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FORMULATION OF THE SCIENTIFIC PROBLEM 

Designing unmanned aerial vehicles is a complex process, full of challenges. It is 
carried out through the application of new initiatives, ideas and technologies based on 
the customer's demands, conditions and requirements and/or remarks and feedback 
from the manufacturer. One phase of this complex activity is the preliminary design 
of the autopilot system, during which one of the objectives is to solve the regulation 
technical problem of the aircraft. 
The stabilisation and control problems of the unmanned aerial vehicle may stem from 
external disturbance and internal noise affecting the aircraft, or malfunction of the controls. 
Through controlling the effects of manoeuvre orders resulting from intentional or 
environmental influence, either internal or external, it is possible to ensure for the safe 
aerial operation of the unmanned aerial vehicle, and the safety of the onboard 
equipment. A possible way to preserve the operating capabilities of the aircraft is the 
use of the autopilot (flight controller). In its design, a basic requirement is exploring, 
by using the equations of state of the dynamic models available, the operating 
characteristics of the regulated equipment, which requires that tests related to time 
and frequency domains be carried out and analysed. 
Based on the results of the analyses, it is possible to design the flight controller, which 
provides spatial stabilisation, as well as the suitable noise suppression characteristics. 
At present, there is no unmanned aerial vehicle in service in the Hungarian Defence 
Forces. As a result of the Hungarian-Czech development process, started in 1988, the 
Sojka-III unmanned aerial vehicle was constructed. It is a typical robot plane of the 
90s, with low-cost (HUF 150 million) development. As for its possible uses and 
operating, it's a relatively simple and cheap piece of equipment. 
In my opinion, the Sojka-III unmanned aerial vehicle can be one of the alternatives of 
the cost-effective solution to several problems of the defence forces, which are in the 
process of reorganisation and modernisation. 

RESEARCH OBJECTIVES 

During writing my doctoral dissertation, I embarked on providing a solution to a sub-
process of aircraft design. In my thesis, I had the following research objectives: 
1. to systematise and summarise the body of regulation technical knowledge related to 
the theory of flight control systems, and applied during the preliminary design of the 
controller of the flight control system to the extent necessary for solving the problem, in 
a manner that makes it useful for flight engineer training as well, and to conduct tests of 
controllability and observability in order to prove that the flight-mechanical 
mathematical model of the Sojka-III unmanned aerial vehicle is a suitable starting point 
in the preliminary designing process of the controllers of modern robot planes; 
2. to complete the preliminary design of the flight controller, to prepare in MATLAB® 
context the new source program required for the tests related to time and frequency 
domains for it, and to demonstrate on the flight-mechanical mathematical model used 
the practical applicability of the created MATLAB® m-files during the tuning of the 
controllers of aircraft and the preliminary design of aircraft; 



3. to do the deterministic and stochastic analysis of the flight control system designed 
with computer aid, which enables us to draw conclusions about the operation and 
applicability of the flight control system yielded by the simulations. 

RESEARCH METHODS 

In order to achieve my research objectives and complete the dissertation, I applied the 
following methods: 
• I studied the literature related the subject of the dissertation, and did appropriate 

research in libraries and on the internet; 
• I systematised the body of knowledge accumulated; 
• I consulted experts dealing with and/or experienced in aeronautics; 
• I created MATLAB® m-files for the tests to be carried out; 
• I conducted tests of controllability and observability; 
• I carried out analyses in time and frequency domains; 
• I had partial results of the activity related to my objectives and my research 

published regularly, and I also presented them at conferences; 
• I requested and received feedback, remarks and help about my work from my 

colleagues, and I incorporated those in my dissertation; 
• I conducted computer aided controller design using the results of the analyses 

SUMMARY OF THE TESTS CONDUCTED 

The dissertation is divided into 6 principal components: an introduction, 4 chapters and a 
summary. At the end, there is a list of references and a list of publications. The dissertation 
also contains two electronic appendices, with the multiple-variable mathematical models of 
the Sojka-III unmanned aerial vehicle and the new source program written in MATLAB® 
computer package context necessary for meeting research objectives, respectively. 
In the introduction, I described the motivating factors that inspired me to write the 
dissertation. It is here that I pointed out the timeliness of the research, explained the 
method of research, and formulated my research hypothesis, my research objectives, 
and the expected results. The introduction concludes with a description of the  
Sojka-III unmanned aerial vehicle complex. 
In Chapter 1, using references to the literature, I summarised the system of co-
ordinates used for defining the spatial movement of aircraft, and the equations 
describing the straight and rotary movements of fixed-wing aircraft. I presented the 
transfer functions of movement along the longitudinal and lateral axes. I introduced 
the concepts of controllability, observability, and stability. I concluded that the 
mathematical model of the Sojka-III unmanned aerial vehicle satisfies the necessary 
and sufficient criteria of controller design. 
In Chapter 2, I detailed the classic and modern design procedures, in time and frequency 
domains, followed during the preliminary design of flight control systems, as well as the 
MATLAB® functions and auxiliary programs related to the subject of the dissertation. As 
a result of examining the procedures of controller design, I concluded that: 

 the classic controller design procedures can only be applied for single variable systems; 
 there are several integral criteria available for the design in time domain of single 

variable, deterministic control systems; 
 selecting the integral criteria in a suitable manner in practice is a very complex task; 



 a closed loop system designed on the basis of a particular integral criterion may be 
considered optimal with respect to that criterion, while not necessarily so with 
respect to the others; 

 the flight-mechanical mathematical models of unmanned aerial vehicles have 
multiple variants even in noise-free cases, so the robot pilots of aerial vehicles can 
only be designed in the state space; 

 in modern control theory, there are several methods known for the design of multiple 
variable control systems, which make the design of optimal and not optimal control 
systems possible in the case of both deterministic and stochastic systems. 

In Chapter 3, I described the general structure and method of operation of robot pilots 
used on aircraft. Using the specialized literature and standards, I identified the quality 
requirements of control theory necessary for the design of flight control systems. I 
carried out the system analysis of the uncontrolled aerial vehicle in time and 
frequency domains. I prepared a preliminary controller design. I carried out tests of 
basic signal tracking. Based on the results of the test, I concluded that: 
• the uncontrolled longitudinal and lateral motion of the Sojka-III is unstable; 
• it is reasonable to design a flight control system in order to ensure for the safe 

aerial operation of the aircraft, and to meet control theory quality requirements. 
Using the Linear Quadratic Regulator (LQR) design method based on optimising the 
squared integral criterion and the method of pole relocation, I conducted computer 
aided controller design. I carried out analyses in time and frequency domains. I found 
that the altitude and bank angle stabilising systems designed meet the basic signal 
tracking requirements of closed loop systems. 
In Chapter 4, I modelled external disturbance by using filters for creating stochastic 
signals from the signals of the white noise generator. I determined the stochastic time 
progression of the vertical component of atmospheric turbulence for medium-speed wind. 
I created a new MATLAB® source code for the computer aided modelling of atmospheric 
turbulence. I examined the noise suppression capability of the altitude and bank angle 
stabilising system described in Chapter 3. Due to lack of space in the dissertation, in the 
remainder I only concentrated on the flying altitude stabilising system. On the basis of the 
tests, I concluded that it is necessary to improve the noise suppression capabilities of the 
flying altitude stabilising system with a P-regulator on the Sojka-III unmanned aerial 
vehicle. For the purpose of improving the noise suppression capabilities of the flying 
altitude stabilising system, I designed a newly structured closed loop system operating 
with a PDT1 (proportional-differentiation-single-store band filter) regulator. Using 
computer aided tests, I proved that the basic signal tracking and noise suppressing 
characteristics of closed loop systems operating with PDT1 filter meet the standard 
control theory quality requirements. 
In the Summary, I summed up the research I had done, and organized my new 
scientific results into theses. I made recommendations regarding the usefulness of the 
dissertation, as well as the possible directions of further research. 



SUMMARY OF CONCLUSIONS 

The multiple variable flight-mechanical mathematical model of the Sojka-III unmanned 
aerial vehicle satisfied the necessary and sufficient criteria of controller design. 
The type P regulators designed for the flying altitude and bank angle stabilising systems of 
the Sojka-III unmanned aerial vehicle ensured for the stability of the control systems and 
acceptable basic signal tracking, and satisfied control theory quality criteria, but it was 
necessary to improve the noise suppressing capability of the altitude stabilising system. 
The basic signal tracking and noise suppressing characteristics of closed loop systems 
operating with PDT1 filters meet the standard control theory quality requirements. 
I achieved the research objectives set; using the computer aided preliminary design 
method outlined in the dissertation, I designed and analysed the altitude stabilising 
robot pilot of the Sojka-III unmanned aerial vehicle. 
The design method can be used not only for the design of the flight control system of 
the Sojka-III unmanned aerial vehicle, but can be generally used during the design of 
the flight control system of any other flying technique. 

NEW SCIENTIFIC RESULTS 

I summed up the scientific results of my research presented in the dissertation in the 
following theses: 
Thesis 1 I developed a computer aided preliminary design procedure 
demonstrating the joint application of aviation mechanics and modern control 
theories [S.3, S.2, S.5, S.6, S.7, S.10, S.11, S.13, S.14.]. 
1.1. In order to solve the control technical problem, I outlined, appropriately organised, 
and summarised the theory related to the mathematical modelling of the spatial 
movement of aircraft, and the body of modern regulation technical knowledge related to 
the theory of flight control systems and applied during the design of controllers. 
1.2. As a result of computer aided tests, I concluded that the multiple variable 
aviation mechanical mathematical model of the Sojka-III unmanned aerial vehicle 
satisfied the necessary and sufficient criteria of controller design. 
1.3 I proved with computer aided analyses in time and frequency domains that the 
uncontrolled aerial vehicle determined with multiple variant aviation mechanical 
mathematical model will have an unstable flight. I follows that safe aerial operation of 
the aircraft requires the design of a closed flight control system, meeting the standard 
control theory quality requirements, which provides the aircraft with stability. 
Thesis 2 Based on the system analysis carried out with the multiple variant 
flight-mechanical mathematical model, and applying the design method (LQR)  
built on the squared integral criterion and the design method with pole 
relocation, I carried out a computer aided controller design, which can me 
applied according to sample in the future [S.3., S.4., S.6., S.8.]. 
2.1. Applying the LQR controller design method, I designed the optimal complete state-
feedback closed loop system which provides for the stability of the state variables of the 
longitudinal motion of the Sojka-III unmanned aerial vehicle. Based on the results of the 
computer aided analyses in time and frequency domains, I found that the closed loop 
system meets the standard set of control theory quality requirements. 



2.2. Evaluating the results of the analyses in time and frequency domains of the 
closed loop system stabilising the state variables of the lateral motion of the Sojka-III 
unmanned aerial vehicle, I concluded that applying the LQR design method makes it 
possible to design a system with appropriate quality characteristics. However, setting 
the weighting matrices of the LQR method proved difficult, so a new controller needs 
to be designed in the interest of the widely accepted practice of utilising the influence 
of the dominant pair of poles. 
2.3. Applying the method of pole relocation, I designed the controller of the closed 
loop system stabilising the state variables of the lateral motion. With analyses in time 
and frequency domains, I proved that the closed loop system meets the standard set of 
control theory quality requirements. 
2.4. Examining the basic signal tracking characteristics of the flying altitude 
stabilising and the bank angle stabilising closed loop systems, I found that the basic 
signal tracking of the control systems meet the general control theory quality 
requirements of closed loop systems. 
Thesis 3 I designed a newly structured controller in the interest of enhancing 
the noise suppressing capability of the flying altitude stabilising system [S.1., S.2., 
S.9., S.12., S.15.]. 
3.1. To model the effect of external disturbance, I used step signals and stochastic 
signals created with filters from the output signals of the white noise generator. I 
determined the stochastic time progression of the vertical component of atmospheric 
turbulence for medium speed wind. I created a new MATLAB® source code for the 
computer aided modelling of atmospheric turbulence. 
3.2. On evaluating the results of the deterministic and stochastic noise suppression 
analyses carried out, I found that it is necessary to enhance the noise suppression 
capability of the flying altitude stabilising system operating with a type P regulator of 
the Sojka-III unmanned aerial vehicle. 
3.3 Based on the results of the computer aided system analysis, I recommended the 
application of a newly structured closed loop control system operating with a PDT1 
(proportional-differentiation-single-store band filter) controller to enhance the noise 
suppression capability of the flying altitude stabilising system. 
3.4 With computer based analyses, I proved that the basic signal tracking and noise 
suppressing characteristics of closed loop systems operating with PDT1 filters that I 
designed meet the standard control theory quality requirements. 

PRACTICAL APPLICABILITY OF THE RESEARCH FINDINGS, 
RECOMMENDATIONS 

The dissertation can be used in aviation technical engineer training. The controlling 
and their analyses in the dissertations were conducted with computer simulation. 
Using the results, it is possible to construct an experimental device the testing of 
which can be conducted under real life circumstances. The design methods and 
findings can serve as the basis of comparison with other methods of control design in 
the course of designing new controllers. 
The tests can be extended to carrying out a non-linear dynamic analysis. The 
MATLAB® files created can be used for the design of controllers of aircraft. The tests 
conducted can serve as the starting point of the preliminary design of the robot pilot 
systems of other aircraft. 
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PROFESSIONAL ACADEMIC BACKGROUND 

My name is Péter Szegedi, and I was born in Miskolc in 1969. I went to secondary 
school there, and took the school-leaving examinations at the 2nd Industrial Secondary 
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On 1st January I became an instructor at Szolnok Aviation Officer Training College. I 
did four months of field service with the 59th Szentgyörgyi Dezső Tactical Fighter 
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