rohacs, & Jankovics, 2010). 

   
Figure 17. Automation to handle the engine and longitudinal control  

(C. A/C: conventional aircraft control, IC: integrated control) 

 

Before the definition of the aircraft safety philosophy, the small aircraft related accident 

statistics were analysed, covering 48 safety aspects (related to the aircraft, airport, 

airspace, ATM, safety features), and summarised in a large scientific report „Deliverable 

2.2 report on aircraft system improvement” of the Esposa project (Rohacs J. , et al., 

2011). 

Motivated by the first promising results, the author continued to develop the new safety 

and security philosophies and the supporting systems. The new operational quality – as 

safety – factor was defined as the probability of deviation in the operational quality, 𝛿𝐐𝑟 

the flight safety threshold, 𝛿𝑓𝑠:  

𝑃(|𝛿𝑸𝑟(𝑡)| ≥ 𝛿𝑓𝑠)  , (6) 

where 𝛿𝑸𝑟(𝑡) = 𝑸𝑟(𝑡) − 𝑸𝑟
𝑛(𝑡), i.e. difference in the real quality merit and the designed 

(nominal) quality. This merit might be determined for each flight situations. 

This merit can be also applied as an overall merit, since the deviations in the operational 

quality might be caused by numerous different reasons, as error in the design, or faults in 

flight operations.  

While the flight situation can be modelled in simulations, in flight simulators, or even in 

real flight tests, the security aspect of the radically new solutions can only be partially 

evaluated. The physical or even cyber-attacks might be assessed in physics based 
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simulations, but the “interest” of actors using unlawful actions cannot be realistically or 

meaningfully simulated. Therefore, a special method was developed (Rohacs, Rohacs, & 

Jankovics, 2014) and applied that is based on the following approach: 

𝑅(𝑡) = ∑ 𝑅𝑖 ∏ 𝑅𝑖,𝑗(𝑡)

𝑚

𝑗=1

𝑛

𝑖=1

           (7) 

where R – is the overall security risk, namely 𝑅𝑖 is the risk of the identified i = 1, 2, … , n 

security aspects (as event per 1 million flight hours), as initial risk of given event and 𝑅𝑖,𝑗 

is the ratio of the i-th risk respectively to the j-th  major aspect of security risks. The last 

one takes into account the assets, vulnerability, outcomes, threat, violence, „success”. 

 

In the personal aircraft vision, a safety critical problem occurred: the lack of flight 

experience of the less-skilled pilots. According to the personal aircraft concepts, these 

pilots will have their license, however the pilot training will be significantly easier, to 

overcome the constraining cost and time factors related to the actual practice. Therefore, 

such pilots will have less skills (Pplane, 2009 - 2012), (Rohacs J. , et al., 2011) and thus 

should be supported with enhanced on-board automation and control. Investigation of the 

work conditions, situation awareness – evaluation – decision – action process of the less-

skilled pilots led to deeply study the pilot decision making methods and load management 

(Kasyanov, 2007), (Rohacs, Rohacs, & Jankovics, 2016). Operators’ load might be 

classified as task, work, information and mental loads. Their measurements might support 

the operators’ load management, to increase the operational quality and safety. Seeing 

this, a complex research on the operators decision support and load management was 

initiated by the author. The existing operator models required to be updated or adapted to 

the new requirements (for example on safety, cost-efficiency) and system framework as 

defined by personal aircraft vision and strategic research agendas. According to human 

factors, several areas called for further attention and investigation, such as (i) the situation 

awareness, (ii) the workload (iii) the vigilance and monotony, (iv) the motivation and stress, 

or (v) the trust, complacency, and over-reliance (SESAR, 2015), (Metzger & Parasuraman, 

2001), (Langan-Fox, Canty, & Sankey, 2009), (Merwe, van de, Erikson, & van der Plaat, 

2010). The major results of this research are the followings: 

• identify the role of operators in the future aviation context (shifting the role from 

active control to passive monitoring), 

• adapt and improve the existing (well-known and applied model of Endsley) to 

model the situation awareness – decision process in the future air transportation 

environment (Figure 18.) (Rohacs, Rohacs, & Jankovics, 2016), 
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Figure 18. Model of situation awareness in the future air transportation environment (as the basis of 

subjective decision model) 

 

• describe the situation awareness – evaluation – decision – action process, 

• model the decision making procedures of the human mind by known chaotic 

attractor (Kasyanov, 2007), (Rohacs, Rohacs, & Jankovics, 2016), (Kale, 2020), 

• use the methods of subjective analysis to model the decision making processes, 

• apply the models in various situations (like decision on go-around before landing, 

or decision on deconflicting methods in air traffic) (Rohacs J. , et al., 2011), 

• develop a new operator model as complex system including the task, work, 

informatics and mental (physico – psychological) loads, 

• develop new methods to measure and evaluate the information overload and 

mental condition of the operators, 

• develop a series of small MEMS (micro-electro-mechanical systems) based 

sensors and actuators to measure the operators’ load conditions (Rohacs, 

Jankovics, & Rohacs, 2016), 

• design the possible integration of the sensors in the working environment 

(cockpit), 

• develop methods to evaluation of the mental condition measurement evaluating 

the mental condition (Kale, 2020), 

• define and develop the load management concept (Kale, Jankovics, Rohcs, & 

Rohacs, 2018), (Kale, et al., 2018), (Kling, Pethő, Papp, & Rohács), 

• develop the supporting screens to adequately present the operator loads (Figure 

19.),  

• develop the system for operator decision support (including ground and on-board 

parts and cooperative system with agents – other aircraft). 
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Figure 19. Display of the developed pilot support system (Rohacs, Jankovics, & Rohacs, 2019) 

 

With the developed new safety and security philosophies, the author investigated other 

supporting systems and tools that support the vision of personal aircraft transportation. 

Seeing the level of flight automation and the fact that small aircraft are expected to fly at 

low altitude, which is the most turbulence intensive region, the research focus turned to 

ride control to enhance passenger comfort. Generally, ride control can be assessed upon 

the aircraft motion, its reaction on air turbulence and the value added parameters (VAP) 

or value factors (VF) defining the comfort of passengers (Roskam, 1999). In addition, a 

special ride discomfort index, 𝐽𝑅𝐷 was introduced for small aircraft controlled by less-

skilled pilots (Rohacs J. , et al., 2011), (Rohacs & Rohacs, 2012):  

 

𝐽𝑅𝐷 = 𝑎0 + 𝑎1�̅�𝑧𝑔
+ 𝑎2�̅�𝑧𝑐

+ 𝑎3�̇� + 𝑏1(𝑉𝐹 − 𝑏2) + 𝑏3(𝑉𝐴𝑃 − 𝑏4)         (8) 

where the first part deals with the physical disturbance (dividing the vertical acceleration into 

the elements initiated by the gusts (�̅�𝑧𝑔
), air turbulence (�̅�𝑧𝑐

) and by pilot controlling the 

aircraft motion (�̇� – pitch rate)) and the second part takes into account the human sensitivity 

to the comfort. 𝑎1, 𝑎2, … , 𝑏1, 𝑏2, … are the coefficients.  

 

Altogether, over the development of the safety and security philosophies, the following 

most important scientific solutions were created, tested and recommended for 

implementation: 

• introduce the philosophy on the integrated control, by cross connecting various 

control channels  (especially between the engine and elevator control (see Figure 

16. and 17.) or coordinating the control of ailerons and rudder),  

• define the support system of less-skilled pilots, 

• introduce a new operational quality merit,  

• develop a new model for the safety risk, 

• develop the security prediction method for the new products, radically new 

solutions, 



Development of Disruptive Technologies and Solutions for Future Aviation  

31 

 

• perform total safety and security evaluations, 

• define other supporting systems, such as ride comfort.  

 

 

Thesis III. 

 

 

3.3.3. Contribution to small aircraft development 

The developed methods, evaluation index and safety, security risk calculation models, as 

well as the other results related to the less-skilled pilot support or total impact analysis 

were used in several international and national projects (see Figure 12. and 13.). 

One example showing the applicability of the risk evaluation can be demonstrated by the 

determination of the theft probability of small personal aircraft from a small airport 

during parking. Let’s use the equations (8). 

• initial risk:  up to now (while small aircraft are used by marginal amount of people 

with a complex licensing process), the initial theft risk might reach the level of 1 * 

10-9 and about 95 – 98 % from these events belong to simple criminal acts and not 

terror actions; in the near future with the increasing number of aircraft being used 

by less-skilled pilots, this risk might increase by 10 – 100 times; 

• assets: the value of the aircraft compared to the conventional aircraft might be 

decreased by 40 – 70 %, 

• vulnerability: according to the terror actions, the vulnerability of a possible theft 

of small aircraft is small and will be reduced by the development of defence 

systems against small UAVs; 

• outcomes: in normal criminal act, the outcomes might be high, while the risk of 

using small aircraft in terror action is reduced and their outcomes might be cut by 

40 – 80 % compared to the existing aircraft, 

• threat: because the vulnerability it should decrease by 40 – 70 %, 

• violence: should be reduced – as the threat – by 40 – 70 %, 

• success: the success of such actions according to the conventional aircraft on the 

conventional airport must drop by 90 – 95 %, at least due to introducing new 

security laws.  

Finally the risk might be determined as shown in the table 1.  

 

I (i) investigated the major safety and security aspects of small, personal aircraft 

transportation, (ii) created several new methods, models for safety and security risks 

evaluation (e.g. subjective decision model), and (iii) developed a series of supporting 

systems (e.g. cross-control, ride control, operators’ new working environment, 

subjective decision support system). 
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Table 1. An example of using the security calculation method defined by equation (7) 

No. Sub-system Risk initial risk ratio of the risk  model elements  risk 

      

(event per 

billion 

flight 

hours) 

assets 
vulner-

ability 

out-

comes, 

conse-

quences 

threat violence success 

(event per 

flight 

hours) 

1. 

Aircraft 

(staying/ 

parking at 

airport) 

Theft 1 0.36 0.08 0,64 0.22 0.37 0.04 6 * 10-14 

 

The developed methodology and its application was applied in the Pplane (Rohacs J. , et 

al., 2011) and Gabriel international projects (Vozella, Amato, Rogg., & Rohacs, 2012), 

(Rohacs, Rohacs, & Jankovics, 2014), in national projects SafeFly (SafeFly, 2007 - 

2010), and the Corvus racer development (Corvus, 2008 - 2010). The operators’ decision 

support and load management system was developed in several projects, and also adapted 

for air traffic controllers (Kale, 2020), (Tekbas & kale, 2017), (Kale & Tekbas, 2017), 

(Kale, 2018), (Kale, 2019), (Renner, Rohacs, Papp, & Kling, 2018).  

The results are published in several papers: (Rohacs, Rohacs, & Jankovics, 2010), 

(Rohacs & Jankovics, 2010) (Rohacs & Rohacs, 2012), (Jankovics, Rohacs, & Rohacs, 

2012), (Rohacs D. , 2015), (Rohacs, Jankovics, & Rohacs, 2019), (Bos, Zon, Furedi, 

Dudas, & Rohacs, 2017), (Rohacs, Jankovics, & Rohacs, 2016), (Rohacs, Jankovics, & 

Rohacs, 2019), (Rohacs, Rohacs, & Jankovics, 2016), (Kale, Tekbas, Rohacs, & Rohacs, 

2017), (Dudás, Somosi, & Rohács, 2017).  
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3.4. Total impact analysis 

The problem: seeing the problems of air transportation, the stakeholders defined 

challenging visions and targets in the strategic research agendas and white papers. It is 

also clear that these cannot be reached with the marginal modification of the present 

systems and sustaining innovation, and thus radical innovation and out-of-the-box 

approach is required. Once radically new concepts ae designed, it is crucial to deeply 

investigation the various options and their impact, with a so-called total impact analysis.  

Possible solution: develop concepts that take into account all effects (e.g. safety, security, 

greening, social acceptance) by a unique and well-applicable methodology.  

3.4.1. Principle of total impact analysis 

The policy makers need objective information about the general impact of coming or 

novel systems / concepts. Seeing the important of this duty, in the last 40 - 60 years, new 

approaches were introduced and applied to impact analysis, which could be classified in 

the following three groups:  

• life cycle (total life cycle) effects (emissions, cost) calculations – that is used to 

analyse and evaluate the impact of a product (here vehicle); 

• externality – namely external cost assessment of using, operating the given 

product, here transportation mean, or type of vehicles;  

• sustainability assessment – that evaluates the use of resources as long term 

effects limiting or reducing the possibilities of the future generation. 

There are numerous high level sophisticated solutions to calculate the life cycle emissions 

(Chester & Horvath, 2009), (Messagie, Lebeau, Coosemans, Macharis, & van Mierlo, 

2013), costs (Asiedu & Gu, 1998), (Hellgren, 2007), (Furch, 2018), (Jun & Kim, 2007), 

determine the externality (Buchanan & Stubblebine, 1962), (van Essen, et al., 2008), 

study the interactions of transport externality and transport economy (Santos, Behrendt, 

Maconi, Shirvani, & Teytelboym, 2010), (Anas & Lindsey, 2011) and interconnections of 

externality and environmental assessment (Norris, 2001), (Profillidis, Botzoris, & 

Galanis, 2014). However, there is no solution for an aggregate assessment – covering all 

the group effects listed above together – with a general or integrated performance index.  

Sustainable transport and their development was investigated from various directions. 

The combustion process was studied with numerical methods (Bicsák, Hornyák, & 

Veress, 2010). New, simple dynamic model was suggested for the dispersion of 

motorway traffic emissions (Csikós, Varga, & Hangos K, 2015). General estimation 

method was elaborated for transport mode emission evaluation (Tánczos & Török, 2006). 

The sustainable transport strategic development was defined (Michelberger & Nádai, 

2010). The linkage between the climate change and Hungarian road transport was 

analyzed (Török & Tánczos, 2007). The transport efficiency (Rohacs J. , 2010), 

intermodal change (Rigo, és mtsai., 2007) and multi criteria decision making problems 

were investigated to better understanding the basic processes in transportation systems 

and processes. Special sustainable transport performance index was developed (Rohács & 

Simongáti, 2007), (Simongáti, 2010). The role of high level, state management in 

environment sustainability was studied (Kinzhikeyev, Wangai, & Kale, 2017). The 

developed competences were used in the evaluation of new technology impacts (Rohacs 
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D. , 2006), (Schmollgruber, et al., 2014), (de Graaff, és mtsai., 2014), (Rohacs D. , 2013), 

(Rohacs, Voskuijl, Rohacs, & Schoustra, 2013). 

These works together with several fascinating uses of the life cycle impact estimation 

methodologies (Chester & Horvath, 2009), (van Essen, et al., 2008), (Mailbach, és mtsai., 

2008), with the available input data (EUROSTAT, Statistical pocketbook 2016, EU 

transport in figure, 2016), (OECD, 2018), the additional information on the impact of the 

infrastructure or specific system elements (e.g. taking into the impact from transport 

infrastructures (Horvath & Matthews, 2005), life cycle assessment of pavements (Santero, 

Masanet,, & Horvath, 2010) or – as a special example - toxic effects of brake wear 

particles (Gasser, et al.)) enabled to make a further step in the generalization of the impact 

evaluation, and the total impact calculation as total impact life cycle cost (TILCC). 
  

3.4.2. Developed index for total impact evaluation 

The total impact assessments could be classified in five large groups: 

 

• safety and security – inducing direct and short time impacts as accidents; 

• environmental impact (chemical emission and noise) – generating direct and 

indirect medium and long term impact on people, nature, living world; 

• system peculiarities – system management, management of the operation 

processes, that – for example – cause congestions; 

• system support – infrastructure, supply chains, upstream and downstream 

processes that have considerable effects on the environment, society,   

• use of resources – defined as loosing effects, such as the use of land, minerals 

resources. 

This paper recommends to use a simplified and unique index to evaluate the total impact, 

in form of total costs covering all life cycle effects of the transportation system related to 

the unit of transport work (pkm, or tkm): 

𝑇𝑃𝐼 =
𝑇𝐿𝐶𝐶

𝑇𝐿𝐶𝑊
=

𝑇𝑂𝐿𝐶𝐶

𝑇𝐿𝐶𝑊
+

𝑇𝐼𝐿𝐶𝐶

𝑇𝐿𝐶𝑊
= 𝑇𝑂𝑃𝐼 + 𝑇𝐼𝑃𝐼   ,           (9) 

where TPI is the total performance index, TOPI is the total operation performance index, 

TIPI total impact performance index, TLCC/TOLCC/TILCC are the total / total 

operational / total impact LCC (life cycle cost) and the TLCW is the total life cycle work. 

The TOPI as the operational cost of the given vehicle, given transportation mode is well 

known and applied by the owners, operators, service providers. It plays the determining 

role in the users’ selection of the vehicle, transportation mode and transportation chain. 

On the other hand, TIPI deals with the externality. This is the index that might be used in 

impact assessment.  

The TIPI summarizes all the impacts: 

𝑇𝐼𝑃𝐼 = ∑ 𝑇𝐼𝑃𝐼𝑖

𝑛

𝑖=1

=
∑ 𝑇𝐼𝐿𝐶𝐶𝑖

𝑛
𝑖=1

𝑇𝐿𝐶𝑊
   ,            (10) 
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where i = 1, 2, … n define the different group of impacts. According to the 

transportations systems, i = safety and security; environmental impact; system 

peculiarities; system support; use of resources. 

The TIPI for group of impacts can be determined as sum of the different effects: 

𝑇𝐼𝑃𝐼𝑖 =
∑ ∑ ∑ 𝑁𝑗,𝑘,𝑞

𝑟
𝑞=1 𝑝𝑗,𝑘,𝑞

𝑙
𝑘=1 𝐼𝑗,𝑘,𝑞

𝑚
𝑗=1 ∑ 𝑜𝑗,𝑘,𝑞,𝑣

𝑢
𝑣=1 𝑐𝑗,𝑘,𝑞,𝑣

𝑇𝐿𝐶𝑊𝑖
           ∀𝑖   , 

𝑇𝐿𝐶𝑊𝑖 = ∑ ∑ ∑ 𝑁𝑗,𝑘,𝑞

𝑟

𝑞=1
𝑊𝑗,𝑘,𝑞

𝑙

𝑘=1

𝑚

𝑗=1

 

        (11) 

where j = 1, 2, … m depicts the subgroup of impacts, while k = 1, 2, … l defines the transport means, , q = 

1, 2, …, r represents the types or groups of the given transport system, v = 1, 2, …, u identifies the different 

forms of consequences, N is the number of sub-sub-group elements contributors to the impact, like number 

of vehicles defined by q, p is the parameter of the given types or group of system elements causes the 

investigated effects, I is the impact indicator of the given system element, o the outcomes / consequences of 

impact defined by I or caused by the events, situations associated with the I indicator, c is the conversation 

coefficient for calculating the (external) cost and W is the work done during the investigated period defined 

by p. it means, if the p is the parameter of function given in form of average annual unit, then the W should 

related to the year, too. For example, if the N defines the number of vehicle and p is the annual average 

utilisation of the vehicles, then the W equals to p.  

 

Thesis IV. 

 

 

3.4.3. Application of the total impact performance index 

The developed total impact performance index and its determining methodology was 

applied in numerous projects, e.g. in the conceptual design of a 4-seater small aircraft and 

in a small cargo UAV (Gal, Rohacs, & Rohacs, 2018), (Rohacs & Rohacs, 2019). For the 

4-seater aircraft, the methodology was used to compare the total life-cycle impact of a 

conventional, electric, and hybrid configurations. The performed investigations are part of 

the Hungarian National EFOP-3.6.1-16-2016-00014 project titled “Investigation and 

development of disruptive technologies for e-mobility and their integration into the 

engineering education” (IDEA-E, 2017 - 2020), which is being coordinated by the author 

of this thesis. The problem was generated by the fact that due to the rapid development of 

 

I defined, developed and applied a new total impact factor as total performance index 

that is given in form of total costs induced by all life cycle effects of transportation system 

related to the unit of transport work (pkm, or tkm). It could be applied for various areas 

(e.g. safety, efficiency, greening), and different systems. I applied the new approach in 

the conceptual design of numerous innovative aircraft concepts, for example for a 4-

seater aircraft with electric and hybrid electric propulsion systems. Here, I defined the 

applicable methodology, introduced a new method to determine the required range 

prediction equations and demonstrated the applicability of the developed methodology.  
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the new technologies, solutions – especially in the electric / hybrid – electric propulsion 

area – the conceptual aircraft design methodologies (Raymer, 1992), (Roskam, 2017), 

(Torenbeek, 2013), (Gundlach, 2014) were found to be powerless and a new approach to 

aircraft design considering the total performance index was required.  

The identified problems / barriers of the new technologies and the possible operational 

concepts supporting the electric and hybrid – electric propulsion systems (especially low 

specific energy of available and emerging batteries, their thermal instability (Kuhn, 

2012), (Thackeray, Wolverton, & Isaacs, 2012), (Gal, Rohacs, & Rohacs, 2018) (Rohacs 

& Rohacs, 2019)) show that the useful energy of 1 kg fossil fuel might be stored in 10 – 

13 kg battery pack (with a specific energy 400 Wh/kg). Therefore, the presently available 

technologies might only allow to develop a full electric aircraft with a range reduced by 

50 – 80 %. Hybrid – electric aircraft might provide a similar performance to the existing 

aircraft burning fossil fuel, in case of low hybridisation, thus using the full electric flight 

modes in a maximum of 12 % of the flight (Antcliff, et al.), (Rohacs & Rohacs, 2020).  

This problem might be solved by a new approach to the conceptual design and the 

development of unconventional solutions (e.g. lightweight structure, integrated and 

distributed propulsion systems) (Gal, Rohacs, & Rohacs, 2018), (Rohacs & Rohacs, 

2019). First, the energy used in different flight segments was added to the conceptual 

design methodology, as energy unity equation defining the sum of relative energy of 

flight mission segments: 

𝑒𝑒𝑓𝑚 = 𝑒𝑇𝐴 + 𝑒𝑇𝑂 + 𝑒𝐶 + 𝑒𝐶𝑅 + 𝑒𝐷𝐸 + 𝑒𝐿𝑂 + 𝑒𝐴𝐿 = 𝑒𝑒𝑓𝑚 ∑ �̅�𝑖𝑖  , 

1 = ∑ �̅�𝑖𝑖  . 

        

(12) 

Here e – means energy, �̅�𝑖 depicts the energy fraction while the subscribes, efm, TA, TO, 

C, CR, DE, LO, AL define the energy used in the (entire) flight mission with legs as 

taxiing, take-off, climb, cruise, descent, loiter and approach / landing. 

Secondly, new constraints might be defined for the required energy and power for various 

flight segments (Rohacs & Rohacs, 2019), (Rohacs & Rohacs, 2020). Then, the range – 

the energy problems and especially the range equation must be investigated. A range 

equation and a methodology for range calculation was developed for electric and hybrid – 

electric aircraft, according to Breguet definition in the following form (Rohacs & Rohacs, 

2020).:  

𝑅ℎ,𝑒 =
𝜂𝑜,𝑓𝜂𝑜,𝑒

(𝑃𝑆𝐹𝐶
𝐻𝑓

𝑔
(1−𝑃𝑆)𝜂𝑜,𝑒+𝑃𝑆𝜂𝑜,𝑓)

𝑘
𝐻𝑓

𝑔(1−𝜓)
ln (

(1+𝐶𝑒)𝜓𝐻𝑓+(1−𝜓)𝐻𝑏

𝐻𝑏𝐻𝑓
𝑔𝐸start+𝑊𝑒+𝑊𝑝𝑙

(1+𝐶𝑒)𝜓

𝐻𝑏,𝑡
𝑔𝐸𝑡+𝑊𝑒+𝑊𝑝𝑙

) ,    (13) 

𝑅ℎ,𝑒 = 𝑘𝜂𝑜,𝑒𝐻𝑏𝑐𝑐𝑟,𝑏

𝑊𝑏

𝑔𝑊𝑇𝑂

+ 𝑘𝜂𝑜,𝑓𝐻𝑓𝑐𝑐𝑟,𝑓

𝑊𝑓

𝑔𝑊𝑇𝑂

  .  (14) 

Here 𝜂𝑜,𝑓 , 𝜂𝑜,𝑒 are the overall efficiency of propulsion systems using the fossil fuel and 

electric system, only, PSFC – is the power specific fuel consumption, 𝐻𝑓 , 𝐻𝑏 are the 

specific energies of fuel and batteries, g – is the gravity acceleration, PS, 𝐻𝑓 – are the 

power and energy degree of hybridisation, 𝐶𝑒 – coefficient taking into account increases 

in airframe weight due to the batteries on the board, 𝐸cr, 𝐸𝑡 are the energy used during the 

cruise flight, and maximum energy that might be stored by batteries and fuel,  
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𝑊𝑒 , 𝑊𝑝𝑙, 𝑊𝑏 , 𝑊𝑓 , 𝑊𝑇𝑂   empty, payload, battery, fuel and take-off weight of the aircraft, k – 

is the lift – drag ratio of aircraft and 𝑐𝑐𝑟,𝑏 , 𝑐𝑐𝑟,𝑓 are the coefficient defining the ratio of 

using the energy in cruise flight mode provided by the batteries or fuel. 

Finally, the new approach was integrated into one methodology (Rohacs & Rohacs, 2019) 

(Figure 20.). 

 

 
Figure 20. The developed new approach – based on the total impact performance index – to the 

conceptual design of electric, hybrid – electric aircraft. 

 

The result of the developed new approach to the conceptual design of a small aircraft 

based on the total performance index is given in the Figure 21. below:  

 

Required energy for the flight 
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Figure 21. The total life cycle CO2e emission of the investigated small 4-seater aircraft  

(conventional – like Cessna 172, hybrid 15 and 45 – hybrid electric aircraft with possible use of full electric 

flight mode for 15  or 45 minutes, electric 200, 400 – full electric aircraft with battery capacity 200 and 

3400 kWh) (Wangai A. , Kinzhikeyev, Rohacs, & Rohacs, 2017)  

 

The index and the developed methodology was published in several papers (Rohacs D. , 

2011), (Rohacs D. , 2013), (Voskuijl, Rohacs, J., & Schoustra, 2013) (Rohacs, Voskuijl, 

Rohacs, & Schoustra, 2013), (Wangai A. , Kinzhikeyev, Rohacs, & Rohacs, 2017), (Gal, 

et al., 2017), (Venczel, Gy., D., & Rohács, 2017), (Gal, Rohacs, & Rohacs, 2018), 

(Wangai A. , Kinzhikeyev, Rohacs, & Rohacs, 2019), (Rohacs & Rohacs, 2019), (Rohacs 

& Rohacs, 2020),  (Rohacs & Rohacs, (to be appeared), 2020).  
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3.5. Integration of drones in the smart city transportation system 

The problem: since the last couple of years, small unmanned aerial vehicles (UAV), 

drones are exponentially developing. While the business and social added value of the 

potential services provides by the drones are evident, it is fully unclear how these flights 

could be integrated in the urban/ smart city traffic, and air transportation system.  

Possible solutions: (i) new regulations, (ii) new approach to control the classified drones, 

and (iv) new conflict detection and resolution systems.  

3.5.1. Drones in urban transport 

According to the forecasts (SESAR, 2016), drones by 2025 might reach 27 thousand 

movements a day in Hungary, which could represent a 72 billion HUF market.  

These numbers are more than challenging, since regulations are only provide a general 

framework, the drone movements and flight profiles are complex, the use of the existing 

systems for the commercial air transportation is powerless due to their budget, 

development time, human involvement and reliance on other systems.  

In the view of the problems defined above, numerous  industry experts are working on the 

development of the segment, covering drone specific airspace (Figure 22.), air traffic 

management, highly automated conflict detection and resolutions (DLR, 2017), (Rios, 

2018), (Low, 2017) areas.  

 
Figure 22. The recommended solution for airspace design developed by the National University of 

Singapore (Low, 2017)  

3.5.2. Principles and methods of drone integration in the urban traffic environment 

Drone integration studies in Hungary dates back to 2007, with a specific traffic forecast 

(Rohacs D. , 2008), recommendations on the possible regulation framework, safety, 

security threats and classification of non-cooperative targets (Balk, et al., 2007), (Rohacs, 

Palme, & Siket).  

Later, the author was involved in two projects (CDR, 2011), (LC-CDR, 2011 - 2012) 

dealing with the development of conflict detection and resolution systems for UAVs 

(Rohacs & Jankovics, 2010), (Rohacs & Jankovics, 2012). Dedicated passive and active 

conflict detection techniques were developed and tested. In the Smartpolis EU funded 
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project, drones were defined as integrated parts of the coming smart city urban 

environment (Rohacs J. , Rohacs, Bakonyi, Kalman, & Vilmos, 2016). 

Since 2017, the author of this thesis booklet is coordinating numerous drone related 

research activities: (i)  general development and implementation of drones (Gal, Rohacs, 

& Rohacs, 2018), (Rohacs & Rohacs, 2019), (Rohacs & Rohacs, 2012), (SPACECOM, 

2004 - 2005), (Rohács & Rohács, 2014 - 2015), (ATM, 2014 - 2015), (ii) integration of 

drones in the urban traffic environment (Rohacs, Sziroczak, Gál, Jankovics, & Rohács, 

2020), (Nguyen & Rohacs, 2019), (Szarvas, Rohács, & Tichy, 2019) (Dobi, Horváth, & 

Rohács, 2019) (Nguyen & Rohacs, 2018),  and (iii) development of the complex 

USPACE functionalities, and more particularly the conflict detection and resolution 

methods (Dobi & Rohács, 2018), (Dobi, Fekete, & Rohács, 2018), (Szullo, Seller, 

Rohacs, & Renner, 2017), (Nguyen & Rohacs, 2018), (Nguyen & Rohacs, 2019). 

For the safe motion of drones several control / managing models were developed. An 

innovative example is the drone following model (which is now also a research topic at 

Airbus), which intends to identify a leader drone and others with advanced control to 

follow the leader (Nguyen & Rohacs, 2019). For this concept, a dedicated drone 

following model was made, based on Markov chain representation of stochastic 

differential equation: 

 

( ) ( ) ( )ttvtvfva  ,, +==  , (15) 

     ( )    ( )   kxkxkxbkvkvbka
npdnndxnndv +−−+−=+ −− 111  , (16) 

where n is the number of drone in row (n = 1, 2, … , n, … , m), k – is the number of 

calculation steps, x - is the distance between the drones, 𝑣 = �̇�, velocity of the drone, 

𝑓(𝑥, 𝑡) direction of changes of the stochastic process, 𝜂 is the noise, 𝜎(𝑥, 𝑡) defines 

scattering the random process (transition function of noise, 𝑎, 𝑏𝑑𝑣, 𝑑𝑑𝑥 are the model 

parameters (constants) Δ𝑥𝑝𝑑𝑛
 is a predefined distance for n-th drone, ε random value of 

disturbing the process. The typical results are shown in the Figure 23. 
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Figure 23. Simulation results of the drone following model. 

 

Thesis V.  

 

3.5.3. Using the concept and models in urban air traffic management 

 

Until now, the developed methods were validated in simulation environments. At this 

stage, drones operated at the department of Aeronautics, Naval Architecture and Railway 

Vehicles are prepared for real physical tests (for example to assess the interaction of 

drone and autonomous vehicles). In addition, seeing the complexity of the area, on the 

17th of February, 2020 a dedicated drone workshop was organized, where 40+ 

stakeholders informally agreed that the initiative of the author of this thesis in 

collaboration with other university experts, to investigate the option of a dedicated 

ZalaDrone competence center is meaningful and further research is needed. With 

dedicated workgroups, a detailed concept assessment is now about to be made until the 1st 

of June, 2020.  

 

I adapted and developed innovative methods (as conflict detection and resolution tool, 

drone following models) to facilitate the integration of drones in the air transportation 

system, as well as in the smart city environment. The developed methods can be used 

in other related autonomous transportation areas.  
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Some of the related activities cover national projects and international cooperation (USIS, 

2017 - 2019), on dedicated methods automating the drone traffic management (Rohacs, 

Sziroczak, Gál, Jankovics, & Rohács, 2020). 

According to this thesis a series of dissemination activities were made by the author 

(Rohacs & Jankovics, 2010), (Rohacs & Jankovics, 2012), (Rohacs & Rohacs, 2012), 

(Szarvas, Rohács, & Tichy, 2019), (Dobi & Rohács, 2018), (Dobi, Fekete, & Rohács, 

2018), (Szullo, Seller, Rohacs, & Renner, 2017), (Nguyen & Rohacs, 2019), (Kling, 

Somosi, Pokorádi, & Rohács, 2017).  
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4. Summary – Conclusions 

This thesis booklet summarises the scientific activities of the author. As seen, the author 

has a waste field of activities, caused by the limited aeronautical industry in Hungary, the 

lack in the Hungarian national research programs / centres in aeronautics, and the 

extensive involvement in various national and international research projects. The author 

contributed to and managed projects that developed original, disruptive technologies 

using the highest scientific methodologies.  

Altogether, the results achieved, and the novelties attained could be classified to the 

following five core areas: 

(i) selection and deployment of disruptive technologies and solutions: adapting the 

existing technology identification, evaluation and selection (TIES) method to 

the radically new, disruptive technologies / solutions, which was applied in 

numerous international (like Gabriel which was the only EU project in the area, 

with the results being acknowledged by Airbus and IATA) or national (like 

cargo UAV design) research projects; 

(ii) development of a complex demand assessment methodology (applied to small 

aircraft transportation) based on 4 core steps and being applied in e.g. CleanSky 

2 megaproject; 

(iii) development of the safety and security philosophies of personal aircraft 

transportation systems, creation of several new methods, models for safety and 

security risks evaluation (e.g. subjective decision model), and the development 

of a series of innovative supporting systems (e.g. cross-control, ride control, 

operators’ new working environment, subjective decision support system);  

(iv) development of a total impact analysis methodology (improving the existing life 

cycle impact evaluation based on the total performance index) and deploying it 

as a new approach in the aircraft conceptual design (related to electric, hybrid 

aircraft, and UAVs); 

(v) integration of drones in smart city transportation systems with the development 

of the regulatory framework, and the basis of complex UTM functionalities, 

such as an automated conflict detection and resolution system; 

The results are published by series of journal papers, conference presentations, being 

applied in numerous research projects and PhD theses. 
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