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Centre for Physics of the Hungarian Academy of Sciences, Department of Computational 

Sciences, Theoretical Neuroscience and Complex Systems Group  (president). 

 dr Fülöp Bazsó, senior research fellow, biophysics, elected: 01.09.2001; Wigner Research Centre 

for Physics of the Hungarian Academy of Sciences, Department of Computational Sciences, 

Theoretical Neuroscience and Complex Systems Group (member). 

 dr Vojin Šenk, full professor; communications engineering and signal processing; elected: 

18.07.2003. FTN Novi Sad (member). 

 dr Vlado Delić, full professor; communications engineering and signal processing; elected: 

18.07.2003. FTN Novi Sad (member).  

 dr Dragana Bajić, full professor, communications engineering and signal processing; elected: 

15.06.2006,  FTN, University of Novi Sad (mentor). 

   

II CANDIDATE 

 

1. Name, parent name, family name: 

 

János, János, Minich 

 

2. Date of birth, place, country:  

 

21.10.1971, Szeged, Republic of Hungary. 

 

3. Date, place of defence and the title of Mr-Ing thesis: 

 

21.09.2009. Faculty of Technical Sciences, Novi Sad, “ISI time series models of electrocorticograph signals”. 

 

4. Resarch area of Mr-Ing thesis: 

 

Electrical Engineering, Communications engineering and biomedical signal processing. 

 

III PHD THESIS TITLE: 

  

Stochastic Dynamical description of the ISI time series: Markov models 

 

IV PHD THESIS OVERVIEW: 

Short thesis content overview with number of chapters, pages, figures, tables, etc. 

 



 

 

 

The PhD Thesis contains 92 pages. It is divided into 7 chapters and it contains 80 images, 26 tables and 27 

references.  

The 7 chapters include: 

1. Introduction 

2. The state of the art 

3. The theory of Markov processes 

4. Data description and their statistical properties 

5. The Markov model 

6. Discussion 

7. References 

 

V DETAILED EVALUATION OF THE PHD THESIS: 

Title  

The title is well defined.  

 

1. Introduction 

The first chapter gives a brief introduction into the basic terms of neurology. The methods of reading/measuring 

of neural signals are given. It contains the physiological description of the neural cell or neuron, and it describes 

the way how the neural impulses appear (membrane potential, action potential). The methods of reading action 

potential have been given too.  

 

 

2. The state of the art 

The first subsection of the second chapter describes the basic models of the neuron. The advantages and 

disadvantages of these models have been given. The second subsection of the second chapter is dedicated to basic 

statistical properties of the neuron activity. It gives the advantages and disadvantages of the basic statistical 

assumptions as well as a short list of scientific papers that deny the correctness for a long time of assumed 

assumptions. 

 

3. The theory of Markov processes 

The third chapter is dedicated to theory of Markov processes. At the first part they are given the basic terms and 

definitions of stochastic processes. The second part contains the definition and theorems of Markov processes. 

The third part describes a type of Markov processes with denumerable number of states, known as Markov 

chains.    

 

4. Data description and their statistical properties 

The fourth chapter describes the empirical data of neural signals. The experimental conditions under which the 

neural signals are recorded are described in detail. The chapter is divided into two subsections. The first 

subchapter describes the experimental conditions under which signal samples from different areas of the brain 

cortex are obtained. At the end of the subsection are given the descriptive statistics of "Inter Spike Interval" - i.e. 

ISI time series that are the subject of research. The second subsection describes the experimental conditions under 

which the signal samples were obtained under the different operating conditions of the subject whose neural 

activity was recorded. At the end the descriptive statistics of the ISI time series are given. In this chapter are also 

given the results of the first analysis of these time series by the candidates. 

 

5. The Markov model 

In the fifth chapter the three state Markov model is introduced. The basic terms and basic definition of the model 

is defined. At the second part the results of the empirical examination of the model are given. The most results 



 

 

are given in form of different figures and cross tables. The chapter contains results of both data sets. 

 

6. Discussion 

The sixth chapter provides interpretations of the empirical test results. Based on these interpretations, discussions 

and conclusions about the justification of the model and its improvement are given. 

 

7. References 

The seventh chapter gives the list of references.  

 

 

VI     List of research papers published or accepted for publication based on the research performed in the 

thesis, with an additional note: 
List the full reference for the published papers, including the time and the place of their publication. For the 

accepted papers, provide the proof of the paper acceptance, and where and when the paper will be published. 
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(2001), 235-244.  

2. J. Minich, L. Négyessy, F. Bazsó, L. Zalányi, D. Bajic, P. Barone, E. Procyk: “No universal generative 

mechanism to describe firing rate variability in the cerebral cortex of behaving monkeys”, submitted 

 

Abstract in International journals  

3. Mijatovic G, Loncar-Turukalo T, Negyessy L, Bazsó F, Procyk E, Minich J: “Modelling the neural spike 

intervals”, In: International symposium on neurocardiology (Neurocard 2012), 2012, pp. 21-21, ISBN 978-

973-169-200-5 

4. Tamara Ceranic, Tatjana Loncar Turukalo, Gorana Mijatovic, L. Negyessy, F. Bazso, E. Procik, J. Minich, 
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pp. 21-21, ISBN 978-973-169-200-5, 

Papers in international conference proceeding: 

1. Mijatović Gorana;,  Lončar-Turukalo Tatjana;,  Laszlo Negyessy;,  Bazso Fulop,  Procyk Emmanuel,  

Zalanyi Laszlo;,  Minich Janos; . Bajić Dragana: “Explicit Markov counting model of inter-spike interval 

time series”, SISY - International Symposium on Intelligent systems and Informatics (Subotica ; 2012), pp 

311-314, ISBN 978-1-4673-4750-1, 

2. Dr. Odry Peter, Minich Janos, Horvat Attila, Palinko Oszkar: Radiotransmission system for aquisition of 

brain cell signals, 1st Serbian-Hungarian Joint Symposium on Intelligent System, Subotica, Serbia & 

Montenegro, 2003, ISBN 9 63 7154 19 1 

3. J. Minich, L. Négyessy, P. Barone, E. Procyk, L. Zalányi, F. Bazsó, „Statistical method for determination 

of interspike interval probability density function“, Proceedings of 6th International Symposium on 

Intelligent Systems, Subotica, Serbia, 2008, ISBN: 978-1-4244-2407-8, IEEE Catalog Number: CFP0884C-

CDR, Library of Congress: 2008903278, 

Papers in national conference proceeding: 

1. Јános Minich, Péter Odry: Radiotransmission FSK signals in EM isolated small room, Zbornik radova 

XLVII Konferencije za ETRAN, Herceg Novi, 2003, Tom II, ISBN 86-80509-46-9 

 

2. J. Minich, L. Négyessy, P. Barone, E. Procyk, L. Zalányi, F. Bazsó, „Statistical analysis of ISI time series 

in experimental recordings“, sedma konferencija Digitalna Obrada Govora i Slike DOGS 2008, Kelebija, 

Srbija, 2008, ISBN: 978-86-7892-136-0 

 

 



 

 

VII       CONCLUSIONS AND RESULTS OF THE DISSERTATION  

Based on the proposed model and the test results obtained it concludes : 

1. That the time durations of the individual states of the model behave statistically in a similar manner inside the 

specific brain area. The time duration of the individual increasing and decreasing patterns are very similar. 

Deviations can be noticed between specific brain areas.  

2. That in case of both signal sources can be noticed successive repetition of increasing and decreasing state. The 

number of successive repetition is less than seven or eight. These patterns of repeated state appear in relatively 

high number, but its number of appearance in the individual state sequence is not enough to make a reliable 

statistical test.   

3. That the results of the two-way Cross Table analysis reject the hypothesis of the independence between the 

frequency of appearances of specific state patterns and signals.  The same results are obtained for the individual 

brain area. Considering the results obtained in case of different tasks, the analysis give opposite results. The 

performed task and the distribution of the number of patterns in the state sequences are independent.  

4. That the smallest average number of steps appears between no repeated states. As the number of repetition 

increases so increases the average number of steps between them. The results of the two-way Cross Table 

analysis reject the hypothesis of the independence between the average number on steps and signals. 

5. Kolmogorov-Smirnov two sample test (KS2 test) was used to test the hypothesis of the identical probability 

function of the percentage ISI and raw ISI values too. The results show that the individual ISI values which made 

the specific increasing or decreasing state, are generated from different probability functions. The same results 

were obtained when the test was performed on the same type of patterns but different pattern length. These 

observations leads to the conclusion that in the suggested model the description of the longer patterns of the 

increasing and decreasing states by the successive repetition of these states is not justified. It is recommended to 

define state spaces for the increasing and decreasing states and divide the space into separate parts 

correspondingly to the length of the pattern.   

6. The results of the KS2 test show that the percentage and raw ISI values of increasing and decreasing patterns 

of the same length are generated from the same probability distribution function but they are generated in reverse 

order. 

7. The KS2 test of the ISI values of the alternating states show that begin and end parts are generated from the 

same probability function. As the length of the pattern increases so increases the number of accepted hypothesis 

of identical probability function. Based on the presented results it could be concluded that in the alternation state 

the ISI values are generated alternately from two type of probability function. This property of ISI generation is 

independent of the begin part which leads to the conclusion of the short memory of the alternating states.  

8. That by the results of the calculated transition probabilities most probable transitions are between short state 

patterns independently of the type of the state.  

 
VIII     OPINION ON HOW THE DISSERTATION RESULTS ARE PRESENTED AND EXPLAINED 

NOTE: Explicitly state positive or negative opinion of the results presentation and explanation. 
 

Committee members agree on the positive opinion of the presentation and explanation of the results obtained in the 

dissertation. Both the methods and the derivation of the model are clearly presented with a sufficient level of details 

to be easily followed.  

 

IX        FINAL OPINION ON THE DISSERTATION: 

NOTE: Explicitly state if the dissertation is, or is not, written according to the thesis proposal provide earlier by the 

candidate, and if, or if not, it contains all of the important elements of the dissertation. Provide short and clear 

answers to the questions 3 and 4 as well.. 

1.  Is the dissertation written according to the thesis proposal provide earlier by the candidate? 

 

Committee members agree that the dissertation is written according to the thesis proposal submitted earlier by the 

candidate.  

 

2. Does the dissertation contain all the important elements? 

 

Committee members agree that the dissertation contains all the important elements typical for the engineering 



 

 

dissertations in signal processing. Besides the theoretical introduction providing the necessary information on the 

inherent properties of the analyzed signals, the thesis gives the solution for improvement of the methods adjustable 

for implementation in the real-time systems, in accordance to the engineering approach for the realization of the 

dissertation.  

 

3. What are the original contributions to the research field of the dissertation?  

 

In most scientific publications the description of the neural activity is based on the adopted models. The 

proposed model deviates from the others :  

1. that the behavior of the neuron is described by the ISI time series, 

2. that the model definition is given based on simple temporal properties of the ISI time series, such as 

increasing, decreasing or alternating character,  

3. that the state definition of the proposed model are given by using technique from the field of “Symbolic 

Dynamics”, which application has not been noticed so far in the publications from this field ,  

4. that the results are obtained using nonparametric or distribution free methods and tests, which allow further 

generalization of the model. 

 

4. What are the shortcomings of the dissertation and their impact on the dissertation's results? 

 

Committee members do not have a significant negative comments on both the dissertation results and the text 

submitted in the dissertation 

 



 

 

 
 

X        OPINION AND SUGGESTION: 

         According to the overall evaluation of the PhD Thesis, the opinion and suggestion of the Committee 

members is as follows:  

 

- The Committee members has evaluated the PhD Thesis of the candidate János Minich and their opinion is 

highly positive. The Committee members propose to Faculty of Technical Science, University of Novi Sad, 

to accept the dissertation entitled: 

 
“Stochastic dynamical description of the ISI time series: Markov models” 

-  

- and to grant the candidate the opportunity to present and defend his dissertation.  
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