
YHHBep3wreT y beorpany 
ElleKTp0TeXHHIIKH cpaKynTeT 

HACTABHO-HAYLIHOM BETTY 

llpenmer: flono6HocT TeMe H KaHawnaTa nip FopaHa B. Mapiconnha, AHMI. HH)K. en., 3a H3pany 
noKTopcKe nmepTauwje 

OnnyKom HacTarmo-Harnior Beha ElleKTp0TeXHWIKOF 4)aKynTeTa y Beorpany noHeToj Ha cenHHum 
Beha 6p. 767 on 08.10.2013. ronme, HMeHOBaHH CMO 3a LinaHoBe KommcHje 3a oueHy 110,406HOCTH 
Teme H KaHnHnaTa nap FopaHa B. MapRonnha, AHEM. HH>K. en., 3a H3pany noKropcKe nHcepTauHje 
H Harme 3aCHOBaHOCTH Teme "KoonepaTnnna ayromaToca icnacminneautnja cnrnana no THIly 
monyaannje Kopnnthemem pee conopa". 

Ha ocHoBy maTepHjana npHno>KeHor y3 3axTeB KaHnHnaTa, KomucHja nonHocH cnenetut 

113 BE III T A J 

1. Ilonann o Kanannaiy 

1.1. BllorpatIcKH nonaum 

KaHnHnaT I'opaH B. MapKoBHh poheH je y HeroTHHy 10.08.1973. ronme. OCHOBHy uncony 
3aBpumo je y HeroTHHy 1988. TOAHHe, a IIIKOJI0Balbe je HacTaBHo y HeroTHHcKoj rumHa3Hjm, me je 
H MaTypmpao 1992. ronHHe. OCHOBHe cTynkije Ha alleKTp0TeXHHIIKOM (1)axywreTy y Beorpany 
ynHcao je y IIIKOJICK0j 1992/1993 ronHHH,H 3aBpIHHO HX 1998. ronme Ha OnceKy 3a eneKTpoHHKy, 
TeneKomyHmKauHje H ayTomaTHKy (ETA) - cep TETIEKOMYHHKAUHJE, ca npocemHom oueHom 
9.21 TOKOM cTynHja. gHIIROMCKH pa,E( 110,4 Ha3HBOM "Mepelbe ampoKonojacHllx KapaKTepHcTHKa 
panHo KaHana nomohy ocumnocKona HP54600A", a Koji,' je oueH,eH HajBmuom oueHom, on6paHno 
je 5. (1)e6pyapa 1998. ronHHe. TOKOM cTynHja je 6Ho cTHneHnHc-ra MHHHcTapcTBa 3a HayKy H 
o6pa3oBai+e Peny6nme Cp6Hje. IlocnenHnnomcKe c-rynnje yrnicao je wKoncKe 1999/2000 ronHHe 
Ha EnewrpoTexHHincom (FaKy.rrreTy y Beorpany, H ycneumo Itx 3aBpunto 2005. ronme Ha cmepy 
TEJIEKOMYHHKAIRLIE, ca npoce4Hom oueHom 10.00 TOKOM cTynHja. MarHeTapcKH pan 
"AHanH3a anropwrama 3a ayTomaTcKy KJIacH4lHKauHjy panno cHrHana no -rimy monynaumje", KojH 
je panHo non pyKoBoncTBom meHTopa npo4). np MHpocnaBa JI. AyxHha, on6paHHo je 15. neuem6pa 
2005. ronnHe H cTeKao 3Baube marmTpa eneKTpoTexHH4mix HayKa 3a o6nacT Te.rieKomymiKauHja. 

Y uenoKynHom nepHony HaKOH 3aBpineTKa OCHOBHHX crynnja 3anoc.rieuf je Ha EJleKTp0TeXHINKOM 

(PaKynTeTy y Beorpany. Y anpHny 1998. ronHHe 3anocneH je y 3Balby cTprnior capanHHKa npn 
KaTenpH 3a TeneKomyHHKauHje Ha EJleKTp0TeXHWIKOM (13aKynTeTy y beorpany. 3a acHcTefrra-
npHnpaBHHKa Ha KaTenpH 3a TeneKomyHHKauHje Ha EJleKTp0TeXHHIIKOM (tiaKynTeTy y Beorpany 
H3a6paH je y HoBem6py 1998. ronnHe, a y 3Batbe acHcTeHTa je yHanpeheH y cenTem6py 2006. 
romme. OA cenTem6pa 2000. ronHHe no jyna 2001. ronyme Hana3Ho ce Ha oncnywaby BojHor 
poKa. TOKOM CBOr aHra)KoBana Ha EJleKTp0TeXHIVIKOM cbaKynTeTy y Beorpany, ymecTBoBao je y 



m3Bo1jer-by HacTaBe 143 BCJIHKOT 6poja npenmeTa H3 06RaCTH TeneKomyHmanHja Ha OCHOBHHM H 

macTep cTynsjama. Hopen HacTaBHe aKTFIBHOCTH, ymecTBoBao je Kao npojeKTaHT capaAHHK 14.11 14 

01_11-0B0pH14 npojeKTaHT y peanH3aulljH Beher 6poja (mule on 50) cTpyimmx 14 Harninx npojeKaTa, 
CTyRHia, H Apyrnx IlOCJI0Ba m3BeneHmx Ha EReKTpOTCXH1414KOM (taKynTeTy y Beorpasly. 

Y jaHyapy 2008. rox4He nono)Kmo je cTpruivi HCIIHT 3a AmnnommpaHe HmKeibepe eneKTpoTexHHKe 
3a cTpymHy o6nacT TeneKomyHmKaiummx cmcTema H mpewa, a y cenTem6py 2009. ronme cTeKao je 
J1knieHmy on,roBopHor npojeKTaHTa 3a o6nacT TeneKomyHHKanoHnx C}tCTM 14 MpeKa npm 
HIDKeibepcKoj Komopm Cp6Hje. LInaH je LApyinTBa 3a TeneKomyHmKaufflje, Kao 14 mehyHapo,aHor 
yapy>Ketba mmKeFbepa IEEE. roBopm eurnecKH je3mK. ChKeFbeH je H Hma jenHo AeTe. 

1.2. CTemeHo HarmomeTpa)KHBamKo HCKyCTBO  

KaHnmaaT FopaH B. MapKoBmh je CBOj marmcTapcKH pan 110,a Ha314BOM "AHan13a anropmTama 3a 
ayTomaTcKy Knacm4m4KanHjy panmo cHrHana no Tmny monynammje" 143 06nacTH TeneKomyHmKanHja, 
paamo no,n pyKoBogcmom meHTopa npo4). np MHpocaaBa JI. ,EIyKHha H on6paHHo ra 15. Aenem6pa 
2005. roAHHe Ha EneKTpoTexHHmKom (DaKynTeTy y Beorpany. OBa marncTapcKa Te3a 6aBH.na ce 
npo6nemom ayTomaTcKe KnacwiniKaumje pa,nHo cHrHana no THny monynanmje, 0,HHOCHO HCTOM 

o6nawhy Kao 14 npeano)KeHa ,noKTopcKa ,LnicepTanmja. JeAaH on 614THHX AonpHHoca oBor papa je 
6Ho 143y3eTHO AeTarbaH npernea nocTojehHx Knaca anropmTama 3a Knacw1m4Kaninjy palm° cHrHana, 
ca onmcom BeJFIKOr 6poja TpeHyTHo npe,anoweHmx anropHTama, Kao H cBeo6yxBaTHa ynopenHa 
aHanH3a KapaKTepHeTHKa Haj6HTHmjmx anropnTama 3a KnacH4)HKamHjy y Haeantnim H peanHum 
ycnomma papa, yx.rbymyjyhm aHann3y OCCTJbHBOCTH anrOpHTMa Ha BCJIHKH 6poj ectieKaTa KOH4 ce 
jairbajy Kao nocneAmua peanHmx ycnoBa papa, IHTO paHmje Hmje 6Hno AaTo y nHTepaTypH. Ha 
OCHOBy npHKa3aHllx pe3ynTaTa aHanme H3BeHeHH cy 3aKJby111.114 0 MOFAHOCTH npaKTHmHe 
npHmeHe aHanH3Hpaunix anropmTama 3a Knacw4n4KanHjy cHrHana y3 necinnimcaube Heonxonmix 
3axTeBa K0i14 mopajy 614TH HcnytbeHm npH I-&FIXOBOj npaKTHmHoj HmnnemeHTannjm. goikaTHo, 3a 
BehH 6poj aHanH3HpaHmx anropHTama 3a KnacwiniKammjy cHrHana npe,nnoweHe cy mo,m44)HKanimje y 
marby no6onilualba FbI4X0B14X KapaKTepHeTHKa. 3ax.rhymeHo je na je npH KnacH4)HKanHjH tuHpoKor 
cKyna aHanorHo H onmrmTanHo monynHcam4x cHrHana noronua npHmeHa xHjepapxHjcKe meme 
Knacwin4Kaumje cmrHana, H npe,anoweH je HOBH nocTynaK Knacwi4Kaumje Ha 6a3H xmjepapxmjcKe 
cTpyKType 3a Knacw1)HKanujy pa,nno cHrHana y HF (High Frequency) oncery, y3 npe,nnor cKyna 
HOBFIX anropHTama 3a KnacH4n4Kaumjy cHrHana Ha Knace aHanorHo H ,/11411,1TaJIHO moarmicaHHx 
cHrHana, Kao 14 3a KnacH4mKan14jy cHrHana yHyTap OBI-IX Knaca. Kpo3 ,neTan,Hy aHanmy npmmeHom 
camocTanHo pa3Bmjeunrx cmmynanHoHmx monena noTBpheHo je na npe,anoweHm xHjepapxHjeKm 
nocTynaK KnacH4nucau,Hje noceayje H3y3eTHO Ao6pe KapaKTepHeTHKe KnacmcfmKaumje, 6arbe on 
OHHX Ao6mjerix 3a paHmje npe,anoweHe anrop»TMe Hammel-ix 3a HcTospemeHy KnacH(HKamHjy 
aHanorHo H RH 1-14TaRHO monymicamix cHrHana. Y nocTynKy HymepHmKe aHanH3e KopHinheHH cy 
camocTanHo pa3Bmjem4 cHmynammoHm monenm y oxpy)Keiby nporpamcKor naKeTa MATJIAB, npu 
memy cy Kao TecT cHrHanm KopHutheHH reHepHcaHn cHrHanH, anH H cHmmum peanmix cHrHana. 

ToKom cBor AocaLkaunter HaymHo-HcTpa)KHBamKor papa KaHininaT je Kao ayTop HRH KoayTop 
ny6m4KoBao 3 papa Ha KombepeHumjama OA mehyHapoaHor 3Hamaja, 8 panoBa y macornacHma On 
HanmoHanHor 3HaMaja, 10 pa,LkoBa Ha KoH4)epeHmHjama on HanHoHanHor 3Hamaja, a KoayTop je H 2 
npH3HaTa TexHmmKa pemetba. 1-1pH Tome, 143 o6nacTH npe,nnoweHe Teme itoKTopcKe nmcepTaumje 
KaHamikaT je ny6n14KoBao 3 paw Ha KoH(1)epeHmHjama on mehyHapomfor 3Hamaja, 4 papa Ha 
gomahHm KombepeHuHjama, Kao 14 2 paw y maconmcHma On HanHoHanHor 3Hamaja (ny6nHKaumje cy 
y cnHcKy parkoBa o3HameHe ca *). KaHnH,LkaT je npEn4 ayTop paLa non Ha314BOM "Cooperative 
modulation classification with data fusion for multipath fading channels", Koji,' je npHxBaheH 3a 
o6jaB.ibmBatbe y mehyHapo,nHom maconucy ca 14MHaKT 4)aKTopom, a y Kome cy npmKa3aHH pe3yJITaTI4 
H3 o6nacTH npe,anoweHe Teme AoKTopcKe AmcepTanmje. 



KaHnHnaT je Kao HcTpamisam riecTBoBao y peaninanHjH 5 npojeKaTa TeXHOROIHKOF pa3Boja 
4wHaHcHpaHHx on cTpaHe MHHHcTapcTsa Peny6nHke Cp6Hje HannewHor 3a o6nacT Hayke H 
TexHonowKor pa3Boja y nepHoLy 2002 - 2013 ronHHe, ripm verity ce onpebeH 6poj 4m3a 
HcTpa)KHBama yoKsHpy OBHX npojeKaTa OLWOCHO H Ha pky H1-114 wHpy o6nacT npenno>keHe TeMe 
nokTopcKe nHcepTanHje. OCHM Tora, kaHaHnaT je yvecTsosao y peanH3anHjH Beher 6poja Harnio-
cTprwHx cTynHja 14 npojeKaTa H3 wHpe HnH y)Ke o6nacTH Tema noKTopcKe nHcepTanHje. 

A. Cnncak ny6muconamax paorlona H TeXHIINICHX pemema 

A.1 PapionH y mOyHapoptHllm qaconHcHma ca mina (1)aicTopom 

1. Markovie G. B, Dukie M. L.: Cooperative modulation classification with data fusion for 
multipath fading channels, Electronic Letters, ISSN: 0013-5194, IF=1.038, accepted for 
publication. (M23) 

A.2 Pagonu ny6amconanin y lieJIHHH Ha KOH4 	OA me4yHapoilHor 3Hagaja (M33) 

1. Markovie G. B, Dukie M. L.: Cooperative AMC Schemes Using Cumulants with Hard and 
Soft Decision Fusion, in Proceedings of XX Telecommunication forum - TELFOR 2012, 
20-22 Novembar, Beograd, Srbija, 2012, pp. 400-403, ISSN/ISBN: 978-1-4673-2984-2. (*) 

2. Markovi6 G. B., Dukie M. L.: Klasifikactja radio signala po tipu modulacije na bazi 
kumulanata sa vise uzastopnih pokugaja, in Proceedings of XX Telecommunication forum -
TELFOR 2012, 20-22 Novembar, Beograd, Srbija, 2012, pp. 424-427, ISSN/ISBN: 978-1-
4673-2984-2, in Serbian. (*) 

3. Markovie G. B., Dukie M. L.: Decision Fusion Methods for Automatic Modulation 
Classification with Multiple Sensors in Multipath Fading Channels, in Proceedings of IEEE 
International Conference on Computer as a Tool — EUROCON 2013, 1-4 July, Faculty of 
Electrical Engineering and Computing (FER), Zagreb, Croatia, 2013, pp. 105-112, 
ISSN/ISBN: 978-1-4673-2231-7. (*) 

A.3 PaptOBH ny6ainconaHH y qaconHcHma on HanHof-manor 3Hagaja (M52/M53) 

1. Markovie G. B., Dukie M. L.: Primena tehnologije inteligentnih (SMART) antena u 
belionim telekomunikacionim sistemima, Naudno-stru6ni 6asopis TELEKOMUNKACIJE, 
Vol. 47, No. 4, Oktobar-Decembar 2002, Beograd, 2002, pp. 24-34, ISSN: 0040-2605. 

2. Markovie G. B., Certic J. D.: Automatska klasifikacija radio-signala po tipu modulacije, 
Naueno-stru'eni 6asopis TELEKOMUNKACIJE, Vol. 48, No.1, Januar-Jun 2003, Beograd, 
2003, pp. 14-23, ISSN: 0040-2605. (*) 

3. Markovie G. B., Dukie M. L.: Tehnologije naprednih antenskih sistema — prednosti i 
nedostaci, NaUno-strani '6asopis TELEKOMUNKACIJE, Vol. 48, No. 2, Jul-Decembar 
2003, Beograd, 2003, pp. 15-23, ISSN: 0040-2605. 

4. Goran B. Markovie, Miroslav L. Dukie, "Primena PLC tehnologije u telekomunikacionim 
pristupnim mre2ama", NaUno-stru6ni easopis TELEKOMUNKACIJE, No.1, Vol. 49, 
Januar-Jun 2004, Beograd, 2004, pp. 7-16, ISSN: 0040-2605. 

5. Markovie G. B., Same' D. M., Dukie M. L.: Moguenost primene hijerhijeske sema 
klasifikacije po tipu modulacije radio signala u HF opsegu ueestanosti, Nau6no-strueni 
6asopis TELEKOMUNKACIJE, Vol. 50, No. 2, Jul-Decembar 2005, Beograd, 2005, pp.16- 
28, ISSN: 0040-2605. (*) 

6. Markovie G. B., Dukie M. L.: Beliene senzorske mreie I deo: Osnovna arhitektura, 
karakteristike i primene, Strue'no-nau6ni '6asopis RATELA-a TELEKOMUNKACIJE, 
Godina II, No. 3, Beograd, jun 2009, pp. 35-48, ISSN: 1820-7782. 



7. Markovie G. B., Dukie M. L.: Beiiane senzorske mrae II deo: Pregled komunikacione 
arhitekture, Stru6no-naani 6asopis RATELA-a TELEKOMUNKACIJE, Godina IV, No. 7, 
Beograd, jun 2011, pp. 38-52, ISSN: 1820-7782. 

8. Sokolovie V., Oklobaija M., Markovie G. B.: Izbor metoda sinhronizacije signala u 
softverskom GPS prijemniku, VOJNOTEHNICKI GLASNIK, Vol. 59, No. 2, Beograd, jun 
2011, pp. 94-110, ISSN: 0042-8649. 

A.4 Pagorm ny6.3tHcoHami y IlleaHHH Ha KoH4 	cog Hall(HOHaJIHOr 3HaLlaja (M63) 

1. Markovie G. B., Vujie D. S:, Certic J. D., Dukie M. L.: Moguenosti generisanja signala sa 
frekvencijskim slcalcanjem korigeenjem direktne digitalne sinteze, Zbornik radova IX 
Telekomunikacionog foruma - TELFOR 2001, 20-22 novembar, Beograd, Srbija, 2001, pp. 
176-179. 

2. Markovie G. B., Dukie M. L.: Primena tehnologije SMART antena, Zbornik radova X 
Telekomunikacionog foruma - TELFOR 2002, 26-28 novembar, Beograd, Srbija, 2002, pp. 
193 — 196, ISSN/ISBN: 86-7038-033-1. 

3. Markovie G. B., Dukie M. L.: Analiza osetljivosti algoritama za klasifikaciju signala po 
tipu modulacije u realnim uslovima rada, Zborniim radova XIII Telekomunikacionog 
foruma - TELFOR 2005, 21-24 novembar, Beograd, Srbija, 2005, CD ROM, 4 str., 
ISSN/ISBN: 86-7466-228-5. (*) 

4. Sara D. M., Markovie G. B., Dukie M. L.: Prikaz sistema za analizu i klasifikactju radio 
signala realizovanog korigeenjem DSP platforme, Zbornik radova XII Telekomunikacionog 
foruma - TELFOR 2005, 22-24 novembar, Beograd, Srbija, 2005, CD ROM, 4 str., 
ISSN/ISBN: 86-7466-228-5. (*) 

5. Markovie G. B., Dukie M. L.: Algoritam za klasifilcactju MPSK signala sa korekcijom 
fazne gregke i frekvencijskog offset-a, Zborik radova 53. konferencije ETRAN 2009, 15-18 
jun, Vrnja6ka banja, Srbija, 2009, ISSN/ISBN: 978-86-80509-64-8. (*) 

6. Oklopd2ija M., Nenadie N., Kaljevie M., Markovie G.: Frequency and Phase Estimation 
for High Frequency Packet Radio Modem, Zbornik radova XVII Telekomunikacionog 
foruma - TELFOR 2009, 24-26 novembar, Beograd, Srbija, 2009, pp. 600-603, ISSN/ISBN: 
978-86-7466-375-2. 

7. Sara D. M., Markovie G. B., Vujie D. S., Dukie M. L.: CBA — Communication Bit Stream 
Analyzer software, in Proceedings of 4th International Scientific Forum on Defense 
Technologies - OTEH 2011, Vojnotehnieli institut, Beograd, 6-7 oktobar, Beograd, 2011, 
pp. 518-523, ISSN/ISBN: 978-86-81123-50-8. 

8. Rajkovie M. S., Markovic G. B., Dukie M. L.: Hijerarhtjski DSCC protokol rutiranja za 
energetski heterogene WSN, Zbornik radova XI medunarodnog naano-struenog 
simpozijuma INFOTEH-JAHORINA 2012, Jahorina, BiH, 21-23 mart, 2012, pp.367-372, 
ISSN/ISBN: 978-99938-624-8-2. 

9. Markovie G. B., Dukie M. L.: Kooperativna automatska klasifikactja signala po tipu 
modulacije sa fuzijom odluka uz primenu kumulanata vikg reda, Zbornik radova 56. 
konferencije ETRAN 2012, CD ROM, TE3.4-1-4, Zlatibor, Srbija, 11-14 jun, 2012, 
ISSN/ISBN: 978-86-80509-67-9. (*) 

10. Rajkovie M. S., Markovie G. B., Dukie M. L.: Poredenje single-hop i dual-hop 
klasterizovanih hijerarhijskih protokola rutiranja za energetski heterogene WSN, Zbornik 
radova 56. konferencije ETRAN 2012, CD ROM, TE2.4-1-4, Zlatibor, Srbija, 11-14 jun, 
2012, ISSN/ISBN: 978-86-80509-67-9. 

A.5 PaHoHH 3a crimaibe Harmax mama (MarucTapcHH pail) 

1. Markovie G. B.: Analiza algoritama za automatsku klasifikaciju radio signala po tipu 
modulacije, Magistarska teza, ETF Beograd, 15. decembar 2005.godine, mentor prof dr 
Miroslav L. Dukie. 



A.6 11pn3naTa Teximinca peinelba (M81) 

1. Goran Dimie, Milan Oklopaija, Nikola Nenadie, Goran B. Markovie, PACTOR II 
demodulator i dekoder, Priznat programski sistem, Institut Mihailo Pupin, Beograd, 2007, 
http //www.imptelecom.cornimediarrehnickaResenia/PACTOR2.pdf 

2. Goran Dimie, Milan Oklopd2ija, Nikola Nenadie, Goran B. Markovie, PACTOR III 
demodulator i dekoder, Priznat programski sistem, Institut Mihailo Pupin, Beograd, 2007, 
http.//www.imptelecom.com/mediaffehnickaResenja/PACTOR3.pdf  

A.7 OcTante ny6,anKannje 

1. Miroslav L. Dukie, Dejan Vujie, Goran Markovie: Principi telekomunikacija - Zbornik 
reSenih problema, Akademska Misao, 469 strana, maj 2009, Beograd, Pomoeni udThenik, 
ISBN: 9789-86-7466-358-5. 

2. Jelena Certic, Nikola Dmitrovie, Miroslav Dukie, Aleksandar Jankovie, Goran Markovie, 
Dejan Vujie: xDSL sistemi — tehnologija, planiranje i projektovanje, Akademska Misao, 183 
strane, Beograd, 2005, monografija, ISBN: 86-7466-193-9. 

3. Jelena Certic, Nikola Dmitrovie, Miroslav Dukie, Aleksandar Jankovie, Goran Markovie, 
Dejan Vujie: xDSL sistemi — tehnologija, planiranje i projektovanje — prezentacija, 
Akademska Misao, 169 strana, Beograd, 2005, skripta, ISBN: 86-7466-192-0. 

E. HpojeKTH TexnonowKor pa3Boja 4H1HHHCHpaH11 oA cTpane HaameacHor MmincTapcTna PC 

1. 1/1cTpama4saq y npojeKTy TeXH0J10111KOF pa3Boja MHHHCTapCTBa 3a HayKy H TexHonorHjy 
Peny6nHKe Cp6Hje 6p. TP/PIT.1.18.0100: Pa3eoj u peanu3atfuja enemenama coqbmeepocoo 
paduja u cnequOuime onpeme u coOmeepa 3a paduo-du0y3ujy u mo6tunte 
menetcomymacaguje, nepHon 2002-2004 ronima. 

2. 14cTpamisa4 y npojeKTy TeXH0J10111Kor pa3Boja MHHHCTapCTBa 3a HayKy H 3aLlITI4Ty 
>KHBOTHe cpenime Peny6nHKe Cp6Hje 6p. TP-6149: Pa3eoj u peanu3atfuja co¢nmeepa, 
xapd8epa u ycnyea na 6a3u coOmeepcxoe paduja 3a 6emuttne Komymocaguje, nepHon 2005-
2008 romma. 

3. 14cTpa)Kusa4 y npojeKTy TeXH0J10111KOF pa3Boja MinimTapcTsa 3a nayKy H TeXHOHOWKH 

pa3Boj Peny6nHKe Cp6Hje 6p. ET-11030: Pa3eoj u peanu3atfuja twee 2ellepatfuje 
coOmeepa, xapdeepa u ycilyza na 6a3u coOmeepcico2 paduja 3a namenoce arutwanfuje, y 
nepHony on anpHna 2008. TOAHHe no 2011. ronnuie. 

4. 1/1cTpa)KHEta4 y npojeKTy TexHonowKor pa3Boja MHHHCTapCTBa HayKe H npocseTe 
Peny6nHKe Cp6Hje 6p. TP32037: Hanpedne mexttuxe eOutcacnoo Kopuuthelba cnexmpa y 
6eateuttuum cucmemuma, nepHon 2011 — 2013 ronmia. 

5. 1/1cTpaxaisa4 y npojeKTy TeXHOJIOWKOF pa3Boja MplunicTapcina HayKe H npocseTe 
Peny6nHKe Cp6Hje 6p. TP32037: Plcmpamuearbe u pamoj po6ycnux cucmema 3a npenoc 
nodamaxa u 1b14X06a npumena y xopnopmamuenum mpemama, nepHon 2011-2013 ronima. 

L1. H36op npojeKaTa H cry/Alija H3 o6nacTn npeiroomene poKTopcKe inicepTannje 

1. flpojeKTaHT y ()lumpy cTyntija: Enexmponocu pam: Hpunqunu enexmpouocoo pama 14 

Enexmponocu pam y menetcomymdcatiujama, y nepHony H 02.02.2000.-06.06.2002. ronime, 
3a noTpe6e Ynpase 3a EH 14 ILEA, BojcKa CHIT. 

2. FlpojeKTaHT y npojeKTHma: Cumynamop eilexmponowe pama y menexamyuuxatiujama — 
17pea 0a3a, H Cumynamop enempotwxoo pama y menexamynwcatiujama — ,apyoa 0a3a, y 
nepHory 02.02.2000.-06.06.2002. ronmie, 3a noTpe6e Ynpase 3a EH H FIER, BojcKa 

3. flpojeKTaHT y npojeKTHma: Pa3eoj Oymaluonanuoz modem cucmema 3a KnacuOutcatfujy, 
demodynatfujy u dexodupatbe menexamynwaniuonux cuottana u peanu3atfuja coOmeepocoe 



cuniy.natiuonoe moderw, H Pealiu3aquja u ucnumu6whe Oymacuona.ano2 model:a 3a 
KnacuOuxatiujy, demodynaqujy u deicodupame meneKomynuicaquonux cuenana, y nepHomy 
02.02.2000.-17.10.2003. romme, 3a noTpe6e YripaBa 3a EH H Hut, BojcKa 

4. FlpojewraHT y oKBHpy cTyLHja: Hadoepadtba Oymcquonannoe modena cucmema 3a 
IcaacuOurcaziujy u demodygaqujy meneicomynuicaquonux cuenana, 3a ananu3y euweicanannwc 
cuotiana - ba3a Xa, H Hadoepadtba (byliniuonalmoe modena cucmema 3a icriacuOuicaqujy u 
demodynatiujy meneKomynuicalluonux cuenana 3a ananu3y euweicanaimux cuenana - Ja3e IX 
u X6, y nepHomy 2006-2007 14 2006-2008 romtme, pecneKTHBuo, 3a noTpe6e BojcKe Cp6Hje. 

5. FlpojeKTaHT y oKBHpy npojeKTa: Hmnnemetimatiuja coOmeepocoe peuietba 3a demodynatiujy 
u delcodoewhe PACTOR 11/111 modema, y nepHomy 2006-2007 romtme, 3a noTpe6e 
14HCT14TyTa MHXaHl10 FlyfIHH y Beorpaily. 

6. FlpojeKTaHT y npojeKTy: Htimeopatiuja KnacuOuicamopa cuenana CSA u wuporconojactioz 
2onuomempa WBDF HERA-1, y nepHomy 2008-2009 romHHe, 3a noTpe6e BojHoTexHrmor 
HHCT14TyTa y Beorpamy.  

1.3. OueHa nomo6HocTH KaHmmaTa 3a pam Ha npemnoweHoj Temi4 

Ha OCHOBy pe3ynTaTa Koje je KaHmumaT ocTBapHo y CBOM mocamambem CTprIHOM H HartHom patty, 
QIIHOCHO Fly6J1HKOBaHHX Hariumx pe3ynTaTa H ripaKTHTFHor FicKycTsa Koje je KaHmtimaT CTeKa0 npH 
peanH3aLFHjH HayiFtwx H cTpritmx npojeKaTa H3 ywe HRH wive o6nacTH npemno)KeHe TeMe Aoicropcice 
mucepTatinje, mo)Ke ce 3aKTbr4HTH ma je KaHmtimaT FopaH B. MapKoBlih HCIlyHHO cse ycnoBe KOjH ra 
KBanwptiKyjy ma npHeTyrni H3pamH  mOKTOpCKC mHcepTautHje nom npemnoxcetimm liaCJIOBOM. 

2. HpemMeT H Ulla, Hcrpaxamatba 

AyTomaTcKa KnacH(DHKau,Hja cHrHana no THny momynaumje (Automatic Modulation Classification, 
AMC) npeacTaBsba cneFFH4mmaH 14 aKTyenaH npo6nem y o6nacTH 6e)K14HRx TeneKomyHtmautija. 
OCHM TpammumoHanHHx npitmeHa y Komeputtjanumm H (1)yHKIIHOHaJIHHM TeneKOmyHHKaFFHoHmm 
cHcTemHma, Kao WTO Cy CHCTeMH eneKTpoHcKor paTa H cHcTemH 3a Ham3op pamHo-(1)peKBeHuttjeKor 
(PO) cneKTpa, Hon 3Ha4ajHe npHmeHe AMC nojamine cy ce ca pa3BojeM KO 11-114THBH14X pass() 
mpe)Ka, 6e)KHIIHFix ceH3opciatx mpexca 14 TexHonorHje CO(tTBepcKor pamHja. OCHOBHy ynory AMC 
npeacTB.Tba HmeHTHcimiKautija THna momynawlje 3a npecpeTHyTH Heno3HaTH pamHo cHrHan y W4Jby 
omoryhaBatba Fberose ma_rbe memomynagHje H o6pame, OAHOCHO y FFFFsby yHanpehetba nocTynKa 
AHHamtpiKe anoKatmje cneKTpa y K0111HTHBHHM pamHo mpe)Kama. KOrHHTHBHe pamHo mpexce H 

6e)Ktitie ceH3opcKe mpewe omnHKyje HmepeHTHo nocTojalbe Beher 6poja npocTopHo pa3mBojeHux 
H ympexceuttx npHjemHHKalceH3opa, LIITO OBe mpewe 4HH14 H3y3eTHO noromHom OCHOBOM 3a 
mi4c-rpH6yHpaHy meTeKFFHjy H KnacH(I)HKauHjy pamHo cHrHana. gomaTHo, OCHOBH14 TpeHit pa3Boja 
momepHHx 4)yHKI.1140HaJIHI4X cHcTema 3a Ham3op H KOHTp0J1y PcD cneKTpa ycmepeH je Ha npHmeHy 
mpexca ca Behum 6pojeM ceH3opa y 1.1HJby omoryhaBatba meTeKuHje, HmeHTF4HKauHje, Hamopa H 

noKanH3aFFHje H3BOpa enerrpomarHeTtmx emucHja mane cHare. 

Pe3y.TraTH cKopambHx HcTpa)KHBatba noKa3anH cy ma ce npiimeHom mpewe Kojy 1114HH BehH 6poj 
KoonepaTHBHux uptijemm4Ka/ceH3opa mowe OCTBapHTH 3HagajHo n060.rbulatbe yelleWHOCTI4 AMC 
y omHocy Ha KnaciF4Hy cTpyKTypy ca npHmeHom jemuor npHjemHHKa, noroToBy y cnymajy 
oKpywetba ca BilluecTpyKom (multipath) nponarauujoM. Flpemno)KeHa cy peuleuba 3a KoonepaTimHy 
AMC Koja cy 3acHoBaHa Ha KoHuenTy Kom6HHoBatba omnyKa ,E106HjeHHX He3aBHCHO y CBaKOM om 
npHjemHHKa/ceH3opa. Pe3ynTaTH mo cama cnpoBemeHllx HeTpa)KHBatba yKa3yjy Ha noTeHtilljanuo 
3HamajHo noBehatbe yClieWHOCTH KnacH(PHKailHje y omHocy Ha KnacHmHa pewe)ba ca npHmeHom 
jemHor nplijemffluakeH3opa, yKlbriyjyhm H KaHan ca 4)emHHrom ycnem BHuFecTpyKe nponarauHje 
cHrHana (Multipath Fading, MPF). HnaK, y BehHHH cTymHja aHanma je o6aBsbaHa canto 3a 
HmenH3oBaHe cueHapHje y3 ompeheHe HepeanHe npenoTnocTaBKe, Kao WTO cy npHjeM cHrHana 
HeKoonepaTHBHor npemajwiKa nom HCTHM ycnomma 3a cBe ceH3ope y mpe)K14 Kao H a priori 



n03Hanathe pecpepeHTHitx spenHocTH He011X01HHX 3a 011THMaJ1H0 KomormonaEhe onnyKa. AHanH3a 
pentetha 3a KoonepaTHBHy AMC 3aCHOBaH14X Ha Kom6HHonaEby onnyKa y peanHt4m cHeHapHjHma 
npHmeHe, noKa3ana je na (ma pellet-ha HEtcy npaKTHLato ocTBapHBa, Tj. na ce y OBOM cnriajy 
3HamajHo cmaEbyjy HnH noTnyHo HecTajy no6Hut4 y cmHcny nonehaEha ycneinHocTH Knac4HKaumje 
y onHocy Ha '<naaf4H° penterbe ca je,EtHEtm npHjemE4Kom. 

FlpenmeT one noKTopcKe nticepTantije npencTan.rha namEt pa3Boj H ne4m4HHcaube HOBHX peinefha 3a 

KoonepaTtinHy AMC KopHwheuhem mpme npHjeMHHKa/ceH3opa Kpo3 npennor HOBHX KoHnenaTa 
Kom6HHonatta pe3ynTaTa KnacH4tHKautije no6Hjefflix He3amicHo y CBaKOM OJT npHjemEn4Ka/ceH3opa. 
OCHOBHH 1414,113 EicTpaNcHnalha je ne4m4HEIcaEhe npennora peniet-ha 3a KoonepaTEmHy AMC Koje 
nopen 60.1bHX nepcPopmaHcH y onHocy Ha nocTojeha peweuba y HneaninonaHtim cneHapEtjHma 
npHmeHe, omoryhana ocTnaptinaube otteKtinaHe (noTeHtiHjanHe) ycneuniocTH KnacHoin4Kaiinje H y 
peanHEim ycnonEtma npnmeHe. 3Ha4aj onaKnor peiuma ornena ce npenacxonHo y Tome WTO 6H OHO 

omoryhHno npaKTH4Hy 14 ycnetnHy npumeHy AMC y otampy CBHX aKTyCJIHMX KomeRtHjanEntx H 

cpyHKuHoHanHHK cHcTema, y KojElma ripHmeHa AMC omoryhana 3Ha4ajHo nonehanathe KnaituTeTa H 

KapaKTepucTitKa camitx cHcTema, 6e3 TpeHyTHo nocTojehitx orpaHmeEba npHmeHe AMC camo Ha 
cneimjanHa panHa oKpy)KeI-ba. 

Ocepm tia pemealimee 6u6atio2paOcice u3eope: 

OCHOBHH pejleBaHTHI4 6146nEtorpacPcKH 143B0pH KojH Tpe6a na 6yny KopEnnheum KaO OCHOBa ripEt 
H3pann npenmeTHe noKTopcKe nHcepTatiHje Cy: 

1. MacKenzie A. B., Athanas P., Buehrer R. M., Ellingson S. W., Hsiao M., Patterson C., da 
Silva R. C. M.,: Cognitive radio and networking research at Virginia Tech, Proceedings of 
IEEE, Vol. 97, No. 4, pp. 660-688, April 2009. 

2. Dobre 0. A., Abdi A., Bar-Ness Y., Su W.: Survey of automatic modulation classification 
techniques: Classical approaches and new trends, IET Communications, Vol. 1, No. 2, pp. 
137-156, April 2007. 

3. Wei W., Mendel J. M.: Maximum-Likelihood Classification for Digital Amplitude-Phase 
Modulations, IEEE Transactions on Commun., Vol. 48, No.2, pp. 189-192, February 2000. 

4. Hameed F., Dobre 0. A., Popescu D. C. Popescu: On the likelihood-Based Approach to 
Modulation Classification, IEEE Transactions on Wireless Communications, Vol. 8, No. 12, 
pp. 5884-5892, December 2009. 

5. Chavali V. G., da Silva R. C. M.: Maximum-Likelihood Classification of Digital Amplitude-
Phase Modulated Signals in Flat Fading Non-Gaussian Channels, IEEE Transactions on 
Communications, Vol. 59, No. 8, pp. 2051-2056, August 2011. 

6. Swami A, Sadler B.M.: Hierarchical digital modulation classification using cumulants, 
IEEE Transactions on Communications, Vol. 48, No. 3, pp. 416-429, March 2000. 

7. Xi S., Wu H. C.: Robust Automatic Modulation Classification Using Cumulant Futures in 
the Presence of Fading Channels, in Proceedings of IEEE Wireless Communication & 
Networking Conference - WCNC 2006, Las Vegas, USA, 3-6 April, 2006, pp. 2094-2099. 

8. Yang L., Ji Z., Xu X., Dai X., Xu P.: Modulation Classification in Multipath Fading 
Environments, in Proceedings of 4th  International Symposium on Wireless Communications 
Systems - ISWCS 2007, Hefei, China, October 17-19, 2007, pp. 171-174. 

9. Wu H. C., Saquib M., Yun Z.: Novel automatic modulation classification using cumulant 
features for communications via multipath channel, IEEE Transactions on Wireless 
Communications, Vol. 7, No. 8, pp. 3098-3105, August 2008. 

10. Orlic V. D., Dukic M. L.: Automatic modulation classification algorithm using higher-order 
cumulants under real-world channel conditions, IEEE Communications Letters, Vol. 13, 
No. 12, pp. 917-919, December 2009. 



11. Orlic V.D., Dukic M.L.: Multipath channel estimation algorithm for automatic modulation 
classification using sixth-order cumulants, IET Electronics Letters, Vol. 46, No. 19, pp. 
1348-1349, September 2010. 

12. Wang F., Wang, X.: Fast and Robust Modulation Classification via Kolmogorov-Smirnov 
Test, IEEE Transactions on Communications, Vol. 58, No. 8, pp. 2324-2332, August 2010. 

13. Ramkumar B.: Automatic modulation classification for cognitive radios using cyclic feature 
detecton, IEEE Circuits and System Magazine, Vol. 9, Issue 2, pp. 27-45, June 2009. 

14. Radenkovic M. S., Bose T., Ramkumar B.: Robust Multiuser Automatic Modulation 
Classifier for Multipath Fading Channels, In Proceedings of IEEE Symposium on New 
Frontiers in Dynamic Spectrum — DySPAN2010, Singapore, 6-9 April, 2010, pp. 1-10. 

15. da Silva C. R. M. C., Headley W.C., Reed J. D., Zhao Y: Distributed Cyclic Spectrum 
Feature-Based Modulation Classification, in Proceedings of IEEE Wireless Communication 
& Networking Conference - WCNC 2008, Blacksburg, USA, April 2008, pp. 1200-1204. 

16. Ferero P. A., Cano A., Giannakis G. B.: Distributed feature-based modulation classification 
using wireless sensor networks, in Proceedings of IEEE Military Communiations 
Conference - MILCOM 2008, San Diego, November 2008, pp. 1-7. 

17. Su W., Kosinski J.: Framework of network centric signal sensing for automatic modulation 
classification, in Proceedings of IEEE International Conference on Networking, Sensing and 
Control - ICNSC 2010, Chicago, USA, April 11-13, 2010, pp. 534-539. 

18. Xu J.L., Su W., Zou M.C.: Distributed automatic modulation classification with multiple 
sensors, IEEE Sensors Journal, Vol. 10, No. 11, pp. 1779-1785, Nov. 2010. 

19. Zhang Y., Ansari N., Su W.: Optimal decision fusion based automatic modulation 
classification by using wireless sensor networks in multipath fading channel, in Proceedings 
of IEEE Global Communications Conference - Globecom 2011, Houston, USA, December 
2011, pp. 1-5. 

20. Zhang Y., Ansari N., Su W.: Multi-sensor signal fusion based modulation classification by 
using wireless sensor networks, in Proceedings of IEEE International Communications 
Conference - ICC 2011, Kyoto, Japan, June 2011, pp. 1-5. 

3. flonamie xmnoTe3e 

FIpmmeHy AMC Kapatcreptnue HeKoonepamBHo oKpricerbe ripm o6paitm paLHo cHrHana Heno3HaTor 
npenajHmKa y Kome je HeonxonHo na ce CBH noTpe6HH napameTpm cmrHana npoueHe HCK.Thy'4HBO Ha 
ocHoBy ripmm.rbeHor cHrHana, KojH je Hajliewhe 1,1306.11114eH ycnen ymuaja imyma 14 MPF. Ro cana 
je npennoweH BelIHKH 6poj Knaca AMC anropmTama 3a pa3m4HmTe Knace moitynHcaunix cHrHana. 
FlpH ToMe, Knaca anroppiTama 3acHoBaHmx Ha nopebei-by ckyHKumje BeponocTojHocm (likelihood 
based) nocm)Ke KBa3H-onTHma.rffie nep(impmaHce non 'warn-aim ycnomma pana, aim y3 3HamajHo 
noropww-be nepcl)opmaHcm ycnen rpewaKa npH ecTmmaumjm napameTapa cHrHana Koje ce jaB.rbajy y 
peanHoj npmmeHm. ROABTHO, pa,L1 OBHX anropwrama HHje moryh y cnriajy MPF 3a BpemeHcKH 
nmenep3mBHe KaHane, AOK cy 3a cnriaj KaHana ca paBHHm c)eximrom AaTa napumjanHa peweH,a 3a 
nojenime THnoBe KaHana Koja oximKyje 3HaHajHo Beha ClIONWHOCT o6pane cHrHana. HacynpoT 
ToMe, Knacy AMC anropwrama 3acHoBaHmx Ha npmmeHm BpenHocm KymynaHaTa BHwer pena 
KapaKTepmwe BeoMa HHCKa pagyHcKa CJIONWHOCT, BHCOKa oTnopHocT Ha rpeume ripm ecTmmaumjm 
napameTapa cHrHana, Kao H HurxepeHTHa moryhHocT noTmcKHBakba yTHuaja MPF 3a BpemeHcKH 
nmenep3mBHe KaHane. 143 HaBeneHmx pamora, Kao OCHOB 3a pa3noj pewena 3a KoonepaTHBHy AMC 
nocmaTpaHa je npmmeHa AMC anroppiTama Ha ocHoBy BpenHocm KymynaHaTa miner pena. 

Pe3ynTaTH nocanaumbmx HcTpa)KHBai-ba yKa3yjy Ha TO na ce npa npHjeMy cHrHana Kopmutheitem 
jenHor npmjemm4Ka/ceH3opa y cnriajy nocTojw-ba MPF yClieLLIHOCT KnacH04Kaumje ApacTiviHo 
cmalbyje. Ilpmjemom cHrHana Kopmwhabem Beher 6poja ympe)KeHmx npujemm4Ka/ceH3opa Kpo3 
mebyco6Ho HeKopenHcaHe KaHane ca MPF, noBehaBa ce BepoBaTHoha ,L1a lieKH on ceH3opa npwie 



CHI-Han ,L1OBOJbH01-  KBa.1114TeTa 3a noTpeoe AMU. go OBOT TpeHyTKa npennoweHa cy peweFba 3a 
KoonepaTHBHy AMC Koja ce 6a3Hpajy Ha KOM614H0Bal-by (4,y3F614) onnyKa „r_toHeceHHx He3aBHCHO y 
CBaKOM on npHjemmca/ceH3opa mpoKe. FlpH Tome, Kao OCHOBHH AMC anrOpHTMH Haktewhe cy 

pa3maTpaHH OHM KOjH ce 3acHnBajy Ha BpeLHOCTH KymynaHaTa muter pena. Pa3MaTpaHH cy 14 AMC 
J1FOHTMH Ha 6a3H nopebeFba 4yHKuHje BeponocTojHocTH (likelihood based) Kao H anropt4TmFt Ha 

6a3H 1114K1114,4He cneKTpanHe aHanme ca 3HaTHO BehoM pagyHcKom cnoweHowhy. 3a ycnewHy 
nprtmeHy OBHX peweFba 3a KoonepaTHBHy AMC Heonxo,atto je no3HaBaFbe cpenthe BepoBaTHohe 
Tatme/HeTaLme KnacwimiKauHje 3a cneumbHtme ycnoBe nponaraullje cHrHana (onHoc cHrHan/wym, 
CTaTFICTFILIKe oco6HHe KaHama ca MPF), o6pane cHrHana Captama y30pKa cHrHana) H nocmaTpamt 
cKyn MO,L1y.fla14140H14X nocTynaKa, Tj. onroBapajyhmx pe•flepeHTHHx BpeLHOCTM namx y 06J1HKy 

maTpHua KoH4:1y3Hje. C o63HpoM Ha H3pa314TO HeKoonepaTFIBHy nptipony npHmeHe AMC, yeJle,a 

pa3.11144HTI4X H y OCHOBH He1103HaTHX ycnoBa nponaraumje cHrHana 3a pa3J114414Te ceH3ope Mpe)Ke y 
peanHom cueHapHjy npHmeHe HHje moryhe KOpHCTHTH TamHe Beth camo npH6nFoKHe peclaepeHTHe 
spenHocTH (maTpnue Kowl)y3Hje), WTO y3poKyje 3HaTHO noroptuaFhe ycnetuHocTH Knac4HKautije 
peuteuba 3a KoonepaTHBHy AMC Ha 6a3H Kom6HHoBatha onnyKa y nopebet-by ca KapaKTepticTHKama 
ocTBapet-mm 3a HneanH3oBaH cueHapito npHmeHe. 143 Tor pa3nora, y oKBHpy oBe nHcepTauHje 6Hhe 
pa3BHjeHH 14 npe,Luto)KeHH anTepHaTHBHH KoHuenTH KOM6HHOBafba no6HjeHHx pe3ynTaTa 
KnacH4m4KauHje y 3ace6HHm npHjemFumwmakeH3opmma, Koje Tpe6a na onnt4Kyjy 3HaHajHo 6o.rbe 
omeKHBaHe nepcl)opmaHce KnacwiniKatimje 3a peanHe cueHapHje npHmeHe. 

14cToBpemeHHm Fle3aBHCHHM npHjemom cHrHana y CBaKOM 	ceH3opa Kp03 HeKopenHcaHe KaHane 
ca MPF, et)opmHpa ce cKyn HeKopenHcam4x ecTHmaTa BpenHocTH KymynaHTa KojH onroBapajy 
HCTOM caymajHom HH3y monynHcaHmx cHm6ona. Y npouecy noHowet-ba He3aBHCHFIX 'TBAL114X1  

onnyKa (hard decision) y ceH3opHma peery6H ce 3Ha4ajaH neo 14H4 opmauHje o cTBapHoj 
BpenHocTH peantnaullje cnymajHor npoueca KOJM onnmKyje nocTynaK ecTHmauHje apensocTH 
KymynaHaTa 3a naTH THn monynauHje. KoptmuheFhem cKyna HeKopenHcamix eCTI4MtipaHFIX 
BpenHocTH KymynaHaTa ymecTo He3aBFICHHX 'TBRaFix' onnyKa ,ao6HjeFutx y CBaKOM ojj ceH3opa 
mpme, oBa nonaTHa H4opmauHja mowe ce HCKOpHCTHTH y uH.rby noBehat-ba ycneWHOCTM 
Knacw4m4Kaumje. Y oKBHpy aHcepTauHje 6Hhe npennoweHrt HOBH KOHllelITH 3a KoonepaTHBHy AMC 
Ha 6a3H Kom6HHoBatha ecTHmHpamix BJHOCTM Kymy.rtaHaTa H KOM6HHOBaFba imetanct onnyKa (soft 

decision), y Kojt4ma he Ha palJIitHTe HaqHHe 614TH HcKopmwheHa oBa ,aonaTHa tm-4opmaumja. 06a 
KoHueraTa 3acHHBajy ce Ha npeTnocTaBull ;la je nocTynaK ecTtimaullje H KopeKumje BpenHocTH 
KymynaHaTa ycnewHo H3BeneH. Y TOM cnriajy ecTHmHpaHe BpenHocTH KymynaHaTa 3a paartHLIHTe 
ceH3ope npencTaB.rbajy He3aBHcHe peanH3aumje HcTor cnyliajHor npoueca KojH ce non onpebeFutm 
ycnomma mowe aflpOKCHMaTFIBHO MOJlenOBaTM HopmanHom pacnomenom onHcaHom cpe,at-bom 
BpenHowhy H BapHjaHcoM. Y npsom KoHuenTy, 6Hhe ne4)HHHcaHa pelmet-ha 3a KoonepaTHButy AMC 
3acHoBaHa Ha ycpentbaBat-by HopmanH3oBalutx HIM HeHopman143oBaFutx cKynoBa ecTitmHpamix 
BpenHocern KymynaHaTa, OAHOCHO 3,apy)KeHor npoueca onny44BaH3e Ha OCHOBy KpFtTepHjyma 
maKcHmanHe BeponocTojHocTH. Y npyrom KoHuenTy, nocTojeha pemetba 3a KoonepaTHBHy AMC 
3acHoBaHa Ha Kom6HHoBaFby 'TBRaHx' onnyKa 6Hhe monw4m4KoBaHa y cmmcny KOM614H0BaFba 
'metaix' onnyKa (BepoaaTHoha na je aKTyenmi T1411 monynamje je,aaH on moryhHx THnoBa) 3a CBBKH 
or ceH3opa mpme. Y o6a KoHuenTa, Kao pecbepeHTHe BpenHocTH HeonxonHe 3a H3Bobeube npoueca 
Kom6HHoBaFba cintryptmuy cpent-he BpeAHOCTH H BapujaHce ecTHmHpaHHx BpeJLHOCTH KymynaHaTa 
3a cneuH4m44ate ycnoBe nponarauHje, o6pajLe cHrHana H nocmaTpaHH cKyn monynHcamix cHrHana. 

4. Harme meToge Hcipaaausatba 

Y oKBHpy npennoweHe nticepTaumje &the cnpoBeneHa TeopHjcKa aHanH3a y (j)opmll CTaTPICTIVIK01" 

monenoBalba H aHanH3e npoueca ecTilmaumje KymynaHaTa simmer pena (noce6Ho geTBpTor pena), 
yKrbyttyjyttm pa3nw44Te meTone ecTitmauHje napameTapa KaHana noTpe6HHx 3a KopentHjy 
ecTmmauHje H CTaTPICTI44Ke Mogema KaHana ca MPF, Ka0 H npH pa3Bojy meTona 3a 3npy)Keny 
KopeKuHjy BpenHocTrt cKyna ecTlimptpaHHx BpenHocTH KymynaHaTa. OCHM Tot-a, y oKBHpy 
TeopmjcKe aHa.rune 6Hhe pa3BHjeHH H aHanit3FtpaHH nocTynum onnymBat-ba Ha OCHOBy npFtmeHe 



KpHTepHjyma maKcHmanHe Bepooloc-rojHocTH 3a paarp-mTa peweyba KoonepaTHBHe AMC ca smile 
npHjemm4Ka/ceH3opa. TeopmjcKa aHainna Tpe6a aa na H143 3aluby4aica K0j14 614 Tpe6a.ao na 6yay 
nompbeHm y OKBFlpy HymepHLIKe aHanme, Ka0 14 OCHOBHe IlapaMeTpe Koje Tpe6a KOMICTI4T14 npm 
ae(PHHHcaH,y HaeanH3oBam4x 14 peammx cueHapHja npHmeHe. 

HyMepH4Ka aHanma 6Hhe cnpoBeaeHa flYTM pamyHapcKHx cHmynauHja y (Popmm oaroBapajyhmx 
Mom-re-Kap-to eKcnepHmeHaTa. 3a oBe noTpe6e 6Hhe camocTanHo pa3BHjeH oapebeH Behm 6poj 
cHmynanHow4x moaena npHmeHom MATJIAB nporpamcKor naKeTa, KojHMa he 614TH moaenoBaH 
cKyn pa3.11141114THX ML eanm3oBaHmx 14 peammx cuieHapmja npumeHe pemetta 3a KoonepaTHBHy AMC 
y K01-1-1 FIT14BHHM pa,a140 Mpexcama 14 6excH4illm ceH3opcKHm Mpe)KaMa. OCHOBH14 napameTpH 
patiyHapcmix cHmynanHja cy npocTopum pacnopen 14 6poj KopmwheHHx npmjemmiKakeH3opa, 
CTaTHCTFINKe KaparrepHeTHKe 14 mo,Lken nponaranHoHor oKpywerba y otompy nocmaTpaHor 
cHcTema, napameTpH o6pme cHrHana y oKBHpy npujemHmKa/ceH3opa 14 moaanirre-rm cnpoBobetha 
nocTynKa Knackm1H4Kan1je. fly-rem HymepHtme aHanme 6Hhe no,ap)KaH pa3Boj HOBI4X peweFba 3a 
KoonepaTHBHy KnacwiwKanHjy cHrHana, Kao H 3a yHanpebefbe Knacw4HHx AMC pewema ca 
jenHmm npHjemHHKom, 0,3,110CHO 6uhe cnpoBeaeHa aeTa.rbHa eBanyammja N ynopeaHa aHanH3a AMC 
nep(PopmaHcH npeano)KeHmx H nocTojehm pemet-ba 3a KoonepaTHBHy AMC. 

5. OgeRKBaHm HavqHll aonpllHoc 

Ha OCHOBy pe3ynTaTa HcTpa)KHBai-ba Koje he 6HTH cnpoBeneHo y oKBHpy m3paae npeameTHe 
aowropcKe amcepTamHje ogeKHBaHH cy cnenehm opHrHHanrut HayqHm aonpmHocH: 

• LeTaJbHa aHanma moryhHocTH ripHmeHe 14 ae4H4HHcaube npo6nema KojH ce jaBJbajy npm 
npmmeHm nocTojernix pewei-ba 3a KoonepaTHBHy AMC 3aCHOBaH14X Ha KOM6HHOBal-by 

1-rEspamx' onnyKa y peanm4m ycnomma II 3a paanmtnerre cueHapHje npmmeHe; 
• Pa3Boj N itelinwmcaybe HOBOr KomlenTa 3a KoonepaTHBHy AMC KopHwheffiem mpewe 

ceH3opa 3acHoBaHor Ha Kom6HHoBaiby ecrrHmHparffix BpeaHoc-rm KymynaHaTa Bilwer peaa, 
y3 npeanor oaroBapajyhm cneuimdmHmix peweffia 3a Koonepammy AMC pubygyjytm 14 

pewei-be Ha 6a3H 3,appKeHor npoueca onnyHtmaffia; 
• Pa3Boj H npennor pemeffia 3a KoonepaTHBHy AMC Kopmwheubem mpexce ceH3opa Ha 6a314 

4ly3Hje 'men(' oanyKa, Tj. 3,apy)KeHe npHmeHe Kom6HHoBauba ecTHmHpaHmx BpeiwocTH 
KymynaHaTa H Kom6mHoBafba ITBpL1HX' oanyKa; 

• n ..pennor meToxta 3a 3,[tpy)KeHy KOpeKuHjy ecTmmHpaHmx BpenHoc-rm KymynaHaTa BHwer 
peaa Ha OCHOBy cKyna ecTumHpanix BpenHocTH KymynaHaTa ,ao6HjeHux 3ace6Ho y 
npHjemumumma/ceH3opHma mpme, y3 aHanmy moryhHocTH npmmeHe oBor meToaa y 
peffietbHma 3a KoonepaTHBHy AMC Kopmwheitem mpexce ceH3opa; 

• v nope,aHa aHanma KapawrepticTHKa pa3nwn4THx KoHmenaTa KoonepaTHBHe AMC Ha 
OCHOBy npumeHe spe,aHocTH KymynaHaTa BHuier peLa 3a wHpoK cKyn H,aeanH3osaHHx 14 

pea.aHmx cueHapHja npHmeHe, y3 pa3maTpame pa3l-1144Nnm monena npocTopHor pacnopeaa 
ceH3opa, ycnoBa nponaranHje cHrHana 14 moaena pajuo KaHana ca MPF, Kao H pa3.11WIHTHX 

BpeaHocTH napameTapa o6paae cHrHaaa y npouecy ecTumanmje BpeaHocTH KymynaHaTa H 
KnacH4H4Kau,Hje yHyTap ceH3opa; H 

• lipeAnor AMC JtFO11TM Ha OCHOBy spensocTH KymynaHaTa miler pena 3a npHjemHHK y 
KaHany ca MPF, 3aCHOBaH14X Ha cermeHTau,HjH y3opKa yna3Hor cHrHana H eKBHBaneHTHoj 
npHmeHH KoHnenaTa KOM6HHOBaFba 'meKHxt  H.1114 1-rBpaHx' oanyKa, 0,4HOCHO KOM614H0Ba1-ba 

ecTummpaHmx Bpen,HocTH KymynaHaTa 3a 3ace6He cermeHTe. 

6. Mall Hcrpamaisatba H cTpraypa paaa 

Hc-rpa)KHBaFbe npH m3paaH npeanoweHe amcep-raumje Tpe6ano 614 na ce 143Bp111 14 y cKnaay ca 
cne,aehHm nnaHom Hc-rpa)KmBauba: 



• Elpernut AMC anropFrrama y nocTynHoj nirrepaTypH Hammel-nix tumult]Hom patty ca 
jenHFtm npujemHHKom, y3 ynope,LtHy aHanmy 3axTeBa, moryhHocTH H KapaKTepucTinca 3a 
HneanH3oBaHe H pea me ycnoBe npllmeHe, H y3 pa3moTpube moryhHocT npHmeHe 01311X 

anropHTama y oKBHpy KoonepaTHBHe AMC KopFtwheFbem BHwe npHjemmuca/ceH3opa; 

• A ..Hantna KBanwreTa ecTHmanllje BpenHocTH KymynaHaTa Bmwer Nola 3a paanwarre meTone 
ecTumallmje napameTapa KaHana ca MPF, y cmHcny moryhHocTll thHxoBe npumeHe y oKBHpy 
KnacwilltKaullje cHrHana no THny monynaullje 3a pa3nwtHTe monene KaHana ca MPF; 

• AHanll3a nocTojehmx peutet-ba 3a KoonepaTHBHy AMC KopHwhabem mpexce 
npHjemFmKa/ceH3opa y3 pa3maTpwbe ycKnabeHocTH npeTnocTaBKH ycBojeHtix y aHa1114314 
KapaKTepucTHKa THX peweFba y nocTynHoj nwrepaTypll ca peanimm ycnosHma npHmeHe; 

• CnpoBobeube onroBapajyhe TeoplljcKe aHanme y wuby pa3Boja H Aulm4Hllcal-ba HOBHX 

pentuba 3a KoonepaTHBHy AMC Koptunhabem mpexce nplljemm4Ka/ceH3opa 3aCHOBaHHX Ha 
Kom6m-toBalby ecTrimupaHux Bpe,aHocTll KymynaHaTa HRH KOM6HHOBaFby immix' oAnyKa; 

• ge(1)HHHcal-be pa3J114114T14X HneanH3oBaHw( H peanimx cneHaptija npllmeHe npennoweHllx H 

nocTojehllx pullet-ha 3a KoonepaTHBHy AMC KopruuheFbem mpe>Ke npHjemHHKa/ceH3opa y 
norneny npocTopHor pacnopeAa H 6poja npFtjemm4Ka/ceH3opa, napameTapa o6pane cHrHana 
y oKBHpy nplljemmtKakeH3opa, CTaTIICTH4KHX KapaKTepHcTHKa H monena nponaraulloHor 
oKppKeFba y OKBHpy nocmaTpaHor cllcTema H monanFrreTa cnposobetha nocTynKa 
Knact4HKallitje, a y FFH.rhy pa3Boja cumynaulloHux monena Koji o,LtroBapajy wmpoKom 
cKyny pa3nwFHTHx ycnoBa npHmeHe y BHuteceH3opcKHm cucTemFtma (6excwtHe ceH3opcKe 
mpe)ce, KOTHI4THBlie pwtHo mpme, (111)/HK14140HaJ1H14 CHCTMH 3a Ha,a3op PO cneKTpa ca 
nscrpH6yHpaHHm ceH3opllma). EBanyaw4ja 14 ynopenHa aHanma AMC nepckopmaFtcH 
npennoweHmx 14 nocTojehllx pewaha npllmeHom pa3BHjeHllx cllmynanHoHrtx monena; H 

• Iloce6Ha (1)a3a HcTpa)KHBalha &the nocBeheHa aHaJ114314 moryhHocTH Awber yHanpebaba 
K.FlaCH4HHX AMC anropllTama 3acHoBaHllx Ha npitmeHH KymynaHaTa BHmer pena nyTem 
cermeHTatimje y3opKa yna3Hor cHrHana y3 KOM614H0BaFbe pe3ynTaTa KnacH(1)HKau,Hje 3a TaKO 

no6lljeHe cermeHTe. Y cariajy na cnpoBeiteHa aHantua oBaKo pa3BlljeHlix pewaba noKaxce 
3Ha4ajHO no6o.rbutaFbe ycnewHocT0 KnacucbllKanHje, pa3moTpHhe ce npumeHa pa3Blljemix 
anropllTma y oKBHpy nplljemHHKa/ceH3opa KoonepaTHBHe AMC mpexce. 

04eKyje ce na cTpyKTypa npennoweHe noKTopcKe nticepTaFtHje, y3 oAroBapajyhe yBOAHO 14 

3atc.rbrnio nornaB.rbe, Kao 14 oapebeHe npllnore, yrnaBHom npaTH ne(DHHHcaHll nnaH HcTpa)KHBall,a 
y3 eBeHTyanHe H3MeHe y cKnany ca ocTBapernim pe3ynTaTllma HeTpa)KHBaFba. 

7. 3aK.a.riaK H npen.aor 

ropan B. MapKonnh npHjaBHo je cBOjy AoKTopcKy AncepTannjy nor HaCTIOBOM "Koonepaninna 
ayTomarcKa Knacminncannja outman no -rimy moikynannje Koptullhetbem mpoice cetoopa" y 
cKnany ca IlpaBFLTIHHKOM 0 AOKTOpCKHM cTynHjama EneKTpoTexHwiKor (1>aKynTeTa YHHBep3HTeTa 
y Beorpany, 110,414e13111H Ha yEllin cm npenB4eHa noKymeHTa. 

143 nocTaB.rbeHe AoKymeHTanHje, Koja yKyhymyje H 6146nllorpactolljy no  cwta o6jawbeHllx panoBa 14 

npernena Haramx H cipriHHx npojeKaTa KaHAllnaTa, mo>Ke ce 3aKJbrIHTH na  FopaH B. MapKomh 
HcnyFbaBa CBe (kopmanHe H cywTHHcKe ycnoBe 3a nplleTynal-he H3paLH ,LtoKTopcKe nllcepTawtje. Ha 
ocHoBy o6pa3no)Kuha npenmeTa H un.rbena FicTpabHBaFba, nona3HHx xHnoTe3a HcTpaxamatha, Kao H 
omexllBaH14x HarmFix AonpHHoca H nnaHa HCTpaXUIBaFba, 3aKsby4yjemo na je npennoweHa Tema 
Harato aKTyentia y nomeHy caBpemeHmx 6e)Kw4-ix TeneKomyHHKaulloHHx cHcTema H ita 
omoryhana na  ce y onnpy ube ocTnape 3HaMajHH nar4u4 H crrprinn ,L1011pHHOC14 143 aye o6nacTll 
TeneKomym4Kaullja. FlputnoweHH meHTop npo(1). ,Etp MHpocnaB R. gyKt4h Hma BehH 6poj 
ny6nuKoBaHllx panoBa 143 o6.nacern Kojoj npnna,qa npeLt.nowena AoKTopcKa AncepTannja. 



CTora KomHcHja npe,maxce Harmo-HacTasHom [why ElleKTp0TeXHIPIKOF (PaKyyrreTa y Beorpa,ay 
,aa KaHAH,aaTy mp Fopaoy Ti. MapKosithy 0)106pH 143pa,ay AoKropcKe ,amcepTauHje no,a HaCJIOBOM 

"KoonepaTHolla ayTomaTcKa Knactulmicamija curoana HO 'rimy mogynautije KopHinhethem 
mpeme cemopa". 3a meHTopa paAa npe,a.naNce ce ,ap Milpoc.rias JI. gyKuh, pe,aoBHH npoctlecop Ha 
EJICKTp0TeXHWIKOM (1)aKyyrreTy y Beorpa,ay KojM je 6Mo H meHTop marnTapcKor pa,aa KaHankarra. 

IIJIAHOBH KOMHCHJE 

,ap MHpocJIaB JI. oTtyKkih, pe,aomn npockecop 
YHHI3ep3HTCT y Beorpa,ay - EJleKTp0TeXHWIKH (PaKy.riTeT 
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YHHBep3HTeT y Beorpa,ay - EJleKTp0TeXHHHKH (1)axy.riTeT 
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FopaH 3. MapKoBHh, saHpe,am4 npo(Pecop 
YHHBep3HTeT y Beorpa,ay - C o6pahajHH 4)aKy.riTeT 
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,ap MHJbK0 M. Eputt, saoneHT 

YHHBep3HTeT y Beorpaity - EJleKTp0TeXHHLIKH (1)aKyirreT 

,ap RejaH A.  Apajt4 , AoneHT 
YHHBep3HTeT y Beorpa,ay - EJICKTp0TeXHHLIKH (PaKyriTeT 
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