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OBABEIITEBE
HACTABHUIIUMA U CAPATHUIIUMA EJEKTPOHCKOI' ®AKYJITETA

Hoxropcka jucepranmja kammmpata aami. wHx. Muogpar Cmacmh noa Hac/ioBom
»Mozaen NpeJuKTHBHO yNpaB/bame 34CHOBAHO HA KAM3HHM PeKHMHMA® 1 Hzgermraj
Komucuje 3a omeny u ojabpaHy MOKTOpCKe muCepTaluje DOCTYIHH Cy Ha YBHA JABHOCTH 'y
CJICKTPOHCKO] BEP3UJU HA 3BAHMYHO] MHTEPHET CTpaHHIM Daky/iTeTa M Hala3e ce y IITAMIaHOM

00muky y bubmuorenu Enexrponckor daxynrera y Humy u mory ce mornmemaru o 07.12.2019.
TOJIMHE.

IIpmvenbe Ha HaBenleHH H3BEITAj I0CTaBIbajy ce AeKaHy Enexrponckor dakynrera y Humy
y HampeJ HaBeJICHOM POKY.

Ipeacennuxk HacraBuo-nayunor peha
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TenegpoH: ++381 (018) 524-668, e-mail : smasonicic@hotmail.com
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QaxynTeTy, He KacHHje oA 5 (neT)

HeJlesba Npe IiaHupaHe o10paHe
Ouena fjoKTOpCKE TE3e

Kanpupar: MuoaparCnacuh

[Iporpam JA0KTOpCKMX Kubepneruka

CTYIHja

Hacnor Teze: Mojien npeAMKTUBHO yNpaBJbakbe 3aCHOBAHO Ha
KJIM3HUM PEKUMHUMA

Komucuja 3a olieHy auceprauuje: (MMe, 3Babe U M paHO MECTO)

l. wiaH Pepnoeuu npogecop Radu-Emil Precup
[TonurexHudkyu yHuBepauTeT y Temumpapy

2. ujaH Baunpennu npodgecop Danijela Risti¢-Durant
YHuuepzuter y Huury

3. unaH Penoenu npodecop XKemko Hyposuh
Yuusepzurer y beorpany

4. unau BUILK HCTPaKUBAUKH HAYUHUK
GiancarloMarafioti SINTEF
Peposuu npogecop Lars S. Imsland

AJIMUHHCTpATOP Henaptman 3a kubepHeruky, NTNU

EBaynanuja tese

Kparax onuc ¢opmara Teze (MoHorpaduja / 30upka pagora) u Bpera paja (Tj. Teopujcku /
eMITUPH|CKH).

HoxTopeka aucepTalpja je HanucaHa Ha €HIVIECKOM je3MKY W IpUIIpeMJbeHa je y oOJMKy
moHorpaduje.CacToju ce 0/ WeCT Noriaesba, YK/byuyjyhu yBoa U TEOPHjCKY OCHOBY.
[Tocnenmwe nornaeme npate [lpuno3n Koju cajapie JoKaze Teopema MPEACTaB/bEHMX Y
Tekcety. M3a mpunora Hanaszu ce nucra kopuiiheHux pedepeHlH, pefoce/loM KOjuM ce
nojaebyjy y tekcry. Cnucak nutepatype cactoju ce on 107 craku. [ly:kuHa vuraBe
nucepranuje u3HocH 113 cTpanunua.

Teza je Gasupana Ha pesynratuma o0jaBJLEHHM Ha JBE KOH(EpeHUMje M Yy JBa 4acomuca.
Jlokropanj je npBy ayTop Ha pajoBUMa ca jeaHe KoH(pepeHIHje W y JBa Yacomnucea, WTo je
BHILEC Of MOJOBMHE nyGnukaidja u3abpanux 3a Tte3y. [lopen tora, nokropann je nao
JOTIPMHOC Y joul mecT u3adpaHux HaydYHUX MyOnuKaluja Koje HUCY JIEO Te3e.
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OBEPEHH ITPEBO/JI CA EHI'TIECKOI' HA CPIICKH JE3HK
Cnaeka BojunoBuh, cy/cku npeBoIMiIall 3a eHITIeCKH je3nuk npu Buiem cyny y Humry
Cpb6uja , 18000 Huw, I'enepana M. Jlewjanuna 51/17
TeneghoH: ++381 (018) 524-668, e-mail : smasonicic@hotmail.com

PHBMOTPHTH Ja i je TE€3a HE3aBHCHO H CBGO6YXB3,THO JIeJI0 BUCOKOT akaJgeMCKOr cTaHaapaa:

TIpea ABa MOIJAB/bA TE3€ HANMCAHA Cy Ko MPHUMpeMa 3a METOMOJOLIKH YBOA Y npoGiem.
Ona cy noceehena popmysucaiby cTpareruja Metoga Mojen IIpenuKTuBHOT Ypasspama
(MITY) u Vipassbama Kinsaum Pexumuma (YKP), amu Takohe cajipiKe CHCTEMATCKH U
METOJI0JIOMIKH MpPErsiel HCTOPHJCKOr pas3Boja OBMX peluetba. MCTOBPEMEHO HyM KPUTHIKH
nperse/l NPeAHOCTH, HEAOCTATAKA W MPAKTHYHUX YNOTpeOa OBUX CTPYKTYpa. VY KacHUjUM
rornaeibuMa je opmyauuja npodiema NOHOBJbEHA MO NOTPEOH, TAKO [a YMTAOLH MOTY Ja
Mpate Wjiejy ca WITO Mambe Haropa. Unrasa Tesa je pealn3oBaHa Kao HE3AaBHCAH JOKYMCHT
KOjM MOME fa ce 4MTa W npath Oe3 KOHCYyNTalMja A0MAaTHE JIMTeparype. Taxohe Tpeda
HAIVIACHTH jeIHOCTABHOCT MNpe3eHTaluje, jacHohy neduHucarma npobnema U Bohewma Kpo3
[poliec MpoHanaxea pemera. Ceu pe3ynTupajyhn 3aKoHH yNpasibarba Cy MPEACTaBbEHH y
00/MKy KOju omoryhasa 5aKy MOHOBJBMBOCT H uMruieMenTanujy. OONUK mpeseHTauuje
CTPYKTYpHpare, Kako IMPOjeKToBama YNpapibatba, TAKO W TITABHUX uaeja, 3a710BOJbABA
OveKMBaHE aKaJeMCcKe cTaHaape.

PasMOTPHTH MeTOJIMUKE, TEOPHjCKE M EMIMPHJCKE OCHOBE, JIOKyMEHTalHjy, obpay
nuTepatype U o0IMK H3Iarama y Te3u. PasMOTPUTH Ja i Cy MaTepHjal i METO/Ie KOjH ce
NpUMetbY]y PENEBaHTHH 32 MOCTABJLEHE npoGeneme y Te3d W [da JM Cy aprymMeHTH H
3aKJBYULH OPIKUBH:

OcHOBHA Wjcja MOKTOpCKe AHcepTauuje je KOMOMHOBame JBe TO3HATe cTpaTeruje
yrpap/barma Kako OM ce (opMHUpano HOBO yNpaB/bake W NPEBAULLIM HEJOCTALM KOjU Cy
n06po mosHatu kop MITY u YKP. Mertononoruja JUcepTaluje UCMyHhaBa BHCOKE 3aXTCBE.
Ha ocHOBY /00p0 MNO3HATHX TEOPHJCKMX pe3yiTarta KOjH C€ OJIHOCE HAa HyMEpHHKY
CIOKEHOCT, OCET/BMBOCT Ha HeoipeljeHoCT W MOjena, MOCTojarbe nopemehaja
3arapaHTOBaHe CTAGMIHOCTH, KAHMAT YBOIM KOHUENT KOMOMHOBAHOT 3aKOHA yNpaBibatba
Ha TIPUHLMIM]ENaH M METONOJOIIKMM CrpaBaH HauuH. 300rrora, Tesa MOKyllasa
KoMOGuHYje yormTeHocT ¥ ontuManuoct MIIY npuctyna Kao u poGYCHOCT M HYMEPHUKY
jennocraBroct anropurma YKP.

OBaj KOHLENT je NOHOB/bEH y TpH cueHapuja. [IpBu MMIICMEHTHPA ["enepanuzopano MITY
('MITY) 3acHopano Ha npuctyny Knanzuux Pesxuma (KP). Hpyru npuctyn npomupyje Tube
MITY (TMIIY) nomohy crpyktype KP. Konauxo, tpehu clieHapuo KOpHCTH Jlarepose
dyHkuuje 3a mpojexroBame [IpeIMKTHBHOD YTIpaB/batba Knuzaum Pesxumuma (TTYKP).
Mako cy cBa TpH anrOpUTMa yMpaBibaka NOJpkKaHa JaCHAM TEOPHjCKUM OCHOBOM, CBAKH j€
WIYCTPOBAH HEKMM KOHKPETHMM TpuMepuma, Oumio 'y o6NMKY CHUMYJalMje W
eKCTICPUMEHTAIHMM MOJIENIMMa. 3HayajHa BPEJHOCT TAaKBUX aHaIM3a je opnroeapajyha
uycTpaiija podyCHOCTH NPe/UI0KEHNUX pelictba.

TokoM npe3eHTOBaba CBOJUX OPUTMHAIHMX Wjieja ayrop jeé mnaXJ/bHBO HABEO JOCTYMHY
NMTEpaTypy. jacHo ykasyjyln Ha pasnuke uamely meroBor MCTpakuBara M CpOIAHOT pana
apyrux ayTtopa. Ha oBaj HauuH Hema AuieMe y Be3W Ca OPUIMHATHHM JOTIPUHOCOM
IpeNcTaB/bEHOT pe3yJiTara.




OBEPEHU TTPEBOJI CA EHI'JIECKOI" HA CPIICKH JE3UK
Crnaska Bojunosuh, cyncku nperoamnai 3a eHriecku jesux npu Bumewm cyay y Humry
Cpbuja, 18000 Huww, Ienepana M. Jlemjanuna 51/17
TenechoH: ++381 (018) 524-668, e-mail : smasonicic@hotmail.com

,ﬁ{l JH TC3a TONPUHOCH HOBHM CasHamkbHMa Y OIHOCY Ha AUCLIMILI HH}'?

[naBun 1ub Te3e je aHaNM3MpaTH KaKo JIBa pas/iMyMTa yNpaBjbauka MPUCTYNa MOry GUTH
KomMOWHOBaHa Kako OM ce no0Ouwia poOycHa MeToda YhpaB/bakba C€a  IKEJbEHUM
nepopmancama y 3aTBOPEHOj MeT/bM y npucycTBy nopemehaja u neoapehenocru. Jlpa
ojtabpana npucTyna ynpassbatba cy MITY (ca HekuM 01 ieroBux Bapujaruja) u YKP.

['naBHM nonpuHocH cy:
* Hoeu npuctyn npojexkroBarba ynpasibata 3a YKP na ocnosy I'MITY, nar y IMornasssy 3.
* JIsa npomnpema TMITY ca nomohuum YKP, nara y INornasbuma 4 u 5.

* [Ipuctyn npojexkroBawa [TYKP, Gazupan Ha kopuuihewy Jlarepopux ¢yHkmuja, mat y
[lornarmy 6.

Pasmorpure y K0Joj ce MepH MOKE HNPEHO3HATH JAONPUHOC KaHuAaTa 2aje/IHUYKOj
nyOAnKalMjn ¥ 12 JIM je KaHAHIAT O/FOBOPAH 33 /I0BOJbAH JICO Te3e

Kanauaar je npsu aytop y TpH, 0J1 YETHPH pajia KOju Cy TriaBHe myOnukaimje W3 Tese, u
[IaBHU je HOCHJIAll JIONPMHOCA OBHMX PajoBa. 3ak/byuyjeMo Ja je OH OArOBOpaH 3a JOBOJbaH
JICO OBE Te3e.

Jakbyuse npumende (Hup. Pasiosu 3a Hecaarame mehy wiaHoOBMMa KOMMCHjE Mopajy ce
HABECTH OBJIE):

Huje 6uno Hecnarawa mel)y unanoBuma xomucuje. Ilojennnaune u3jaBe cBakor 4wiaHa
KOMHCHje CY Y NpuJjory.

Hekn unanoBu cy u3Henu Mame KOMeHTape Ha npeseHTaiujy Teze. One he 6utu npocnehene
KaHauaaTy.

3akmyuak:
5 Komucuja 3a oyeny ycmanosuna je oa je mesa 0ocmojua jasue odopane.
O Komucuja 3a oyeny npenopyuyje oa @arxynmem doszsonu kanouoamy oa usepuill

Marbe pesusuje mese npe He20 wimo 0000p NOOHece CB0j KOHAYMU U3GeuLmdaj.
Komucuja mpeba da oocmasu nucmemny AUchy KOHKPEmnux cmasky Koje kanouoam
Mopa d0a pesuoupd.

Aro Daxynmem 003601U Marbe pesuslje mese, Kpajrpu Pox, Koju 00UYHO Huje OydIcU
00 mpu (3) meceya, oopelyje ce 3a dospuiasarse MAKEUX PEEUUJd.




OBEPEHHU ITPEBOJI CA EHI'JIECKOI' HA CPTICKH JE3MK
Cnaska Bojurouh, cyacky NpeBOMIIAL 32 €HIIECKH je3uK npu Buuem cyny y Humy
Cp6uja, 18000 Hu, ['enepana M. Jlemjanuna 51/17
Teneghon: ++381 (018) 524-668, e-mail : smasonicic@hotmail.com

O Komucuja 3a oyeny Koncmamyje Oda cy nompeOHe ONCEJCHe NPOMEHe, Koje ce
00HOCe Ha Meopujy, Xunomese, Mamepujan wiu memooe, kopuuhene y mesu Kaxko ou
ce mesa cmampana JocmojHOM jagre 000pane, 006op oddayyje mesy.

Jlokmopcka me3a koja ce ne cuampa 6peoHoM jasne 00Gpane modice bumu nOHOGo

docmasmena na npoyeny y pesuoupaHom 00IuKy, He npe He2o npohe uecm (6)
Meceyu naxon umo je Carynmen 00Heo 00NYKy.

ﬂoxmopcrca meszd MONCE e HOHOBO OYEHUNMU CCLMOjeaHOM.

Homnucu:

Craboeeenu nomnucy yemupu waana Komucuje u admuxucmpamopa.

HOMAUC HEUYUMAK, Pucmuh-Hypan Hanujena K. Byposuh
1. unamn, 2. ynan 3. unan,
Temueap, 24.10.2019. bpemen, 24.10.2019. beozpad, 24.10.2019
nOMNUC cHAbOeseH nomnuc cHaboesen
4. unan, Giancarlo Marafioti Aenunucmpamop - Lars S. Imsland
Tpodxajm, 24.10.2019 Tnodxajm, 24.10.2019
potvrdujem da ovaj prevod U potpunost

jenom na engleskom

odgovara izvorniku sacin
jeziku. - )
JSlavka Vojinovic, stalni sudski tumac za
engleski jezik pri Okruznom sudu U Nisu,
postavljena Resenjem Ministarstva pravde
br. 740-02-90/92-03, od 20/03/1992.
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Norwegian University of Science and Technology
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v?(: S\QI PhD candidate: Miograd Spasic
Title of thesis: Model predictive control based on sliding
mode control

Assessment Committee: (name, title and workplace)

Professor Radu-Emil Precup

13'[ § i + . & mi
i Polytechnica University of Timisoara

Associate Professor Danijela Ristic-Durrant
University of Nis

Professor Zeljiko Durovic

University of Belgrade

2™ opponent:

3 opponent:

Senior Research Scientist Giancarlo Marafioti
SINTEF

Professor Lars S. Imsland

Department of Engineering Cybernetics, NTNU

4" opponent:

Administrator:

Evaluation of thesis

Short description of the format of the thesis (monograph/ collection of papers) and the type of work
involved (i.e. theoretical/empirical).

The PhD thesis is written in English and is prepared in the form of a monograph. It consists of six
chapters including the Introduction and background theory. The last chapter is followed by an Appendix
containing proofs of the theorems presented in the text. After the appendix there is a list of used
references in the order of appearing in the text. The reference list consists of 107 items. The length of
the entire dissertation is 113 pages.

The thesis is based on the results published on two conference and two journals papers. The PhD
candidate is the first author of one conference and two journal papers, which is more than half of
the publications chosen for the thesis. In addition, the candidate has contributed to six other
scientific publications that are not part of the thesis.




Consider whether the thesis is an independent and comprehensive piece of work of high academic
standard:

The first two chapters of the thesis are written to prepare a methodological introduction to the
problem. These are devoted to the formulation of the MPC and SMC control strategies, but also
contain a systematic and methodological overview of the historical development of these control
solutions. At the same time it offers a critical review of the advantages, disadvantages and
practical usability of these structures. In later chapters, the formulation of the problem is also
repeated as needed, so that readers can follow the idea with less effort. The entire manuscript is
realized as an independent document that can be read and followed without having to consult
additional literature. One must also emphasize the ease of presentation, clarity of problem
definition and guidance through the process of finding solutions. All the resulting control laws are
presented in a form that allows an easy reproducibility and implementation. The form of
presentation and structuring of both control design and main ideas meets the expected academic
standards.

Consider the methodical, theoretical and empirical bases, documentation, treatment of literature and
form of presentation in the thesis. Consider whether the material and methods applied are relevant to
the issues raised in the thesis, and whether the arguments and conclusions are tenable:

The basic idea of the PhD thesis is to combine two well-known control strategies to form a new
control in order to overcome the shortcomings that are well known in both MPC and SMC
approaches. The methodology of the dissertation meets high requirements. Based on the well-
known theoretical results related to numerical complexity, sensitivity to model uncertainty,
presence of disturbances and guaranteed stability, the candidate introduces the concept of a joint
control law in a principled and methodologically correct way. Therefore, the thesis tries to
combine the generality and optimality of MPC approach and the robustness and numerical
simplicity inherent in the SMC algorithm.

This concept was repeated in three scenarios. The first one implements the Generalized MPC
based on the Sliding Mode approach. The second approach enriches the Tube MPC with the
Sliding Mode structure. Finally, the third scenario uses the Laguerre functions to construct
Predictive Sliding Mode Control. Although all three control algorithms are supported by clear
theoretical background, each is illustrated by some specific examples, either in the form of
simulations or experimental models. The significant value of such analyses is the adequate
illustration robustness of the proposed solutions.

During the presentation of his original ideas, the author has carefully referenced the available
literature, clearly indicating the differences between his research and the related work by other
authors. In this way, there is no dilemma concerning the original contribution of the presented
result.




Does the thesis contribute to new knowledge to the discipline?

The main objective of the thesis is to analyse how two different control approaches can be
combined yielding a robust control method with desired closed-loop performance in presence of
disturbances and uncertainties. The two chosen control approaches are Model Predictive Control
(with some of its variations) and Sliding Mode Control.

The main contributions are:
¢ The novel control design approach for a Sliding Mode based Generalised Predictive
Control, given in Chapter 3.
e Two extensions of a Tube Model Predictive Control with an auxiliary Sliding Mode
controller, given in Chapter 4 and 5.
e A design approach for Predictive Sliding Mode Control based on the use of the Laguerre
functions, given in Chapter 6.

Consider to what extent the candidate’s contribution to joint publication can be identified and whether
the candidate is solely responsible for a sufficient part of the thesis

The candidate is first author on three of the four papers that are main publications from the thesis, and
he is the main contributor to these papers. We conclude that he is responsible for a sufficient part of the
thesis.

Concluding remarks (e.g. reasons for dissent among the committee members must be stated here):

There was no dissent in the committee. The individual statements from each committee member are
enclosed.

There were minor comments on the presentation of the thesis from some of the opponents. These will
be forwarded to the candidate.

Conclusion:

X The assessment committee has found the thesis to be worthy of a public defence.

The assessment committee recommends that the Faculty permit the candidate to
make minor revisions to the thesis before the committee submits its final report.
The committee is to provide a written list of the specific items that the candidate
[ must revise.

If the Faculty allows minor revisions to the thesis, a deadline normally not
exceeding three (3) months is to be set for completing such revisions.




The assessment committee finds that extensive changes related to theory,
hypothesis, material or methods used in the thesis are needed in order to deem
the thesis worthy of a public defence, the committee reject the thesis.

A PhD thesis that has not been found worthy of public defence may be
resubmitted for assessment in revised form no earlier than six (6) months after
the Faculty has made is decision. A PhD thesis may only be reassessed once.

Suggested revisions (c.f. § 15.2 in the PhD Regulations):
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VYHUBEP3UTET ¥V HUIIIY
EJIEKTPOHCKH ®AKVIITET ¥V HUIY
JEKAHY EJIEKTPOHCKOI' ®AKVIJITETA

[penmer: M3semTa] KoMucHje 3a OLIEHY W 0JI0paHy JIOKTOPCKE JIMCEpPTAllH]e IPEBEIEH 0J1 CTPAHE
CYACKOI TyMaua (JIonyHa AOKYMEHTAIMje 3aBelieHe molx MHTepHHM Opojem 01/05-234/19-003 on
30.10.2019. rom.)

[Towropanu npod. Manuuhy,

V ckiany ca Yrosopom u3mel)y Hopeemkor yHHBep3uTeTa 3a HayKy U TeXHOJIOTHjy y Tponmxajmy,
Vuusepsurera y Humy, ®akyntera mHGOpMaLHOHUX TEXHOIOTH)a, MATEMATUKE H EIEKTPOTEXHHUKE
u Enexrponckor dakyirera, 3aBemeHor moj HHTepHHM Opojem 01/05-141/14 Enextponckor
¢axynrera y Humry on 03.04.2014. roguse, a KOju c€ OJHOCH Ha capalmby y BE3H ca JOKTOPCKHM
cTyadjama, joctaBjbaM Bam M3pemraj Kommucuje 3a oneny u onbpany ypahene HOKTOpCKe
JMCepTalje KaHaumaTa AWM. Hmk. Muojpara Cnacuha moj nHacinoBoM ,,Mozen IpeIHKTHBHO
YIIPaBJbak-€ 3aCHOBAHO Ha KIM3HUM pexxumuma’ (ene. ,, Model Predictive Control based on Sliding
Mode Control ") npeBe/ieHO Ha CPIICKH jE3HK.

Mouum Bac n1a, na cienehoj cemnnim, HacragHo-Hayyno Behe Enexrponckor daxynrera y Humry
nonece Omayky o ycsajamy npuioxenor Mssemrtaja Komucuje 3a oneny u oabpaHy ypahene
JIOKTOPCKeE Jiucepraimje U ucty npocaean HaydHo ctpydHom Behy 3a TEXHHYKO TEXHOJIOIIKE HAYKe
YuuBep3utera y Humy Ha game oIy4YHBame.

Ipunoz: Hzeewmaj Komucuje 3a oyeny u 006pany ypahene 0okmopcke oucepmayuje npeseoen na
CPNCKU je3UK 00 CmpaHe cyoKkoz npesoouoyd 3da eH2lecKU je3ux.

[Tomuocunal Mmoide

/y [/0’2?(5/ %

Y Humy, 06.11.2019. rogune Jum. k. Muoapar Cracuh



