
 
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 



 

 

 2 

 

                

 
ɽʃɽʂʊʈʆʊɽʍʅʀʏʂʀ ʌɸʂʋʃʊɽʊ,  

ʋʅʀɺɽʈɿʀʊɽʊ Ăɻʆʎɽ ɼɽʃʏɽɺò, ʐʊʀʇ, ʉɽɺɽʈʅɸ 

ʄɸʂɽɼʆʅʀɱɸ 

 

FACULTY OF ELECTRICAL ENGINEERING, 
GOCE DELCEV UNIVERSITY, STIP, NORTH MACEDONIA 

 
 

ɺʊʆʈɸ ʄɽɬʋʅɸʈʆɼʅɸ ʂʆʅʌɽʈɽʅʎʀɱɸ 

SECOND INTERNATIONAL CONFERENCE 

 

 

ɽʊʀʄɸ / ETIMA  2023 
 
 
 

ɿɹʆʈʅʀʂ ʅɸ ʊʈʋɼʆɺʀ 

CONFERENCE PROCEEDINGS  

 
 
 
 

 

27-29 ʩʝʧʪʝʤʚʨʠ 2023 | 27-29 September 2023 

 

 

ISBN: 978-608-277-040-6 

DOI: https://www.doi.org/10.46763/ETIMA2321 

https://www.doi.org/10.46763/ETIMA2321


 

 

 3 

ɻʣʘʚʝʥ ʠ ʦʜʛʦʚʦʨʝʥ ʫʨʝʜʥʠʢ / Editor in Chief  
ʧʨʦʬ. ʜ-ʨ ʉʘʰʦ ɻʝʣʝʚ 

Prof.d-r Saso Gelev 

 

ɱʘʟʠʯʥʦ ʫʨʝʜʫʚʘˁʝ / Language Editor  
ɺʝʩʥʘ ʈʠʩʪʦʚʘ / Vesna Ristova  

ʊʝʭʥʠʯʢʦ ʫʨʝʜʫʚʘˁʝ / Technical Editing 
ɼʘʨʢʦ ɹʦʛʘʪʠʥʦʚ / Darko Bogatinov 

ʀʟʜʘʚʘʯ / Publisher  
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ 

ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, Goce Delcev University, Stip, North Macedonia 

ɸʜʨʝʩʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʝʥ ʢʦʤʠʪʝʪ / Address of the organising committee 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

 Goce Delcev University, Stip, North Macedonia 

 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ / Faculty of Electrical Engineering 

ɸʜʨʝʩʘ: ʂʨʩʪʝ ʄʠʩʠʨʢʦʚ, 10 ɸ 2000, ʐʪʠʧ/ Address: Krste Misirkov, 10A, 2000 Stip 

E-mail:  conf.etf@ugd.edu.mk 

CIP - ʂʘʪʘʣʦʛʠʟʘʮʠʿʘ ʚʦ ʧʫʙʣʠʢʘʮʠʿʘ ʅʘʮʠʦʥʘʣʥʘ ʠ ʫʥʠʚʝʨʟʠʪʝʪʩʢʘ ʙʠʙʣʠʦʪʝʢʘ 

"ʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ", ʉʢʦʧʿʝ 

 

62-049.8(062) 

004-049.8(062) 

 

ʄɽɬʋʅɸʈʆɼʅɸ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽʊʀʄɸ (2 ; 2023) 

     ɿʙʦʨʥʠʢ ʥʘ ʪʨʫʜʦʚʠ [ɽʣʝʢʪʨʦʥʩʢʠ ʠʟʚʦʨ] / ɺʪʦʨʘ ʤʝʺʫʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘ 

ɽʊʀʄɸ 2023, 27-29 ʩʝʧʪʝʤʚʨʠ 2023 = Conference proceedings / Second 

international conference, 27-29 September 2023 ; ʛʣʘʚʝʥ ʠ ʦʜʛʦʚʦʨʝʥ ʫʨʝʜʥʠʢ 

ʉʘʰʦ ɻʝʣʝʚ]. - ʐʪʠʧ : ʋʥʠʚʝʨʟʠʪʝʪ "ɻʦʮʝ ɼʝʣʯʝʚ", ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ; 

Stip : "Goce Delcev" University, Faculty of Electrical engineering, 2024 

 

ʅʘʯʠʥ ʥʘ ʧʨʠʩʪʘʧʫʚʘˁʝ (URL): https://www.doi.org/10.46763/ETIMA2321. - 

ʊʝʢʩʪ ʚʦ PDF ʬʦʨʤʘʪ, ʩʦʜʨʞʠ 200 ʩʪʨ.ʠʣʫʩʪʨ. - ʅʘʩʣʦʚ ʧʨʝʟʝʤʝʥ ʦʜ ʝʢʨʘʥʦʪ. - 

ʆʧʠʩ ʥʘ ʠʟʚʦʨʦʪ ʥʘ ʜʝʥ 25.03.2024. - ʊʨʫʜʦʚʠ ʥʘ ʤʘʢ. ʠ ʘʥʛʣ. 

ʿʘʟʠʢ. - ɹʠʙʣʠʦʛʨʘʬʠʿʘ ʢʦʥ ʪʨʫʜʦʚʠʪʝ. - ʉʦʜʨʞʠ ʠ: Appendix 

 

ISBN 978-608-277-040-6 

 

ʘ) ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ -- ʇʨʠʤʝʥʘ -- ʉʦʙʠʨʠ ʙ) ʄʘʰʠʥʩʪʚʦ -- ʇʨʠʤʝʥʘ -- ʉʦʙʠʨʠ 

ʚ) ɸʚʪʦʤʘʪʠʢʘ -- ʇʨʠʤʝʥʘ -- ʉʦʙʠʨʠ ʛ) ʀʥʬʦʤʘʪʠʢʘ -- ʇʨʠʤʝʥʘ ï ʉʦʙʠʨʠ 

 

COBISS.MK-ID 63335173 

https://www.doi.org/10.46763/ETIMA2321


 

 

 4 

 

 

ɺʪʦʨʘ ʤʝʺʫʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽʊʀʄɸ  

27-29 ʩʝʧʪʝʤʚʨʠ 2023  

Second International Conference ETIMA 

27-29 September 2023 

 
ʆʈɻɸʅʀɿɸʎʀʆʅɽʅ ʆɼɹʆʈ 

ORGANIZ ING COMMITTEE  

 
ɺʘʩʠʣʠʿʘ ʐʘʨʘʮ / Vasilija Sarac 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʉʘʰʦ ɻʝʣʝʚ / Saso Gelev 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʊʦʜʦʨ ʏʝʢʝʨʦʚʩʢʠ / Todor Cekerovski 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʄʘʿʘ ʂʫʢʫʰʝʚʘ ʇʘʥʝʚʘ / Maja Kukuseva Paneva 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɹʠʣʿʘʥʘ ʏʠʪʢʫʰʝʚʘ ɼʠʤʠʪʨʦʚʩʢʘ / Biljana Citkuseva Dimitrovska 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɼʘʨʢʦ ɹʦʛʘʪʠʥʦʚ / Darko Bogatinov 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

 

 

 



 

 

 5 

 

ɺʪʦʨʘ ʤʝʺʫʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽʊʀʄɸ  

27-29 ʩʝʧʪʝʤʚʨʠ 2023  

Secound International Conference ETIMA 

27-29 September 2023 

 
  

ʇʈʆɻʈɸʄʉʂʀ ʀ ʅɸʋʏɽʅ ʆɼɹʆʈ 

SCIENTIFIC  COMMITTEE  

 
ʉʦ ʅʦʛʫʯʠ / So Noguchi 

ɺʠʩʦʢʘ ʰʢʦʣʘ ʟʘ ʠʥʬʦʨʤʘʪʠʯʢʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʋʥʠʚʝʨʟʠʪʝʪ ʍʦʢʘʠʜʦ, ɱʘʧʦʥʠʿʘ 

Graduate School of Information Science and Technology 

Hokkaido University, Japan 

 

ɼʠʦʥʠʟ ɻʘʰʧʘʨʦʚʩʢʠ / DionĨz GaġparovskĨ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʉʣʦʚʘʯʢʠ ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɹʨʘʪʠʩʣʘʚʘ, ʉʣʦʚʘʯʢʘ 

Faculty of Electrical Engineering and Information Technology 

Slovak Technical University in Bratislava, Slovakia 

 

Aʥʪʦʥ ɹʝʣʘʥ / Anton Bel§Ŕ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʉʣʦʚʘʯʢʠ ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɹʨʘʪʠʩʣʘʚʘ, ʉʣʦʚʘʯʢʘ 

Faculty of Electrical Engineering and Information Technology 

Slovak Technical University in Bratislava, Slovakia 

 

ɻʝʦʨʛʠ ʀʚʘʥʦʚ ɻʝʦʨʛʠʝʚ / Georgi Ivanov Georgiev 

ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɻʘʙʨʦʚʦ, ɹʫʛʘʨʠʿʘ 

Technical University in Gabrovo, Bulgaria 

 

ʀʚʝʣʠʥʘ ʉʪʝʬʘʥʦʚʘ ɹʘʣʘʙʘʥʦʚʘ / Ivelina Stefanova Balabanova 

ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɻʘʙʨʦʚʦ, ɹʫʛʘʨʠʿʘ 

Technical University in Gabrovo, Bulgaria 

 

ɹʦʿʘʥ ɼʠʤʠʪʨʦʚ ʂʘʨʘʧʝʥʝʚ / Boyan Dimitrov Karapenev 

ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɻʘʙʨʦʚʦ, ɹʫʛʘʨʠʿʘ 

Technical University in Gabrovo, Bulgaria 

 

ʉʘʰʦ ɻʝʣʝʚ / Saso Gelev 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɺʣʘʪʢʦ ʏʠʥʛʦʩʢʠ / Vlatko Cingoski 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

 

 



 

 

 6 

ɹʦʞʦ ʂʨʩʪʘʿʠ˃ / Bozo Krstajic 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ʎʨʥʘ ɻʦʨʘ, ʎʨʥʘ ɻʦʨʘ 

Faculty of Electrical Engineering, 

University in Montenegro, Montenegro 

 

ʄʠʣʦʚʘʥ ʈʘʜʫʣʦʚʠ˃ / Milovan Radulovic 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ʎʨʥʘ ɻʦʨʘ, ʎʨʥʘ ɻʦʨʘ 

Faculty of Electrical Engineering, 

University in Montenegro, Montenegro 

 

ɻʦʮʝ ʉʪʝʬʘʥʦʚ / Goce Stefanov 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʄʠʨʿʘʥʘ ʇʝʨʠ˃ / Mirjana Peric  

ɽʣʝʢʪʨʦʥʩʢʠ ʬʘʢʫʣʪʝʪ 

ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ʅʠʰ, ʉʨʙʠʿʘ 

Faculty of Electronic Engineerig, 

University of Nis, Serbia 

 

ɸʥʘ ɺʫʯʢʦʚʠ˃ / Ana Vuckovic 

ɽʣʝʢʪʨʦʥʩʢʠ ʬʘʢʫʣʪʝʪ 

ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ʅʠʰ, ʉʨʙʠʿʘ 

Faculty of Electronic Engineerig, 

University of Nis, Serbia 

 

ʊʦʜʦʨ ʏʝʢʝʨʦʚʩʢʠ / Todor Cekerovski 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɼʘʣʠʙʦʨ ʉʝʨʘʬʠʤʦʚʩʢʠ / Dalibor Serafimovski 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʄʠʨʦʩʣʘʚʘ ʌʘʨʢʘʰ ʉʤʠʪʢʦʚʘ / Miroslava Farkas Smitková 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʉʣʦʚʘʯʢʠ ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɹʨʘʪʠʩʣʘʚʘ, ʉʣʦʚʘʯʢʘ 

Faculty of Electrical Engineering and Information Technology 

Slovak Technical University in Bratislava, Slovakia 

 

ʇʝʪʝʨ ɱʘʥʠʛʘ / Peter Janiga 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʉʣʦʚʘʯʢʠ ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɹʨʘʪʠʩʣʘʚʘ, ʉʣʦʚʘʯʢʘ 

Faculty of Electrical Engineering and Information Technology 

Slovak Technical University in Bratislava, Slovakia 

 

 

 

 



 

 

 7 

ɱʘʥʘ ʈʘʜʠʯʦʚʘ / Jana Raditschová 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʉʣʦʚʘʯʢʠ ʊʝʭʥʠʯʢʠ ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɹʨʘʪʠʩʣʘʚʘ, ʉʣʦʚʘʯʢʘ 

Faculty of Electrical Engineering and Information Technology 

Slovak Technical University in Bratislava, Slovakia 

 

ɼʨʘʛʘʥ ʄʠʥʦʚʩʢʠ / Dragan Minovski  

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɺʘʩʠʣʠʿʘ ʐʘʨʘʮ / Vasilija Sarac 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɸʣʝʢʩʘʥʜʘʨ ʊʫ˅ʘʨʦʚ / Aleksandar Tudzarov 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɺʣʘʜʠʤʠʨ ʊʘʣʝʚʩʢʠ / Vladimir  Talevski 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ,  

                                   ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɺʣʘʜʦ ɻʠʯʝʚ / Vlado Gicev 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Computer Science, 

Goce Delcev University, Stip, North Macedonia 

 

ʄʘʨʠʿʘ ʏʝʢʝʨʦʚʩʢʘ / Marija Cekerovska 

ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Mechanical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʄʠʰʢʦ ɷʠʜʨʦʚ / Misko Dzidrov 

ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Mechanical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ɸʣʝʢʩʘʥʜʘʨ ʂʨʩʪʝʚ / Aleksandar Krstev 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Computer Science, 

Goce Delcev University, Stip, North Macedonia 

 

 

 

 



 

 

 8 

ɺʘʥʯʦ ɸ˅ʠʩʢʠ / Vancho Adziski 

ʌʘʢʫʣʪʝʪ ʟʘ ʧʨʠʨʦʜʥʠ ʠ ʪʝʭʥʠʯʢʠ ʥʘʫʢʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Natural and Technical Sciences, 

Goce Delcev University, Stip, North Macedonia 

 

ʊʦʤʝ ɼʠʤʦʚʩʢʠ / Tome Dimovski 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʯʢʠ ʠ ʢʦʤʫʥʠʢʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ ñ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Information and Communication Technologies, 

University St. Climent Ohridski, North Macedonia 

 

ɿʦʨʘʥ ʂʦʪʝʚʩʢʠ / Zoran Kotevski 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʯʢʠ ʠ ʢʦʤʫʥʠʢʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ ñ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Information and Communication Technologies, 

University St. Climent Ohridski, North Macedonia 

 

ʅʠʢʦʣʘ ʈʝʥʜʝʚʩʢʠ / Nikola Rendevski 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʯʢʠ ʠ ʢʦʤʫʥʠʢʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ ñ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Information and Communication Technologies, 

University St. Climent Ohridski, North Macedonia 

 

ʀʣʠʿʘ ʍʨʠʩʪʦʚʩʢʠ / Ilija Hristovski 

ɽʢʦʥʦʤʩʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ ñ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Economy, 

University St. Climent Ohridski, North Macedonia 

 

ʍʨʠʩʪʠʥʘ ʉʧʘʩʦʚʩʢʘ / Hristina  Spasovska 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿ ñ, ʉʢʦʧʿʝ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering and Information Technologies, 

Ss. Cyril and Methodius University, North Macedonia 

 

ʈʦʤʘʥ ɻʦʣʫʙʦʚʩʢʠ / Roman Golubovski 

ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿ ñ, ʉʢʦʧʿʝ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Mathematics and Natural Sciences, 

Ss. Cyril and Methodius University, North Macedonia 

 

ʄʘʨʝ ʉʨʙʠʥʦʚʩʢʘ / Mare Srbinovska 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿ ñ, ʉʢʦʧʿʝ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering and Information Technologies, 

Ss. Cyril and Methodius University, North Macedonia 

 

ɹʠʣʿʘʥʘ ɿʣʘʪʘʥʦʚʩʢʘ / Biljana Zlatanovska 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Computer Science, 

Goce Delcev University, Stip, North Macedonia 

 

 

 

 



 

 

 9 

ɸʣʝʢʩʘʥʜʨʘ ʉʪʦʿʘʥʦʚʘ ʀʣʠʝʚʩʢʘ / Aleksandra Stojanova Ilievska 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Computer Science, 

Goce Delcev University, Stip, North Macedonia 

 

ʄʠʨʿʘʥʘ ʂʦʮʘʣʝʚʘ ɺʠʪʘʥʦʚʘ / Mirjana Kocaleva Vitanova 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Computer Science, 

Goce Delcev University, Stip, North Macedonia 

 

ʀʚʘʥʘ ʉʘʥʜʝʚʘ / Ivana Sandeva 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿ ñ, ʉʢʦʧʿʝ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering and Information Technologies, 

Ss. Cyril and Methodius University, North Macedonia 

 

ɹʠʣʿʘʥʘ ʏʠʪʢʫʰʝʚʘ ɼʠʤʠʪʨʦʚʩʢʘ / Biljana Citkuseva Dimitrovska 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚò, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ 

Faculty of Electrical Engineering, 

Goce Delcev University, Stip, North Macedonia 

 

ʅʘʪʘʰʘ ʉʪʦʿʢʦʚʠ˃ / Natasa Stojkovik 

ʌʘʢʫʣʪʝʪ ʟʘ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăɻʦʮʝ ɼʝʣʯʝʚ ñ, ʐʪʠʧ, ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ; 

Faculty of Computer Science, 

Goce Delcev University, Stip, North Macedonia; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 10 

 

ɺʪʦʨʘ ʤʝʺʫʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽʊʀʄɸ 

Second International Conference ETIMA 

 

PREFACE  

 

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the Second 

International Conference Electrical Engineering, Informatics, Machinery and Automation - 

Technical Sciences applied in Economy, Education and Industry-ETIMA .   

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of 

technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary 

research and cooperation, and promoting the achievements of technology and its impact on every aspect 

of living. We hope that this conference will continue to be a venue for presenting the latest research 

results and developments on the field of technology.  

Conference ETIMA was held as online conference. More than sixty colleagues contributed to this event, 

from five different countries with more than thirty papers. 

We would like to express our gratitude to all the colleagues, who contributed to the success of 

ETIMAô23 by presenting the results of their current research and by launching the new ideas through 

many fruitful discussions.  

We invite you and your colleague to attend ETIMA Conference in the future as well. One should believe 

that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge 

and useful information as well as to involve as much as possible the young researchers into this scientific 

event. 

 

     The Organizing Committee of the Conference  

 

 

 

ʇʈɽɼɻʆɺʆʈ 

 

ʄʝʺʫʥʘʨʦʜʥʘʪʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʊʝʭʥʦʣʦʛʠʿʘ, ʀʥʬʦʨʤʘʪʠʢʘ, ʄʘʰʠʥʩʪʚʦ ʠ 

ɸʚʪʦʤʘʪʠʢʘ-ʪʝʭʥʠʯʢʠ ʥʘʫʢʠ ʚʦ ʩʣʫʞʙʘ ʥʘ ʝʢʦʥʦʤʠʿʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʠʥʜʫʩʪʨʠʿʘ-ɽʊʀʄɸ ʝ 

ʦʨʛʘʥʠʟʠʨʘʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠʦʪ ʬʘʢʫʣʪʝʪ ʧʨʠ ʋʥʠʚʝʨʟʠʪʝʪʦʪ Ăɻʦʮʝ ɼʝʣʯʝʚñ. 

ɽʊʀʄɸ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʠ ʩʦʙʝʨʝ ʥʘ ʝʜʥʦ ʤʝʩʪʦ ʥʘʫʯʥʠʮʠʪʝ, ʧʨʦʬʝʩʦʨʠʪʝ, ʝʢʩʧʝʨʪʠʪʝ ʠ 

ʧʨʦʬʝʩʠʦʥʘʣʮʠʪʝ ʦʜ ʧʦʣʝʪʦ ʥʘ ʪʝʭʥʠʯʢʠʪʝ ʥʘʫʢʠ ʠ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘ ʬʦʨʫʤ ʟʘ ʨʘʟʤʝʥʘ ʥʘ ʠʜʝʠ, ʜʘ 

ʛʦ ʟʘʿʢʘʥʫʚʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʠ ʩʦʨʘʙʦʪʢʘ ʠ ʜʘ ʛʠ ʧʨʦʤʦʚʠʨʘ ʪʝʭʥʦʣʦʰʢʠʪʝ 

ʜʦʩʪʠʛʥʫʚʘˁʘ ʠ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʝʢʦʿ ʘʩʧʝʢʪ ʦʜ ʞʠʚʝʝˁʝʪʦ. ʉʝ ʥʘʜʝʚʘʤʝ ʜʝʢʘ ʦʚʘʘ 

ʢʦʥʬʝʨʝʥʮʠʿʘ ˃ʝ ʧʨʦʜʦʣʞʠ ʜʘ ʙʠʜʝ ʥʘʩʪʘʥ ʥʘ ʢʦʿ ˃ʝ ʩʝ ʧʨʝʟʝʥʪʠʨʘʘʪ ʥʘʿʥʦʚʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ 

ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʠ ʨʘʟʚʦʿʦʪ ʥʘ ʧʦʣʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ. 

ʂʦʥʬʝʨʝʥʮʠʿʘʪʘ ɽʊʀʄɸ ʩʝ ʦʜʨʞʘ online ʠ ʥʘ ʥʝʘ ʜʘʜʦʘ ʩʚʦʿ ʧʨʠʜʦʥʝʩ ʧʦʚʝ˃ʝ ʦʜ ʰʝʝʩʝʪ ʘʚʪʦʨʠ 

ʦʜ ʧʝʪ ʨʘʟʣʠʯʥʠ ʟʝʤʿʠ ʩʦ ʧʦʚʝ˃ʝ ʦʜ ʪʨʠʝʩʝʪ ʪʨʫʜʘ.  

ʉʘʢʘʤʝ ʜʘ ʿʘ ʠʩʢʘʞʝʤʝ ʥʘʰʘʪʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʩʠʪʝ ʢʦʣʝʛʠ ʢʦʠ ʧʨʠʜʦʥʝʩʦʘ ʟʘ ʫʩʧʝʭʦʪ ʥʘ 

ɽʊʀʄɸô23 ʩʦ ʧʨʝʟʝʥʪʠʨʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠ ʦʜ ʥʠʚʥʠʪʝ ʪʝʢʦʚʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʠ ʩʦ ʣʘʥʩʠʨʘˁʝ ʥʘ 

ʥʦʚʠ ʠʜʝʠ ʧʨʝʢʫ ʤʥʦʛʫ ʧʣʦʜʥʠ ʜʠʩʢʫʩʠʠ. 

 

     ʆʨʛʘʥʠʟʘʮʠʦʥʝʥ ʦʜʙʦʨ ʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘʪʘ 
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Abstract 

Traditional solar panels commonly used in todayôs solar power projects are monofacial i.e., with solar cells only 

on one side of the panels. Recently, many solar panel producers have improved their panel designs by introducing 

so-called bifacial solar panels which feature solar cells on both sides of the solar panel. Producers claim that the 

bifacial solar panels, regarding energy generation, typically overperforms the traditional monofacial solar panels 

by about 5.5%, with additional investment cost between 10% and 25%, which strongly depends on the producer 

and the size of the project. 

In this paper, the authors made a simulation and comparative analysis between bifacial and monofacial solar 

panels using PV*SOL simulation software. The simulation was done on a solar power project with an installed 

capacity of 1 MW using exact solar insolation values for the exact geographical location. Typical bifacial and 

monofacial half-cell solar panels available at the local market were used for the analysis. For enhancing the 

analysis, two common placements of the panels were utilized, ground placement, and rooftop placement parallel 

with the roof at the same inclination (pitch) and orientation (azimuth). Obtained results using PV*SOL simulation 

software for both panels and both placements are presented with accompanying discussion. For ground 

placement, bifacial solar panels resulted in increased energy generation of approximately 2.5%, while for rooftop 

placements the amount of the increased energy generation was negligible. Ground-placed bifacial solar panels 

have increased energy generation all year around, while rooftop bifacial solar panels provide larger energy 

generation only during summer months, from June to August. For the rest of the year the energy generation 

difference, although in favor of bifacial over monofacial solar panels, was still negligible. 
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