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KOMKI CI,IJ?I 3A CTYAI,IJE II CTEIEHA EJIEKTP OTEXHI,ITIKOI
oAKyJITETA y EEOIPAAy

Kouucuja 3a cryAl{je II creueua, Enexrpo'rexHr.rrrKor $axynrera y Beorpa4y r.rMeHoBaJra Hac
je y Korr.rncujy sa nperJleA I4 oIIeHy Macrep paAa Ar{rrn. uHx. MursaHa Murponaha noA HacJroBoM

,,flpeno3nanarre o6jexa:ra napaAr{rMoM yqerLa rrorKperrJbrrBarreM" (eur. ,,Object recognition with
reinforcement learning").

Kolrucnja je nperure4ana rpunoxeul{ pat, u AocraBrba Korr,rr,rcrzju sa cryauje II creueHa
ErerrporexHr4sror (f axylrera y Beorpa4y cleAehra

I,I3BEIIITAJ

l" EuorpaQcnrr rroAarlr{ KaHArrAara

Murau Mrarpoauh, AHnJr. LIHx. eJlerTporexur.rxe Lr paqyHapcrna, polen je 1995. roAr.rHe y
Beorpagy. 3anpuruo je Mareuarr,rqKy runtrasujy y Eeorpagy. Yuucao ce 2014. roAr4He Ha

EnexrpotexHllqKl{ (paxynter Ynunepsurera y Eeorpa4y, cry,uujcxu [porpilM ErerrporexHr{Ka r.r

paqyHapcrBo, MoAyJI Pauynapcrca rexHr.rKa a ranQoprraarktKa, r4e je AzrrnoMr4pao aBrycra 2018.
roAI4He. .{unloutcxu pa6 rIoA MeHTopcrBoM AoII. Ap Mapra Muuruha, Ha reMy ,,Klacu$urauuja
My3I,IqKux LlHcrpyMeHara KoHBoJryr[rBHr{M HeypoHcKr.rM MpexaMa", o46paurao je ca oueuou 10"

Pesyrraru ocrBapeHr y AurrnoMcKoM paAy o6janrseurz cy y

tl] M. Mutponuh, M. Muruuh, Kracu$IEItauuja My3r,rqKr4x r.rHcrpyMeHara nopuruherrerra
KoHBonyrLIBHI,Ix HeypoHcrlrx Mpexa, XXVI Terexonryur4KauuoHr,r Sopy, TEJIOOP, IH.os.20-2I,
Eeorpa4, Cp6uja,815 - 818.

Toxou 3aBplrrHe roAI{He ocuoBHr,rx cryguja 6lro je aHraxoBaH Kao AeMoHcrparop Ha

IIpeAMerI,IMa KareApe :a Pa.rynapcKy rexur.rry u nu(fopMarr.rKy: Ouepatunru cr{creMr{ 1 u
Oneparunu[ crlcreMlz 2" Ytucao ce 2018. roAuue Ha Macrep cryauje ua ElexrporexHr4qKoM
rfaxynrery y Beorpa4y, MoAyn CoQrnepcro r{H}r(emepcrBo. Y roxy rpBor ceMecrpa Macrep
cryguja 6uo je Ha :rporraeceuuoj nparcla y ,,Sony Computer Science Laboratories"
(www.sonycsl.co jp) y Toxrajy.

2. llpegNrer, rlrrJr, rr MeroAoJroruja rrcrpar(lrBarba

flpe4vrer pa.ua je pe[raBalbe npo6neua npeno3HaBama o6jercara Ha ocHoBy cJrr{Ke r,r

AoAarHor, je:uuxor eJIeMeHTa. 3aAarax je QopuyrracaH Kao urpa r.rsuefy po6ora u lrHcrpyKropa Ia

o4uaja ce Ha cle.qehu HaqLIH: po6ot r r{Hcrpyrop ce Hiura3e y oKpyxerry rAe nocroju cro Ha KoMe
cy rIocraBJLeHa rpLI o6jexta. Tn o6jexru cy pa3nltqaru u jacuo cy o4nojeuyr Ha reByt, rleHTpanHr{ r{

AecHI'L I'Iucrpylcrop uvreuyje o6jer<at, a po6or rpe6a Aa 3Ha xoju je ro o6jerar r{Hcrpyrrop
I,IMeHoBao (lenu, UeHTpiInHH I,InI,r AecHr{) u la Ha HeKr4 Haqr{H To [oraxe, Ha ocHoBy qera My
I,IHcrpyKTop .(aje [o3LIrrIBHy Ltrrvr HerarI,IBHy HarpaAy. Aeo oKo r.rMeHoBarLa o6jerara ce
r.rMnJreMeHrnpa r{cKJbfrrrBo Brpryeluo (ne pa3Marpa ce o6pata rpupo4Hor jesuxa).

Uurs para je perraBalbe nocraBJbeHor npo6reua npr,rMeHoM [apaAr4rMe yr{ema
lorKpenJbLIBaBeM. Peruen e je $orycupaHo Ha anroprrrMe yqerba 3acHoBaHe na Q-yuerry ca
rIpI{MeHoM Y Ay6oxuu HeypiInHI{M MpexaMa, ca AoAaTHHM MeroAaMa rroHoBJbeHor ucKycrna (eur.
,,experience replay") la encvJlou rpaM3r.rBrrM rrcrpa]Kr4Barren. 3a peamlsaqujy cy Kopr4ruhenn



nporpilMcxu jesux Python, saje4no ca paAHr{M oKBLrpoM Tensorflow 3a r.rMrrJreMeHrauujy
turopr4TMa Marrrr{HcKor yqer6a.

3. Cagpxaj r pe3yJrraru

Mactep paA KaHAI{rara caApxra 31 uyrraepucaHy crpaHy reKcra, saje.4uo ca cJrr{KaMa r.r

AoAaIIHMa. Pa4 ce cacroju us 5 nouaBJba r4 crrrrcKa nr{reparype ot216u6nuorpa(fcr<e pe(fepeHrle.
Macrep paA je HarrlrcaH Ha eHrJrecKou jesurcy.

Y npnou rornaBJry 4ar je yBoA y o6racr rperro3HaBarra o6jexra y rrpocropy, Kao r{

ocHoHBe I.IAeje I{ MorI,IBaIInja za xopuurherreM napaAr.rrMe yrreH,a [orKpeubr.rBarbeM y perxaBarLy
TaKBe Bpcre upo6leua.

Apyro roDIaBJbe, rrpeAcraBJba caM 3aAarax para, ca lberoBoM MareMarrrr{KoM
penpe3eHTaqujou, rtpe [peJracKa Ha AeriulHr{ onuc MareMarr4qKor anapa;t;a rorpe6uor 3a
pEByMeBaIbe peruelra" Taxofe, ouucyje rr anroprrrMe yr{er6a norKpelJbr.rBarbeM, flor{eBrrIl or Q-
yqema, rlpero lberoBl4x nno4u(prarcaunja npunaerreHr4x y .uy6oxou yqerby, cBe Ao .uyenHor .uy6oxor
Q-yuerra.

Tpehe [orJIaBJEe pa!.a nocneheuo je caMoM perxerby vt rreronoj r.rMrrJreMeHrarluj[.
flpe4cranreu je cxyn roAaraKa rojn ce Kopr{crr,r sa o6yuarame Mo.qeJra, apxuTeKTypa HeypoHcKe
Mpexa, a AeraJbHLI orrlcu rporleAypa o6y.ranama u eeanyaquje MoAena cy laru Kpo3 rrceyAo KoA.

Y uernptoM rloulaBJby npI{Ka3aHLI cy HeKr.r oA paAoBa xoju ce 6ane cru.rHuu npo6leuon.
flocre rora, orrlcaHe cy Merpr{Ke Ha ocHoBy rojux cy nep(fopMaHce MoAeJra 6r.rle oqen eue,
:ajeguo ca IbI,IxoBlIM uefyco6unu xoperauujarraa. Ha Kpajy, 2lara je ilrrcra ca cBprM

xuflepflapaMerpllMa ropuuhenor aJrropurMa r,r pe3ynrarr.r roje on rrocrr.rxe Ha AaroM cKyrry
loAaTaKa.

flocleArre [ornaBJbe caApxl4 KparaK ocBpr Ha caM paA, y3 [peAnore 3a eBeHTyirnHe r.{3MeHe

rz ynanpelerba cr.rcreMa y 6y,qyfurocrr.r.

4" 3arc.rryvaK u [peAJror

flpeua MI{IxJbe[Ly ruraHoBa Korcrcuje [peAnoxeHr.r Macrep pa4 xojn ce 6aer cnponoferreu
nperlo3HaBama o6j exara caApxr{ HeKoJr[rKo ura.raj uux Aonpr.rHoca :

1. Ynoferre upo6reua r4e po6or u r.rHcrpyKrop urpajy urpy r{MeHoBarra r.r npeno3HaBarua
o6jer<ara.

2. Perueme [ocraBJbeHor upo6neMa npeno3HaBarba o6jexara Ha ocHoBy cJurKe r4 .qoAarHor
HMeHoBarba ror o6jexra norraohy MoAepHI,Ix MeroAa yqelLa [orKperrJ6r.rBarLeM 3acHoBaHrrx Ha
HeypoHcKr,rM MpexaMa.

3. Ilpelnor uoryhuocru sa LaJbu r.rcrpaxr.rBarrrr.r pal.

Ha ocHoBy LI3JIox(eHor, Korr,rucuja npeAJraxe Kouracuju 3a cryauje II crerreHa
ElextporexHl{qKor $axynrera y Eeorpa4y Aapal,Ar.rrn. usrx. Mu;raua Murpoeuha uoA HacJroBoM

,,Ilpeno3uaname o6jeKara rIapaAHrMoM yqerba norxpeuBr.rBarreMo' [pr4xBara Kao Macrep par, u
o.(o6pu ycMeHy o46pauy.
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