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Il. MOHOI'PA®UA

[Ipenmer Ha MoHOTrpadusaTa € pasriexaaHe W CpaBHEHHE HAa METOAUTE 3a poOacTeH
CHHTE3, IO0-CIELHATHO HEeCTpyKTypupaH He W [ CHHTE3, akTyalHM KbM MOMEHTa Ha
HanuMcBaHeTO Ha MoHorpadusara. Karo m3xoqHa Touka € M3MOI3BaH pa3paboTeH OT aBTOpa
coTyepeH makeT 3a HecTpykTypupaH Hw M |1 cHHTE3, Cb3/1a7ieH BbB Bpb3Ka C HAllMCBAHETO
Ha JUCepTalus 3a HaydHa CTENeH Ja-p U BkioueH B OumOmmorekata SLICOT mo mpoekra
NICONET, https://www.slicot.org/ . CpaBHenuero Ha uymcieHuTe cBoiictBa ¢ ¢ Robust
Control Toolbox ma MATLAB. CpaBHeHusiTa ca WIIOCTPHPAHU C MOAXOISIIA YHCICHU
IPUMEPH.

OTHayano € HampaBeH Mperjiel Ha HAKOM OCHOBHH IOHSATHS, KATO CUCTEMHU HOPMH,
IIOCTAHOBKA U METOJIM 3a pelllaBaHe Ha 3ajjayaTa 3a Ho U L CUHTE3, a ¢ orJie/l Ha IPOrpaMHOTO
peanu3upaHe Ha CHOTBETHHUTE AITOPUTMHU € JaJleH M KpaThK Iperie] Ha mpoOieMuTe Ha
qHCcJeHaTa apUTMETHKA; HallpaBeHa € U KpaTKa XapakTepucTuka Ha oubimorekara SLICOT.
JlaneHo e ommcaHWe Ha M3MOJI3BAaHUTE METOMU 32 Ho W L CHHTE3 M MpOrpaMHHU CXeMH Ha
peanmusupanus codryep. M3cnensana e paborara Ha pazpaboTeHus ot aBTopa codryep 3a Hex
cunte3 B cpaBHeHne ¢ MATLAB, 3a n1a ce geMoHCTpUpaT HAKOU MPOOJIEMU; U3MOJI3BAHU Ca
HSKOJIKO IIpUMepa C pa3iMyHa CJIOKHOCT M YMCIIEHU cBOHCTBa. HampaBeHo e cpaBHeHHE Ha
paborara Ha aBTOpcKus codryep 3a W cuHTe3 upe3 DK wurepamum ¢ MATLAB, karo e
o0bpHaTO MoBeye BHUMaHue Ha D crenkaTta. HampaBeHo € KpaTko u3cieBaHe Ha YUCIEHUTE
CBOWCTBa Ha ypaBHEHHSATa Ha PukaTh, Karo ca CpaBHEHHM TPHU TPOTPAMHH MPOAYKTa 3a
pelaBaHeTo UM, €IMH OT KOMTO € M3MOJI3BaH U B aBTOPCKUs codTyep. Pasrinenanu ca HIKOU
YHCJICHW CBOWCTBA M YyBCTBUTEIHOCTTA Ha 3amauynte 3a H., cuHTe3 M m3uucinsBaHe Ha Hu
HopMmarta. HampaBeH e mpersien Ha Hal-M3MOJI3BaHUTE METOJM 3a HaMallsABaHE Ha pela U
nosiyyaBane Ha OanaHcupanu peanuzaimu B MATLAB u SLICOT. Jlanen e mpumep 3a
aHaJIM3 U CHHTE3 Ha po0acTeH peryjarop Ha KOHKpPETEeH JIabopaTopeH MOJesl Ha MarHUTHA
nesutanus ¢ MATLAB u codtyep, pazpaboten ot aBropa 3a SLICOT; 3a nenra e nonydex
JMHEApU3UpaH MOJE ChC CTPYKTYpUpPaHa M HECTPYKTYpHUpaHa HEOIPEAeNIeHOCT Taka, 4e Ja
ce MOKake BIMSHHETO Ha HEOMpeIeNIeHOCTTa BhpXy cuHTe3a. JlajeH e mpumep 3a aHAU3 U
CHHTE3 Ha poOacTeH peryjarop Ha J1abopaTopeH MOJENT Ha CEpPBOCUCTEMA C PA3JIMYHU
BaJIMaHTH Ha HEONPEACICHOCTTa B MOJIETIA.

3a IpJIHOTA HA U3JI0KEHUETO € 0ObPHATO BHUMAHKUE U Ha APYTH aKTyaJTHU KbM MOMEHTa
HA HAMUCBAHETO HAa MOHOTpadusATa BBIpOCH (Npeld CTPYKTYPHHUAT | CHHTE3 Jia CTaHe
NPaKTHYECKH MPWIOKUM C HoBara QyHKiuoHaaHoct Ha Robust Control Toolbox 3a
MATLAB, peamusupana BbB (QYHKIHMATa MUSYN): W3TOYHUIM HA TPEHIKH TPU
KOMIIIOTBPHUTE MPECMTAaHUs, YyBCTBUTEIHOCT Ha 33JaylTe€ KbM CMYILICHHS B JaHHUTE,
YHCIeHa YCTOMYMBOCT Ha KOMIIOTBPHUTE aJTOPUTMH, U34MCIsABaHEe Ha He M U HOpMUTE C
HCTOPUYECKO pa3BUTHE HA CHOTBETHUTE METOIH, APYI'M METOIU — W3IOJI3BaHE HA JIMHEHHH



MaTpUYHU HEPaBEHCTBA, aJalTUBHO YIpPaBJICHHWE, POOACTHO yIpaBICHHWE NPU IKeJTaAHH
IIOJIFOCH, Ha €3MKa Ha Ju(epeHLMaTHUTe UIPU C NPUBEXKJaHE KbM MHHHMMAaKCHa 3ajada, C
THbPCECHE HA HAW-JIOWIMS BApPUAHT W II0 OTHOIICHME HAa HAYaJIHUTE CBCTOSHUSA 4pe3
BApUALIMOHEH TOAXO0/, C FTCHETUYHH AJITOPUTMHU, C Pa3MUTA JIOTUKA, C HEBPOHHU MPEXKHU.

1. ITYBJIMKAITIMA

[To nornyeckn cbOOpPaKEHUs MPUHOCUTE Ca pa3feseHH 0 00JacTH Ha NPUIIOKEHUE.
Karo Hali-chliecTBEHa 4YacT Ha IPUHOCUTE, JOKA3BaIlM IMPAKTUYECKO-WUH)KEHEpPHATa WM
CTOMHOCT, CUNTaM y4acTHUETO B Ch3/1aBaHETO HA METOJMKA, AITOPUTMHU U COPTyep 3a PeasHo
paboTemy HpUWIOKEHUs B oOyiacTTa Ha Oe3paspylMTesHaTa JUAarHOCTUKA IO Pa3IM4YHU
METOAM; CcbhOMpaHe M o0paboTKa Ha JAaHHU 3a LEJUTEe Ha EKCIIepUMEHTaaHaTa (QHU3UKa M
aBTOMATUYHO YIpPABJIEHWE HAa CHOTBETHH YCTPOWCTBA, AaBTOMAaTHUYHO YIPAaBICHUE Ha
71a00paTOPHU MOJEIH 33 HY)KIUTE Ha 0O0YYEHHUETO 110 aBTOMATHKA; M3M0JI3BaHEe HA METOAUTE
Ha MAalIMHHOTO OOYY€HHE U U3KYCTBEH MHTEJEKT 3a aBTOMaTUYHA MEJUIMHCKA TUArHOCTHKA
U pa3lio3HaBaHE Ha XMMHUYECKH BEIIECTBA.

A. Teopusi Ha yNIpaB/JeHUETO; NPAKTHYECKH NPUJIOKEHHUS 32 aBTOMATHYHO YNIpaBJieHue
Ha Qpu3NYeCcKH ycTpoiicTBa

IIpnHOCHT Ha aBTOpPa € B YYacTHUETO IPH BBBEXKIAHETO Ha J1a0OpaTOpHU MOJEIM Ha
¢dupmata Inteco B 00y4eHHETO 1O KYpPCOBE, CBbP3aHH C TEOPHTA HA YIPABICHHUETO. 3a eNITa
¢ paspaboten codpryep: IIporpamuo ocurypsisane Ha MATLAB&Simulink 3a aBromMaTiaHO
yrpaBieHue Ha (U3UYECKH JTa0OpaTOpPHH MOJIENIM — HOBH aJTOPUTMH — HPUIOKECHUE U
u3cieIBaHe, a HUMEHHO — |[L CHHTe€3 M pOOAacCTHO YHpaBlIeHHE, MPHIOKEHHE Ha
ONITUMH3AIMOHHH TIPOIIETyPH 32 HACTPOIKA Ha PErylaTopu — CTPYKTYpHA M IMapaMeTpUYHA.
B nagenuTte myOnukanuu ce pasriiex/ia CHHTE3bT Ha poOacTHO YIpaBieHHE Ha CHCTeMa 3a
MarHUTHA JIEBUTAIWS, 32 HACTPOWBAaHE HA PETYIAaTOPH 3a CHINUS OOEKT C ONTUMH3AIMOHHU
IpolelypH, 3a poOacTHO ylpaBlieHHe Ha Ja00paTOPEeH MOJIEN — CEPBOCUCTEMA, 3a IpUiIaraHe
Ha noaxona “Hardware in the loop” ¢ momorra Ha MATLAB u LabView, kakto u po6acTHO
yIipaBJIeHHE Ha CIIOMEHATUTe 00EKTU Che cpeicTBa Ha Ombnmuorexata SLICOT, 3a p cunTes
MIPH TOTTBIIHUTEHNA OTPEHHUYEHHSI BBPXY IMOJIFOCUTE Ha 3aTBOpEHATa CUCTEMa, 32 CTPYKTYPEH
p cunres Ha [T/ perynarop o merona Ha Hon u AnkapsH.

y6iamkanum:

1.9. A. MapkoBcku, Pobacmno ynpasnenue Ha 1adOopamoper mooel — MACHUMHA
nesumayus, MexxayHnapoasna koHpepenuus ,,Apromatuka 2012, 1 — 4 ronu 2012, Co3zomnou,
bwearapus / Markovski A. G., Robust control of laboratory stand — magnetic levitation,
International conference ,,Automatics 2012” - 1. 6 - 4. 6. 2012., Sozopol, Bulgaria (ISSN
1311-0829)

1.10. A. MapxkoBcku, Onmumusayuonnu npoyeoypu 6 MATLAB 3a nacmpouxa Ha
peecynamopu, MexayHapoaHa kondepenmus ,,Apromatuka 20127, 1 — 4 rouu 2012, Co3zormon,
bwenrapus / Markovski A. G., Optimization procedures in MATLAB for adjustment of
regulators, International conference ,,Automatics 2012” — 1. 6 — 4. 6. 2012, Sozopol, Bulgaria
(ISSN 1311-0829)

1.11. A. MapkoBcku, Pobacmuo ynpasienue na nabopamoper mooen — cepsocucmemd,
MexayHaponHa koHpepeHuus ,,Apromaruka 20147, 13 — 15 rouu 2014, Co3omnon, bbarapus,
ormevatan B ['ogumnuka Ha TY — Codus, 2014 / Markovski A. G., Robust control of
laboratory stand — servo system, International conference ,,Automatics 2014” - 13. 6 - 15. 6.
2014, Sozopol, Bulgaria (ISSN 1311-0829)



1.12. A. MapkoBcku, Yueona cucmema ‘“Hardware in the loop”, MexnyHapoaHa
koH(pepennus ,,ABromatuka 2017”7, 2 — 4 rouu 2017, Co3omnon, bwarapus, ormedatan B
INogumauka Ha TY — Codus, 2017 / Markovski A. G., Laboratory system “Hardware in the
loop”, International conference ,,Automatics 2017” - 2. 6 - 4. 6. 2017, Sozopol, Bulgaria
(ISSN 1311-0829)

1.14. A. MapxkoBcku, Pobacmno ynpasnenue nHa cepsocucmema ¢ MATLAB u SLICOT,
lNogumauk Ha Texuudecku YHuuepcuter - Codus, Tom 69, kaura 2, 2019 / Markovski A.,
Robust control of servosystem using MATLAB and SLICOT, 2019 Publishing House of
Technical University of Sofia, ISSN 1311-0829

1.15. A. Mapkoscku, Robust control of a servosystem using mu synthesys and regional
pole placement constraints, I'ogumank Ha Texuumdecku YuuBepcuter - Codusi, Tom 71,
kaura 2, 2021 / Markovski A., Robust Control of a Servo System Using mu Synthesys and
Regional Pole Placement Constraints, Publishing House of Technical University of Sofia,
ISSN 2738-8549, Vol. 71, Book 2, 2021

1.16. A. Mapkoscku, Robust PID Design for a Servosystem Using mu Synthesis in
MATLAB, TI'ogumauk Ha Texnwmduecku YHuBepcuteT - Codwus, Tom 72, kHura 2, 2022 /
Markovski A., Robust PID Design for a Servosystem Using mu Synthesis in MATLAB,
Publishing House of Technical University of Sofia, ISSN 2738-8549, Vol. 72, Book 2, 2022

b. JlazepHa CIEKTPOCKONUSA

IIpuHOCHT Ha aBTOpA € B!

A) PaszpaborBane Ha coptyep Ha MATLAB 3a ananu3 Ha naHHu B o0nacTTa Ha ja3epHara
cnekrpockonus 3a UE xem BAH. [lpunoxenn ca 4ucieHn METOAW 3a WACHTH(HKAIUSI C
IPUIIOKEHNE BbB (PU3HKaATa HA BBIIHOBUTE ITPOLIECH.

b) Pa3pabotka Ha codryep Ha LabView 3a aBTOMaTu4HO yrpaBieHue, 00paboTka M aHaIM3
Ha JJaHHUTE Ha CUCTEeMa 3a JIabOpaTOpPHHM H3CJEIBAaHHUS Ha SBJICHUATA, BH3HUKBAIM NpPU
B3alMO/JICIICTBIE Ha JIa3€pHU JbUYM B CBPBXTHHKHM CJIOE€BE IPHU HU3CIECABAHMS, CBBP3aHHU C
IpOy4YBaHE Ha BBH3MOXKHOCTTA 3a Ch3/IaBaHE Ha 3allOMHSIIM YCTpoWcTBa ¢ Oe3kpaeH Opoit
CbCTOSIHUSI, KaKTO W 3a IOCTUIaHE Ha CBPBXHUCKH TEMIEpaTypu. 3a YIpaBleHHE ca
IIPWJIOKEHN METOAM OT TeopusTa Ha aBTOMATUYHOTO YIPABICHHE — KIACHYECKU METOJH,
pobacTHO ympaBieHue, pasmuta jJoruka. CodhTyepbT € chb3AaleH npu padoTa Mo MPOEKT MO
[llecta pamkoBa mporpama Ha EC mo gor. MTKD-CT/2004-2008 014228 «kato
CIEeNOKTOpCKa crnenuanusanus 1o nporpamara ,Mapus Kropu“ B JlatBuiickus
yHuBepcuteT B Pura, mo Ceama pamkoBa mporpama mo jgor. 285912/1.2.2012-31.7.2015
,unlocking and Boosting Research Potential for Photonics in Latvia Towards Effective
Integration in the European Research Area”, Marie Curie FP7 Program u no gor. na EC FP7
International Research Staff Exchange Scheme project COLIMA, Coherent manipulation of
light and matter via interferences of laser-dressed states, Contract PIRSES-GA-2009-247475.
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B. be3paspymuTteneH KOHTPOJ ¢ M3M0JI3BaHE HA NO3UTPOHHA CHEKTPOCKONHUS

[IpunochT Ha aBTOpa € B pazpadborBaHe Ha m3uuciauteneH copryep Ha FORTRAN, C++ u
MATLAB 3a MojenupaHe Ha METaJHU KPHUCTAJIHU PEUIETKH C THIUYHH Je(eKTH,
BB3HMKBAIIM IpHU paboTaTta Ha KOPIYCUTE Ha SAPEHUTE PEaKTOpH, M3rPaZeHH OT CTOMAaHa,
aerupana ¢ Ni, Mo, Cr, V, W, Be, Ti. ToBa e B pe3yaraT Ha OOJ'/bYBAHETO HA MeTaia C
HEYTPOHU U TAXHOTO pas3laZaHe A0 MPOTOH, €JIEKTPOH U HEYTPUHO, KOMOMHUpAIIU CE€ BBHB
BOJIOPOJIHM aTOMHU. Pe3yntarsT ca THUOMYHM JAedopManuu B KpUCTaJIHATa pelIeTKa
(u3MecTBaHMsI, MOHOBAaKaHIIMKA U T. H.), HACUTEHH C BOJOPOJHH aTOMH, KOUTO HAMaJSIBaT
3/lpaBUHAaTa Ha CTPYKTYpHHMs Marepuai. HampaBeHo € uMclIeHO MoJelupaHe Ha NpOLIECUTE
npu oOJbYBAHE HAa METajHA KPHUCTalHA pPElIeTKa C MOTOK OT TMO3UTPOHM 3a IEJIUTE Ha
Oe3pazpymuTenHaTa 1e(eKTOCKONuUs M0 METO/la Ha M3YHUCISABAaHE Ha BPEMETO HAa HUBOT Ha
MO3UTPOH B MeTaliHa KpucTtanHa pemierka. Coptyepst e cooctBenoct Ha UAMSAE kem BAH.
IIpn pemaBaHeTO HAa MHOrOYacTHYKOBOTO ypaBHeHHE Ha lIpboauHrep 3a MonenupaHe Ha
penakcanusTa ca MPUIOKEHM METOAM 3a YHCICHO CHMYJMpaHe M ONTUMHU3alUsS —
KBa3WHIOTOHOBH METOAM, CUMILJIEKC METOX MU Ap. MeToxspT € yCHenHO NPWIOXKEH U J1aBa
BHCOKa TOYHOCT B CPaBHEHHME C ONUTHO M3CIIEJIBAHE HA MPOOEH MaTepHasl Mo KIaCUYECKU
METOJI € pa3pyliaBaHe Ha oOpasera.
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I'. be3pa3pymiuTesieH KOHTPOJ ¢ M3M0JI3BaHE HA MATHUTOIIYMOBH MeTOAM U edeKT Ha
bapkxay3eH

[IpuHOCHT Ha aBTOpa € B pa3pabOTBaHe HAa CUCTEMEH U M3uuciauTeseH copryep Ha Assembler,
C u MATLAB 3a HOBOpa3pa0OTEeHH ypeAH 3a MHOTOKpUTEepHaliHA Je(PEKTOCKONHS Ha
METaJIHU H3JeTHs 10 YJITPa3ByKOB METOJ, C H3Mmoyi3BaHe Ha edekT Ha bapkxayseH u c
m3nom3Bane Ha TepMOEJIH. CodryepsT e paspaboren 3a ¢upma Yuutect 07 EOOU.
[Ipunoxkenn ca MeToau 3a chOMpaHe, aHaiM3 M 00paboTka Ha JaHHU, KakTo M 3a
KJIacu(UKAIKS U Pa3MO3HABAHE 110 SIUH U TIOBeUE HHPOPMAITMOHHU TTapaMETPH.
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. TlpujioskeHne Ha MeTOAMTEe HAa W3KYCTBEGHHS MHTEJNEKT B aBTOMATHYHATA
MEIUMIIMHCKA IUMATrHOCTUKA

[IpuHockT Ha aBTOpa € B pa3zpaboTBaHe Ha coTyep M METOJMKA 3a paHHA aBTOMAaTH4YHA
AWAarHoCTUKa Ha KOXHHU pPaKOBHU 3a00JIsIBaHUs gpe3 METOJa Ha OITUYHaTa ouomncus.
PazpaboTteHa e 1 ce U3NMUTBA ISUIOCTHA ONUTHA IUATHOCTUYHA CUCTEMA, KaTo ca pa3paboTeHH
U CbOTBETHHUTE amapaTHu cpenacTtsa. [IpuiokeHu ca MeToAMTEe Ha MAIIMHHOTO OOYy4YeHHE C
M3I0JI3BaHE HAa HEBPOHHU MPEXM IPH peIIaBaHETO Ha 33JayuTe 3a Kiacu(ukauus mpu
cyrnepBaiizopHo obydueHue. HampaBeHo € cpaBHEHHE NpU Pa3IUYHU MOAXOAU — OOydeHHUE C
rpyon naHHu (cnekTporpamu), wid ¢ 32 WH()OPMALMOHHHM Mapamerbpa, MOJOpaHd OT
OMOXMMHUIIM M CHELMAIUCTH 10 OTpaXkaTedHa U (UIyOpPECLEHTHAa CIEKTPOCKOMUS 3a
OTKpPUBAHC HA TUIIMYHU 3a JaACHO 3a0019BaHe OpTraHW4YHHU BCIICCTBA CHC CIIPETHATA XUMHUYHA




Bpb3Ka (Hamp. mportonopdupun). M3cnenpana e Bpb3kaTa MEXKIy THUIA M CIOXHOCTTa Ha
W3I10JI3BAHUTE HEBPOHHU MPEKU M TOUHOCTTA Ha pa3lO3HABAHE.
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1. MONOGRAPH

The subject of the monograph is a review and comparison of robust synthesis methods,
in particular unstructured He and p synthesis, current and applicable at the time of writing the

monograph. A software package for unstructured Hw and p synthesis developed by the author,

created in connection with the writing of his PhD thesis and included in the SLICOT library
under the NICONET project, https://www:.slicot.org/ is described. Comparison of numerical
properties is with MATLAB's Robust Control Toolbox. Comparisons are illustrated with
appropriate numerical examples.

First, an overview of some basic concepts, such as system norms, formulation and

methods for solving the problem for Ho and u synthesis, is made, and with a view to the

program implementation of the relevant algorithms, a brief overview of the problems of
numerical arithmetic is given; a brief characterization of the SLICOT library is also made. A

description of the methods used for Hw and p synthesis and program diagrams of the

implemented software are given. The performance of the Ho synthesis software developed by

the author is investigated in comparison with MATLAB to demonstrate some issues; several
examples of varying complexity and numerical properties are used. The performance of the
author's software for p synthesis via DK iterations with MATLAB is investigated, paying
more attention to the D step. A brief study of the numerical properties of the Riccati equations
is made, comparing three software products for solving them, one of which was also used in

the author's software. Some numerical properties and the sensitivity of the problems for He

synthesis and calculation of the He norm are considered. The most used methods for order

reduction and obtaining balanced implementations in MATLAB and SLICOT are reviewed.
An example is given of the analysis and synthesis of a robust regulator of a specific laboratory
model of magnetic levitation using MATLAB and the software developed by the author for
SLICOT; for this purpose, a linearized model with structured and unstructured uncertainty is
obtained so as to show the impact of uncertainty on the synthesis. An example of the analysis
and synthesis of a robust regulator of a laboratory model of a servo system with different
variants of the uncertainty in the model is given.

For the sake of completeness of the presentation, attention is also paid to other issues
relevant at the time of writing the monograph (before the structural p synthesis became
practically applicable with the new functionality of the Robust Control Toolbox for
MATLAB, implemented in the function musyn): sources of errors in computer calculations,
sensitivity of tasks to data disturbances, numerical robustness of computer algorithms,



calculation of Hw and p norms with historical development of the corresponding methods,

other methods — use of linear matrix inequalities, adaptive control, robust control with desired
poles location, in the language of differentials games with reduction to a minimax problem,
with a search for the worst option and with respect to the initial states through a variational
approach, with genetic algorithms, with fuzzy logic, with neural networks.

1. PUBLICATIONS

For logical reasons, the contributions are divided by application areas. As the most
essential part of the contributions proving their practical engineering value, | consider the
participation in the creation of methodology, algorithms and software for real working
applications in the field of non-destructive diagnostics by various methods; collection and
processing of data for the purposes of experimental physics and automatic control of relevant
devices, automatic control of laboratory models for the needs of training in automation; using
the methods of machine learning and artificial intelligence for automatic medical diagnosis
and recognition of chemical substances.

A. Control theory; practical applications for automatic control of physical devices

The author's contribution is in the participation in the introduction of laboratory models of the
company Inteco in the teaching courses related to control theory. Software has been
developed for this purpose: Software based on MATLAB&Simulink for automatic control of
physical laboratory models, namely — p synthesis and robust control, application of
optimization procedures for adjusting regulators — structural and parametric. The given
publications consider the synthesis of robust control of a magnetic levitation system, for
setting up regulators for the same object with optimization procedures, for robust control of a
laboratory model — a servo system, for applying the "Hardware in the loop™ approach using
MATLAB and LabView, as well as robust control of the mentioned objects with the means of
the SLICOT library, for p synthesis with additional constraints on the poles of the closed loop
system, for structural p synthesis of a PID regulator by the Noll and Apkarian method.

Publications:

1.9. A. MapkoBcku, Pobacmno ynpasnenue Ha 1adOOpamoper mooel — MACHUMHA
nesumayusi, MexxayHapoasna koHpepenuus ,,Apromatuka 2012”7, 1 — 4 ronu 2012, Co3zomnou,
bwearapus / Markovski A. G., Robust control of laboratory stand — magnetic levitation,
International conference ,,Automatics 2012” - 1. 6 - 4. 6. 2012., Sozopol, Bulgaria (ISSN
1311-0829)

1.10. A. MapkoBcku, Onmumusayuonnu npoyeoypu 6 MATLAB 3a nacmpouxa Ha
peecynamopu, MexayHapoaHa kondepenmus ,,Apromaruka 20127, 1 — 4 rouu 2012, Co3zormon,
bwenrapus / Markovski A. G., Optimization procedures in MATLAB for adjustment of
regulators, International conference ,,Automatics 2012” — 1. 6 — 4. 6. 2012, Sozopol, Bulgaria
(ISSN 1311-0829)

1.11. A. MapkoBcku, Pobacmuo ynpasienue na nabopamopern mooen — cepsocucmema,
MexayHaposHa KoHpepeHuus ,,Apromaruka 20147, 13 — 15 ronu 2014, Co3omnon, bbarapus,
ormevatan B ['ogumnuka Ha TY — Codus, 2014 / Markovski A. G., Robust control of
laboratory stand — servo system, International conference ,,Automatics 2014” - 13. 6 - 15. 6.
2014, Sozopol, Bulgaria (ISSN 1311-0829)

1.12. A. MapkoBcku, Yueona cucmema “Hardware in the loop”, MexnyHapoaHa
koH(pepennus ,,ABromatuka 2017”7, 2 — 4 1ouu 2017, Co3omnon, bwarapus, ormedatan B
lopgumauka Ha TY — Codus, 2017 / Markovski A. G., Laboratory system “Hardware in the



loop”, International conference ,,Automatics 2017” - 2. 6 - 4. 6. 2017, Sozopol, Bulgaria
(ISSN 1311-0829)

1.14. A. MapxkoBcku, Pobacmno ynpaenenue nHa cepsocucmema ¢ MATLAB u SLICOT,
IlNogumauk Ha Texuundyecku Yuusepcuter - Codus, Tom 69, kaura 2, 2019 / Markovski A.,
Robust control of servosystem using MATLAB and SLICOT, 2019 Publishing House of
Technical University of Sofia, ISSN 1311-0829

1.15. A. Mapkoscku, Robust control of a servosystem using mu synthesys and regional
pole placement constraints, I'ogumauk Ha Texuumuyecku Yumpepcurer - Codust, Tom 71,
kamra 2, 2021 / Markovski A., Robust Control of a Servo System Using mu Synthesys and
Regional Pole Placement Constraints, Publishing House of Technical University of Sofia,
ISSN 2738-8549, Vol. 71, Book 2, 2021

1.16. A. Mapkoscku, Robust PID Design for a Servosystem Using mu Synthesis in
MATLAB, I'ognmauk Ha Texnudecku YuuBepcureT - Codus, Tom 72, xuura 2, 2022 /
Markovski A., Robust PID Design for a Servosystem Using mu Synthesis in MATLAB,
Publishing House of Technical University of Sofia, ISSN 2738-8549, Vol. 72, Book 2, 2022

B. Laser spectroscopy

The author's contribution is as follows:

A) Development of MATLAB software for data analysis in the field of laser spectroscopy for
Institute of Electronis, Bulgarian Academy of Sciences. Numerical identification methods
with application in the physics are applied.

B) Development of LabView software for automatic control, processing and data analysis of a
system for laboratory studies of phenomena arising from the interaction of laser beams in
ultrathin layers in research related to the study of the possibility of creating memory devices
with an infinite number of states, as and to achieve ultra-low temperatures. For control of the
devices, methods from the Control Theory are applied — classical methods, robust control,
fuzzy logic. The software was created while working on a project under the EU's Sixth
Framework Program according to doc. MTKD-CT/2004-2008 014228 as a postdoctoral
specialization under the "Marie Curie" program at the University of Latvia in Riga, under the
Seventh Framework Program in Dog. 285912/1.2.2012-31.7.2015 "Unlocking and Boosting
Research Potential for Photonics in Latvia Towards Effective Integration in the European
Research Area", Marie Curie FP7 Program and under doc. of EU FP7 International Research
Staff Exchange Scheme project COLIMA, Coherent manipulation of light and matter via
interferences of laser-dressed states, Contract PIRSES-GA-2009-247475.

Publications:

1.8. Mapkoscku A. I'., Xp. AuapeeBa, Vnpasnenue ma nabopamopno obopyosaue c
LabView, Mexnynaponna xondepeHuus ,,ABromaruka u uHpopmaruka 2009” - 29. 09 - 2.
10. 2009 r., Codus / Markovski A. G., Chr. Andreeva, Control of laboratory equipment with
LabView, International conference ,,Automatics and informatics 2009 - 29. 09 - 2. 10. 2009,
Sofia, Bulgaria (ISSN 1313-1850)

2.1. Ch.Andreeva, Y.Dancheva, M.Taslakov, A.Markovski, P.Zubov, S.Cartaleva,
Continuously tunable diode laser at 780 nm, Proceedings of the International Symposium
“LTL Plovdiv’99”, p.125, Sept.28-30 1999, Plovdiv, Bulgaria.

2.4. C. Andreeva, N. Bezuglov, M. Bruvelis, A. Ekers, A. Markovski, K. Miculis, B.
Mahrov, |. Ryabtsev, J. Ulmanis, Population control of Na excited states by means of
interference due to Autler-Towns effect, 16 Int. school on quantum electronics “Laser physics
and applications”, 20-24 September, 2010, Nessebar, Bulgaria

2.5. C. Andreeva, N. Bezuglov, M. Bruvelis, A. Ekers, A. Markovski, K. Miculis, B.
Mahrov, I. Ryabtsev, J. Ulmanis, Effect of the transit time on the transition broadening, 16



Int. school on quantum electronics “Laser physics and applications”, 20-24 September, 2010,
Nessebar, Bulgaria

2.6. C. Andreeva, Cinins A., Ekers A., Tretyakov D., Entin V., Yakshina E., Beterov I.,
Markovski A., Ryabtsev |., Radio-frequency-induced Férster resonances in a few cold Rb
Rydberg atoms, 8 International conference "Basic Problems of Optics” BPO'2014, Saint
Petersburg 20-24. 10. 2014

2.8. C. Andreeva, A. Cinins, A. Ekers, D. Tretyakov, V. Entin, E. Yakshina, I. Beterov, A.
Markovski, I. Ryabtsev, Controlling the Interaction of a Few Cold Rb Rydberg Atoms by
Radio-Frequency Assisted Forster Resonances, 73-nd Annual scientific conference of the
University of Latvia, 06.02.2015, Riga, Latvia, Book of abstracts p.41.

2.9. 1. I. Beterov, A. Markovski, S. M. Kobtsev, E. A. Yakshina, V. M. Entin, D. B.
Tretyakov, V. I. Baraulya, I. I. Ryabtsev, A Simple Cost-efective Digital System for Tuning
and Long-Term Frequency Stabilisation of a CW Ti:Sapphire Laser, 73-nd Annual scientific
conference of the University of Latvia, 06.02.2015, Riga, Latvia, Book of abstracts p.48.

2.10. C. Andreeva, A. Cinins, A. Ekers, A. Markovski, D. Tretyakov, V. Entin, |. Beterov,
E. Yakshina, and I. Ryabtsev, Realization of radio-frequency assisted Forster resonances in
an ensemble of a few cold Rb Rydberg atoms, 47"" conference of the EGAS, Riga, Latvia, 14-
17.07, 2015 (poster session)

2.11. llya Beterov, Asparuh Markovski, Sergey Kobtsev, Elena Yakshina, Vasily Entin,
Denis Tretyakov, Vladimir Baraulya, Igor Ryabtsev, Digital system for tuning and long-term
stabilization of a CW Ti:Sapphire laser — experimental set-up, International Conference
Automatics’2016, 3-5 June, Sozopol, Bulgaria (ISSN 1311-0829)

2.12. llya Beterov, Asparuh Markovski, Sergey Kobtsev, Elena Yakshina, Vasily Entin,
Denis Tretyakov, Vladimir Baraulya, Igor Ryabtsev, Performance of a digital system for
tuning and long-term stabilization of a CW Ti:Sapphire laser, International Conference
Automatics’2016, 3-5 June, Sozopol, Bulgaria (ISSN 1311-0829)

C. Non-destructive testing using positron spectroscopy

The author's contribution is in the development of computational software in FORTRAN,
C++ and MATLAB for modeling metal crystal lattices with typical defects occurring in the
operation of nuclear reactor casings made of steel alloyed with Ni, Mo, Cr, V, W, Be, Ti. This
is as a result of the metal being bombarded with neutrons and their decay into protons,
electrons and neutrinos combining into hydrogen atoms inside the crystal lattice. The result is
typical deformations in the crystal lattice (dislocations, monovacancies, etc.) saturated with
hydrogen atoms, which reduce the strength of the structural material. Numerical modeling of
the processes during irradiation of a metal crystal lattice with a stream of positrons for the
purposes of non-destructive defectoscopy was made using the method of the positron lifetime
calculation in a metal crystal lattice. The software is the property of the INRNE — Bulgarian
Academy of Sciences. When solving the multiparticle Schrédinger equation for relaxation
modeling, methods for numerical simulation and optimization are applied — quasi-Newton
methods, simplex method, etc. The method has been successfully applied and gives high
accuracy compared to experimental testing of sample material by the classical method with
the destruction of the specimen.

Publications:

3.1. T. Troev, A. Markovski, M. Petrova, S. Peneva, T. Yoshiie, Positron lifetime
calculations of defects in vanadium containing hydrogen, Nuclear Instruments and Methods
in Physics Research B, April 2006
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D. Non-destructive testing using magnetic noise methods and the Barkhausen effect

The author's contribution is in the development of assembler, C and MATLAB system and
computational software for newly developed devices for multi-criteria detection of deffects in
metal products by ultrasonic method, using Barkhausen effect and thermo electromotive
voltage. The software was developed for the company Unitest 07 Ltd. Numerical methods are
applied for data collection, analysis and processing, as well as for classification and
recognition according to one or more information parameters.

Publication:

4.1. G. Velev, A. Andreev, A. Markovski, Ultrasonic study of metalic materials, 8-12 June
2009, 24-th National Conference “Defectoscopy ‘09, Sozopol 6.66

4.2. G. Velev, A. Markovski, Investigation of the structure of ferro-magnetic materials
using methodology based on Barkhausen effect, 7" international conference on Barkhausen
effect and micromagnetic testing, 15-16 July 2009, Aachen, Deutscheland, ISBN
9789526724706

4.3. G. Velev, A. Markovski, A Andreev, B. Velev, New Devices and Means for
Nondestructive Testing of Materials and Diagnostics of Facilities are Operating in Industry,
10th European Conference on Non-Destructive Testing 7-11 June 2010, Moscow ISBN: 978-
1-61782-791-4

4.4. A. Mapkoscku, I. BeneB, Cucmema 3a Oe3paspywumenen KOHMpONL HA MemMAaiHU
uzdenusi, MexnayHaponHa koHpepenmus ABtomatuka u HMuadopmarmka, 2010, Codwus,
bwarapus, 3-7. 10. 2010 / A. Markovski, G. Velev, System for Nondestructive Control of
Metal Materials, International conference Automatics and Informatics 2010, Sofia, Bulgaria,
3-7.10. 2010 (ISSN 1313-1850)

4.5. A. Markovski, G. Velev, New devices and means for nondestructive testing of machine
building materials and diagnosis of existing facilities in industry, International conference
NDT days 2011, June 2011, Sozopol, Bulgaria, Hayunu u3s. ta HTCM (ISSN 1310-3946) 10

4.7.Y. Ivanova, T. Partalin, A. Markovski, B. Velev, Stress measurements in a rolled
carbon steel using Magnetic Barkhausen noise and ultrasonic methods, 9th International
Conference on Barkhausen Noise and Micromagnetic Testing, June 28-30, 2011, Technical
University of Liberec, Czech Republic ISBN 978-952-67247-4-4
01. 2021

E. Application of artificial intelligence methods in automatic medical diagnostics

The author's contribution is in the development of software and methodology for early
automatic diagnosis of skin cancers using the optical biopsy method. A complete
experimental diagnostic system has been developed and is being tested, and the corresponding
hardware tools have also been developed. The methods of machine learning using neural
networks are applied in solving classification tasks under supervised learning. A comparison
is made between different approaches — training with raw data (spectrograms) or with 32
information parameters sugesteed by biochemists and specialists in reflectance and
fluorescence spectroscopy for detection of organic substances with a conjugated chemical
bond (e.g. protoporphyrin) typical for a given disease. The relationship between the type and
complexity of the neural networks used and the recognition accuracy was investigated.

Publications:

5.1. A. Mapkoscku, JI. ABpamoB, Hos anapam 3a onmuuna oOuoncus, ['OgunTHUK Ha
Texuuuecku YuupepcureT - Codusi, Tom 70, kaura 3, 2020 / Markovski A., L. Avramov, New
apparatus for optical biopsy, Publishing House of Technical University of Sofia, 2020, Vol.
70, Book 3, DOI: 10.47978/TUS.2020.70.03
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spectroscopy, Journal of Physics: Conference Series, Volume 2487, Issue 12023, Article
number 012026, 22nd International Conference and School on Quantum Electronics, ICSQE
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