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6YUKD RYRJ UDGD MH LVWUDALWL SRWHQFLMDOH VWURMQRJ .
RPRJXULWL UDpXQDOX GD UDVSR]|QDMH REMHNWH NRML O0H X
Europe. Kao rezultat rada nastaje aplikacija za MicrosoQWRZV X NRMRM NRULVQLN
QDOLpMD VYRMH QRYpPDQLFH D SURJUDP PX JRYRUL R NRI
SURWXYULMHGQRVW QRYpPpDQLFH 7HRULMVNL GLR UDGD uH
UDpXQDOQRJ YLGD SU LBNB®®R DSYIDGMGEENGDANNQEortah g D
NRML tH VH NRULVWLWL X SUDNWLPpQRP GLMHOX UDGD 8 UH]>
ELW 0H SULND]DQ SURFHV L]JUDGH DSOLNDFLMH NRML J]DSRpLC

sepoDaQMDYD NDNR VH SHNHERYOMMXVOLXNWMEBRUHYXMX QMLKRYH
govori o pripremi aplikacije za izvoz.

.OMXpPpQH ULMHpPL UDpPXQDOQL YLG VWURMQR XpHQMH 25% )



ABSTRACT

The purpose of this paper is to explore the potentialafhine learning and computer vision and

use those technologies to give machines the ability of object recognition. The objects in question

for this paper will be banknotes from European countries. An application for Microsoft Windows

will be made as a st of this paper. In the application, the user will load an image of the
EDQNQRWHYV IDFH DQG WKH DSSOLFDWLRQ ZLOO LQIRUP WK
value in Croatian Kuna. The theoretical part of the paper will further explore tleems of

machine learning, computer vision and data preparation, as well as explain the way ORB and
FLANN algorithms work. The practical part of the paper will show the process of building the
aforementioned application, from data collection and preparatio loading, reading and
comparing images and finally, exporting the application.

Keywords: computer vision, machine learning, ORB, FLANN
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1. UvOD

Svrha ovog diplomskog rada jS§RE A.VAMUDALWL NDNR UDpXQDOD PRJIX YL
REMHNWH X QMHPX 5DpXQDCEDLY L LED MH BRG WXh MR MHR M B p\KH
fotogrd LMD LOL YLGHR]DSLVD PRJX GRELWL UD]XPLMHYDQMH R
VSRPHQXWLP IRWRJUDILMDPD L YLGHR]DSLVLPD 2eDM UDG
objekata na digitalnim fotogp ILMDPD WH (jétlaBRE]Q 0 pLQUmaRIOHRBIDOQRJ

vidaX SURJUDPVNR UMHAHQMH

&LOM UDGD MH LJUDGLWL SURJUD RS RNHDEHDDWH ] Q R DD
europskog kontinenta i njihova konverzija u kunsku protuvrijisd®@URJUDPVNR UMHaAHQMH
ELWL QDSLVDQR X SURJUDPVNRP MH]JLNX 3\WKRQ QDYHGHQL
brzo. lzvedeni ciljevi su: izradaV NXSD SRGDWDND X RYRP VOXpDMX IF
NRQYHUWLUDQMH X U D,poptinixitaKje W2ihxX PabaViukMnj@hje® pdirebe za

XpLWDYDQMHP VNXSD LJQRYD SUL VYDNRP SRNUHWDQMX SUR
NRQDPQLFL L]YR] X REOLNX QDWLYQH DSOLNDFLMH ]D 06 :LQC

5DpXQDOQL YLG MH WHPD N RMRnMij&, &bidp piQjénR z8 eviy tdhbolddiiuV Y H U
UDVWH L] GDQD X GDQ 5DpXQDOQL YLG MH SULVXWDQ X PQF
NDPHUDPD NRMH PRJX SUHSR]QDWL SRWHQFLMDOQH RSDVQR\
koji koriste temologiju prepoznavanja licae, DNR MH RYD WHKQRORJLMD SULVXYV
JOHGDMXuL V DVSHNWD EU]JLQH WHKQROR&GNLK SURPMHQD R
UD]J]OLpLWLP VHNWRULPD

5DG MH QDPLMHQMHQ RQLPD NRMRS&®H® H QQ\DDXFHLMH. & D M} (
SURJUDPVN Rt od tddeHsQudaHpodataka do izvoza aplikacije, ali i za one koji su

zainteresirani za pojedini dio rada, primjerice pripremu podataka.
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BWURM®R XpHQ

3IGBWURMQR XpHQMH MH ]QDQRVW NRMD VH EDYL UDpXQDOGQLP
NUR] LVNXVWYR L NRMtcEYa/M8é BWGEGRWQRD XpHQMX UDpXQD
obavljaju neki zadatak bez potrebe pre]QRJ GHILQLUDQMD QDpPpLQD L]JYUADYCL
QHNH MHGQRVWDYQLMH L VSHFLILPQLMH SUREOHPH ,PRAH GF
VWURMQR XpHQMH VH NRULVWL NRG UMHADYDQMD VORAHQL
PRIXUKHXPHR QDSUDYLWL UDpPpXQDOQL SURJUDP NRML UH LPD
SsubDYLOD |D RSHUDFLMH MHU VX WD SUDYLOD SR]JQDWD L NF
PQRAW-PORBRYD WUHED SUHSR]QDWL NRWMR IR G XP\DLIRK GH & 9
VYDNRJ SRALOMDWHOMD LPDL WIR pNDRM M D GV B ED VIWDUW\RW DHV L >
WDNYRP VOXpDMX MH EROMH NRULVWLWL QHNX RG PHWRGD V
SURJUDP aWR MH L 33AWWVRDQNMNROHAEHRMBRDLBRUDYQR VYUVWD
SRAWX X NRULVQLpPpNL SUHWLQDF LOL QHAHOMHQX SRawX

Strojno VH XpHQMH PR&H SRGLMHOLWL QD WUL SULVWXSD QDG
YH]RP LOL SRMDIDQRDMIHIBPMERP VWURMQRP XpHQMX UDpXC
YDULMDEOH L aHOMHQL L]OD]L L]OD]Q HiloYetid kejpreEuGidiz D FLO
XOD]D QDVWDOL WUDAaHQL L]OD]L 6 GUXJH VWUDQH QHQDG]
R]JQDND D UDpXQDOR VDPR WUHED SUHSR]QDWL QHNX VWU X
koristiti za detektiranje uzoraka u podacin@iL ]|D XpHQMH J]QDpDMNUH iHDBWX M W XOS
MH XpHQMH V SRYUDWQRP YH]RP 35DpXQDOQL SURJUDP YUAL
PRUD L]YUALWL RGUHYHQL ]DGDWDN SRSXW YRAQMH YR]LOCL
ispravnom riaDYDQMX |DGDWND SRSXW QD JRidbdpP20N6RMH AHOL PDN\



5D p X Q D,@répozialdnje objekataL XpHQMH J]QDpDMNL

.DR aWR MH VSRPHQXWR X XYRGX UDpPpXQDOQL Ydz@niMH EDYL
VYLMHW 2GQRVQR SUHFL]QLMH 35DpXQDOQL YLG MH LQWHUC
QDPpLQLPD QD NRMH UDpXQDOD GRELYDMX YLVRNX UD]JLQX
videozapisa. Stremi ka razumijevanju i automatiziranju z2d&aNRMH PRaH REDYOMDWL
V X'V \Balrd & Brown, 1982) 5DpXQDOQL YLG VYRMX SULPMHQX QDMpH

industriji, vojsci i prometu.

3UHSR]QDYDQMH REMHNDWD MH WHKQROMRIRM EXPLRINKRI DY
SUHSR]QDYDQMH LQVWDQFL REMHNDWD RGUHJyHQH NODVH Q
(Dasiopoulou & Mezaris, 2005) .ODVH PRJX ELWL RGUHYyHQH QD UD]OLpLW
SULPMHULFH &HDEX@WRORDRBHQR SUHSR]QDYDWL QDOD]L OL VI
QDXPHQR SUHSR]QDWL R NRMHP VH WRPQR DXWRPRELOX UDC
QRYPDQLFH

38pHQMH 1QDpDMNL MH VHW WHKQLND NRMH]RQPRDXNIMXRWKYWHE
]D GHWHNFLMX LOL NODVLILN DBehdibXetlal., QOHIR B B /UHELK ] 5 RGIHDI
]QDpDMNL MH QDVWDOD ]JERJ | DKWMHYQRVWL L VORAHQRVWL
fotografja i videozapisa 'RN UDpPpXQDOR L pRYMHN ODNR PRJX MHGQL
EURMpPpDQH SRGDWNH SULPMHULFH EURM UHJLVWULUDQLK DX
NROLNR MH UHJLVWULUDQLK DXWRPRELCQuDall. S\dxuge Gttdré) PDFLM
LQIRUPDFLMH R WRPH aWRLWHH (DDDONR| ISQBPQ RWHRWU DJID MXQD O X
GD MH QD IRWRJUDILML DXWRPRELO DOL UDpXQDOR QH ]QD a
PRAaH RpHNLYDWL QDI MYDORMWMRRRRLOD 'R RYRJ SUREOHPD GI
JOHGDMX IRWRJUDILMH QD MHGQDN QDpLQ UDPpXQDOD IRW
RGUHYHQH YULMHGQRVWL D JUXSX VXVMHGQLK SLNVHOD \
S U R WitikBdifistancu nekog objekta.
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2.3 Priprema podataka

S3ULSUHPD SRGDWDND MH pLQ PDQLSXOLUDQMD SRGDWDND
DQDO L(Pylo,n3w9)" 3ULSUHPD SRGDWDND MH XRELpDMDQ NRUDN &
L]YUADYDWL QD UD]OLpLWLP WLSRYLPD 9\eKe DohIetoda si:H XN O
SpLAUHQMH SRGDSWQND SEBFWDDF¥OBMY SRGDWDND o@BRYD DXJIP|
GDWD IRy, RIQ9)

yLAUHQMH SRGDWDND SRGUD]XPLMHYD SURQDOD]DN L EULVD
QHWRpPQL LOL QHVWDQGDUGL]JLUDQR XQHVHQL %H] LVSUDY (
ispraY QR GRQRAHQMH RGOXNH LOL VH SURJUDP ]DXVWDYOMD X

SBRYHUDQMH SRGDWDND VH QDMpH&aUH REDYOMD NDGD DOJRL
LVSUDYDQ |]DNOMXpDN .RG SRYHUDQMD SRGDWDND VH X]LPD
modificiraju D ]DWLP VH WL EODJR PRGLILFLUDQL SRGDFL SRQDA&D
MH SRVHEQR NRULVQD SUL SUREOHPX SUHWUBMied BQRV WL

Khoshgoftaar, 2019)

Kod pripreme podataka koji doJaid X REOLNX GLJLWDOQH VOLNH YDAaAQR Mt
GLPHQ]JLMH XNROLNR MH WR PRJXUH X] RGUADYDQMH L]JYRUC
RGUADWL NDNR VH VDGUADM QD VOLFL QH EL GLVWRU]JLUDR

uskladiti i formate svih slika, primjerice da sve slike budu u .jpg formatu.

2.4 ORB

ORB MH DOJRULWDP ]D GHWHNWLUDQMH L RSLVLYD®MH ]1QDpD
SXWD MH SUHGVWDYOMHQ JRGLQH Girfuda hrézéttigail Q&9 /D
X UDGX 325% $Q HIILFLHQW DOWH@®RaGPE&YeivH 201R @ R7 aRVUR 6N B) °
XRpOMLYR L] QDWOHR QD W GR NIBROXPLQNRYLWLMD DOL L QHSI
zaSl)7 L 685) NRML VX GR WDGD ELOL QDMSRSXODUQLML DOJR

11



1D]LY 25% VWRML ]D 32ULHQWHG )$67 DQG 5RWDWHGE %5,()’
algoritamza detektiranje uglova RGQRVQR N O MXmazivBimY$BBDN)IHDW XUHV IUR
DFFHOHUDWHG \DHNJFP EQ V& WRFHQDBADR NOMXpQH WRpPpNH ]D QHNX
NRML X NUXJX RG SLNVHOD RNR VHEH LPDMX YLaH RG SLN
promatranog pikseléSlikal) 7DNYD PMHVWD QD VOLFL DOJRULWDP VPD
3VDGUaADMQR ERJDWD” RGQRVQR WR PMHVWR NRMH SRVWDMt}
kojeje maD YMHURMDW Q ¥ WijelGvidnalidtikeVzEl ugpbrédbu ako se ne radi o istom
objektunaslici6 GUXJH VWUDQH DNR VH X]PH QHND SRYUALQD SLN
MH PRJXuUH GD UH VH MRa QHJGMH QD VOLFL ]D XVSRUHGE>
predstavlja isti objekt kao na izvornoj slici.

Slikal- 3UHSR]QDYDQMH NOMXpQLK WRPDND )$67 DOJRULWPRP 2SHQ&9

2QR X pHPX 25% QDGRJUDYXMH )$67 DOJRULWDP MH VSRVR
UD]JOLPpLWLK ¥HDOUPLQDpVWHNHHOLPpLQH VH NRULVWL YLaAaHUDI]F
LPDJH S\UDPLG"~ %D]X SLUDPLGH pLQL VOLND VD VYRMLP L
razina ima sve manje dimenzije, odnosno rezolu¢§lika 2). Nakon kreirarg piramide,
GHWHNWLUDMX VH NOMXpQH WRpNH L WDNR VH DOJRULWDP F
u bazi i slike za usporedbu.

12



Slka2- 9LAHUD]PMHUQD SLUDPLGD VOLND 2SHQ&9 GRNXPHQWDFLN

.DNR EL SRVWLJDR IXQNFLRQDOQRVW L SRG UD]OLpLWLP RUL
25% DOJRULWDP J]D VYDNX NOMXpQX WRDMXEAERGCWDWRMEBEWRMSI
LQWHQ]JLWHW WRpPpDND RN prepaznadjexcprgall. QWARH Q H. W2AHE/R \VRIR N O M X
SUHWSRVWDYOMD VH GD MH FHQWDU LQWHQ]JLWHWD ]D NXW C
PMHVWX RG VDPH NOMXpQH WRpPpNH VWRJD MH PRJXUH QDD
intenziteta kako bi se dobIRULMHQWDFLMD QHN Hprika2jeXIk@3H WRPpNB 2. MR &
QD PMHVWX GHWHNWLUDQH NOMXpQH WRpPpNH FUQLPMDRNXW
& SUHGVWDYOMD VUHGLAWH WRJ LQWHQJLWHWD 3RYH]JLYDQN
WRpPpNH 3RPRUX RYRJD DOJRULWDP PRaH SUHSR]QDWL LVWX
QLMH MHGQDNR RULMHQWLUDQ@BnaRGQRVQR DNR MH pLWDYD V

13



Slika3- ' HWHNWLUDQMH RULMHQWDFLMH NOMXpQH WRpPpNH

8] SULODJRYHQL )$67 DOJRULWDP GUXJD Yy BRIEFAED 25% D
XJHWL VYH NOMXpQH WRPNH NRMH MH )$67 D®rkeREKOEDP SUR
popunjene nulama i jedinicamdTL YHNWRUL NRML SUHGVWDYOMDMX NOM>
128, 256 ili 512 bitova (OpenCV , 2011)%5,() UDGL QD QDpLQ GD L] SRYU&LQH
WRpPNH X]JLPD SR GYD QDVXPLpQD SLNVHOD pLMH VYMHWOLQH
RYLVQR R WRPH NRML MH VYMHWOLML 1DNRQ WR QD WDM Q
naVWDMH ELQDUQL NRG NRML RSLVXMH WX NOMXpQX WRpNX

.DR a4WR MH VOXpDM NRG )$67 DOJRULWPD 25@malv@WULVWL P
U%5,() 35RMUDNBEREG).3UHPD VOXAEHQR M Ha RbdiiBindr@ Wekzfal M L

donosi funkcionalnost i pri tmanim slikama, bez da se gubi na brzini ra@@penCV , 2011)

2.5 FLANN i LSH

1IDNRQ @&WR VH QD VOLNDPD SURQDYyX NOMXpQH WRpPNH L RE
SRPRUX )/{P1IMH PRJXUH XVSRUHGRLWLPD YSWRQUVOLNHHG GQIONH N
)/$11 MH VNUDUHQLFD ]D 3)DVW OLEUDU\ IRU DSSUR[LPDWH
SELEOLRWHND ]D L]YUADYDQMH SUHWUDALYDQMD QDMEOLAL
(OpenCV,2011) 6DGUAL NROHNFLMX DOJRULWDPD ]D NRMH VX WYRI
]JD SUHWUDALYDQMH QDMEOLALK VXVMHGD D X] WR VDGUAL L

i parametre, ovisno o skupu podataka.

14



Product of Naly
Crisp Almond Cookies

Slika4- 3DURYL NO M {OpenCX dokReBatix)

Slika4 prikazueNRMH NOMXpQH WRpPpNH V OLMHYH VOLNH MH )/$11 S|
GHVQH VOLNH 3ULPMHUOXMH VH NDNR MH QDMYL&H UHOHYDQ\
na kopmu se nalazi tekst jer se radi o dijelovima slike s visokim kontrastima piksela u malom

SRGUXpMX 2E]JLURP QD NRULAWHQMH SULODJRYHQLK )$67 L
XVSMHEQR SRYH]DQH EH] RE]JLUD QD UD]OLpLWH RULMHQWDFL

JedDQ RG DOJRULWDPD NRML VH PRJX NRULVWLWL ]D GHWHNW
WRpDND MH /6+ VNUDUHQR ]D 3/RFDOO\ VHQVLWLYH KDVKLQJ
NOMXpQH WRpPpNH ]J]DPLVOH X QHNRP Sénivaizrelativio NRIMHP X VE
VNRUR LGHQWLpPQL GRNXPHQWL VH SURQDOD]H SURFHVRP
hiperravninamégpodprostor koji ima jednu dimenziju manje od prostora u kojem se nalazi). Nakon

prve podjele, svi dokumenti ispod ravnish@bivaju znamenku 0, a sviiznad znamenku 1. Kada se
SURFHVY SRGMHOH LOL UHIDQMD SURVWRUD SRQRYL QHNROLN
MHGQDNH GXOMLQH D DNR VX WL NRGRYL MHGQDNL GRNXPH!
dajeioyD PHWRGD SRGORAQD JUHANDPD pLWDY SURFHV VH SR
YLAH 3KDVK” NRGRYD NRML LGX X UD]J]OLpLWH 3KDVK"™ WDEOLF!

15



NRUDN NRML VYH GRNXPHQWH V MHGQDNLR XRERRWPH XX MHWRHP (
QDPLQ RGYDMD RQH NRML QLVX XLVWLQX MHGQDNL RGQRVQF

3. METODOLOGIJA RADA

OHWRGH NRULAWHQH X UDGX

8 RYRP UDGX NRULAWHQH V iforhijaRoGzkhdDRQtBoD aplikae, pidreniv H | H

SRGDWDND L UDpXQDOQRP YLGX ,QIRUPDFLMH VX DQDOL]JLU
L]IYRUD D SRQDMYLAH L] VOX&EHQH 2SHQ&9 GRNXPHQWDFLMH
ranije spomenute ORB i FLANN algoritme. SintezoMLK LQIRUPDFLMD QDVWDMH L

aplikaciju i problem koji se prexdju postavlja te nastaje plan rada po koracima.

8 SUDNWLpPpQRP VH GLMHOX SUYR SULVWXSD SULNXSOMDQMX
SRMHGLQLK JHPDOMD 2YDM VH GLR UDGLR 3UXPpQR"™ SUHX]L
osigurala ispravnost skupa podatakdotom se pristupa izradi programsko UMHaAHQMD X
SURJUDPVNRP MH]LNX 3\WKRQ X] SRPRU VOMHGHULK ELEOLR)
UHTXHVWYVY UH L HDV\JXL )XQNFLRQDOQRVW SRMHGLQDpQLK
,JUDGD SURJUDPVNRJ UMH&H & M5 VWHRVH. K WRH SWUYLDJ B [DLIWQIHY DQ
VOLND QRYpPDQLFD L QMLKRYR NRQYHUWLU.ZQiM slijedi fddap X Q D O X
XVSRUHYyLYDQMD QRYH VOLNH VD VOLNDPD X ED]JL L RGOXDpLY
Posljednjafab MH WHVWLUDQMH X NRMHPX VH XVSRUHyXMH QRY
VH XVSMHaQRVW L EU]LQD UDGD SURJUDPD 8 NRQDpQLFL VH

za Windows operativni sustav.
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23,6 ,675%$4,9%1-% , 5(=8/7%$7a,BW5H

4.1 Prikupljanje podataka

UYL NRUDN SUL LJ]UDGL DSOLNDFLMH NRMD UH SUHSR]QDYDW
SULEDYOMDQMH V @ tilNZem¥lja kako Qi RregrddrsliimBlikama mogao usporediti

QRYH VOLNHRMH [PDXQNRDLWQLN SURVOLMHGL 1RYpPDQLFH VX
LIYRUD RG NRMLK MH QDMpH&EUXPE|IPFODWIDHD PXPRUWWIRRPD N
SULNXSOMDQMHP LQIRUPDFLMD L IRWRJUDILMD QRYjpDQLFD L
VSRPHQXWR pLWDYR SULNXSOMDQMH SRGDWDND MH RGUDY}
RVLIJXUDOD aHOMHQD NYDOLWHWD VYDNH VOLNH =D SRWUHE
X REJLU VX X]JHWD VDPR QDMQRYLMD L]GDQMD VYDNH QRYpPDQ

Nakon prHX]LPDQMD VYH VO L NiapdnkaslhBZwitnR derijeHin) kbjeSIBlaze, a
LPHQRYDQH VX QD QDpLQ GD SUYD WUL ]QDND X LPHQX R]QD}
]JQDPHQNH NRMH R]QDpDYDMX Ypikarli¢&ikaBVW QRYpPDQLFH NDR
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B 2ibanija B Huro
. Armenija E HUF20
B 2zerbejdzan B Hurso
| =08 B Hurioo
. Bjelorusija E HUF200
. Bugarska E HUF500
B ceska B Hurio00
B panska B Hurzo00
B B Hursoon
B Gruzija B Hurio000
B siand B Hur20000
l Madarska
B Moldavija
B Morveska
B roljska
. Rumunjska
l Rusija
l Sjeverna Makedonija
B srij=
Svedska
. Svicarska
. Ukrajina

Slika5 - Imenovanjemapai slika

,PHQRYDQMH SRMHGLQLK VOLND QRYpDQLFD QD RYDM QDpLQ
MD V WHpDMHP UD]JPMHQH NRML WDNRVyHU ]D QD]JLYH YDOXWD

8] SULODJRYHQR LPHQ Rnfapadnisl H/ @ LIV BRWVETEBAIR R Hpg format,

DNR YHi QLVX ELOH X WRP IRUPDWX 8 WHRULMVNRP GLMHOX
GREUD SUDNVD XVNODGLWL YHOLPLQH VOLND ,DNR VH WDM ¢
PQRJREURMQLK DI@BWOVNOBYHYDQYMG YHOLPLQD MH PRJIXUH LI
UMHAHQMH NDR &WR iUH ELWL SULND]DQR X VOMHGHUHP SRJO
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S8pLWDYDQMH L SRKUDQD SRGDWDND

%LEOLRWHNH SRWUHEQH ]D XpLWDYDQMH L SRKUDQX SRC

=D XpLWDYDQMH L SRklpbu@bhodre&iDekdiksbibsoteka od kojih je prva
SFY ~ 2YD ELEOLRWHND VH RGQRVL YLAH SDNHWD NRMH RPRJ
XpLWDYDQMH VOLND SURPMHQD YHOLPLQH VOLNH WH NUHLU]I

Kako bi se programXVSMHAaAQR NUHWDRa@mRaGD WRWXQDOR SRWUHEQD
ELEOLRWHND 3RPRUOX RY Hdobiti Esul SvikiV dthtdtdkaPifti Jxapad navirtdkoj

RGUHYHQRM SXWDQML ,WHUDFLMRP NUR] GRELYHQ@ptiOLVWX 1
VYLP PDSDPD L GDWRWHNDRD RYDHWRBMRYHDREND BESXSUDYR W

biblioteke kako bi program mogao pristupiti pojedinim slikama.

7UHUD NRUL&AWHQD ELEOLRWHND ]D RYDM GLR UDGKpjeMH 3SLFI
NDGD VH SOHORRMIDMKKCENFLEMDEOIGREHMX REOLN YLAHGLPHQI]LR!
SXWHP 3SLFNOH™ ELEOLRWHNH PRJXUH MH VSUHPLWL YULMHC
SLFNOH WH NDVQLMH SULVWXSLW Loteké.Pa réazlikuMdtHiduRoy L P D SR
-621 IRUPDWD SLFNOH IRUPDW QLMH UD]J]XPOMLY pRYMHNX RE
DOL ]DWR RPRJXUXMH EU3AH pLWDQMH SRGDWDND

8] QDYHGHQH ELEOLRWHNH PRJXUH MH NRULVWXWIRLSTAMNWDF C
XpLWDQLK VOLND DOL WDM GLR QLMH QXabDQ YHU VOXaL ]D ¢

4.2.2 Pristup mapi sa slikama

.DNR EL VH SULVWXSLOR PDSL VD VOLNDPD SRWUHEQR MH Q
putanjom do glavne mape kojoj su podmape i datoteke koje treba dohvaptimjerice

3& 8VHUV ,PH '"HVNWRS"™ 6YD LPHQD GDWRWHND L PDSD NRMIL
]JDWLP VSUHPDM XprkatujeSiva® NDR aWR
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zemlja os.listdir(DATADIR):

ZEMLIE. append{zemlja)

Slika6 - Dodavanje zemalja na popis

2YH GYLMH OLQLMH NRGD LWHULUDMX NUR] VYH PDSH L GDW
vidljiv na slici 5 (Slka5) ODSH NRMH VH QDOD]H XrHXWDWHEGDW D YR
SRMHGLQDpPQH GUADYH L] NRMLK GROD]L SRMHG ItlRdoY D O X W
GHILQLUDQX SUD]QX OLVWX SRG QD]JLYRP 3=(0/-(" 2YDM NRUL
XpLQLWL JERJ NDVQLMH S kabali\tbod igoRyamahjaslbldugiby Iinijaods X V O L

,RULVWHQX WMUMIMX GUADYD LWHUDFLMRP NUR] QMX X NRPELC
PRJXUH MH GRiUL S GXEOMH™ X PDSH GR VDBIkK7VOLND QRYpPpDQ

zeml ja ZEMLIE:

novcanica -listdir -path.join({DATADIR, zemlja})):

Slika7 - Pristup pojedinim nofanicama

3UYD RG GYLMH OLQLMH NRGD L]QDG VDPR SUROD]L NUR] V
83=(0/-(" D GUXJDPOLOLHMNDXXGDWRWHNX X RYRP VOXpDMX VOL
QDVWDMH VSDMDQMHP L]YRUQR GHILQLUDQH SXWDQMH GR .
SRSLVD 'DNOH L]JYRUQD SXWDQMD YRGL GR PDSH X NRMRM VX
iz kojh GROD]H WH NRPELQLUD WX SXWDQMX V LPHQRP SRMHGL!
PDSX SRMHGLQH GUAaDYH 7DNR UiH SURJUDP X SUYRM LWHU
DEHFHGQLP UHGRP SUYD X RYRP VOXpDMX MHizWwrRonbOED QLN
SXWDQMRP 8 GUXJRM LWHUDFLML UH WR ELWL $UPHQLMD X
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4238pLWDYDQMH L SURPMHQD GLPHQ]LMD VOLNH

.DNR EL VH XpLWDOD VOLND SRWUHBD®R QM INRNEYWXWLPFENLC
AWR MH DQDNP RKPXWH MH V&g Dptomij@it iH qkblike hePzadovoljavaju
XYMHW R SULEOLAQRM MHGQDNRVWL GLPHQ]LM({IK48)LK VOLND

img? = cv2.imread

height2
width2

widthl

MG W

IMG H { (640 /widthl) “height1)
(img2, (IMG W, IMG H))

Slika8- 8pLWDYDQMH L SURPMHQD GLPHQ]LMD VOLNH

3UYRP OLQLMRP NRGD QD VOLFL JRUH X YDULMDEOX 3LPJ ~

XpLWDYD VOLND .DNR WD IXQNFLMD ]DpuBrijejef@rb@idpotrebidD S X W I
GRiUL NRULVWHUGL IXQNFLMH 2RV’ ELE O (Skk&/8) did-for pBtiléRoj H NRG
je prikazana slikom TSlika7) PRJXiH MH QDpPLQLWL QRYX SXWDQMX NRP
LPH GUADYH NRMH VH PLMHQMD LWHUDFLMRP NUR] OLVWX GU
iteracjiom NUR] OLVWX QRYpDQLFD NRMD QDVWDMH SXWHP *OLVW:!

8] WR S:LPUHDG  IXQNFLML MH GRGDQ L DUJXPHQW 3,05($'B*5!
XpLWDYD X ERML QHJR MX UDpPpXQDOR YLGL NDR FlW@R ELMHC
primjene dovolinoNRULVWLWL FUQR ELMHOX YDULMDQWX DOL PRaH
DUJXPHQW 3,05($'B&2/25° 9DAQR MH ]D QDSRPHQXWL NDNR XL
]D UH]XOWDW LPD PQRJR YHUL YL &ddiGilh RadaHcRepd) @e@ha Y HNW R L

plava.

.DGD MH VOLND XpLWDQD PRJXUH MH VD]QDWL QMHQX YHOLE
VYH QRYPDQLFH ¥OUDYORNXREQUWINV GYLMH NUDUH L GYLMH GX
PRJXUH VYHVWL QD SULEOLAQR MHGQ®B berGLPHQ]LMH EH] GD
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.DGD VH VD]QD YHOLPLQD VOLNH QD JRUH QDYHGHQ QDpLQ S
SLNVHOD 2YD EURMND MH RGDEUDQD ]JERJ ][DGRYROMDYD
PQRJH VOLNH X ED]L YHU SUBEH®UADR WWYALGL @D BIMROURRD W
SLNVHOD DXWRPDWVNL QMHQX 4LULQX SRVWDYOMD QD
RPMHUD WDNR d&WR SRGLMHOL VD VWDURP ALULQRP VOLNH
visinu slike. ovH GLPHQJLMH VH SULPMHQMXMX SXWHP 2UHVL]H" IX

novim dimenzijama zamjenjuje staru sliku.

1IDNRQ SURPMHQH GLPHQ]JLMD VOLND GDOMH LGH X GHWHNFL

4.2.4Kreiranje ORB objekta

Kako bi se detekt UDOH NOMXpQH WRpPNH L RGUHGLOL QMLKRYL GHVI
NOMXpQX WRPNX L QMHQX RNROLQX QD SUYRP PMHVWX MH

prikazano na slici 9Slika 9).

.ORE_create{nfeatures 588,
scaleFactor 1.2,
nlevels B,
edgeThreshold 31,

firstLevel

WTA K - 2,
scoreType a,
patchsize = 31,
fastThreshold 28)

Slika9 - Kreiranje ORB objekta

25% REMHNW VH NUHLUD IXQNFLMRP 325%BFUHDWH" L] ELEO
DUIJXPHQDWD NRML RGUHYyXMX UD]OLpPpLWsH pBkazamePzddane H UD G

vrijednosti za svaki parametar.

SDUDPHWDU B*QIHDWXUHV"™ RGUHyXMH QDMYHUL EURM VYRMV'
PRaH SURQDuUL =DGDQD YULMHGQRVW RG ]QDpL GD MH DOJ
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NOMXpOLEK WRPpDM SDUDPHWDU MH SRJRGQR SRGH&DYDWL NF
GHWHNWLUDWL PQRJR YL&A&H NOMXpPpQLK WRpPpDND NDNR EL VH X

3DUDPHWDU 3VFDOH)DFWRU’~ VH RGQRVL QD UDQLMH VSRPH(
prikazana slikom ZSlka2) $NR MH YULMHGQRVW RYRJ SDUDPHWUD  V
UDJLQD SLUDPLGH LPDWL pHWLUL .SUKMKD jeP\Bijedviddt 5 shikaH O D R C
VOMHGHUD UDJLQD LPD MHGQDN EURM SLNVHOD NDR SUHWK
YULMHGQRVW RYRJ SDUDPHWUD XYLMHN L]QDG 3UL YULMH
YHOLNR L GUDVWLPQR XWMHpPH QD UDJLQX WRpPQRVWL DOJRUL

ParametacQOHYHOV" RGUHYyXMH EURM UD]JLQD X VSRPHQXWRM SL

SDUDPHWDU 3HGJH7KUHVKROG”™ RGUHYXMH YHOLPLQX YDQMVN
NOMXpQH WRpPpNH 2YDM SDUDPHWDU PR&H ELWL YUOR NRUL
D O J R U Lnerbaju ROpdne informacije na rubovima.

SDUDPHWDU 3ILUVW/HYHO" RGUHYyXMH QD NRMX VH UD]LQX SL
UuD]LQD NDR 8WR MH SULND]DQR ]DGDQRP YULMHGQRA&AuUX L]
VOLNH L]QDMBLQXWHD @MHQD YHUJLMD WH VOLNH $NR VH RYDM !
RG VYH VOLNH L]QDG UH SRQRYQR ELWL XPDQMHQD YHU]LM
XYHUDQD YHU]LMD

SDUDPHWDU 3:7$B.” GHILQLUD E U R Rati \aoie¢im Bl&nddifkdjdd kitica N R M L K
UDQLMH VSRPHQXWL %5,() DOJRULWDP =DGDQD YULMHGQRVW
L XVSRUHYyXMH QMLKR2Em\hY i ldMIjEjlye Wijednbist I0RII RUKoliko se
YULMHGQRVW SDUDPHWUD SRGLJQH QD DOJRULWDP UH X]L
vrijednost od 0, 1ili 2, ali tada su potrebna 2 bita za jednu izlaznu vrijednost, za razliku od jednog

bita koji je potreban ako je vrijednost paetna2 " (OpenCV, 2011)

SDUDPHWDU 3VFRUH7\SH” GHILQLUD NRMLP UH VH QDpPLQRP UD
WRpNH EROMH GHILQLUDMX QHNL REMHNW QD VOLFL MHU LPD
vrijednosti O ili 1. Ako je vrijednost 0, za rangiranje se koristi Harrisov algoritam, a ako je

YULMHGQRVW NRULVWL VH 3)$67B6&25(" NRML MH NDR awR

stabilne rezultate.

23



3DUDPHWDU 3SDWFKGBLJHURBMB XX MR MWHIR LPLY X, SROIBOJRULWDP
NDNR EL LP GRGLMHOLR YULMHGQRVWL LOL RYLVQR R WR
RGDEUDQLP SLNVHORP SURPDWYO M B XUD S\RYPNHHY O/ IL QNKD SILRN ¥ i (Y
QD YLALDPODDYL@QHUD]J]PMHUQH SLUDPLGH VOLND ELWL YHUD F
piksela (OpenCV, 2011)

'"HWHNFLMD L RSLVLYDQMH NOMXpPpQLK WRpDND

1IDNRQ 4WR MH 25% REMHNW NUHLUDQ L XMROIMNR MM $RWXIiH
RWNULWL NOMXpQH WRpPNH QD QHNRM VOLFL SRPRUX SULODJ
SULODJRYHQ %5,() DOJRULWPD

2YR MH PRJXUH QDSUDYLWL X GYLMH |[DVHEQH OLQLMH NRGD
iliujednoOLQLML V MHGQRP IXQNFLMRP NRMD REMHGLQMXMH GH
AWR MH SULND]J8IkKaROQD VOLFL

orb.compute(img2, kp2)

kp2, de=2 - orb.detectAndCompute

Slikal0- ' HWHNFLMD L RSLY NOMXpQLK WRpPpDND

=DVHEQR NRULVWHUOL IXQNFLMH SGHWHFW ™ L 3 FRPSXWH" PRJX
GYD GLMHOD )XQNFLMD 3GHWHFW" NDR DUJXPHQWMR]AW®D VOL
SULPLWL L YLAH VOLND RGMHGQRP 8] WR PRJXUH MH VSHF
SRGUXpMH QD NRMHPX VH WUD&H NOMXpPpQH WRpPNH )XQNFLMI
DUJXPHQWH SULPD UDQLMH GHWHMWXKUDID MR PWEK [COHWWRWNL M I

JXQNFLMD 3GHWHFW$QG&RPSXWH”™ REMHGLQMXMH RQR @WR ]C
NDR DUJXPHQWH SULPD VOLNX QD NRMRM GHWHNWLUD NOMX
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DUJXPHQW NDR L DOWHWRIDMAD Q8 W®IX\p INNDXM SRRV OMHVLY D Q
IXQNFLML RQD X SUDNVL GMHOXMH MHGQDNR NDR 3FRPSXWH

3R ]IDYUAHWNX UDGD RYH IXQNFLMH QDVWDMX NOMXpQH WRE
VH VDVWRMH RG VOMHGHULK DWULEXWD

X pt tNRRUGLQDWH NOMXpQH WRpNH

X size+tSURPMHU NOMXpQH WRpNH L QMHQH ]QDpDMQH RNROL

x anglexL]UDpXQDWD RULMHQWDFLMD NOMXpQH WRpNH

x responsetNULWHULM SR NRMHPX VX RGDEUDQH QDMVSHFLILD

x octavextUD]LQD SLUDPLGH QD NRMRM MH NOMXpQD WRpPpND S|

X class idtNODVD REMHNWD DNR NOMXpQH WRPpNH WUHEDMX E
pripadaju)

SRKUDQD SRGDWDND R NOMXpQLP WRpPNDPD

.DNR SURJUDP QH EL VYDNL SXWD PRUDR SUROD]JLWL NUR] VY
se podudara sBPAHQRP QRYPDQLFRP U H,]0d60anD Wijedndshi @de dpiSujuR UL W P |
VYDNX NOMXpQX WRPNX WUHED SRKUDQLWL X ]JDVHEQX GDWF

8 RYRPH UH UDGX WH YULMHGQRVWL ELWL SRKUDQMHQMH S|
spomenuto, ova bibliotekRPRJIJXUDYD SRKUDQ X YWbibhavndre aplikly Wiato¥ekuU L M D E (

.pickle formata.

=D SRWUHEH RYRJ UDGD YULMHGNIRpARAZBESIIkaHL.SRKUDQMLYDYV

obiljezjaTuple - (kp2, des2, novcanica)

obiljezja.a

Slikall- Pohrana podataka u tuple

SRKUDQD X WXSOH VH RGYLMD X IRU SHWOML NRMD SUROD]L
RSLVXMH NOM X OGHH VW RPRAIKIU BOWXM X YULMHGQRVWL NOMXpPpQLK
25



GHVNULSWRUL NOMXpQLK WRpPpDND WH QD]JLY QRYpPDQLFH 7DV
OLVWL RELOMHAMD

2E]JLURP QD RJUDQLPpHQMD SLFNOH IRUPD®RGIHR/® N WNDFFD @W
NOMXpQD WRpPpND pLML WLS SRGDWND MH .H\BRLQW SRWUHEQ
VX QDYHGHQL X SRJODYOMX 5DVWDYOMBIRaME. NOMXpQH V

picklelista = []

obil jezje obiljezja:
kp22 - obiljezje[@]

kp2 - kp22[@]

des2 = obiljezje[1]
novcanica = obiljezje[2]

obiljezjaPickle - (kp2.pt, kp2.size
kp2.class id, des?, novcanica)

picklelista.append(obiljezjaPickle)

Slikal2- 5 DVWDYOMDQMH NOMXpQH WRpNH

8 SUYRP MH NRUDNX NUHLUDQD OLVWD SRG QD]LoNRKeji*SLFNOF
UH MDY DWL GHVNQRSBWMRQULFADJLNOMXpQX WRpPNX UDVWDYOMH
.OMXpQD WRpPpNH GHVNULSWRUL L QD]JLY QRYpPDQLFH VX SUH:?
NRMD X VHEL VDGUAaL WXSOH V WLP SRGDFLPD

.OMXpQX WRpPNX MH PRIXUH UDR/RMIXY R MW RXEDD QNVRIMHH LIP\D M IXEM K/t
QD]JLYL DWULEXWD 1DNRQ WRJD VYDNL WXSOH SR LPHQX 3RE

7DNR NUHLUDQX OLVWX NRMDWLSREH GR EDWDA&ID PRIR GHJ &DH
.pickle datoteN X N DpRkazujeBlika13.
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pickle out "obiljezja.pickle™, "wb"
pickle.dump(pickleLista, pickle out)

pickle out.close

Slikal3- Spremanje pickle datoteke

B3UYRP OLQLMRP NRGD VH NUHLUD QRYD GDWRWHND QDJLYD
GDWRWHNX SRPRUX IXQNFLMH 3GXPS" XSLVXMH UDQLMH NUH
SFORVH" VH VYH XSLVDQR VSUHPD X 6ek¥érija\pbidsck moBLELveStM H ] M D

natrag u program.

433UHSR]QDYDQMH WUD&HQH QRYpPDQLFH

4.3.1 Dodatne biblioteke potrebne za prepoznavanjeonverziju

8] UDQLMH VSRPHQXWH ELEOLRWHNH 3FY ~ 3RV" L 3SLFENOH"
SUH " SHDV\JXL"~

%LEOLRWHND 3HDV\JXL" VOXaL ]D NUHLUDQMH MHGQRVWDYQ
GRKYDUDQMH LQIRUNMDFLMELEXOWRWEBSDP 3UH" VNUDUHQR ]D 5
WUDAHQMX SRGXGDUQLK WHNVWXDOQLK SRGDWDND

4.32 8 [tavanje prethodno pohranjenih podataka

.DNR EL SURJUDP LPDR V pLPH XVSRUHGLWL QRYX VOLNX QR
R NRMRM VH QRYpDQLFL UDGL SRWUHEQR MH GRKYDWLWL SI
VX X SURZORBFRRUDPMBGIX SXWHP SLFNOH ELEOLRWHNH 2E]L
ELWL UDVWDYOMHQD QD VYRMH DWULEXWH SULMH SRKUDQH
NOMXpQX WRPNX SRQRXRRVDYD\WYDYLERK 3D Q FHD L K YSERED WD |
WRPNH SULND]DRikMH). VOLNRP
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pickle in ("C:/Users/Alen/Desktop/Diplomski/ORB/obiljezja.pickle™
obiljezjaPickle - pickle.load(pickle_in)

obiljezja [1

obiljezjeP obiljezjaPickle:

kp2 - cv2.KeyPoint(x-obiljezjeP[2][@], y-obiljezjeP[@][1], _size-obiljezjeP[1], _angle-obiljezjeP[2],
_response-obiljezjeP[3], _octave-obiljezjeP[4], _class id-obiljezjeP[5])

des2 - obiljezjeP[&]
novcanica - obiljezjeP[7]

obiljezjaTuple - (kp2, des2, novcanica)
obiljezja.append(obiljezjaTuple)

Slikal4- 8pLWDYDQMH SRGDWDND L VDVWDYOMDQMH NOMXpQH W|

IDNRQ XpLWDYDQMD SRGDWDND X SUYRM OLQLML NRGD SRPR
VH SRKUDQMXMX X OLVWX 3RELOMH]MD3LFNOH"~ 3 RRVFRP MH NL
s podaima o deskriptorima i nazivimaijti upisani podaciR N O M X p Q Liakowv Rgstd\ljdha

isteiz njenih atributa.

Sastavljanje se odvija iteriranjem kroz lisstip LWD QLK RELOMHAMD NRM-B. MH VDV
.OMXpQD WRpPpND QDVWDBMHHX3 BIRPRUNRMDFIID DUIJXPHQWH SUL
WRpPpNH

8] VDVWDYOMHQX NOMXpQX WRPNX X QRYL WXSOH 3RELOMH]N
SRSXQMHQ WXSOH VH GRGDMH QD SUHWKRGQR NUHLUDQX SU

4.33 Postavjanje FLANN biblioteke

SURFHV VDPRJ SRYH]LYDQMD NOMXpQLK WRpDND MHGQH VOL
SXWHP )/$11 ELEOLRWHNH NRMD X VHEL VDGUAL NROHNFLMX |
a najbolji algoritam iz kolekcije se autamski primjenjuje, ovisno o podacima koji mu se
SURVOMHYXMX

.DNR EL VH RYD ELEOLRWHND NRULVWLOBD:LREW DBHSDIRD AMVH
SVHDUFKBSDUDPV" RYLP UMHpPQLFLPD VH SRVWDYOMDMX SI
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povezivanja kM X b Q L K PaskjjBrije[-LANNa s njegovim parametrima je prikazano slikom
15(Slika15).

FLANN_INDEX_LSH

index params {algorithm - FLAMN TNDEX LSH,
table number - 12,
key size 28,
multi probe level = 2)

search_params

Slikal5- Postavljanje FLANN matchera

=D SUHSR]QDYDQMH MHGQDNLK LOL VNRUR MHGQDNLK NOMXp
je ranije spomenuto, ovdp OJRULWDP JHQHULUD 3KDVK”™ NRGRYH ]D VYDN
SRGMHORP |[DPLAOMHQRWRBPRNVVWROD PH NRNMHHBXLYH™ RGUHYXMFE
NRML 0H ELWL JHQHULUDQ ]D VYDNX WRpPpNX D 3sWiskaiHBQXPE
SKDVK” NRGRYL 2YR ]DSUDYR ]QDpL GD UH VYDND WRpPpND GRE
SKDVK”™ NRGD

434 TUDAHQMH L UDQJLUDQMH SRGXGDUQLK VOLND

1DNRQ ZWR MH )/$11 SRVWDYOMHQ SURJUDP MH VSUMPDQ ]D
NRMD VH QDMYL&H SRGXGDUD VD WUD&HQRP VOLNRP 3UYL N
treba prepoznati SpLWDYDQMH VH RGYLMD VOLpQR NDR SUL SUHWKR
L] VNXSD D NRG ]D XpLWDY DS)Hdt6)MH SULND]DQ VOLNRP
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imgl - cw2.i

heightl
widthl

widthl
IMG W
IMG_H
imgl

kpl, des1

Slikal6- 8SpLWDYDQMH VOLNH QRYpDQLFH NRMD VH WUDAL

1RYPDQLFD NRMD VH WUD&L VH SRQRYQR XpLWD¥DaBRWWHP 2L
XpLWDYDQMH QH RGYLMD SXWHP GHILQLUDQMD SXWDQMH Gl
SXWHP 3ILOHRSHQER[ IXQNFLMH L] ELEOLRWHNH SHDV\JXL |
GDMH NODVLPQL :LQGRZV SUR]R ttapba BeGitahjaldo @loteke MpistjeH D Q
X 3LPUHDG  IXQNFLMX 8] WR NRULVQLN GRELYD SRUXNX 32GE

u crno bijeloj varijanti.

.DNR EL VH RODN&DR UDG SURJUDPD GLPHQ]JLMH VGANH VH S
SLNVHOD D YLVLQD VH SRQRYQR RGUHYyXMH L]YRUQLP RPMH
RVWDOLK VOLND L] VNXSD SRGDWDND 1DNRQ SURPMHQH GLP
VH SUHSR]QDMX NOMXpQH WRpNH L QDVWDMX QMLKRYL GHVN

KadD MH VOLND QRYpPDQLFH NRMX SURJUDP WUHED SUHSR]QD
RVWDOLP QRYpDQLFDPD DOL VH VOLNH RVWDOLK QRYpDQLFD
QHJR VH QMLKRYH NOMXpQH WRpPNH GIHE N LLLBWRQH LOQDWMH X
NRMD X VHEL VDGU&L SR MHGDQ WXSOH X NRML VX VSUHPOMHI

SURFHY WUDAHQMD VOLNH V QDMYHUREIIEGRTXGDUQRAUX MH S|
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rezultati [1

obiljezje obiljezja:
kp2 - obiljezje[@]
des2 - obiljezje[1]
novcanica - obiljezje[2]

flann = cv2.FlannBasedMatcher(index params, search_params)
matches = flanmn.knnMatch(desl, des2, k=2)
good - []

m_n matches:

(m_n) 2z

rezultatTuple ( (good), novcanica)
rezultati.append(rezultatTuple)

rezultati.sort()

Slikal7- 7TUDAHQMH VOLNH V QDMYHURP SRGXGDUQRA&UX

SUYRP OLQLMRP VH GHILQLUD SUD]QD OLVWD 3UH]XOWDWL" )
WRpPpDND NRUH/ @UNDALPD VD VYDNRP VOLNRP L] EDJH ,WHUDF|
]JIDSUDYR SUROD]L NUR] VYH VOLNH QRYpPDQLFD L] VNXSD D
tupleaseGRKYDUDMX SRGDFL R NOMXpQLP WRpNRRYPBRVRNXILSWR

1IDNRQ @&WR VH WH LQIRUPDFLMH GRKYDWH GHILQLUD VH )/$:
SURVOMHYXMX UDQLMH :GHQGH[BBQ D DGPWD U MPBiERUmMEBRSDUDPV
SNQQODWFK” NRMRM VH SURVOMHWHMWH BEYRMLWW B &H Q3 KY @ DLV
QDVWDMX SDURYL SRGXGDUQLK WRpDND 3XWHP XGDOMHQRV)
NRMH VH XSLVXMX X OLVWX 3JRRG" D GXOMLQD WH OLVWH
SURQDYHQLK kobh. WYDOWIRPDVWH OLVWH VH XSLVXMH VNXSD V QD
a u prethodno kreiranu listu rezultata. Kada se lista rezultata sortira, zadnji rezultat iz liste
SUHGVWDYOMD QRYpPDQLFX V QDMYHURP SRGXGDmiaRauX V W
prikaauje Slika 18.
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rezultati

[(1, "AzM1.jpg’), (1, 'CZKS0@.jpg’), (1, 'MKD16@0.jpg’), (2, "AMD50000.jpg’), (2, 'AZN1®.jpg’). (2, "BAMZOA.jpg’), (2, "BAMF160.jpg’), (2, °DKK1ee.jpg’), (2,
"DKKS@.3pg”), "CZK108.Jpg’), (3, 'ISK16000.Jpg’), (3, 'MKD1e.jpg’), (3, 'PLNL.Jpg’), (3, 'PLN20@.Jpg’). (4, 'ALL20@.jpg’). (4, 'AINS.jpg’), (4, 'BAMF1@.jp
'), (4, "BAMFS0.jpg’), (4, 'BAMRSSO.jpg'), (4, 'BGNS.PNG'), (4, 'BYN200.jpg’), (4, ‘CZK200.jpg'), (4, 'CZK5000.jpg’), (4, 'EUR1S.jpg'), (4, 'HUF1000.jpg’), (4,
"MKD200.5pg’), (4, 'MKDS@O.jpg’), (4, "NOK10@.jpg’), (4, 'PLNS@.jpg’), (4, 'RONSG.jpg’), (4, "SEKS@.jpg’), (4, 'SEKS00.jpg’), (5, 'ALLSDEA.jpg ), (S, AMD100.
g (5, 'BGN18.PNG'), (5, 'EUR28.jpg"), (5, "EUR208.jpg'), (5, "GEL5.jpg’), (5, 'MDL1.jpg"), (5, "MDL1@.jpg’), (5, 'MDL2@.jpg"), (5, 'MKD28.jpg’), (5, 'MKDS@
Jpg ")s (5, "NOKS@.jpg'), (5, "NOKS@@.jpg'), (5. "RON1.jpg'). (5, ° ps’). (5. "RUBS@@0.jpg’), (6, "AMD200@0.jpg’), (6., "AZN20.jpg’). (6, 'BAMRS20.pn
- (6, TBNZO.PNG'), (6. "BYN20-Jpg'). (6. 'CZK1000-3pg'), (6, - -jrg’), (6, "GEL1@@.jpg’), (6, 'MDL1008.jpg’), (6, 'NOK20@.jpg’), (6, "PLN1@.jpg'), (6,
PLNS jpg’), (6, "PLNSe@.jpg’), (6, 'RSD2600.jpg'), (6, 'RUB1@@6.jpg’), (6, 'SEK28.3PG"), (6, "UAH1.jpg'), (7, 'ALL1@®.jpg’), (7, "AMD188@0.jpg’), (7, "AZNS@.jp
g'); (7, "BYN1GO.jpg’), (7, 'DKKS€0.jpg’), (7, 'EURS-jpg'), (7, "HUF10.jpg’). (7, 'HUF5060.jpg’), (7, 'MDL280.jpg"). (7, 'MDLS.jpg'), (7, "MKDS@.jpg’), (7, °PLN
20.3pg’). (7. 10.jpg'), (7, "RUB188.jpg'), (7, 'SEK200.IPG'), (8, 'ALL2000.jpg’), (8, 'AMD2000.jpg’). (8, 'BGN1GA.PNG"), (8, "CHF1@.jpg'), (B, 'CHF180.jp
8'), (8, "(HFS@.jpg’), (8, 'DKK180@.jpg’), (8, 'GEL1.jpg’), (8, 'HUF200.jpg’), (8, "ISKS008-jpg’). (8, 'MDL16@.jpg’), (8, 'MDLSE.jpg’), (8, "MKD16A.jpg'). (B,
"RONL@.jpg’), (8, "RON26@.jpg’), (8, 'RONS@.jpg’), (8, "RUB200.jpg’), (8, "UAHS.jpg’), (9, "AMDS000.jpg’), (9, 'AZN200.pg’), (9, 'BAMF20.jpg’), (9, 'BAMRS1e0.
jrg’)s (9, "BGNS@.PNG'), (9, 'BYN500.jpg ). (9, 'CHF1068.jpg" J. (9, "CHF2@@. ]pg "), (9, "CZK2000. ]pg ‘), (9, "GEL29. Jpg *)s (9, "HUFSe. ]pg *)» (9, "IsKiea. ]pg )
(9, "MDLS89.jpg 9, 'PLN1@@.jpg 9, "RON188.jpg’), (9, 'RONS. ]pg '), (9, 'RSD1@e.jpg’), (9, 'RUB20@. ]pg ), (q "RUBS.jpg ), (9, 'SEK100.jpg ), (9, 'vaH1@.j
pg'). (9, uaAH: g'), (18, 'ALLSG@ pg‘), (18, *BAMRS1A. png ), (18, 'CHF28.jpg"), (1@, "HUF20. ]pg) (18, “IsKS6.jpg ), (1@, "ISKSee.jpg’), (18, 'NOK100e.jp
g£'), (1@, 'RSD20.jpg’), (18, 'RSD2 g'), (18, 'RUB1@.jpg*). (10, "SEK1880.JPG'), (11, "AZN1@.jpg’')., (11, "EUR1& g'), (11, "GEL58.jpg"), (11, 'MKD20@®.jp
g'), (11, 'RSDS@ee.jpg’), {11 " RUI "), (11, "uaHS@.png"), (12 ALL190@.jpg), (12, 'BYNS.jpg’), (12, "HUF1@ee8.jpg"), (12, "HUF2008.jpg"), (12, 'HUF2000
-jpg’), (12, "ISK1060.jpg’), (12, ®.jpg’), (12, 'RSDS@.jpg’), (12, 'RSDS@.jpg’), (13, 'BYN1@.jpg’), (13, "BYNS@.jpg'), (13, 'EURS@.jpg’), (14, 'IsK1e.j
pg'). (14, 'RUBS@@.jpg’'), (14, 'UAH2@.jpg"), (15, "HUF5@@.jpg’), (18, 'HUF10@.jpg'). (18, 'UAH1@e@.png'), (18, 'UAHS5@0.jpg’). (20, 'UAH208@.png'), (39, 'UAH180.j
pe')]

Slika18- Rezultati

.DR &WR MH SULND]DQR ¥ OZAsNdRRmeiNdpxiaza Rrdjmbb@H foduiar

WRpDND =D RYDM SULPMHU WUD&HQD VOLND MH QRYpPDQLFC
SURQDADR GREULK SRGXGDUQLK WRpPDND 9DOMD LVWDNQX
GXSOR PDQMH SRGXGDUQLK WRpDND J&WRNHHQODRWHDMM@IRD MG

BULND] SURQDYVHQLK SRGXGDUQLK NOMXpQLK WRpPpDND QD QRY
slikom 19(Slika 19).

Slikal9- 3URQDJHQH SRGXGDUQH WRpNH

,DNR PHYyX SRGXGDUQLP WRpPpNDPD SRVWRML QHNROLFLQD W
SRGXGDUDQMD LSDN pLQH WRpPQR SRYH]IDQH WRpNH WH MH ¢
usporedbusSlika 20 prikazue SURQDYHQH SRGXGDUQH WRpPpNH LJPHYX GYLI
QRYpPDQLFD
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Slika20- SRGXGDUQH WRpPpNH NéaG UD]JOLpLWLK QRYpPDQL

,DNR VX VYL SDUDPHWUL RVWDOL QHSURPLMHQMHQL WH SURJ
SURJUDP QLMH ELR X PRIJXUQRVWL SURQDiIL GRYROMQR SRGX
GRYRGL GR |DNOMXpPpND GD VX StavijediPzH #adatak peeposheMar]dd G R E
QRYpPDQLFD

.RQYHU]LMD SURQDYHQH QRYPDQLFH X NXQVNX SURWXYUL

1IDNRQ AWRVVMHPPYRXpDQLFORQDYHEQDPLWUDAHQD QRYpPDQLFD ]
kunsku protuvrijednogirvoje SRWUHEQR LPH SRGXGDUQH QRYpPDQLFH 2E]
odnosQR QD]JLY GDWRWHNH SRKUDQMLYDR X OLVWX SUH]XOWDW
potrebno je dohvatiti naziv koji se nalaziutupte V QDMYHULP EURMHP &REULK SF
IDNRQ WRJD L] QD]LYD QrRa2dyoiiiQstaRdhrdBuR WQJ kidiiCuRza Matutu i

vrijednost valuteOvaj proces prikazan je slikom 23lika21).

Slka21- 'RKYDUDQMH LPHQD QRYpDQLFH
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8 YDULMDEOX 3SRPRFQD’ SRKUD@MonM H indékscBULX FLzadn@éi P H Q W
elementa liste (indeks =DWLP VH X YDULMDEOL 3SXQL1D]JLY SRKUDC

ekstenzijedakle u varijabli ostaje ISO kratica za valutu i njena vrijednost.

.DR aWR MH VSRPHQXWR VYH VOLNH QRYpPpDQLFD LPHQRYDQ
NUDWLFX D RVWDWDN JQDNRYD X QD]JLYX SUHGVWDYOMD YUL
WUL ]QDND L] YDULMDEOH 3SXQL1D]JLY" SRKUDQMXMH VDPR ,6°
SVHDUFK”™ IXQNFLMH L] ELEOLRWHNH 2UH" SRKUDQMXMH YULM

broja u stringu.

2YDM SURFHV MH SRWUHEDQHIP\DNORWMHXPRYBQERIQRYpPDQLFD L]
koja ima po dvije verzij€Federacija Bosne i Hercegovine | Republika Srpsk&f RMLK QRYpDQL
jednake vrijednostiNRMH VX PRUDOH ELWL UDYWILWOR A FFHQERYOR HF

jednostavno uzeti sve znakove u stringu od indeksa 3 do kraja.

I1DNRQ RYRJ SURFHVD X YDULMDEOL 3LPH” MH SRKUDQMHQD ,6
YULMHGQRVW QRYpPDQLFH X YDOXWL HED R DMMAVG R R X DSWULRAFIH WO
putem APPMD 'RKYDUDQMH WHpPDMQH CHika®2H SULND]DQR MH VOLN

Slka22- 'RKYDUDQMHeWHpPDMQH OLVW

7THPpDMQD VH OLVWD GRKY fauldSSNX fardru. EOHArGOda W a8l efetnent
SRYH]QLFH NRMD Y RISQk@GtRa Wildtp, W \¢ziticL ¥aAdbdaje ranije izdvojena
,62 NUDWLFD NRMD MH SRKUDQMHWD XREDRY DWDHE OB ML.QPIH OL WRE
YDOXWD XSUDYR SURQDYHQD YDOXWD NRMX WUHED NRQYHUMW

.DNR EL NRULVQLN X] YULMHGQRVW QRYpPpDQLFH X NXQDPD VI
QDSUDYLWL OLVW Xa,MdRsvaku vaiiG pbdadan, Wkejidi®dd uz 1ISO kraticu nalazi i

puni naziv valute. List prikazujeSlika 23.
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Slika23- Popis ISO kratica i puh naziva valuta

2YD OLVWD MH SRKUDQMHQD D bW L IRVGHWL G B ® VDI PHXDUDRS >QWI
SRGXGDUQD NU D ¥é¢k&ohaz®y aNife Qzirpaddriyi element tegohe kojem se nalazi

ta podudarna kratica.

Nakon toga sé&orisniku ispisuje poruka koja govori koja je vrijednost valute te o kojoj se valuti

radi. Kod za ispis poruke prikazan je slikom(Sika 24).

Slika24 - Kod za ispis poruke
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3RUXND ]D NRULVQLND VH NUHLUD NRQNDWHQDFLMRP VWULQ.
WHpDMBMID] B3PQRAHQMHP V YULMHGQR&AUX RGQRVQR EURMH
QULMHGQRVWMFHJDRAWUXEH GHFLPDOH 3RUXND VH NRULVQLNX
NRMD SRQRYQR NRQNDWHQLUD YDULMDEOX 3SRUXND’ L YDU
SRNBEXWWRQ  NRML GHILQLUD &WR UH S(BN®28) lprikaiand }eP EX 1D

poruka kakvu vidi korisnik.

Slika25 - Poruka koju vidi korisnik

THVWLUDQMH WRPQRVWL SURJUDPD

=D WHVWLUDQMH WRREQRQWLMFHURIVOPBDDRQR&k POQUzE®SRG NRI
LQWHUQHWD D QHNH VX QDVWDOH YODVWLWRP LJUDGRP .UL
ne buluLGHQWQR®B L] EDJH L GD VH UHODWLYQR XNODSDMX X 3.
su slkane frontalno i da je slikano licednosno prednja straf@ R Y p DSQka E@prikazuje testne

QRYpPDQLFH
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Slika26- THVWQH QRYpDQLFH

Kod ]D WUD&HQMH SRGXGDUQLK QRYpPDQLFD MH MHGQDN NDR N
UD]JOLND MH LWHULUDQMH NUR] VYH VOLNH WHVWQLK QRYpDC

3URJUDP MH XVSMHEQR SUHSRAQPRQLRG DWHWANDL K i GLRNIR G L
RG .RQYHUWLELOQLK PDUDND M H Wn@Rj¥mBkQEEiP kabD VOLNF
QRY pD QL F Blikap7piikhklje azliku L]JPHYX QRYPDQLFD NRG NaRMLK VH G|

Slika27- 1IRYpDQLFD NRG NRMH VH GRJRGLOD JUHA&aND
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4.6 lzvoz aplikacije za MS Windows

Za pretvorbu .py datoteke u .exe datoteku potrebno je koristiti konzolu, no pngeksmverzije

potrebno je sve putanje do neke datoteke definirati apsolutno, odnosno Koristiti punu putanju do
GDWRWHNH 1DNRQ WRJD X WHUPLQDOX MH SRWUHEQR LQVW
S\LQVWDOOHU" 1DNRQ WomauyiraX dd R&péR Kojoj beHPyBeh\wkdptamglazi

WH XQLMHWL VOMHGHUX-R®RFPDLQ@GXLPBVNUVSLWGOFHU 1DNRQ V
spremna za pokretanje bez potrebe za otvaranjem Python skripte.

Izvezena aplikacija nakoRWYDUDQMD NRULVQLNX QXGL SUR]JRU X NRMH
AHOL SUHSR]QDWL L pLMX NXQVNX SURWXYULMHGQRVW aHO
DOJRULWDP SUHSR]QDYDQMD L NRQYHU]JLMH WH NRULVQLNX
dikom 25 (Slika 25).

5. RASPRAVA

SUHGQRVWL L QHGRVWDFL QDPpLQMHQRJ SURJUDPVNRJ UME

SUHGQRVWL RYRJ SURJUDPVNRJ UMH aH Q MibostaknoRthizrsidXiM X N UR
WRpPpQRVWL 3URJUDP SRPRUX 25% DOJRULWPD NRML MH EHVS(
SUHSR]QDMH NOMXpQH WRpPpNH QD VOLNDPD WH SRPRUX )/$
SULEOLAQR MHGQDNH NOMXp @ W MARENVHH QDU M G v MIDPYED MDY IVNHYAR
LPSOHPHQWDFLMX UDpXQDOQRJ YLGD X SURJUDPVNR UMH&H
WRpPQRVWL RG SUL WHVWLUDQMX QD UD]J]OLPLWLK QRYpPD
QRYpPDQLFH @B SBRRMILPDP WHVWLUDQ ELOH WRPQR RQH YHU]L!
.DR SUHGQRVW YDOMD LVWDNQXWL L pLQMHQLFX GD MH SUI
SUHWKRGQR YLGLR VDPR SR MHGQX VOLNX VYDNHakRG WLK QF
A&WR MH QHXUDOQD PUHAD PRUDOR SULNXSLWL PQRJR YLAaH
YLAHUD]JPMHUQX SLUDPLGX L SULODJRYHQH )$67 L %5,() DOJ
GLPHQ]LMH VOLND NDR £Q®bhDWDYD LBPWEHQRR WY BODNMIRI UMHAaL

PRIXUQRVW SULND]D SRYH]DQLK NRWX®H XLERMWRHDOMNIM BOY R HR PE
UD]XPOMLY pRYMHNX
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.DR JODYQL QHGRVWDWDN LVWLpPpX VH JUHANH SUL SUHSR]QD)
PLQLPDOQR LRNYPOM [BLWREOHP RQHPRJIXUDYD SUHSR]QDYDQMH V
MR& XYLMHN X RSWLFDMX L VOX&H NDR YDOMDQR VUHGVWYR ¢
DNWXDOQLK QRYPDQLFD NDR QL QRYpDOQLFhjeNn®iatsu. VX L] |
RGQRVQR YULMHGQRVWL QRYPDQLFD SUHWYDUD LVNOMXpLYR
SURJUDPVNR UMH&HQMH REJLURP QD SRWUHEX |D SUHEDFLY
XpLWDOD

ORJXuD SREROM&DQMD

SURJUDP MH SULPDUQR PRJXUH SREROMabDWL SURALUHQMHP
GRGDYDQMHP VOLND SROHYLQD QRYpPpDQLFD NDNR EL SURJUD
V GUXJH VWUDQH 8] WR NRULaWHQM HadabRpbtidje D oBIkuELOR P
PRELOQH DSOLNDFLMH NRMD NRULVWL NDPHUX PRELOQRJ X
PRIXUQRVW RGDELUD NRQYHU]JLMH X aHOMHQX YDOXWX NR
]JDQLPOMLYR SREROMADQMHVIIRBRIHVEDOR QHRLY EOREFY.DLQXH Y. QP

vrijednosti.

39



6. =DNOMXpDN

.UR] RYDM UDG MH REMD&AaQMHQR L GHPRQVWULUDQR NDNR L
objekte u njemuKao rezultat rada, nastala je aplikacija, napisana u Pythonu, &&aP R U X

UDpXQDOQRJ YLGD SUHSR]QDMH QRYpPDQLFH L] JHPDOMD (XU
.UR] WHRULMVNL GLR MH REMDaAQMHQR &aWR VX UDpXQDOQL )\
WHRULMVND SRGORJD R WHKQR Q@Rd apila&j® NRMDHE QM HNOR W IHa \@
IXQNFLRQLUDQMD 25% DOJRULWPD ]D SUHSR]QDYDQMH ]QDp
)/$11 ELEOLRWHNH ]D SUHWUDALYDQMH QDMEOLALK VXVMHG
koraci: prikupljanje i priprema pod DND XpLWDYDQMH L SRKUDQD SRGDWD
QRYpPpDpQLFH SUHWYRUED YULMHGQRVWL X NXQVNX SURWXYL

3RGDFL RGQRVQR VOLNH QRYPDQLFD VX SULNXSOMHQH L] U
pretvorerH X MHGQDNX YHOLPLQX L IRUPDW 6OLNH VX XpLWDQH
putem %v2~ biblioteke i ORB algoritma. Podaci o slikama su pohranjeni putinokle-a’, a

XVSRUHGED V WUD&AHQRP QRYpPDQLFRP MH L]Y WifeHQHi sS8XWHP )
yuaL S RMWHHP D WHVWLUDQMH MH XpLQMHQR V VOLND QRYDI
SURJUDP MH SRVWLJDR WRPQRVW RG V QDSRPHQRP NDNR

ELOD X SRWSXQRVWL MHGQBNDRPKHOQDLEMHHR D SOR XPFQ MMPL |
Windows.

2YD DSOLNDFLMD GHPRQVWULUD NDNR UDPpXQDOD X] WHK
razumijevanje o svijetu i u njemu prepozn&@U XJH LQVWDQFH QHNRJ REMHNWD
VOLFL YLGMEDLGRGEBWQRASREROMADQMD RYRM DSOLNDFLML
SURaALUHQMH ED]JH QRYpDQLFD L GDYDQMH GRGDWQLK LQIRU
NRULVWLWL VWXGHQWLPD LVWUDALYDpLPD L SUDMWLpPDUL!
UDpXQDOQRJ YLGD
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