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Mpeamet: Pedepat o ypalleHOj AOKTOPCKOj AucepTaumjum
KaHampatkuwe Munuue M. lNMeTtpoBuh, macTtep MHXewepa MalLMHCTBA,
CTYAEHTKUHE JOKTOPCKUX CTyAuja

Opanykom HactaBHo-Hay4yHor Beha MawwuHckor dakynteta y beorpagy 6p. 764/2 op 07.04.2016.r.
MMeHOBaHM CMO 3a uYnaHoBe Komucuje 3a oueHy n oabpaHy OOKTOpCke AucepTauuje KaHouaatkukse
Mununue M. Metposuh, MacT.mHX.MaLl., NoS, HACOBOM:

, BELUTAYKA UHTEJIUTEHLUWUJA Y NMPOJEKTOBAHKY
MHTENTUTEHTHUX TEXHOJIOWWKUX CAUCTEMA”

Mocne npernega poctaBrbeHe [ucepTauuje, Apyrux npatehnx wmartepujana W pasroBopa ca
KanompoatkmisoM, Komucuja je caumHuna crniegehu

PEDPEPAT

1.yBOA

1.1. XpoHonoruja ogobpaBata 1 uspage amcepraumje

Hoktopcke cTtyanje Ha MawwnHckom dhakynteTy YHuBepauTeTa Yy beorpagy kaHanaaTkuhea
Mwunuua M. lMeTtposuh ynucana je wkoncke 2010/2011. roguHe. KaHgugaTkukwa je npujaBuna Temy
AOKTOpcKe Aauceptauvje noa Hasmeom: ,BEWTAYKA WHTEJNMFEHUWMJA Y TIPOJEKTOBAHY
MHTENMUIEHTHMX TEXHONOLWKMX CUCTEMA" n 3a meHTOpa npegnoxuna npod. ap 3opaHa
MwurbkoBuha. Ha ocHoBy npujaBe kaHaugaTkuwe 6poj 1072/1 og 22.05.2013. roguHe, carnacHoCcTH
Kategpe 3a npomsBogHO MalwmMHCTBO 6poj 1072/2 op 11.06.2013. roguHe, HacTtaBHO-Hay4HO Behe
MawwuHckor cakynteta y beorpagy je oganykom 6p. 1072/3 opg 13.06.2013. roguHe npuxBaTurio
npeanor u uMmeHosano Komucujy 3a nogHowewe Wu3BelTaja o npuxeataky TemMe [OKTOpCKe
aucepTtaumje n beHe HayyYHe 3aCHOBaHOCTM y cactaBy: ap 3opaH Murbkosuh, peg.npod. (MeHTOp), Ap
BojaH Babwuh, pea.npod., agp Munow [Mmasowuh, pea.npod., op Munan 3erbkoBuh, pea.npod., op
Mwoppar Manuh, pea.npodp. Ha ocHoBy u3BewTaja Komucuje n oanyke HactasHo-HayyHor Beha
MawwmHckor dakynteTta y beorpagy, nogHeT je 3axteB MalumHckor dakynteta Behy Hay4yHux obnacTtu
TeXHUYKMX Hayka YHuBepauteta y beorpagy (3axteB 6p. 1072/6 og 27.06.2013. roguHe), koje je Ha
cegHuum ogpxaHoj 08.07.2013. rogvHe OOHeNO OANyKy Aa ce [aje carnacHoCT Ha npeanor teme
noktopcke auceptauumje Munuue M. leTtposBuh, macT.mHX.maw. (ognyka 6p. 61206-3382/2-13 of
08.07.2013. roguHe), a Ha ocHoBy dYera je 11.07.2013. roguHe [ekaH MawwuHckor dakynteTta y
Beorpagy AoHeo 3akrbydak 6p. 1455/1 o opobGpaBawy paga Ha NpeaMeTHO) AucepTaumjn nog
MeHTopCcTBOM npod. ap 3opaHa MurbkoBuha.

Ha ocHoBy wu3BewTaja MeHTOpa, npod. Ap 3opaHa MwurbkoBuha, ynyheHor KaTtegpu 3a
npounssogHo MawmnHcTBo 22.03.2016. roauHe, fa je goktopaHTkukba Munuua M. MeTposuh 3aspimna
OOKTOopcKy Aauceptauujy nog Hasmsom "BELWTAYKA WHTEJNIMFEHUMJA Y TMPOJEKTOBAHY
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MHTENMMTEHTHMX TEXHONOLWKNX CUCTEMA", kao un npeanora Kategpe 3a npou3BOAHO
MalunHCTBO, HacTtaBHo-HayyHo Behe MawunHckor dhakynteTa [OHeno je oanyky ©poj 764/2 op
07.04.2016. roguHe 0 MmMeHoBawy Komucuje 3a oueHy v ogbpaHy LOKTOpCKe gucepTrauunje y UCTOM
cactaBy: ap 3opaH MwrbkoBuh, peg.npod., ap bojaH Bbabwuh, pea.npod., ap Mwunow [Masowuh,
peq.npod., op Munan 3erbkosuh, pea.npod., ap Muoagpar Manuh, peg.npod.

1.2. HayyHa obnacT aucepraumje

[okTopcka auceptauuja L,BELUTAYKA MHTENWIEHUNJA Y MPOJEKTOBARY
WHTEJTMTEHTHUX TEXHOJIOWKMX CUCTEMA” npunaga obnact TEXHUYKMX Hayka (MaLUWMHCTBO) U
YXKOj Hay4yHoj obnacTtu lNMpom3BogHO MalUMHCTBO. M3pagomM OOKTOPCKE gucepTraumje pykoBoguvo je ap
3opaH MwurbkoBuh, pegoBHM npodpecop Ha Kategpm 3a npomsBOAHO MalLMHCTBO  MaluvHckor
akynTeTa YHuBepauteTa y beorpaay.

1.3. buorpadckm nogaum 0 KaHAMAATKUHU

Munuua (Munagun) lNeTtpoBuh, mMacT.mHX.maw., poheHa je 28.08.1986. roguHe y [ophem
MunaHoBuy, Penybnuka Cp6buja. OcHoBHy wkony ,CaBa KepkoBuh* u rumHasujy Xurbagy TpucTa
kannapa“ y Jbury 3aspluiuna je ca ogfiMdHMM YCMexoMm, a 3a MOCTUrHyTe pesynrtaTte je HarpaheHa
aunnomama ,Byk CtedraHosuh Kapapwuh“. Ha MawuHckn dakynteT YHuBepsuteta y beorpagy
ynucana ce wkorncke 2005/2006. roguHe. OcHoBHe akagemcke ctyamje 3asplumna je 2008. roguHe ca
npoceyHom oueHom 9.86 (aoeset n 86/100) n oueHom 10 (meceTt) Ha 3aBpwwHOM pagy (BSc) nopg
HacnoBoMm ,,AHarsu3a moa2yhHocmu ripumeHe pobokosuua y ¢hrieKCcubusTHOM mexHOIOWKOM cucmemy 3a
uspady numeHKU" n3 npegmMmeTta TexHonornja mawmHcke obpage (MeHtop npod. ap 3opaH Musrbkosuh).
Lkoncke 2008/2009. roanHe ynucana je MacTtep akagemcke ctyavje Ha KaTtegpu 3a npousBOAHO
MaLUMHCTBO, a UcTe 3aBpwwuna 28. centembpa 2010. rognHe ca npocedyHoMm oueHoMm 10 (gecer),
ogbpaHuBwM  gunnomcku-mactep pag (MSc) Ha Temy [lpunoz paseojy UHMenu2eHmHoa
MexXHOoIoWwKoa cucmema y OoMeHy yHympalwHea mpaHcriopma 6asupaH Ha MauwUHCKOM y4Yyery" 13
npeametTa MHTENUreHTHN TeXHONMOLWKM cuctemn (MeHTop npodp. ap 3opaH Murbkosuh), ca oueHom 10
(aeceT). YKynHa npoceyHa oueHa TokoM cTyauja je 9.93 (aeset n 93/100).

HakoH pgunnomupawa, 5. HoBembpa 2010. roguHe, ynucana je [okTopcke cTyauje Ha
MawwuHckom chakynteTy YHuBepsauteta y beorpagy (6poj nHgekca [12/10). Tokom npBor cemecTpa
Hoktopcknx ctyamja yTBphHeHW cy HeHUM MpaBuM HaydHOUCTpaxuBaykor paga Ha Kartegpu 3a
NpoM3BOAHO MaLUMHCTBO, Aa 6u oanykom 6poj 2135/1 op 04.07.2011. roanHe 6MO O3BaHWYEH U
Mporpam ycaBpliaBawa, Koju ce peanusyje nog pykosogctBom npod. ap 3opaHa Mwurbkosuha.
Kangupatkmksa je nonoxuna cBe ucnute Ha [okTopckum ctygujama MawmvHekor dhakynreta vy
Beorpagy ca npoceyHom oueHom 10 (gecer).

KangmpgaTtkuhsa je HarpafueaHa noBogoM [JaHa chakynTeTa 3a nsBaHpedaH ycrnex NocTUrHyT Ha
cBuM rogmHama OCHOBHUMX akageMckmx ctyguja (wk. 2005/2006, 2006/2007. n 2007/2008. rogmHa) u
MacTep akagemckux ctygmja (wk. 2008/2009. n 2009/2010. rogunHa). Jobuna je Harpagy 3a Hajborber
ctygeHTa Ha Tpehoj roamHn OCHOBHUX CTyauja, NPBOj U Apyroj roanHn Mactep akageMckux cTyauja,
Kao n 3a Hajborber ctygeHTa Ha Mactep akagemckum ctygunjama. [JobuTtHuua je MNoguwkwe Harpage
MpuBpeaHe komope beorpaaa 3a Hajborbn MacTep pag ctyaeHara 3a wkoricky 2009/2010. roamHy, kao
n MNMpusHawa Ha 34. MehyHapogHom CaBeToBawy NPOU3BOAHOI MalMHCTBa oapxxaHoM 2011. roguHe y
Huwy 3a Hajborby npeseHTaumjy paga mnagux uctpaxusada (uctpaxmsaum mnahu og 30 roguHa).
Takohe, npumana je ctunenguje MuHuctapctBa npocsete Penybnuke Cpbuje (og 2001. go 2009.
roguHe), Acounjauuvje ,Seine et Sava“, lapus, ®PpaHuycka (og 2007. po 2011. roauHe), kKao wu
ctuneHavje doHaa 3a mnage TaneHTe MuHuctapcTea omnagnHe n cnopta Bnage Penybnuke Cpbuje —
Hajoorbmx 1000 ctyaeHata (wk. 2009/2010. roguHa).

Oga 1. janyapa 2011. roguHe je 3anocneHa Ha MawwuHckom cbakynTteTy y beorpagy, Hajnpe kao
CTPYYHWU CapadHWK Ha Hay4YHOUCTPaXMBaAYKOM MPOjeKTy TEXHOMOLLUKOr pasBoja JMHoeamuesHU npucmyr
y NPUMEHU UHMesIu2eHmMHUX mMexHOMOWKUX cucmemMa 3a rnpous3golry desoea 00 /luMa 3acHO8aH Ha
€KOMMOWKUM MpuHYuUnumMma“, koju duHaHcupa MUHUCTapCTBO NpOCBETE, Hayke U TEXHONOLUKOr passoja

2



Bnape Penybnuke Cpbuje (esud. 6p. TP-35004, pykoBoaunay npojekta npod. ap bojaH babuh), a
3atum, og 1. maja 2011. rogmHe, 1 Kao acUCTEHTKMHa Ha Kategpu 3a npom3BogHO MaLUMHCTBO.

Kao cTyoeHTkMba [OKTOPCKMX CTyauvja, KaHOMOaTKMHhba je Kpo3 Bullerouvllkbn pag Ha
Hay4YHOUCTPaXMBAYKOM MPOjeKTy, nocTtana ayTop WM KoayTop YKynHO 26 pagoBa 0OjaBIfbeHMX Y
BoAehMM mMehyHapoaHUM 1 HaLMOHaNHUM Yaconucuma, Kao 1y 3bopHuuyuma pagosa MefhyHapogHux u
HauMoHarH1UX Hay4yHuUX ckynosa. AICToBpeMeHo, kKao ayTop unu KoayTop, peanusosana je 7 TEXHUYKUX
peLllera y OKBUPY HayHHOUCTPaXKMBAYKOr MpojekTa Ha KojeM je yyecTBoBana.

Opa camor no4veTtka [JOKTOpPCKUX CTyauja, NOYEBLUM OF 3MMCKOr cemecTpa Likoncke 2010/2011.
roguHe, Munnua M. MNeTpoBuh je akTMBHO yKibydeHa y HacTaBHM npouec Kategpe 3a npou3BogHO
MawmHCcTBO MawwuHckor dakynteta YHusepauteta y beorpagy, 1 10 Ha OCHOBHWM akageMCKUM
ctyovjama (npegmetn: Komrjymepcka cumynayuja U eewmadka UHmersnuzeHuyuja u TexHornoeuja
MawuHcke obpade) n Mactep akageMckum cTyaujama (npegmetun:. MHmenuseHmHU MmexHOMOoWKU
cucmemu; Memole odrnydusarba; Akcuomamcke memode — 3aKibyvyHO ca Lwkonckom 2013/2014.
roauHom). KaHgmaaTtkukwba Ha OBUM HacTaBHMM nNpegMeTuma peanusyje cee BuaoBe BexoOu (ayautopHe
Bexbe, nabopatopujcke Bexbe, npernen camocTanHMX 3agartaka, nperneg npojekata). Takohe,
KaHOungaTkukwa ydyectByje u y aktmBHoctuma HWO-MawwuHckn dakynter y Beorpagy y nornegy
ogpxxaBara nabopartopujcke onpeme, 4YeTupm komnneta MobunHmx pobora LEGO Mindstorms NXT,
kao n Khepera Il — KhellBase mobunHor pobota ca gogatHom onpemom (KomnatubunHa kamepa
CMUcam VISION TURRET-KheCMUCam; po6oTcka pyka Khepera Gripper Turret — xsata4 KheGrip).

EHaniecku jesuk: roBopu, Y1ta, nNuwle
Pycku jesuk: NacuBHO 3HaH€e
Pad Ha padyHapy: HanpegHo kopuwhewe (MS Office, Adobe Photoshop, LaTeX, AutoCAD,

SolidWorks, MATLAB®, Fortran, AnyLogic, TRIZ, CorelDRAW)

Ucmpaxusadyke obnacmu: [poM3BOOHO  MAaLUMHCTBO, WHTENWreHTHM  TEeXHOSOLWKM  CUCTEMM,
Brvonowkn nHcnnpucaHe TexHuke BewTayke uHTenureHuuvje, Pobotuka,
MeToge ognyymBatrba, TexHonorvje malimHcke obpage.

UnaH je opraHmsaumoHor ogbopa 38., 39. n 40. JYINUTEP koHdepeHumje, JYTTUTEP acouunjauunje u
Komucuje 3a mapkeTuHr ctyguja.

2. onnuc QUCEPTALUUJE

2.1. Cagpxaj ancepTtauumje

JokTtopcka aucepTauuja kaHangaTkmwe Munuue M. MNeTposuh, MacT.uHX.MaLl., NO4 Ha3UBOM
LBEWTAYKA WHTENUIEHUNJA Y TPOJEKTOBAHY WHTEJNMMIEHTHUX TEXHOJIOWKMX
CUCTEMA” nsnoxeHa je Ha 319 cTtpaHuua dopmaTta A4 1 cagpxkm 67 jegHaymHa, 73 Cnuke u
Avjarpamcka npukasa, 93 tabene n 150 kopuwheHnx pedepeHTHUX NuTepaTypHUX nssopa. [JoKTopcKy
aucepTaumnjy YmHu cnegehunx geceT nornaerba 1 Asa npunora:

YBoa

Mpernepg ctawa y obnactu nctpaxmeara

KoHuenumjcko npojekToBake MHTENUIEHTHMX TEXHOSOLKMX CUCTeMa
DnekcnbMnHOCT 1 NpeacTaBibakbe TEXHOSOLWKMX npoueca

MaTtemaTudkm mogenu 3a onTMMmnsaunjy TEXHOMOLKNX Npoueca M NiaHoBa TEpMUHMPparba
BronoLwkn nHcnmpucaHe TeXHWKe BeLLTaYKe UHTENUreHuunje y onTuMmmnsaumjn
dnekcnbUnHMX TEXHOMOLLKMX Npoueca

BronoLkn nHcnupucaHe TeXHUKE BeluTavyke UHTENUreHumje y UHTerpucaHom
NpOojekToBaky ONTUMANHUX prnekcnbnnHMxX TEXHOMOLLKMX npoueca 1 nnaHoBsa
TEPMUHUPaHA

EkcnepumeHTanHu pesyntaTtu

3akrbyyak

10. JlutepaTtypa

Mpunosn

ourwNE

N

© ®



Ocum HaBegeHor, guceprtauuja cagpxu pes3vMe Ha CPricKOM W €HrNeCKOM je3uKy, caapxaj,
cnuckoBe cnuka u Tabena, CNMCKOBE O3HaKa W akpoHWMa, kao U Guorpadumjy aytopa M uM3jaBy o
ayTopCTBY, U3jaBy O MCTOBETHOCTU LUTaMNaHe U enekTPOHCKe Bep3uje OOKTOPCKOr paja W usjaBy O
kopuwhemy.

2.2. Kpartak npukas nojeanHadHux nornaesba

Y NpBOM NorfnaBfby TEKCTa AOKTOPCKE AncepTaumje ykasaHo je Ha noTpeby u 3Hayaj yeohemna
HOBOI  MyNTUOMCUMNIIMHAPHOr npucTyna, 6asvpaHor Ha nNpUMEHU HanpeaHux - OUONOoLLKK
WHCMMPUCAHNX UHTESNTIUIEeHTHUX TexHonoruja 21. Beka, y NpojekToBaky WUHTENUIeHTHUX TEXHOMOLLKMX
cuctema. Hasogm ce fa je pasBojeM KOHUENTa WMHTEMUrEeHTHUX TeXHOSOLWKMX cucTeMa, OOHOCHO
pa3BojeM HOBMX MHAOPMALMNOHUX TEXHOMNOrMja Ha 6a3n GUONOLLKN MHCMIMPUCAHUX TEXHWUKA BelUTadke
WUHTenureHuumje, omoryheHo npojekToBake HarnpeaHux, 3HavajHuje WHTerpucaHux Mnpon3BOAHUX
OKpYXXerba napaxkeHuje drekcnbunHocTu. Y cknagy ca TuMm, y YBOAY Cy gaTe 1 OCHOBHe nHdopmaumje
O TpU KIbydHe yHKUMje HeonxodHe 3a rpagwy UTC-a: npojektoBake ONTUMAnHMX TEXHOMOLLKNX
npoueca, onNTUMarnHoO TEPMUHUPaHE NPOU3BOAHE U TEPMUHUPAHE TPAHCNOPTHUX CpeacTaBa Y OKBUPY
WHTENUreHTHOr TEXHOMOLWKOr cuctema. NocebHo je HarnaweH HegocTaTak TpaguunoHanHMx NpucTyna,
roe cy dyHkuvje UTC-a nocmatpaHe He3aBWCHO U M3BPLUABaHE CEKBEHUWjarnHo, U MOryhHocT ga ce
rmasHM npobnemu oBakBor npuctyna (cpaesopusaumja n npeontepeheHocT oapeheHux pecypca,
nnaHoBU TepMUHMPaHa ca HemsbanaHcupaHuM Mckopuwherwem NPOM3BOAHNX pecypca, nojaBa yCKux
rona u HemoryhHocT npunarohaBakba OUHAMUYKUM MpPOMEHamMa Yy MNPOU3BOOHUM OKPY>XeHMMA)
npesasuvfly MMNNeMeHTaumMjom OUOMNOLIKN WMHCIMPUCAHMX TEeXHUKa BeluTayke MWHTenureHuuje npu
WHTerpauuju noMeHyTux yHkumja. Y 3aBpLUHOM [eny OBOr MNorfaerba NpukasaHa je opraHusauuja
CTPYKType OOKTOpCKe aucepTauuje.

Jpyro nornaerbe [OKTOPCKe AucepTauuje cagpXu npernen gocapalwrux AocTturHyha, Kpos
aHanu3y HajBaXkHWje HayyHe nuTepaType W TPEHYTHOr CTaka y MynTUAUCUMNNUHApHOj obnacTtu
UcTpaxmearwa Ha Kojy ce guceptaumja ogHocu. Umajyhu y BMOY KOMMNIEKCHOCT UCTpaXxuBawa W
MyNTUONCUMNIMHAPHOCT TeMe, npernegoMm crawa cy obyxsaheHe cnegehe Tpu wcTpaxuBauke
obnacTu y OKBUpY MHTENUIeHTHUX TEXHOMOLLKUX cucTema: (i) NpojekToBarne TEXHOMOLLKUX npoueca, (ii)
WHTErpucaHo npojekToBake TEXHOMOLLKMX Mpoueca K nnaHoBa TepMuHupara u (i) TepMuHupane
TpaHCMOPTHUX cpeacTtaBa. Y OKyCy aHanuMse U ucTpaxmBawa pedepeHTHe nutepaTtype je
nvnneMeHTaumja OMOMOLLKA WMHCNUPUCAHUX TEXHMKa BeluTauke WHTenureHunje y OnTUManHoMm
npojektoBamy yHkumnja UTC-a.

Y Tpehem nornaerby cy npeacraBfbeHe TpU METOAONOrnje Koje ce Kopucte 3a KOHLUenumjcko
NpojeKkToBawe WHTENUreHTHUX TeXHOMOLWKMX cucTema. Hajnpe cy nojalskeHn OCHOBHUM MPUHLMUNK
akcuomaTcKke Teopuje MpojekToBaka Yy KOHUMMUPawy WHTENUreHTHOr TEepMUHUPAHOr YHyTpallker
TpaHcnopTa cupoBuHa, nonydabpukata, maTtepujana M roToBUX LenoBa Yy OKBUPY MHTENUIEHTHUX
TEXHONMOWKMX cucTtemMa. 3aTum je npeactaBfbeHa Teopuja MHBEHTMBHON peluaBawa npobnema
6asmpaHa Ha TPU3 meTtogonorunju, koja je KpO3 MPUMMEHY WMHOBATMBHMX MpUMHUMMNA Yy peELLaBakby
KOHTPaAMKTOPHOCTN u3Mehy WHXewepCckux napameTapa, kopuwheHa npu pasBojy codTBepcke
annukauuvje 3a MHTErpucaHo npojekToBake U TEPMUHUPaHE TEXHOMOLLKUX npoLeca U TepMUHUpaHe
TpaHCNoOpTHUX cpefactasa. Ha Kpajy oBor nornaerba je npefcTaBrbeHa MynTuareHTHa MeTodonoruja,
ca ONMCOM CBUMX areHata KOju 4YuMHe MYNTMareHTHW CUCTEM, Koja je NpuMerbeHa Yy WHTerpauujm
NPON3BOAHO TEXHOMOLUKUX EHTUTETa - WHTENUreHTHUX areHata npu NpojeKkToBary MHTENUreHTHUX
TEXHOMNOLUKUX CUCTEMA.

YeTBPTO Mornaeibe ce OAHOCU Ha (PNekcMbUnHOCT U nNpeacTaBibake TEXHOMOLWKMX npoueca
obpage genoBa. HakoH yBohewa nojma rekCMBUNHOCTU y AOMEH NpPOjeKToBaHa TEXHOJSOLLKNX
npoueca, garta je nogena n objawrene 3a crnegehunx net Tunosa PNEKCMOMIHOCTU KopUWheHux y
OBOj AOKTOpcKoj guceptaumju: (i) dpnekcmbunHocT mawwuHa anatku (i) dpnekcubunHocT anata, (iii)
dnekcnbunHocT opujeHTauuja anata, (iv) dpnekcnbunHocT npoueca u (V) pnekcnbunHocT pegocneaa
onepauuja. CBaku og Tmnosa nekCUObUNHOCTN SOAATHO je NojallheH Ha NpUMepy penpe3eHTaTUBHOr
peanHor MalMHCKOr Aera 3a Koju cy y3eTe y 063up TeXHUYKe KapakTepucTuke Aena Koje YKIbydyjy
Knace TonepaHuuje, Krnace xpanaBoCTW ca oAarosapajyhum BpegHOCTMMa napameTpa xpanaBocTu R,
(cpepwe apuMTMETUYKO OACTOjake npoduna), anTepHaTUBHE onepauuje, anTepHaTMBHE MaluMHe
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anatke, anate W opuvjeHTaumje anata. HakoH Tora je, Ha OCHOBY MO3HaTUX WH(opmauuja o
anTepHaTMBHUM pecypcuma (anTepHaTMBHUMM MallMHama anaTkama, antepHaTMBHMM anatuma,
anTepHaTMBHUM OpuvjeHTauujama anaTa, antepHaTuBHuUM nomohHuM npubopuma), anTepHaTUBHUM
pegocrneguma onepaumja, kao n MHpopmaumjama o cBuM onepaumnjama (ca notpebHmum 6pojem 3axBaTa
1 nponasa) HeonxogHUM 3a obpady Aena, NpukasaH MPEXHW HauyvH NpefcTaBibaka PreKCMBUTHNX
TEXHOJTOLKMX npoueca, ca ONMCoOM KapakTepUCTUYHUX KOHEKTOpa.

Y netom nornaerby Cy pas3MatpaHn MaTeMaTUdku MoAenu 3a BULLEKPUTEPUjyMCKY
ONTUMU3aLMjy TEXHOMOLLKMX npoueca n onTuMmnsaumjy nrnaHosa TepMyHMpara TEXHOMOLLKUX npoLleca.
MaTemaTuykn mMogen 3a onTMMU3aunjy TEXHOMOLIKMX npoueca OAHOCKM Ce Ha MWHMMU3auMWjy YKYynHOr
NPOU3BOAHOr BpeMeHa M MUHUMU3aUMjy YKYMHUX TPOLLKOBA NPOV3BOAH-€. 3a pas3nuky o ocTanmx
npuctyna y pedepeHTHOj nuTepaTypu, a yaumajyhm y o63ump n 4mkseHuuy ga npousBOAHO BpeMe
3aBMCM KaKo o[ KapakTepucTuka anTepHaTUBHE MalwuHe anaTke (KOHKPEeTHO of Tuna NpeHOCHUKa —
CTYNHEBUT UNN KOHTUHYyarnaH), Tako 1 of reoMeTpuvje anata, y npeafioXeHoM MaTeMaTu4kom Moaeny
nNpou3BoAHO Bpeme npeacTtaBriba 36up (i) rnasHor BpemeHa obpage, (i) BpemeHa TpaHcnopTta, U
nomMohHMX BpemeHa HeonxodHux 3a (iii) nameny anata u (iv) nameHy opujeHTaumja anaTta. NponssogHu
TPOLLKOBW, Kao APYrv KpPUTEPUjyM KOjU je KOpuheH npu onTuMmM3auujyu TEXHOMNOLWIKMX npoueca u
KBaHTUTATMBHOI MepeHa HMXOBOr KBanuteTa, obyxsatajy (i) TpowkoBe MawmHa, (i) TpowwkoBe anara,
(i) TpowwkoBe NpoMeHe malumHe, (iv) TPOLLKOBE MPOMEHE OpujeHTaumje anaTta u (V) TPOLUKOBE U3MEHe
anata. Matematuykn mogen 3a TepMmuHupame ONeKCMBUNHUX TEXHOMOLLKUX npoueca obyxsata Tpu
dyHKUMje uurba: npeBa dyHkuMja uurba (objectl) ce ogHOCM Ha MUHUMWM3AUW)Y YKYMHOr BpeMeHa
obpage cBuX AernoBa uvje ce TepMuHupare Bpwn, Apyra (object2) ce ogHocu Ha Makcumusauujy
ypaBHOTEXEHOr Mckopuwhewa MalumMHa anatku, Ook ce Tpeha (object3) ogHOCKM Ha MUHUMMU3ALUM)Y
cpefrer BpemMeHa TpaHCNopTHUX TOKOBa MaTepujana.

LLlecTo nornaeibe OOKTOPCKE ancepTaumje je nocBeheHo BUMONOLKN MHCNMPUCAHUM TeXHMKaMa
BewTayke UHTeNureHumje y ontummuaaunjn nekcubunHmx TEXHOMNOLWKMX npoueca. Y ToM cMmuchy, Y
aucepTtaumju je npukasaHo LLeCT OpUrMHanHoO pasBujeHUX anroputaMa onTumMusaumje u To reHeTUYKN
anroputam, anroputam CUMynupaHor Karbewa, XubpuaHun anroputam Ha 6asm reHeTu4Kor anroputma
N anroputma CUMyIMpaHoOr Karbewa, mogudukoBaHu anropytaM 6asvpaH Ha WHTEenUreHuuwju poja
yecTuua, anroputam 6asvpaH Ha WHTENWreHumju poja 4YecTvua M Teopuju Xxaoca W anroputam
WMHCNpUCaH MpaBofoBUMMa. 3a CBaKy O LUECT MpearioXeHMX TeXHWKa BellTayke WHTenureHuuvje
npukKasaHa je OCHOBHa uaeja opurMHanHor anroputma, MMmnnemMeHTaumja 3a npobnem npojekToBama
TEXHOMOLLKMX npoLeca, Kao U Kopauu Huxose NpuMeHe.

Ceomo nornaerbe pasmaTpa OUOMOLIKM MHCMMPUCAHE TEXHUKE BeLUTavyke WHTenureHuuje y
WHTErpucaHom npojekToBaky NEKCUBUIHUX TEXHOMOLWKUX Mpoueca M nraHoBa TepPMUHMPaH:A,
y3umajyhu y 063mp po6oTrM3oBaH TEpMUHMPAH YHYTpaLUkM TpaHcnopT. MNopea mogena 3a MHTerpucaHo
Kkooupawe W penpeseHTauujy, MpukasaHu Ccy M KopauuM WUMMNemMeHTauuje 3a CBaku of Tpu
HOBOpasBujeHa anropuTma (FeHeTUYKU anropuTam, anroputam CUMYNUpPaHOr Karbehwa U anroputam
GasmpaH Ha UHTENUIreHUMjN poja YecTumLa U Teopuju xaoca).

Ocmo nornaerbe cagpku ekcrnepumeHTandy Bepudurkauunjy npeanoxeHnx anropytama. Y Tom
CMUCIY, U3BPLUEHO je LWeCT eKkcrnepumeHaTa, Npu 4emy cy npBa TpU eKcrnepuMeHTa Be3aHa 3a
NnpojeKkToBake TEXHOMOLLKUX npoueca, 40K Cy nocrneaHa Tpy ekcnepuMeHTa Be3aHa 3a TepMuHupame
hnekcnbunHMX TEeXHONOLWKMX npoueca W TPaHCNOPTHMX cpeacTtaBa Yy OKBUPY um3abpaHor
WHTENUIeHTHOr TexXHomnowkor cuctema. OnMcaHo je TEXHOSMOLWIKO OKPYXEHe YMnju je OMCMO3ULUOHU
nnaH uckopuwheH 3a dopmunparne nabopartopujckor mogena. [late cy n nHdopmaumje 0 OCHOBHO]
KoHpurypaumjn mobunHor po6ota Khepera Il, kao 1 LEGO Mindstorms NXT mobunHor poboTta, Koju
Cy Kao TpaHCnopTHa CpeacTBa KOPUWNEHW 3a eKcnepumMmeHTanHy Bepudukauujy nnaHosa
TepMuHupara. Ha noyeTKy cBakor ekcnepumMeHTa je W3BpLUEeHO nofellaBawe MapameTapa
anroputama, 4OK je Ha Kpajy CBakor ekcnepumeHTa gaTa AucKycuja n aHanmsa gobujeHux pesynrarta,
y3 Harnawasawe OCHOBHMX MPegHOCTM W HedocTataka passBujeHux anroputama. PassujeHu
anropuTMn 3a MpojekToBake TEXHOMOLWKUX npoueca cy TectupaHu y MATLAB® nporpamckom
OKPYXXeHY, Y3 CONCTBEHU pa3Boj ogrosapajyher opurmHanHor copTBepckor koga v NpMMeHOM Kako Ha
peanHe penpeseHTaTMBHe AenoBe, Tako U Ha ,benchmark® genose n3 pedepeHTHe nuTepaTtype.
EkcnepumeHTanHn pesynTtaTu ykasyjy Ha TO Aa Y OUPEeKTHOM nopehewy npeanoXeHnx passujeHux
anroputama, anroputam 6asvpaH Ha MHTENUreHUmju poja 4YectTuua nU Teopuju xaoca M anroputam
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WHCNMpMCaH MpaBoSioBUMMA, OCTBapyjy Oorbe pesyntate OnTUMAanHUX/NpPUBAMXKHO ONTUManHUX
TEXHOJOLWKMX npoueca, ca acnekra oba onTuMmsaumoHa Kputepujyma (yKyrnHo npovMsBogHO Bpeme U
YKynHu TpowkoBn). OcTBapeHnM onTumanHu pesyntatu cy 6orbum y norneny Kako KBanuteTa
ONTUMarnHor pellexa, Tako 1 y nornegy 6p3vHe KOHBepreHuuje anropytma. PesdyntaTn octBapeHmu
NPYMEHOM HOBUX OMOMOLLKM WHCNMPUCAHWUX anropuTama onTumu3aumje ykasyjy Ha To ga nocTtoju
eBuaeHTaH gonpuHoc noctojehem ctawy y obnactu npojektoBara TEXHOMOLIKMX MpoLeca, Koju ce
ornefa Kako KpoO3 CMakberse YKYNHOr MpPOM3BOAHOI BpPEMEHa, Tako M KPO3 CMamehse YKYMHUX
TpoLukoBa npou3soare. Kao 1 y cny4yajy npojektoBarwba TEXHOMOLIKMX npoLeca, pa3BujeHn anroputmm
3a npobnem TepMMHMpaka TEXHOMOLWKMX npoueca cy TectupaHn y MATLAB® nporpamckom
OKpYXXewy passojeM ofroeapajyher opurmHanHor cogTBepckor koga. Y Uuurby TecTupaka
nepdopMaHcK NpeanoXxeHux anropuvtama, KopuywheHu Cy u peanHu penpeseHTaTUBHU OEerioBu U
pedepeHTHN ,benchmark® npumepn wn3 nutepaType ca LUMPOKMM CMEKTPOM TUMNOBA W HMBOA
dnekcnbunHocTn. Pedyntatn ocTBapeHn NpUMEHOM HOBUX GMOMOLLUKM MHCAMPUCAHMX MeTodosnoruja
yKka3dyjy Ha TO [a NoCTOoju eBWAEeHTaH JAonpuHOC noctojehem crawy y obnactum uHTerpucaHor
npojekToBawa HaBeLeHNX NPOM3BOAHMX (PYHKUMjA, KOjU Ce orfieaa Kpo3 CMarere YKYMHOr BpeMeHa
obpage cBMX OenoBa 4vje ce TepMuHMpare BpLUWM, KPO3 ONTUMAriHO MCKopuwhewe Npou3BOOHUX
pecypca, Kao U Kpo3 CMakeHe YKYNHUX TPaHCNOpPTHUX TOKOBa MaTepujana.

Y 3aKibyyKy (AeBeTo Nornaeibe) Cy HarnaweHe npeaHoCTU NpumMeHe BUONOLLKN MHCMIMPUCAHMX
TEXHWKa BeluTayke WHTENUreHuuje y rnocTynky NpojekToBarwa TEXHOMOLLKUX npoueca, MHTerpmucaHor
npojekToBawa TEeXHOMOLLKUX npoueca WM MrnaHoBa TepMuHMpaka U TepMUHUpara TPaHCNOPTHUX
cpefcTtaBa, kao ocHoBHMX doyHKuuja UTC-a. Takohe, ykasaHo je n Ha moryhe npaBsue 6yayhux
UCTpaxnBaha y AOMeHY NoMeHyTux dyHkumja NTC-a.

Ha kpajy je HaBegeHa obumHa nuTepaTypa koja je kopuwheHa TOKOM CnpoBeOEHUX
NUcTpaxkMBara U paja Ha peanusauuju JOKTopcke aucepTaumje. MNpunor guceprtaunje cagpxm nogatke
O penpeseHTaTUBHMM ,benchmark” genoBmMmMa pasnuunTor HMBoa M TMna rIeKCUBUNHOCTN U Mpexama
HMXOBUX anTepHaTUBHMX TEXHOSOLWLKUX npoueca obpage AenoBa, ca anTepHaTUBHMM MaluvHama
anaTkama, anatuma v BpeMmeHuMma obpage Ha anTepHaTUBHMM MallMHama anaTtkama.

3. OUEHA OUCEPTALIMJE

3.1. CaBpeMeHOCT 1 OpUrMHaNHoOCT

[okTopcka guceprtaumja kaHanpgatkuwse Munnue M. lNeTposBuh, MacT.uHX.maL., No4 Ha3nMBOM
BEWTAYUYKA WHTEIWFEHUNJA Y TIPOJEKTOBAHY WHTEJIMMEHTHUX TEXHOJIOWKNX
CUCTEMA” npeacTtaBrba CaBpEMEH W OpUrMHanaH NpUCTyn, Kao M eBWOEHTaH HayyYHW [OMNpUHOC
pasmatpaHoM npobnemMy npojekToBara Haj3HavYajHUjUX QYHKUMja WMHTENUTEHTHUX TEXHOMOLLKMX
cuctemMa Ha ©6asm  OGMOMOLWLKM  MHCMUMPUCAHWUX TEXHUKa BelwTadke uHTenureHumje. [okTopcka
auceptaumja je ypaheHa y OKBMPY UCTpakMBara Ha NPOjEKTY TEXHOJSOLIKOr pa3Boja, a O4AHOCKU ce Ha
OOMEH NpojeKkToBaka U TepMUHUpawa TEXHOMOLWKUX npoueca obpage Aernosa, kao M Ha MoryhHocT
UMnNnemMeHTaumje TPaHCNOPTHUX CpeacTaBa - WHTENUreHTHUX MobunHux poboTta 3a notpebe
YHyTpallker TpaHcnopTa cupoBuHa, nonydabpukarta, maTepujana W TrOTOBUX AenoBa, LWTO
npeacTaB/ba WM3pasnTO  KOMMSIEKCAH HAay4YHO-MHXEHEPCKM  UCTpaxuBadkm uurb.  CnpoBeaeHa
NUcTpaxuBaka y OKBUPY npegMeTHe AOKTOpCKe AucepTauuje nogpasymeBajy pasBoj opuauHasiHux
aneopumama onmumusayuje, y3 NpUMeHy HanpeHUxX KoHLenaTa MallMHCKOr yyena u soft computing
TeXHMKa BewTayke wHTenureHuuwje. [llpegmeTHa [JoKToOpcka pAgucepTtaumnja obyxBata pasBoj W
ekcnepumMmeHTanHy Bepudukauvjy 6 OpUrMHaNHUX anroputama 3a MnpojeKToBake ONTUMAanHUX
TEXHONOLLKMX npoueca. Takohe, uCTpaxneama y OKBUPY AOKTOpPCKe aucepTtaumja obyxeaTajy u obnact
WHTEerpucaHor rnpojekToBama U TepMUHMpara TEXHOIOLLKUX npoLieca, LWTo je pe3ynTupano pa3sojemM n
eKcnepvMeHTanHoMm Bepudukaumjom 3 opuruHanHa OuonowkM mHcnupucaHa anroputma. Cee
NpeTXo4HO HaBedeHO HeABOCMMUCIEHO yKasyje Aa KaHAudaTKuka nocefyje u3pasuTty CcnocobHOCT 3a
Jarbuy BeoMa ycnellaH HaydyHOUCTpaXmnBadkn paf. Pesyntatn ocTBapeHu y OKBUPY CBUX CNPOBEAEHUX
ucTpaxmBara noTBphyjy akTyenHOCT M 3Hayaj] JOKTOpCKe AucepTauuje 3a HayydHO-CTPYYHY jaBHOCT,
kako y Cpbuju Tako u y cBeTy. OpurMHanHOCT MNOCTUTHYTUX pe3ynTata je BepuduKoBaHa
nybnmkoBawem pagoBa y BPXYHCKMM MeRyHapoaHuM 4vaconucMma u Ha MefyHapooHUM HayYHUM
CKyrnoBMMa, Kao 1 umtatmma y pedepeHTHMM Yyaconmcuma y ceeTy.
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3.2. OcBpT Ha pedhepeHTHY 1 KopuheHy NuTepaTypy

360r 13pasnTto MynTUANCUMNIIMHAPHOr KapakTepa Teme OOKTOpCKe aucepTauuje, kopuwheHa je
obumMHa pedepeHTHa nuTepaTypa M3 00nacT KOHLEMUMjCKOr MpOjeKTOBawa WHTENMUIEHTHMX
TEXHOSOLWKMX CUCTemMa, MpOojeKToBaka W OnTUMM3auumje TEeXHOMOLWKUX npoueca, TepMuHUparwa
ONTUManNHUX TEXHOMOLIKUX npoLueca, WHTErpucaHor npojekToBaka W TepMUHUpama TEXHOMOLUKUX
npoueca, Kao U TepMUHMpawa TPaHCMNOPTHUX CpeAcTaBa Yy OKBUPY WHTENUrEeHTHUX TEeXHOMOLLKMX
cuctema. Y nutepatypu, Koja je HaBegeHa Yy OKBUPY L4eceTor nornaeiba SOKTopcke aucepTauuje (150
pedepeHun), npeosnahyjy uCTpaxuBadkum pesyntatm HoBujer gatyma ob6jaBibeHW Yy BPXYHCKUM
mehyHapogHuMm yaconucuma, a nocebHo ce uctudy pagosu y yaconucy CIRP Annals koju usgaje
Bogeha wmeflyHapogHa akagemuja y obnactu npousBogHor wuHxewepctBa — CIRP. Takohe,
KaHOMOaTKUKba Cce NnosmBa U Ha aHanu3e, pesyntate U 3akibydke o00jaBrbeHe Yy Hay4YHO-CTPYYHUM
yaconucrma BUCOKOr paHra u koHdepeHumjama MefyHapoaHor 3Ha4aja, LWTo yKasyje Ha caBpeMeHOCT
JOKTopcKke aucepTtaumje. Ha Taj HauuH, oaT je penesaHTaH npuka3 noctojeher ctama y AOMEHY KOMe
npunagajy npobnemu pasmaTpaHu y OOKTOPCKOj auceptaunju. HaBegeHe pedepeHue npencraBibajy
n3BOp MHOPMauuja, 3Haka U NOMasHMX OCHOBA 3a reHepucawe nperrefa crawa y npegMeTHUM
obnactMma ucTpaxuBara, Kao M KPUTUYKY aHanuady noctojehnx meTtoga y LOMEHY MpojekToBaka
WHTENUIreHTHNX TeXHOMOWKMx cuctema. KopuwheHe pedepeHue npeacrasrbajy nsbop caBpemMeHe U
aKTyenHe nutepaType Ha EHrreckoM W CPrCKOM je3uKy, a yjeoHO ykasdyjy u Ha moryhHocTn garber
npoLUMper-a Hay4yHOr ca3Haka y obnactuma ucTpaxuBara npukasaHux y OOKTOPCKOj AucepTauumjy, u
TO KPO3 HarmnaweHo KpUTUYKN NPUCTy.

3.3.0n1c 1 agekBaTHOCT NPUMEHEHUX HAYYHUX MeToaa

Y TOKy u3page [OKTOpCke AucepTaumje npuMereHe Cy CaBpeMeHe Hay4HO-UCTpaxunBaudke
MeToze Npu TEOPUjCKOM 1 eKCnepuMeHTanHoOM UCTpaxmnsamy y AOMEHY MpojekToBaka U onTuMmsaumje
byHKUMjA MHTENUIEHTHMX TEXHOMOLLKNX cuctema. PasBujeHn opurnHanHm anroputMmu 6asmpanm cy Ha:
MeTogama cucTtemaTusaumje u Knacudgukaumje 3axearbyjyhm kojuma cy, Ha OCHOBY npernefa
nutepatype v aHanuse y h0j npukasaHux pesynraTa, yTBphHeHW npaBun UCTpaxunBara Yy OOKTOPCKO)
aucepTtaumju; Metogama KOHKpeTusauuje M reHepanusauuje y pasm KOHUENUMCKOr NpojeKkToBama;
MeTogamMa MaTeMaTU4Kor Mogenupawa YKYMHOr TEeXHOMOLIKOr BpeMeHa W YKYNHUX TpoLuKoBa
Npov3BOAHE; MEeTaxeypucTU4kMM MeTodama OnTMMM3auumje TEXHOSOLWIKUX npoueca, reHepucaHux
nnaHoBa HMWXOBOI TEepMUHUPAa Ha KojuMa ce 3acHMBa TepMuHuUpawe MobunHor poborta y
YHYTpaLlkeM TPaHCNOPTY MaTepujana MHTENUreHTHOr TEXHOMOLLKOr CUCTEMa; MeToAaMa yrnpasibakba
N nporpammpana MobunHor poboTa y AoMeHy nokanusauuje (ogpehmeare nosuuunje n opmjeHTauuje) y
nabopaTtopmjckom MoAeny TEXHOMOLWUKOr OKpyXewa; MeTogama CoPTBEPCKE W  XapABepcke
uMnnemMeHTauuje passujeHUX anroputama y unrby noseharwa eduMKkacHOCTU YHYTpaLlkber TpaHcnopTa
MaTepujana y TEXHOSOWKOM CUCTEMY; eKCNepuMeHTanHoj MeToan 3a Bepudukauujy npeariokeHux
XurnoTesa Ha NPOTOTUMNCKOM nabopaTopujcKOM MOOEeNy WHTENUreHTHOr TEXHOMOLIKOr cucTema.
AOEeKBaATHOCT NPpMMEH-EHNX MeToAa onpaBhaHa je Jobujalbem onNTUManHMx pesyntarta Koju cy 3HayajHo
nobosbliaHm y nopehery ca pesynratMma HaBegeHUM y peepeHTHO] nuTepaTypu.

3.4. [IpUMEHIbUBOCT OCTBApPEHUX pe3ynTtaTa

C o063vpom Ha CaBpeMEeHOCT W aKTyenHOCT TeMe [AOKTOpCKe AucepTtauuje, UCTpaxusara
cnposefeHa TOKOM u3paje 1 npukasaHu OCTBapeHu pesyntaTn npeactasrbajy 4o6py OCHOBY 3a Aarbu
Hay4yHn n cTpydHn pag. Wmajyhm y Bugy ga y pacrnonoXmBoj nutepaTypu He MNoCTOoju peluexe
npobnema npojekToBaka OMTMMAanHUX TEXHOMOLWKMX npoueca uapasute drekcmbunHoctn (ca net
TMNoBa PNeKCUBUNHOCTM), Kao HU pellere Npobrnema TepMUHMPaHta OBaKBMX TEXHOSMOLLKUX npoleca
obpage, oyekyje ce 3HayajHa nNpuMeHa pesynTata W OpUrMHaNHUX MeToda NpPeACTaBibEHUX Y
OOKTopcKkoj  auceptaumjn. [Nopen  nabopartopujcke  ekcnepuMeHTanHe  Bepudukauunje  Ha
penpeseHTaTMBHOM MoAeny MpOuU3BOAHO-MOHTaXHOr noroHa npegyseha ,MoOHTMpojekT”, pasBujeHe
meToge he OuTM TecTupaHe M y HanpegHUM TEXHOSMOLIKUM OKpyXewMMa u3abpaHux KomnaHuja
MeTanonpepanueayke wungyctpuje Cpbuje. lNpumeHom pesyntata [obujeHnx Ha 6asm GMOMnOoLLKK
WHCMMPUCAHNX TEXHWKA BeluTayke MHTenureHumje, Koju cy BepuduKoBaHn y amcepTauuju, 3HaTHO ce
yHanpenyje npouec MHTerpuMcaHor rnpojektoBarwa (PyHKUMja UHTENUrEeHTHUX TEXHOMOLLKUX cUcTeMa U
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[AOMpUHOCKM nocTuU3awy crnegehnx TexHOEeKOHOMCKMX edbekaTa: u3Gop ONTUManHUX pecypca MU
oapehvBame onTumanHor 6poja onepauuja obpage gena, cMambeHhe BpeEMeHa M TpolukoBa obpage
nojeauHavyHUX AernoBa, CMakeHe YKYMHOr BpemeHa obpaze CBUX AeroBa Ymnje ce TEpMUHMpPaH-e BpLUW,
onTUManHo mckopuwherwe NPOM3BOAHUX PeEcypca, Kao M CMamere yaera BpeMeHa HEeOMnxXoAHor 3a
OCTBapMBaH€e YKYMHUX TPaAHCMOPTHMX TokoBa MaTepujana. Ocum Tora, eKcnepumeHTanHo
BepudMKOBaHM MOAENM MOTy MOCAYXUTWM 3a [arba WUCTpaxuBaka Yy UWrby pasBoja yHanpeheHux
anroputama 3a Heke of ocTanux yHKUMja MHTENUIEHTHUX TEXHOMOLLKMX cuctema. MNopen eBUAEHTHe
Hay4yHe BpeaHOCTW, pe3ynTaTu LOKTOpCKe AWcepTauuje Umajy v LWMPOKY NPaKTUYHY NPUMMEHY, LUTO je
noTBphHEHO 1 KPO3 NeT peann3oBaHUX TEXHUYKUX peLleHba.

3.5. OueHa JOCTUrHYTUX CNOCOBHOCTU KaHOMOAATKUH-E 3a CAMOCTalHW HaY4YHU pajd

KaHgonpatkuiwa je TOKOM m3pafe oBe OOKTOPCKe AucepTauuvje rnokasana fa je y crawy Aa
caMOCTarHo peluaBa KoMnnekcHe npobneme v Aa ycnewHo Braga caBpeMeHMM Hay4YHUM ca3Hawbuma
N mMeTodama, WTO NpeAcTaBrba OCHOBY 3a [arbM BeOoMa ycrnelwlaH Hay4yHOUCTpaxusadku pag. To ce
nocebHo ornega Kpo3 OPUrMHANHOCT Y Hay4YHOM MPUCTYNY KOMMMEKCHMM nNpobnemMunma y npojekToBamby
WHTENUIeHTHUX TEeXHOMOLWIKMX CUCTEMA, a BEPUPUKOBAHO je U U3Yy3eTHUM HayyHuM pecdbepeHuama n
uMTMpaHowhy.

4. OCTBAPEHU HAYYHU OOMNPUHOC

4.1. MNpurkas oCTBApPEHUX HAYYHMUX AOMNPUHOCA

OcTBapeHn Hay4yHM OOMPUHOCK, HacTanu Kao pes3ynTaT UCTpaxuBara Yy OKBUPY npeamMeTHe
OOKTOpCKe aucepTtauuje, ornenajy ce Kpo3 pasBoj U ekcrnepuMeHTanHy Bepudgukaumjy:

=  OpurnuHanHe MeToAoNOorvje 3a NPojeKkToBake NHTENUIEeHTHNX TEXHOMOLLKUX cucTema, 6asmpaHe
Ha MpMMEHM TMpUHUMNA BewTayke WHTenureHumje, akcmomartckux wmetoga, TPU3 n
MynTUareHTHe MeTodonoruje, y uurby UMnnemMeHTauunje u nHTerpaunje MHTENUreHTHUX areHaTa
(Mucnun ce Ha areHTe 3a MalUMHe anaTtke, areHTe 3a gefioBe, areHTe 3a MobunHe poboTe,
areHTe 3a onNTMMMU3auujy, areHTe 3a MalNHCKO y4ewe, 1 4p.), Koju Mory Aa LOHOCe ayTOHOMHE
o4nyke y ycrnosuma HarnaweHe HeogpeheHoCTU yHyTap TEXHOMOLUKOr CUCTEMA;

= MeToge 3a nnaHuMpakbe M ONTMMMU3AUM)y TEXHOMOLLKMX npoueca kopuwhewem OGMOMoLLKK
WMHCMNPUCAHUX TEXHMKA BELUTayYKe MHTeNnureHuumje;

= MeToOoe 3a reHepuncame wu OI'ITVIMVI38LI,I/ij nnaHoBa TepMUHUPpaka MallnHa anaTtkn y
MHTEJTUTEHTHOM TEXHOJ10LWKOM CUCTEMY CXOOHO yCBOjeHVIM (*)yHKLI,VIjaMa LUnrba,

* MeToae oONTUManHOr TEpPMUHUPaka WHTENUreHTHor MobunHor poGoTa  HaMeleHor
po6GOTM30BAHOM YHYyTpalUH-eM TpaHCMopTy MmaTtepujana, npunpemaka, obpagaka U roToBUX
[ernoBa y okBMpYy nabopaTopujckor Mogena MHTENIMreHTHOr TEXHOOLKOr CUCTEMA;

= MeToae 3a UHTErpucaHo ONTMMAsHO MraHWpake U TEPMUHMPaHEe TEXHOMOLLKMX npoLeca, kao
N TePMUHMpae TPaHCMOPTHUX CpeAcTaBa Yy OKBMPY YHyTpallker TpaHcnopTa MaTepujana
WHTENUreHTHOr TEXHOMOLLIKOT cucTema.

Y TOM cmucny, pasBujeHO je cnegehux 6 OpurmHanHux anroputama 3a npojeKToBare
ONTUMAanHMX TEXHOMOLLKUX npoLeca:

» [eHemuuku aneopumam — GA (notnornaesee 6.1). Y pa3Bojy OBOr anroputMa npegnoxeHa
je MmeTogonorunja kKognparwa TEXHOSOLLKUX NpoLeca ca neT Tunoea onekcnbunHocTn, n To 'y
XPOMO30Me reHeTunyKor anroputma. Y uwrby Aobujakba onTUManHor pellewa, Hajnpe je
n3spLieH ogabup xpomosoma Ha 6asu pynet cenekuuje, rae je BepoBaTHoha cenekuuje
nponopunoHanHa yHKuMju unrba. HakoH kopaka cenekuuvje, mogudukaumja xpomosoma
KpO3 reHepauuje ce BpLWKM NPUMEHOM onepaTtopa yKpliTaka WM YeTupu pasnuuuta
ornepartopa MyTauuje, YAMe je NoCTUrHyTa aneepsudurkaLMja npoctopa Moryhmx peluemrsa.



Aneopumam cumyrnupaHoza KarbeHwa — SA aneopumam (notnornasrbe 6.2). Anroputam
noYmMBa Ha aHanoruju ca NPoLECOM Karbewa MeTarna na ce mogudukaumja peluera Kpos
uTepauuvje ocTBapyje naxrbMBuMm ogabuvpom Temnepatype xnahewa. Y TOM CcMucChny,
U3BpLLUEHa je cepuja ekcnepuyMmeHaTa y UMIby ONTUManHor nojelwaBaka NpPOMeHe
TemnepaType xnahewa Tako Aa Ha caMoM MoYeTKy npoueca ontTumMmu3aumje nva AOBOSbHO
BENWKYy BpegHoCT n TuMe omoryhu nsberaBamwe 3apobrbaBarba y FOKanHOM onTuMymy, a
a Ha Kpajy npoueca nva BpegHocT Koja 06e3behyje ctabunusauunjy pewena y rnobanHom
ontumymy. Mako cy 3a Heke npobneme pobujeHa pewewa OonTUManHUX/MpUGMKHO
ONTUManHUX TEXHOSMOLWKNUX npoueca, rnaBHM HegocTaTak oBe MeTode je npebpsa
KOHBepreHumja anroputMa.

XubpudHu anzopumam basupaH Ha 2eHEMUYKOM an2opummy U an2opummy CcuMysiupaHoa
Ka/bewa - xubpudHu GA-SA anzopumam (notnornaeibe 6.3). PasBujeHn xubpugHu
anroputam 6asvpaH je Ha MHTerpaumju reHeTUYKor anropuTMa u anroputMa CMMynupaHor
Karbewa n obyxBaTa ABe hase y peluaBary pasMmaTpaHor KOMGMHATOPHO ONTUMMN3ALMOHOT
npobnema. MNpea ¢hasza nogpasymeBa NPUMEHY FEHETUYKUX anroputama y WUHULMjarHOM
rnobanHom reHepucawy ,000pux‘ TexHOMowkux npoueca. Ha 6asnm ogabpaHux
TEXHOMOLWKMX npoueca, Yy Apyroj dasm XubpuaHor MeTaxeypucTuyKkor anropuvtMma
NPpUMEHEH je anroputam CUMYINMpaHOr Karbewsa, KOju Ce KOpPUCTM 3a foKasHo
npeTpaxueamwe ,000pux“ TEXHOMOLWKUX npoueca W JAobujare onTUManHux wumnnm
NPUOAMXKHO ONTUManHMX rekcMbuHUX TEXHOMOLLKNX npoueca obpage aena. PesyntaTtn
OCTBapeHW MPMMEHOM OBOI anroputMma ykasyjy Ha TO Oa MNoCToju eBMAEeHTaH AOMPUHOC
nocrtojehem ctawy y obractn onTMMmusaumje TEXHOMNOLIKMX Mnpoueca, koju ce orfiega Kpos
edunkacHvje reHepucawe ONTUMAnHor wu/unu npuUBNAMKHO ONTUMANHOr TEXHOMOLIKOr
npoueca obpage gena, yaumajyhu y o63up antepHaTMBHe MallnHe anatke, anTepHaTUBHE
anaTe v anTepHaTUBHE OpUjeHTaLMje anaTta 3a cBaKy of onepauuja.

ModucgpukosaHu anzopumam basupaH Ha UHMeNuU2eHyuju poja 4Yecmuya — mMPSO
aneopumam (notnornaerbe 6.4). [lpegnoxeHn HOBM nNpUCTyNn Yy  ONTUMM3AUUjK
KOMOMHaATOPHO ONTMMM3aLMOHOT Npobriema NpojekToBata TEXHOMOLLKMX npoueca 6asnpaH
je Ha mogudukoBaHom PSO anroputmy. Kako je TpaguumoHanHum PSO anroputam
OPUrMHArNHO NPUMEHEH 3a ONTMMMU3ALUMNjy KOHTUHYanHUX npobnema, y uurby NnpuMmeHe oBor
anroputma Ha npobrneme AuUCKpeTHe onTummsaumje (kakaB je npobnem npojekToBarba
TEXHONOLLKMX npoLeca), pasBujeHa je MeTOAONorja 3a kogmpake TEXHOSOLWKNX npoLieca
y jeanHke PSO anroputma. Takohe, y uurby edukacHuje npetpare npocrtopa moryhux
pellena, Koju ce eKkcrnoHeHuujanHo yeehasa ca noBehaBaweM anTepHaTMBHUX pecypca,
onepaTopu reHeTu4knx anroputama (ykpitawe, MyTaumja u 3ameHa Mecta) Cy pasBujeHu
U uHKopnopupauum y PSO anroputam. EkcnepumeHTanHa wucTpaxuBarma W ynopeaHu
pesynTatu npukasaHu y ekcnepumeHTy 1, a nybnukoBaHu y Yaconucy International Journal
of Computer Integrated Manufacturing, nokasyjy na Hajsehe noborblawe Hajborber
peliera TexHOMowkor npoueca wusHocu 45.45% (ekcnepumeHT 1.1), Ook Hajehe
noborbliawe cpegre BpegHocTn nsHocn 44.63% (ekcnepumenT 1.2).

Unmeepayuja aneopumma 6a3upaHoz Ha UHmMesnuaeHyuju poja yecmuua u meopuje xaoca
- cPSO aneopumam (notnornaeree 6.5). KrbyyHu npobnem npeTxogHO pasBujeHux
anroputama jecte wunxoBa 6p3a KOHBepreHumja Ka fiokasiHo onTMManHoM peluemny. JegaH
O, HaunHa npeBasunaxewa npobnema KoOHBepreHuuje anroputMa y paHum dasama
onTuMmsaumje jecte u npumeHa mana xaoca. ¥ ToM cMucCny, passujeHn anroputam cPSO
ce TeMerbM Ha UMMMeMeHTauuju Teopuje xaoca y MaTeMaTuyku moden OpurnHanHor
TpaguumnoHanHor PSO anroputma. OBOM MMNNeMeHTaumjoM ce OocTBapyje MNpedHocT Yy
OfHOCY Ha [Apyre npucTtyne, ca acnekra npolunpera npocTopa Moryhux peluerwa u
nsberaBara ,3apobrbaBatba‘ anroputma y JnokanHoMm ontumymy. EkcnepumeHTanHa
UCTpaxuBarwa CrnpoBedeHa Yy eKCnepuMeHTy 2, a BepudukoBaHa Kpo3 nybrvkoBawe Yy
yaconucy The International Journal of Advanced Manufacturing Technology, nokasyjy ga je
NPMMEHOM XaOTMYHMX Mana Hajborbe pellere TEXHOMOLIKOr npoueca noborblwaHo 3a
53.85% (ekcnepumeHT 2.1), Aok Hajsehe noborbluake cpearwe BpeaHOCTU hyHKuMje unrba
y ekcrnepumeHTy 2.3 nsHocu 63.04%.



* Aneopumam uHcniupucaH mpasosiosyuma - ALO aneopumam (notnornaerbe 6.6). OcHoBHa
pasnuka namehy cPSO n ALO anroputma ornega ce y MeTOAoNornju 3a noborblwame
MHULUKjanHoOr pellera Kpo3 utepatmBHM noctynak. ok ce kog cPSO anropytma HOBM
TEXHOOLKM MPOoLEecK reHepuly Ha OCHOBY Op3vHa M nonoxaja jeanHku y jaty, kog ALO
anroputma ce mogudumkaumja BpLUM Ha OCHOBY MosioXaja MpaBosfioBaLa npu nocTasbakby
3aMKu 1 XxBaTaky Mpasa.

CnpoBefieHa UCTpaxuBamwa Yy OKBMPY MPeaMETHE AOKTOpcke AucepTauumje obyxsaTtajy u
obnacT nHTerpucaHor npojekToBara TEXHOSOLKMX MpoLeca M HUXOBUX NaHoBa TEPMUHUPaH-a, ca
po6OTU30BAHUM YHYTPaLUHMM TpaHCMopToM. Y TOM CMUCRy, Y OBOj AucepTauumju cy pasBujeHa
cnepneha Tpu opurnHanHa anropurama:

» [eHemuuku anzopumam — GA (notnornaeree 7.2). MNpn Kogupakwy nnaHoBa TEPMUHUPaHA
CBaka jeQuHKa je NpeAcTaBfbeHa Kao XPOMO3OM, KOjuU Ce cacToju Of rraBHoOr U NoMohHor
noacTpuHra. MaBHUM MOACTPUHIOM CY MpeAcTaBfbEHW MMaHOBUM TepMUHWparwa 3a neT
TMnoBa rNekCMbUNHOCTH, AOK Cy NMOMONHMM NOACTPMHIOM MPencTaBibEHN anTepHaTUBHMN
TexXHonowkn npouecu. MNMpumeHoM ornepaTtopa ykpwTawka M ABa onepatopa MyTauuje
OCTBapyje Ce npowwupuBake npocTtopa Moryhux pewewa u pobujawe ontumanHor
peLletrsa.

* Aneopumam cumyrnupaHoe kasbera — SA (notnornaeree 7.3). ANrOpUTMOM CUMYNUpaHor
Karbewa SA ce ocTBapyje foKanHo npeTpaxvBarwe NPUBIMKHO ONTUMAnHUX TEXHOMOLLKNX
npoueca. Mako je npouec kogupawa U MHUUMjanuMsauunje Uctm kao kog anroputma GA,
npoLec nokanHor npeTpaxuBama je pa3nuunT 1 ofsuja ce CXogHoO BepoBaTHohu ogabupa
ONTUMarnHor peLlera, Koja 3aBucu o TemnepaTtype xnahewa.

* WHmeepayuja aneopumma basupaHo2 Ha UHMesu2eHyuju poja yecmuuya u meopuje xaoca
- cPSO aneopumam (notnornaerbe 7.4). HoBM npucTyn y peluasawy WHTErpucaHor
npojekToBawa W TepMUHUpaHa TEXHOMOLUKMX MpoLeca 3acHOBaH je Ha WHTerpaumju
anroputma 6asvMpaHor Ha WHTeNUreHuMju poja 4Yectuua M Teopuje xaoca. Y npBoj asm
Ouonowkn uHcnupucaHor cPSO anropuTma, reHepucawe ONTUMAnHUX TEeXHOMOLLKUX
npoueca mu3BpWeEHO je Ha crnegehn HadvH: pasBujeHa je npouedypa 3a
Koaupawe/gekognparke napameTtapa TEXHOSMOLWKUX npoueca Yy jeduHke anroputma; a
NOTOM Jarbe, npeBasunaxerwe HegocTataka Be3aHUX 3a O6p3y KOHBepreHuujy anroputma
Ka IokariHOM OnTUMarHOM pellewy Yy paHuMm dasama onTuMmsaumje MU3BpLUEHO je
uHTerpaumjom PSO anroputma ca xaocoM. MnnemeHTauuMjoM geceT XaoTUYHUX Mana y
OBaj anropuTam 1 CTOXacTUYKUM reHepucarweM anTepHaTUBHUX pecypca (MawnHe anaTtke,
anaTtu, opujeHTaumje anata) ce nocTuxe aobujawe Beher npocTtopa anTepHaTUBHUX
pellerwa y CBakoj uTepauujy u MoryhHocT usberaBawa ,3apobrbaBara“ anroputma y
NIoKariHoM onTUMyMy. TepMuHMparwe ONTUMAanHUX TEXHOMOLIKMX Npoueca U3BPLLEHO je Ha
OCHOBY TpW KpuTepujyma, M TO Ha OCHOBY KOAMPAHUX MfaHoBa TepMUHUPaHa.
PeanunsoBaHa ekcnepumeHTanHa wucTpaxuBawa npeactaBibeHa Yy eKkcnepumeHty 4
nokasyjy ga je umnremeHTauujoM XaoTUYHMX Mana y anropuytam poja yectuua Hajdorbe
pewlewe nraHa TepMuHUpawa nodosrbwaHo 3a 5.31% (ekcnepumeHT 4.1), OoK Hajsehe
noborbliake cpegre BpegHocTn naHocn 11.72% (ekcnepumenT 4.1).

4.2. Kputndka aHanusa pesynraTta UCTpaxmBara

Ha ocHOBYy npernega peneBaHTHe nutepaTtype M NOCTaBIbEHUX LMIbeBa UCTpaXKuBaka, Kao u
carnefasara cTarwa U3 0bnacTn uctpaxunBarwa OOKTOPCKe AncepTtaumje, MOCTUTHYTU Cy OPUTMHANHU U
3HayajHU pe3ynTaTu Koju UMajy U NPUMEHIBUBOCT Y UHXEHEePCKOoj Npakcu. Y OKBUPY UCTpaxmnBara
cnpoBefeHNX Y OBOj AOKTOPCKOj AucepTaunju npeanoxeHe cy U pa3BujeHe HOBeE MeTOe 3a pellaBare
nonasHux npobnema. Pa3BujeHO je LUECT OpuUrMHaNHUX anropurtama 3a MnpojeKkToBare TEXHOMOLLKMX
npoueca 1 Tpy OpurnMHanHa anroputama 3a MHTErpmcaHo npojekToBawe prekCbmnHMX TEXHOMOLLKNX
npoueca v nnaHoBa TepMWHMpawa, ca pPoOOTU3OBaHMM YHYTpalHMM TPaAHCNOPTOM Martepujana.
Crora, oBa OOKTOpCKa AucepTauuja npeactaBiba BaXaH Hay4YHOUCTpaXuBayku SONPUHOC y obnactu
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NpojekToBaHka MHTENUIEHTHUX TEXHOMOLWKMX cuctema. Mmajyhn y Bugy aobujeHa ontumanHa pellewsa,
OyYeKkyje ce garba MMMiemMeHTaumja pesynTtaTa guceprauuje n'y yayhum ncrpaxusarwnma.

4.3. Bepndukaumja Hay4HUX AoNpuHOca

HayyHun gonpuHoc AokTopcke aucepTauuje je BepudmkoBaH 6pojHUM pagoBnma 06jaBrbEHNM Y
pedepeHTHNM Hay4YHMM YaconucMma U caonwTewnuma Ha NPecTKHUM KOHepeHuujama y 3eMibin 1
WHOCTPaHCTBY:

M21 HayuHu pap y BpxyHckom melyHapoaHom yaconucy (SCI-Web of Science ©)

[1] Mitic,M., Vukovi¢,N., Petrovié,M., Miljkovi¢,Z., Chaotic fruit fly optimization algorithm ,
Knowledge-Based Systems (ISSN 0950-7051), Vol. 89, pp. 446-458, Elsevier BV, Netherlands,
November  2015. (Online_first  published on  August 22, 2015 as DOl
10.1016/j.knosys.2015.08.010);
http://lwww.sciencedirect.com/science/article/pii/S0950705115003147

(Science Citation Index-Web of Science® — IF = 2,947 (2014) — M21; nssop KoBSON)

M22 HayuHu pag y uctakHytom mefjyHapogHom yaconucy (SCI-Web of Science ©)

[2] Petrovi¢,M., Miti¢,M., Vukovié¢,N., Miljkovi¢,Z., Chaotic particle swarm optimization algorithm
for flexible process planning , The International Journal of Advanced Manufacturing Technology
(Print ISSN 0268-3768), Article in Press, Springer-Verlag London Ltd. (Online ISSN 1433-
3015 Available online: 19 November 2015 First™ Articles; DOI: 10.1007/s00170-015-7991-4);
http://link.springer.com/article/10.1007/s00170-015-7991-4

(Science Citation Index-Web of Science® — IF = 1.458 (2014) — M22; nssop KoBSON)

M23 HayuHu pag y mefjyHapogHom yaconucy (SCI-Web of Science ©)

[8] Miljkovi¢,Z., Petrovi¢,M., Application of modified multi-  objective particle swarm optimisation
algorithm for flexible process planning problem , International Journal of Computer Integrated
Manufacturing (Print ISSN: 0951-192X), Article in Press, Taylor & Francis Group, United
Kingdom. (Online ISSN 1362-3052_Available online: 17 February 2016 _First™ Articles; DOI:
10.1080/0951192X.2016.1145804);

http://www.tandfonline.com/doi/full/10.1080/0951192X.2016.1145804
(Science Citation Index-Web of Science® — IF = 1,012 (2014) — M23; nssop KoBSON)

M24 HayuHu pap y yaconucy mefljyHapoagHor 3Ha4aja BepudMKoBaHOr NOCEGHOM OANYKOM

[4] Petrovi¢,M., Milikovi¢,Z., Babi¢,B., Integration of Process Planning, Scheduling, and Mo bile
Robot Navigation Based on TRIZ and Multi-agent Meth  odology , FME Transactions (ISSN
1451-2092), New Series, Vol. 41 No. 2, pp. 120-129, (SCOPUS — M24; n3sop KoBSON),
University of Belgrade — Faculty of Mechanical Engineering, June 2013.

OBaj pag, objaBrbeH y Yaconucy mehyHapoaHor 3Hadaja BepuduKoBaHOr nocebHoOM OanyKom,
LMTUpPaH je y BpxyHckoMm meflyHapoaHom Yaconucy (M21) ca SCI nucTe:

Chang, Y. S., Chien, Y. H., Yu, K. C., Chu, Y. H., & Chen, M. Y. C. (2016). Effect of TRIZ on the
Creativity of Engineering Students . Thinking Skills and Creativity, 19, 112-122.

Takohe, n y okBupy npernegHor paga nocseneHor npojekToBawy TEXHOSOLWKMX npoleca, a
o6jaBrbeHor y uctakHytom mefjyHapogHom yaconucy (M22) ca SCI nucre:

Yusof, Y., & Latif, K. (2014). Survey on Computer-aided Process Planning . The International
Journal of Advanced Manufacturing Technology, 75(1-4), 77-89.
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BaxaH je n umMtart y pagy caonwTeHOM Ha npecTuwxkHoj IEEE kKoHdepeHuunju:

M52

[5]

[6]

[7]

[8]

[9]

Liu, C., Li, Y., Wang, H., & Shen, W. (2015, October). Process Knowledge Representation
Based on Dynamic Machining Features and Ontology fo  r Complex Aircraft Structural
Parts. In Systems, Man, and Cybernetics (SMC), 2015 IEEE International Conference on (pp.
1335-1340). IEEE.

PapoBu y yaconucuma HauMoOHasriHOr 3Ha4aja

Petrovié,M., Petronijevi¢,J., Miti¢,M., Vukovi¢,N., Miljkovi¢,Z., Babi¢,B., The Ant Lion
Optimization Algorithm for Integrated Process Plann ing and Scheduling, Applied Mechanics
and Materials (ISSN 1662-7482), Vol. 834, pp. 187-192 (DOL:
10.4028/www.scientific.net/ AMM.834.187), © 2016 Trans Tech Publications, Switzerland, Online
19" April 2016.

Petronijevi¢,J., Petrovi¢,M., Vukovi¢,N., Miti¢,M., Babi¢,B., Miljkovi¢,Z., Integrated Process
Planning and Scheduling Using Multi-agent Methodolo gy, Applied Mechanics and Materials
(ISSN 1662-7482), Vol. 834, pp. 193-198 (DOI:10.4028/www.scientific.net/AMM.834.193), ©
2016 Trans Tech Publications, Switzerland, Online 19" April 2016.

Petrovié,M., Petronijevi¢,J., Miti¢,M., Vukovi¢,N., Plemi¢, A., Miljkovi¢,Z., Babi¢,B., The Ant Lion
Optimization Algorithm for Flexible Process Plannin g, Journal of Production Engineering
(ISSN 1821-4932), Vol. 18, No. 2, pp. 65-68, University of Novi Sad — Faculty of Technical
Sciences, Novi Sad, Serbia, 2015, and in Proceedings of the 12" International Scientific
Conference MMA 2015 - Advanced Production Technologies, pp. 125-128, Novi Sad, Serbia, 25-
26 September, 2015.

Petrovi¢,M., Miljkovi¢,Z., Babi¢,B., Vesta€ka inteligencija u koncepcijskom projektovanju
inteligentnih tehnoloskih sistema — pregled stanja u oblasti istrazivanja , Casopis TEHNIKA-
Masinstvo (ISSN 0040-2176), Vol.68 br.5, ctp. 873-885, 2013.

Petrovié,M., Miljkovié,Z., Babi¢,B., Vukovié,N., Covié,N., Towards a Conceptual Design of
Intelligent Material Transport Using Artificial Int elligence , Strojarstvo (ISSN 0562-1887),
UDK: 62(05)=862=20=30, Vol. 54 No. 3, pp. 205-219, Published by Croatian Union of
Mechanical Engineers and Naval Architects, June 2012. http://hrcak.srce.hr/strojarstvo

HanomeHna: Yaconuc Strojarstvo: Journal for Theory and Application in Mechanical Engineering je y
Bpeme npuxsaTama paga 6mo Ha SCI nucTu (Science Citation Index-Web of Science © — IF = 0,222
(2010) — M23; nssop KoBSON).

M33

[10]

[11]

PapoBu caonwTteHu Ha CKynoBumMa Mef]yHapo,qur 3Haqaja, wrtamMmnaHu y uenunHu

Petronijevic,J., Petrovi¢, M., Vukovi¢,N., Miti¢,M., Babic,B., Miljkovi¢,Z., Multi-agent modeling for
integrated process planning and scheduling, Proceedings of the 12" International Scientific
Conference MMA 2015 - Advanced Production Technologies, pp. 121-124, Novi Sad, Serbia, 25-
26 September, 2015.

Petrovi¢,M., Miti¢,M., Vukovi¢,N., Petronijevi¢,J., Miljkovi¢,Z., Babié,B., Modified Chaotic Particle
Swarm Optimization Algorithm for Flexible Process P lanning , The 8™ International Working
Conference "Total Quality Management — Advanced and Intelligent Approaches”, Published in
Conference Proceedings (ISBN 978-86-7083-858-1), pp. 221-228, and in International Journal of
Advanced Quality (ISSN 2217-8538), Vol. 43 No. 3, pp. 25-32, Belgrade, Serbia, 1°-5" June
2015.

[12] Vukovi¢,N., Mitic,M., Petrovi¢,M., Petronijevi¢,J., Miljkovi¢,Z., Experimental Evaluation of

Growing and Pruning Hyper Basis Function Neural Net  works Trained with Extended
Information Filter , Proceedings of the 5" International Conference on Information Society and
Technology (ICIST 2015), pp. 89-94, Kopaonik, Serbia, 8-11 March, 2015.
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[13] Mitic,M., Vukovi¢,N., Petrovié,M., Petronijevi¢,J., Diryag,A., Miljkovi¢,Z., Bioinspired
metaheuristic algorithms for global optimization , Proceedings of the 5" International
Conference on Information Society and Technology (ICIST 2015), pp. 38-42, Kopaonik, Serbia, 8-
11 March, 2015.

[14] Petrovi¢,M., Miljkovié,Z., Vukovié,N., Petronijevi¢,J., Babi¢, B., Integration of Process Planning
and Scheduling using Modified Particle Swarm Optimi zation Algorithm , Proceedings of the
4™ International Conference on Manufacturing Engineering (ICMEN 2014), pp. 109-118,
Thessaloniki, Greece, 1-3 October, 2014.

[15] Vukovi¢,N., Miljkovi¢,Z., Miti¢,M., Petrovi¢,M., Mohamed A. Husen, Neural extended Kalman
filter for state estimation of Automated Guided Veh icle in manufacturing environment
Proceedings of the 35" International Conference on Production Engineering, pp. 331-335,
Kopaonik, Serbia, 25-28 September, 2013.

[16] Vukovié,N., Miljkovi¢,Z., Miti¢,M., Petrovi¢,M., Learning Motion Trajectories of Differential
Drive Mobile Robot Using Gaussian Mixtures and Hidd  en Markov Model , Proceedings of the
Fourth Serbian (29" Yu) Congress on Theoretical and Applied Mechanics, pp. 165-170, Vrnjacka
Banja, Serbia, 4-7 June, 2013.

[17] Petrovié,M., Miljkovi¢,Z., Babi¢,B., Optimization of Operation Sequencing in CAPP Using
Hybrid Genetic Algorithm and Simulated Annealing Ap proach , Proceedings of the 11"
International Scientific Conference MMA 2012 - Advanced Production Technologies, pp. 285-288,
Novi Sad, Serbia, 20-21 September, 2012.

[18] Petrovi¢,M., Milikovi¢,Z., Babi¢,B., Vukovic¢,N., Covié,N., Towards a Conceptual Design of an
Intelligent Material Transport Based on Machine Lea  rning and Axiomatic Design Theory |,
Proceedings of the 34™ International Conference on Production Engineering, pp. 389-392, Ni§,
Serbia, 28-30 September, 2011.

M63 PagoBu caonwTeHM Ha CKynoBUMa HaLMOHAaSTIHOr 3Ha4vaja, lWTaMnaHuv y LesiuHn

[19] Netposuh,M., Mwutuh,M., Bykosuh,H., MwurbkoBuh,3., OnTumusaumja ¢pNEeKCUOUNHNX
TEXHOJIOLWKUX Mpoueca NpPUMEHOM anroputMa 6asvpaHor Ha MWHTenUreHUMju poja u
Teopmju xaoca, 39. JYINMUTEP KondepeHumja, 35. cumnosunjym ,HY-POBEOTU-DOTC, 360pHUK
pagoBa - CD, cTp. 3.122-3.129, beorpaga, 28. oktobap 2014.

[20] MeTpoHujeBuh,d., NeTposuh,M., Babuh,b., Murbkosuh,3., NMpumeHa MmynTnareHTHUX cucTema u
Teopuje pojeBa y ontumusaumju reKCMOMNHUX TeXHOMOLWKUX npoueca, 39. JYTUTEP
KoHdepeHuuja, 35. cumnosujym ,HY-POBOTU-OTC", 36opHuK pagosa - CD, ctp. 3.114-3.121,
Beorpag, 28. oktobap 2014.

[21] Babwuh,b., MwurbkoBuh,3., Byrapuh,Y., bBojosuh,b., Bykosuh,H., Mwutuh,M., [Netposuh,M.,
MpumeHa MWHTENUreHTHUX TEXHOJIOWKUX CUCTeMa 3a NpouM3BOAHY AenoBa oA Nnvma
3acHOBaHa Ha €KOJIOWKUM MPUHLUUNUMA - Npernen pesynrarta UCTpaXXuBawa Ha NMPOJeKTy
TP-35004, 38. JYTMUTEP KoHdepeHuuja, YBogHu pag, 36opHuk pagosa — CD, ctp. YP.67-
YP.75, Beorpag, 15-16. maj, 2012.

[22] Netposuh,M., MwurbkoBuh,3., Bbabuh,b., Yosuh,H., BewTayke HeypoHCKe Mpexe WU
akcMomaTcKa Teopuja NpojeKToBaka Y KOHLENUUjCKOM MNpojeKToBakwy pob6oTU3oBaHOr
yHyTpalwwer TpaHcnopra, 37. JYNUTEP KoHdepeHuuja, 33. cumnosumjym ,HY-POBOTU-OTCH,
360pHuK pagosa - CD, ctp. 3.72-3.79, beorpaa, 10-11. maj, 2011.

M85 TexHuuKa n pa3BojHa pelieHa — anropuTMu, metoae u copTeepu

[23] MNetposuh,M., MNMeTpoHujeuh, J., Mutuh,M., Bykosuh,H., Murekosuh,3., babwuh,b., UHTerpucaHo
npojekToBakbe U TEPMUHUPaAHE TEXHOJSIOLWKUX Mpoueca NPUMMEHOM UWHTenureHumje poja
yecTUua U Teopuje xaoca (Hoga Memoda: ce OQHOCU Ha pellaBawe npobnema reHepucara
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ONTUManHWX nraHoBa TepMWHMPawa MPUMEHOM BGUOMOLLKM UHCMIMPUCAHOr anroputMa Ha 6asu
WHTenureHumje poja yectmua (eHrn. PSO — Particle Swarm Optimization) n Teopuje xaoca (eHrn.
Chaos theory). OBa meToga je passujaHa y okBupy npojekta TP-35004 MIMHWTP Bnage
Peny6nuke Cpbuje), 2015.

[24] MetpoHujesuh,d., NMeTposuh,M., Bykosuh,H., Mutnh,M., babuh,b., Murekosuh,3., MynTuareHTHuU
CUCTEM 3a AMHAMWYKO MHTErpMcaHo MnraHupawke U TepMUHUpawe npousBoawe (Hosa
memoda: ce OOHOCU Ha AOMEH AWHAMWYKOT WHTErpuMcaHor nnaHupawa WM TepMuHupara
npov3BOAHKE NPUMEHOM MynTuareHTHe metogonornje. OBa MeToda je pasBujaHa y OKBUPY
npojekta TP-35004 MIMNHWTP Bnage Penybnuke Cpbuje), 2015.

[25] Metposuh,M., MNeTpoHujeuh,d., Bykosuh,H., Mutuh,M., Murskosuh,3., Babuh,b., UHTerpucaHo
npojektoBake U TepMUHUPaHE ONTUMANHUX NEeKCUOUNHUX TEXHONMOLWKUX mnpoLeca
6asuMpaHoO Ha MynTUAreHTHUM CUCTEMMMA U TeXHMKamMa BeluTayke WUHTenureHuuje (Hosa
Memoda: ce OAHOCW Ha AOMeH MWHTErpuMcaHor npojekToBawa W TepMUHMpawa OnTUMarHuX
hNekCUBbUNHNX TEXHONOLLKMX npoueca NPUMEHOM MYNTUAreHTHUX CUCTEeMa M TEXHUKA BellTavke
WHTENUreHumnje, KOHKPETHO OMONOLIKM MHCMIMPUCAHOr anroputMa Ha 6as3n uHTenureHuuvje poja
yecTuLa M BELUTAYKMX HEYPOHCKMX Mpexa. OBa MeToda je pasBujaHa Yy OKBUPY npojekta TP-
35004 MIMHWTP Bnage Penybnuke Cpbuje), 2014.

[26] Mwutuh,M., Bykosuh,H., [etposuh,M., T[leTpoHujeBuh,d., MurbkoBuh,3., Jlasapesuh,W.,
Penpoaykumja KOMMMEKCHUX TpajekTopuja MoOOUNHOr pobota Ha ©6a3u Ouonowku
MHCNMpUCaHUX anroputama (Hoga Memoda: ce OAHOCU Ha pellaBate KOMMEeKCHoOr npobnema
yrnpasSbaka UHTENUreHTHOr MoBbunHor poboTa NPUMEHOM eMnupujcke yrnpaBrbayke Teopuje Ha
6a3n  OMOMNOLWIKM  MHCMMPUCAHUX  anropytamMa onTMMmM3auuje U MaWWMHCKOr  yyera
AEeMOHCTpauMjoM, U TO Tako Aa ce ynpaBrbadke KomaHge MobunHor poboTa kopucte 3a
penpoaykumjy BULLE TpajekTopuja KerbeHor obnnka y okBMpy mMogyna 3a AeMOHCTpauujy, OOK ce
y MOOyny MaLUMHCKOr Yyyewa BpWM MMNOMEMeHTauMja MeToda onTumMu3auuje y uurby
ogpehuBara onTumanHe Tpajektopuja poborta. OBa meTofa je pasBujaHa y OKBMpPY npojekta TP-
35004 MIMNHWTP Bnage Penybnuke Cpbuje), 2014.

[27] Metposuh,M., MwurbkoBuh,3., Bykosuh,H., Babuh,b., TlleTpoHujesuh,J., OnTUmMusaumja
bnekcMbnnHUX TEexXHONMOLWKUX npoueca MNPUMEHOM XUOPUMAOHOr MeTaxeypucTU4Kor
anroputMma (Hosa Memoda: koja peluaBa npobrnem onTummuaaumje pnekCubnnHMX TEXHOMOLLKNX
npoueca obpage gena, yaumajyhm y o63mp antepHaTyBHE MalUuMHe anaTke v anaTte 3a CBaKy o4
onepauuja, passujaHa je y npojekty TP-35004 MIMNHuWTP Bnage Penybnvke Cpbuje), 2013.

5. BAKIbYYAK U NPEANOI

[oktopcka guceptaumja nog Hasusom ,BELUTAYKA MHTENUIEHUWNJA Y MNMPOJEKTOBAHY
MHTENMUTEHTHMX TEXHOJIOWKMX CUCTEMA® «kanguoatkmkse Mwunmue M.  [etposun,
MacT.MHX.Mall., NpeAcTaBiba CaBpeEMEH, YTeMErbeH U OpuUrMHanaH Hay4yHW OOMPUHOC MPOjeKToBaky
yHKUMja UHTENUIEHTHUX TEXHOSMOLLKNX cMcTeMa Ha 6a3n BUONOLLKN MHCIMPUCAHMX TEXHUKA BeLuTayke
WHTenureHumje. Ha ocHoOBYy OCTBapeHUX pesyntata Koju Cy npukasaHu y OOKTOPCKOj AucepTauujy m
CXOOHO YMH-EeHVUUM [a je aHanu3upaHa npobnemartvka MynTuaucuuninHapHa M BeoMa akTyernHa y
Hay4yHO] jaBHOCTW, KOHcTaTyje ce pfa je kKangugatkmwa Mwunuua M. [Metposuh, macT.MHX.MaLl.,
3aBplumna [JOKTOPCKY AucepTtauujy y cknagy ca npegsuheHMM npegMeToM U NocTaBibeHUM
uMrbeBMMa, y3 Harracak Ha TO Ja Cy YycCrewHo fokasaHe xunoTese fga je: (i) moryhe passutu
OpUrMHanHy MeToJosforvjy 3a MpOjeKTOBake WHTENUIreHTHUX TEeXHONMOWKMX cuctema Ha 6asu
akcuomaTtcke Teopuje npojekToBaka, MynTUareHTHe MeTogosiornje M BUOSOWKN  MHCIMPUCAHUX
TEXHUKa BeluTayke uHTenureHuuje, (i) npumeHomMm soft computing TexHuka BeluTayke VMHTenureHuuje
Moryhe reHepucatv onTumanaH TEXHOMOLKM npouec obpade gerna CXOOHO YCBOjJEHOM KpUTepujymy
onTumusaumje, ysumajyhm y o0063uMp antepHaTMBHE MaluMHe anaTtke, anTepHaTuBHe anate W
anTepHaTtMBHe nomohHe npubope, (iii) Ha OCHOBY ONTUManNHMX TEXHOSOLLKMX npoueca obpage aena
mMoryhe edmkacHo ogpeauTyn nraHoBe TepMUHMpama CXOOHO YCBOjEeHOM KpuTepujymy nepdopmaHcu,
(iv) npmeHOM MeTaxeypuUCTUYKMX MeToda moryhe pasBuTM CUCTEM WHTErpUCaHOr MpojekToBama U
TEpMUHUPaHa TEXHOMOLLKUX Mnpoueca, 06e3behyjyhn npu Tome cMmamwerne Npon3BOAHUX TPOLLKOBA,
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borbe uckopuwhere MNPOU3BOAHUX pecypca W noborbliake nepdopMaHCKM  UHTENUIEHTHUX
TEXHOMNOLWKMX cucTema, U (V) 3a pas3BujeH WHTEerpucaHu MoAeNn CUMYINTaHOr MNpojekToBaka MU
TEPMUHMpPaa TEXHOMOLWIKMX npoueca Moryhe pasBuTu edukacHe anropuTtme TepMUHMpaha
TPaHCMOPTHMX cpeacTaBa, Kao U MHTENUIeHTHOr yrnpaBrbaka MoGMnHor po6oTta npu M3BpLUaBaky
TPaHCMOPTHMX 3ajaTaka, CXOOHO MPOJEKTOBAHUM TEXHOSOLWKUM MpoLecMMa W reHepucaHum
onTUMarHUM MfaHoBUMa TepMUHMpaka, ca uubeM o6e3behnBaba MUHUMAaNHOr NpPOV3BOSHOM
BpeMeHa.

Ha ocHoBy npernega v oueHe JOKTOpPCKe AucepTaunje KaHaMaaTknube
Munuue M. lNMeTpoBuh, MacT.MHX.MaLL.
ca TeMoM
BewTayka nHTenureHumja y npojeKroBakby UHTENUIeHTHUX TEXHOSTOWKUX CUCTEMA,

Komucuja 3a oueHy n ogbpaHy 3akrbydyje Aa je ypaheHa AOKTopcka aucepTauuvja HanmcaHa npema
CBUM CTaHgapavma v No3UTMBHOj NpakCcK y Hay4YHOUCTPaXKMBAYKOM pajy, Kao U TO Aa uchyHhaBa CBe
ycnose npeasuheHe 3akOHOM O BUCOKOM obpasoBaky M Aa je y cknagy ca Ctatytom u [paBuiHmMKom
0 JOKTOpPCKMM cTyanjama MawmHekor doakynteTta y beorpagy.

CxogHo ynaHy 37. MNpaBunHnka 0 JOKTOPCKMM cTyanjama MawmHckor dakynteta y beorpagy,
Komucuja npegnaxe HactasHo-HayyHoM Behy MawumHckor pakynteTta y beorpagy ga osaj Pedepat
npuxeaTtu, AucepTauujy CTaBu Ha yBuA jaBHOCTM U ynyTu Pedyepar Ha KOHayHO YycBajawe Behy
Hay4yHMX 0BnacTh TeXHUYKMX Hayka YHuBeps3uTeTa y beorpagy, a ga ce HakoH Tora KaHAvAaTKukea

Nno3oBe Ha jaBHy of0paHy.

C nowToBamEeM,

UnaHosu Komucuje:

Y beorpaay, 11.04.2016. roguHe

Op 3opaH MurskoBuh, pegoBHun npodecop, MEHTOP
YHuBep3auteT y beorpagy - MawmHckn chakynteT

Op bojaH Babwuh, pegosHn npodecop
YHuBepauteT y beorpagy - MawuvHcku doakynteT

Op Munow Masowuh, peaoBHN npodecop y NeHsnju
YHuBepauteT y beorpagy - MawwmHcku dpakynteT

Op MunaHn 3erbkoBuh, pegoBHU npodecop
YHuepauteT y HoBom Caay - PakynteT TEXHUYKNX Hayka

Op Muogpar MaHuh, pegosHu npodecop
YHuBepauteT y Huwy - MawunHckn dpakyntet
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