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Review of the doctoral thesis titled  

"Antenna arrays with synthesized frequency response of gain" 

 submitted by Ing. Petr Všetula 
 

 Ing. Petr Všetula is a doctoral candidate in the doctoral study program Electrical 

Engineering and Communication – specialization Electronics and Communications at the 

Brno University of Technology, Faculty of Electrical Engineering and Communication. He 

performed his research and written his thesis under the supervision of Prof. Dr. Ing. Zbynek 

Raida (FEE BUT). 

The doctoral thesis titled "Antenna arrays with synthesized frequency response of 

gain" submitted by Ing. Petr Všetula has 61 pages, 50 figures, 14 tables, list of references, 

abbreviation list, abstract and keywords (both in Czech and English), author's CV and a list of 

author's selected publications. 

The thesis deals with the application of multi-objective optimization algorithms to the 

design of filtering antenna arrays. It is divided in eight chapters. 

In the Introduction the author presents the need for filtering antennas in modern 

wireless communications.  

The second chapter presents the state of the art in filtering antennas. A comprehensive 

review of previous research work is given with appropriate citations. Two main approaches to 

filtering antennas have been identified. The first is integrating a filter with the antenna, where 

the antenna as resonant element can be part of the filter. The second approach is designing the 

radiating element in a way that it performs spatial and spectral filtering at the same time. For 

the second approach, only two citations are given. The two cited works give excellent 

examples of this approach and it would be nice to have more detailed description of both in 

the thesis. Eventually, few more examples of this approach could be found in the literature, 

especially when this concept is the main topic of the thesis.  

The dissertation objectives are stated in the third chapter. The author proposed to 

develop an approach to the synthesis of dipole antenna array with prescribed spectral and 

spatial filtering. Moreover, additional parameters like impedance matching, side lobe level, 

and main lobe direction have been also taken in account in optimization. Also a novel multi-

objective self-organizing migrating algorithm (MOSOMA) was used for optimization. This is 

not pointed out in the third chapter, but it becomes obvious from the next chapters.  

The fourth chapter introduces the dipole array geometry, analytical and numerical 

methods for calculating array parameters and the optimization process. Although the array 

geometry is explained in the text, it would be much more helpful if a figure showing the array, 

the used coordinate systems, reference axes and planes, angle coordinates, dimensions, etc. 

were provided. First a single-objective optimization of a dipole array was demonstrated by 

optimizing frequency response of the array gain. Here a simplified analytical model of the 

array which neglected the inter-element coupling was used. For the multi-objective 

optimization the MOSOMA algorithm was used. In this case the simplified analytical model 

did not give good results, and numerical techniques (method of moments) had to be used to 
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compute the array parameters. A good description of the optimization process is given. Dipole 

arrays with and without ground plane were considered. 

In the fifth chapter the parallel and serial feeding of the dipole array are discussed. The 

results of the optimization process are given for both cases. The optimal results for array 

element excitation and dipole dimensions are given only partially. This is a good approach in 

order to keep the text of the thesis compact. But it would be nice if the whole results for all 

optimization cases were given in an appendix. This would allow future readers to test and 

replicate the results, compare it with other optimizers, manufacture similar arrays, etc.   

The sixth chapter describes the transition from the ideal array of wire dipoles to a 

realistic array of printed dipoles. The array is equipped with a wideband balun. The final 

dimensions for manufacturing are obtained after some further optimization in a commercial 

electromagnetic simulator. It would be nice if the author had tried to use also his optimization 

algorithm for this further optimization of the planar array. In that way the two optimization 

results could be compared. If this, for any reason, was not feasible, an explanation for this 

choice should be given. The list of all array parameters of the optimized array (dipole length, 

spacing, etc.) should be given in the appendix to allow results replication and verification. 

In the seventh chapter the manufacturing and testing of the planar dipole array is 

described. Before the manufacturing, the array performance was numerically tested for the 

cases without the ground plane, with infinite ground plane and with finite ground plane. The 

manufactured planar array is presented. Measurement results are compared with the 

calculated ones and good agreement was observed. 

In the conclusion the developments presented in the thesis are summarized and the 

most important results are pointed out. Here the author gives the guidelines for continued 

research. One direction is optimization of a planar instead of linear arrays. The other is 

application of the proposed approach for synthesis of a slot array. As the approach for 

optimizing filtering arrays described in the thesis is novel and promising, we can look forward 

to this future research. 

The reference list has 45 entries. It is comprehensive but not exhaustive. The majority 

of the cited papers are not older than five to six years. This shows that the author is familiar 

with the current research trends in the field.  

 

 

When observed as a whole, the thesis is well organized, clearly written and shows 

good standard from the formal and technical points of view, in spite the above mentioned 

objections. In my opinion, one of the important values of this thesis is that is covers the whole 

process of dipole array design and optimization, from theoretical background, through various 

stages of optimization, up to the manufacturing and testing of the array prototype. 

The dissertation objectives proposed in the third chapter are modern and challenging. 

The spectrum filtering antenna array is interesting and not yet widely used concept. It offers 

many advantages for modern radio communication systems which should operate in an ever 

more crowded spectrum. The application of a novel optimization algorithm (MOSOMA) tests 

the performance of the algorithm on a new problem. This doctoral thesis is the first to present 

the application of MOSOMA for designing filtering antennas. The proposed dissertation 

objectives are appropriate for the considered scientific area of electronics and 

communications. The author fulfilled the proposed objectives in his thesis. 

 Parts of this thesis have been published on international peer reviewed conferences. 

This confirms that the topic of the thesis is relevant, modern and internationally recognized. 

 The list of author's selected publications shows a continuous research and publication 

activity in the last four years. The author's publication activity significantly increased in the 

last year (2013) with five published papers. On the list there are three journal papers 
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published in referenced and cited journals with good impact factor (Q3 according to ISI Web 

of Knowledge Journal Citation Reports) and six conference papers presented at outstanding 

international conferences. All the papers are in the fields of antennas, showing the author's 

expertise in this field. 

 

 My questions are: 

 

1) Can you compare the multi-objective self-organizing migrating algorithm (MOSOMA) 

with other widely used multi-objective optimization algorithms and give their advantages 

and drawbacks? 

 

2) How do you choose the starting guesses for the first optimization run in the case 

considered in your thesis? How the choice of the starting guesses influences the 

computation time, number of needed optimization runs, and the final, optimized solution? 

 

3) How would the requirement of maximum radiation in the broadside direction 

(perpendicular to the array axis) influence the multi-objective optimization of frequency 

response of the gain, side lobe level and input impedance matching? 

 

4) In the fourth chapter you have demonstrated that the simplified analytical model of the 

array which neglected the coupling between the array elements  gives good results when 

used together with single-objective optimization (frequency response of the gain), while 

in multi-objective optimization the inter-element coupling must not be neglected, because 

this gives erroneous results. Which is the reason for such behavior? 

 

5) Have you investigated the sensitivity of your printed dipole array to manufacturing 

tolerances?  

 

Finally, let me conclude that Ing. Petr Všetula in his doctoral thesis addressed a 

contemporary topic and fulfilled the proposed objectives. He has shown the ability for 

independent scientific work.  

 

I recommend the doctoral thesis submitted by Ing. Petr Všetula for defense. 
 

 

 

 

 

 

      Prof.dr.sc. Davor Bonefačić, dipl.ing. 


