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1. UvOD

8 SRVOMHGQMHP GHVHWOMHUX VYMHGRpPLOL VPR XEU]DQ
]ODpDMQR XWMHFDR QD PQRJH LQGXVWULMH D SRVHEQR QD
sustavi u automobilima postali su neizostavan dio modernih vozl&X@ DM XiuL SREROMADQR
YRAQMH L RWYDUDMXUOL SULZPpHNX W RWMH IGD LIHR GIDFLNW@EWD U
WHKQRORJLMH X DXWRPRELOVNRM LQGXVWULML GRQLMHWL M
RNUXaHQMH NRMH MNHHSID RIGW UYMHMH/ LIXUQL

Zadatak ovogGLSORPVNRJ UDGD MH U D JotstaWd zeSpdkad pobdakadN R U Mt
R SURILOX YR]DpD YR]LOD LV SUH Get¥kaijDprapdzieradjmgifarskid DV QR
tablica vozila Sustav je raspodijeljen na dvije dégalcije +aplikacija za detekciju registarske
tablicevozilai prepoznavanjenakovana njoj te web aplikaajza prikaz podataka profilu i
UHFHQ]LUD QW $¥rhiY RazldpeDaplikacije za detektiranje registarskielice vozila i
prepoznavanjenakovana njoj testiram e YLAH SRVWRMHULK DOJRULWDPD ]D
algoritamaza prepoznavanjnakovatesu odabrani najprikladnii: HE DSOLNDFLMD SUXAaD
pozadinske funkcionalnostifunkcionalnosti za prikaz podatak profilu L UHFHQ]JLUDQMH YR
Web aplikacija je povezana s prethodno spomenutom aplikacijom za detektiranje registarske
tablice i prepoznavannakovaQD QMRM WH ]DMHGQR pLQH FMHORNXSDQ \

2YDM GLSORPVNL UDG VDVWR Min pddglavipuGpiahd W nSBIk®O DY O M L
SULPMHQD L QHNROLNR SRVWRMH i Lt#&blite Mokila Hpeddanagvanj& HW H N F
znakovana njoj. 7UHUH SRJODYOMH @&&da\dutdkeiju teDijtdalideblieer/ &zila.
BNOMXpXMH XS @MILYBUEDXly £ @oknce algoritma za detekcijobjekatai proces
vlastitogtreniranjai testiranjaYOLO modelate RGDELU QDMSULNODGQLMHJ ]D R)Y
YHWYUWR SRJODYCORVGD ER N XLV IS R@s @iy ® PrépbkHavanjenakovana
detektiranim registskim tablicamavozila 2Y G M H imiglem¥ritirati i testirati algoritmi
otvorenog kodaza prepoznavanjenakova Peto poglavlje opisuje razvoj web aplikacije koja
RPRJIJXUXMH SULN Diofile RG D WPHI@] L U DispiddH viating Dvpdilla njezinu
implementaciju na javni web senigestiranje njezinih funkcionalnost8 |DNOMXpNX U0H ELWL
JODYQL UH]XOWDWL L SUHGVWDYOMHQH PRJIJXUQRVWL ]D GDO



2. PROBLEM DETEKCIJE REGISTARSKE TABLICE VOZILA |
PREPOZNAVANJA ZNAKOVA NA NJOJ

Detekcija registarsketablice vozila i prepoznavanjeznakova na njoj RPRJXuUXMH
jednostavnije i sigurnije upravljanje prometodedna od poznatijih primjena gutomatizirani
sustav za naplatu cestee, aWR UH]XiPWhLHED RMPDQMLP JXAaYDPD QD QD
postajama. 7 DNRYyHU RYD WHKQRORJLMD VH NRULVWL X VXVWDYLEF
Osim toga, prepoznavangmakovana registarskimablicamavozila ima primjene USURYRYH QM X
]DNRQD SULPMHULFH ]D SUDUHQMH XNUDGHQLK YR]JLOD LOL
SURPHWQH SUHNU&DMH

Proces prepoznavargaakovaQD UHJLVWDUVNRM WDEOLFL YR]JLOD VD'
zadataka. Prvi korak je detekcijggistarsketablice vozila aWR SR G UdujodxRtskd HY D
SURQDODRM)OM B WIDEMH.FH QD VOLFL VYDNRM SRMHGLQDpPQR
SRMHGLQDPQRM VOLFL VQ L BeteKcijXreyistarskztidhde PozivaURHRPAEQ X
ostvariti N R U L enVWNHO(DWW tie ik ialgoritama U D p X Q D O Q R/YAW YIRG/DD ENBKkohp HQ M D
XVSMHEAQH GHWHNFLMH V OzZndkéi@aregB@arbkafdblici e xildd AgolithnhD Y DQM D
NRML REDYOMDMX R YzAsdovari¥ BbRvoQE@MimQHMXHI R®VNLP PUHADPD
Convolutional Neural Network CNN) i UHNXUHQWQLP QH X {(ERygDReddurentPUHAaDP
Neural Network RNN).

3RVWRMHUD UMHAHQMD }4blic MoallaliNoFepddnavahie J LV W D |

znakovana njoj

U nastavku je prikazan Wiak pregled nekolikmajnovijih znanstvenih radova koji se bave
detekcijom registarske tabligezilai prepoznavanjem tekstananjdHNL RG SRVWRMHULK S
pri detekciji registarske tablio@zila X N O Mi¥zakddzi¥na rubnim dijelovima slike, p¢/ HAN R U H
SUL ORaALP YUHPHQVNLP XYMHWLPD L V QHGRVWDWNRP SULL
UD]OLpLWH IRUPDWH UHJLVWDUVNLK WDEOLFD NRMH VH NRUL
UHJLVWDUVNLK WDEOLFD QD UD]OLpLWLP YR]JLOLPD

U radu [1] predstavlase UMHaAHQMH ]D SUHSR]QDYDQMH PXOWLQL
Automatski sustav prepoznavanja je dizajniran da bude primjenjiv na multinacionalne tablice
vozlas UDVSRUHGRP J]QDNRYD X, bekHzAQéev®zd @dmj¥raénbl udlgoatRina



Pristup segmentaciji znakova i prepoznavanju znakova tretira se kao jedinstveni problem
prepoznavanja objekatébustav se sastoji od tri glavne faze: detekcija registarske tablice,
jedinstveno prepoznavanje znakova i detekcija rasporeda multinacionalnih retystaiotika.

3UYD ID][D GHWHNFLMD UHJLVWDUVNH WDEOLFH NRULVWL DU
tablice Druga faza, jedinstveno prepoznavanje znakova, koristi YOL&peial Pyramid

Pooling (YOLOV3-SPP) arhitekturu za prepoznavanje znakowa lokaliziranoj registarskoj
WDEOLFL 2YGMH VH |]QDNRYL WUHWLUDMX NDR REMHNWL &aw
L SUHSR]QDYDQMD ]J]QDNRYD X MHGQX ID]X 7UHUD 1ID]D G
registarskih tablica, razvija univerzalalgoritam za R G U H y lisgrBv@dg lredoslijedaedova

znakovana PXOWLQDFLRQDOQLP UHJLVWDUVNLP WDEOLFDPD NRM
5MHAHQMH MH WHVWLUDQR QD VNXSRYLPD SRGDWPRBND NRMI
(KarPlate datkase, Tajvana[3] (AOLP dathase 6MHGLQMHQLK $PHCHeNLK 'UAD
Cars (Rear) 199€atabase *U [j9) tMedid_ab LPRdatabase) i Hrvatskgs] (University of
Zagrebdatabase NRULVWHUOL RWRREWQHR WD X HBDAIERWNVIDIA RtarHX L

Pascal i24GB RAMa. 3BUHGORAaHQR UMHAHQMH GDMH EROMH UH]XOW
registarske tablice i prepoznavagjsakovana njoj u odnosu na OpenALHR], Sighthound8],

BRNNSsJ[9], YOLOvV2 + WPODNet[10]i YOLOv2 + CRNet[11]] 1DMYHUX WRpPpQRVW LPD
skup podatak#3] koja iznosi 99.51%, a najmanju za MediaLab skup poddtik&oja iznosi

96.98%.Uz ranije navedankonfiguracju pURVMHpPQR YULMHPH L]YUADYDQMD ]LC
registarske tablice iznosi 63.68s, za dvije registarske tablice istoj sici 78.39ms, a za tri

registarske tablicea istoj slici93.10ms. OHy X QHGRVWDFLPD SUHGOR&HQRJ U
PRJXUL SUREOHPL V QRYLP UDVSRUHGLPD WDEOLFD YR]JLOD L
VXVWDYD 7DNRYHU VH QDRRGLPpOERWQMHED MDYRXIRQERVWXSQLE
NRML QHPDMX SUHWKRGQR GRWW pRISKIIQVQN pQ@BIO RIDWLHIIH S |
YUHPHQD L]YRYHQMD VXVWDY progtamgkileRi O HP\M B WUIDFHLMMXX XY B & H

8 VNORSX L Y19 pré&datawjén e Mustay zetekciju iprepoznavanjeegistaskih
WDEOLFD YR]JLOD NRML VH WHPHOML [(BD BRERIOMEBQRBR|QRY
registarskin oznak&oju je razvila Nvidia[14] (engl. License Plate Recognition Network
LPRNdg). SBREROMAaDQMH L]YRUQRJ <2/2YQP Q6 NROUIMIBIHNIUG@B QR
L 4LULQD PUH&H VX SRYHUDQH NDNR EL VH SRVWLJOD YHUul
RPRIXUXMH EROMH PRGHOLUDQMH ]QDpDMNL GRN YHUD aLu

3



obrasce i detalje. Drugo, primijenjena f4osaic PHWRGD ]D SREROMAaADQMH SRGX
UHIHUHQWQLK RNYLUD L FLOMQLK REMHNDWD &@WR UH]XOWL
SREROMA&DQR&IPRURE MV Q&ddapbtiskivanja nemaksimuma (enflonMaximum
Suppression 106 MH S RapRdvidirD guibitkaudaljenosti presjeka preko unije (engl.

Distance Intersection over UniprDIOU), koji uzima u obzir geometrijske informacije i
SREROM&ADYD SRVWSURFHVLN®RWHV H W]INO WIDUN B LG {Y@HNVINHFEL N HH
odabira referentnih okviraefigl.anchor box N R U K\m&aHd# algoritam za bolje grupiranje i

odabir referentnih okvira koji bolje odgovaraju oblicima ciljnih objek&ta.to, LPRNet koristi

CNN s malim brojem parametatd RM D R P R JX U D Y@ z8dkov& irRdiQddsKdblicebez
segmentacije znakovdl Y DOXDFLMD UMHAHQMD SURYHGHQDSsKipl QD &KL
podatakas otvorenim pristuponfit5] NRML VDGUAL RNR ozila. Vé&tirdhje @VDEOLF
REXKYDWLOR UD]OLpLWH VORAHQH XYMHWH SRé&vewskihvD]OLpL)
uvjeta .DR HNVSHULPHQWDOQD NRQILIXUDFLMDI108VRW@ aWHQL
2.60GHzx8, GeForce GTX 30602GB memorig i16GBRAMa. 3UHGORAHQR SREROMAaDC
za prepoznavanjegistarskittablica vozila imavelikubrzinuradadWR RPRJXUDYD UDG X V
viemenu /351HW PUHAD SUXAaD GREUX UREXVQRVW L SULODJR
1D GPDa&®MN3-LPRNet, YOLOV4LPRNet i YOLOv5sLPRNet modele SUL pHPX
ostvaruje B mjeru u rasponu od 0.9734 do 0.9985 i brzbh)Y RYyHQMD PMHUHQX EURMH
VOLPpLFD X V HMEKHE @dr seEbQdFRS)u rasponu od 3FPS do 42FPS ovisno o
vremenskim uvjetima, uvjetimasvjetljenja i kutova snimanjslD Hy XWLP WUHED QDSRPHC
VXVWDY WHVWLUDQ VDPR QD VNXSX SRGDWDND NRML VDGUaAL

njegovu primjenu u multinacionalnim scenarijima.

U znanstvenomradu [16] S U R ¥ [sBdétekcijai prepoznavanje nagnutih kineskih
registarskirtablicaX UHDOQLP RNUXAaHQMLPD 3UHGODaH VH UREXVQD
L LVSUDYOMDQMH L]R E QablicH €@ InjihovoptedzndyahjbLkekey D) Ee\phistidao
NRQDpQROWMHKHW OHWRGD XNOM X [uxtékélja Wazild, détekdaXriedisiarsReR G X O D
tablica vozila i prepoznavangakova detektirane registardadblice vozila. Za detekciju vozila
koristi se algoritamEfficientDet [17]. Ovaj algoritam je odabran jer ima visoku preciznost
GHWHNFLMH EU]X RBér&hGeXe.lOV@je veNbtistl vMoiificientDetmodel bez
modifikacija. =D GHWHNFLMX UHJLVWDUVNH WD E éngHltehsB Platéy WL VH
Detection |D LVSUDYOMDQMH GLVWRUJLMH UHJLVWDUVNH WDEO

4



WDEOLFH X SULURGQLP VFHQDPD V UD]OLPpLWLP VWXSQMHYL!
VOLPpDQ SRJOH® prepodaManjethakdva detektiraneegistarske tablice koristi se
kombinacija tju QLYRD PUH&AQRJ RNYLUD 3UWRONHHQRHY LML D&M I L
registarskih tablicaozila. Zatim se koristBi-directionallong shortterm memory{BiLSTM) za
PRGHOLUDQMH VHNYHQFH JQDNRYD 1D NUDM Xo¥uréctiomd LVWL P
temporal classification(CTC) za dekodUDQMH L SUHGYLYDQMHEa poREDO p QLK L
LVWUDALYDQMD NRUL&AWHE NVR-M & &3D VBWIXLS YSRIGIDRAADND WLV XU D
UHJLVWDUVNLK SORpPLFD NL@HHN L(K WRHUQ P HQ WGE HWXDSWRYHH &
Xeon E52680v4 procesor i Nvidia Tesla K& JUDILp N X ReDItatwwakspérimenata
SRND]XMX GD SUHGOR&HQD PHWRGD EUJR L WRpPQR RWNULYD
tablicevozila. Uus,RUHGEL V SRVWRMHULP PHWRGDPD RYD PHWRGD
izvedbi prepoznavanjaegistarskih tablica vozila. 1DYHGHQL UH]XOWDWL WHVWL
SUHSR]QDYDQMD L Y Uhsvi,iDANHR IMHURDY PHWIR GD XMSMHAaQD
kineskih registarskitablica YDAaQR MH QDSRPHQXWL GD V Hregigarskilv XRpLW
WDEOLFD YR]JLOD V GUXJDpLM L PragibtaskirtalicarRaR/okiled? Xadalel. QD FL R
SRVWRMH PRJXUQRVDIU KNVWHBDWXWHQOBXQRYWNH PUHAH NDNR

otkrivanja vozila.

SRVWRMH MRa PQRJD UMHEAHQMD |]D GDQL SUR[ESpHP D YL
[22]. Cilj svihiznad RSLVDQLK UMHAHQMD MH ELR SULODJRGLWL WDC(
GHWHNFLMH L SUHSR]QDYDQMD UHJLVWDUVNLK WDEOLFD YF
kvalitetnije rezultate. 8 Q D WsR/@renimvisokim performansama kvaliteti rezultata E X G X UL
UD]JYRM WHKQRORJLMH UH XYLMHN RPRJXUDYDWL LJUDGX QI
7TDNRYEHRJ |QDpDMQLK YDULMDFLMD PXOW Q72 RJUIVRHEM@MIIK XU HJ
PRGHOL SULODJRYHQL VDPR UHJLVWDUVNLP WDEOLFDPD YR]
UHIXOWDWD GHWHNFLMH L SUHSR]QDYDQMD PXOWLQDFLRQDC
podataka za treningodelaM H MR& G1 FD®PQQD NRMLP VH XYLMHN PRaH XQU
za detekciju i prepoznavanije registarskih tablicavozil@ UD]JOLNX RG QDYHGHQLK UM
su spomenutiDOL QH L, NNROQWMXPHQL VOXpDMHYL XSRWUHEH JERJ
pHUIRUPDQVH GHWHNFLMH L SUHSR]QDYDQMD UHJLVWDUVNLK
toga razviti i web aplikacija za prikaz podatakgrofiu L UHFHQ]JLUDQMH YR]DpD LV

vozila.



3. RAZVOJ MODELA ZA DETEKCIJU REGISTARSKIH TABLICA

VOZILA

Prvikorakzaostvarerg VXVWDYD |D SULND] SRGDWDND R SURILOX Y
vozila zasnovanog na detekciji i prepoznavaniju registarskih tablica \jezilastiti razvoj moala
za detekcijuregistarskih tablica vozilalz prvog znanstveng rada opisanogu prethodnom
poglavlju [1] vidljivo je da YOLOv3 algoritam pri zadatku detekcije registarske tablice vozila
QDGPDAXMH SR SHUIRUPDQ ViomdcijaneEpidingde QhenRPRD M D
Slighthound[8§] 1DGDOMH X ]1QD QV V23]HQLROR4 hlyovitaurDosthar upeQrdoslji
UH]XOWDW VUHGQMH SU R¥MNMMH fe@ajbdyiaduftat]kineke 96% u Bdhdsu
na algoritmeFaster RegionbasedCNN (R-CNN) [24] i Single Shot DetectofSSD) [25] pri
zadatku detekcije regije interesa vozila kako bi se naknadno prepoznao tip vozilalgSs@am
QDGPD&AXMH <2/2Y ENQURIU IL\BTRY KOIMR <2FDYPRJIXUQRZYW REUDG
FPSa, a SSD 105.1BPSa na istoj hardverskoj konfiguraciiNa slici 3.1. prikazan je dijagram
LIYHGEL PRGHOD GXERNRJ XpHQMDVMBREHQXWRJI |1QDQVWYHQ

6O0OLND 'LMDJUDP L]YHGEL[ZRBIRGHOD GXERNRJ Xp

. R Q D puQzZRanstvenom radf26] prema kojem je implementiran YOLOvV7 algoritam
WHVWLUDQH VX L XVSRUHYHQH Y H3)],]9cHedYORO? R YRIOXWPD <2/:
[28], PPYOLOE[29], YOLOR [30] i YOLOvV7 [26] za detekciju objekata MSCOCE&kupa



podataka[31]. Na slici 3.2. vidljivo je da YOLOv7 algoritamn kompleksnijim izedbama
QbGPD&XMH VYH RVWDOH SUHPD PMHUL SURVEUMKpPpDMXSKWERLF
UH]XOWDWD SURVMHpPpQH SUHFL]QRVWL GHWHNFLMH REMHNDYV
izvedbi drugih YOLO algoritama, vidljivo je da izvedba YQY DOJRULWPD RVWYDUXM
EUAH L]YRYHQMH

60OLND 'LMDJUDP XVSRUHGEH L]YHGEL YL&H <2/2 DOJRUL\
podataka[26]

6XGHUL SUHPD UH]XOWDWLPD SUHWKRGQR QoiNadt&E HQLK L\
GHWHNFLMX UHJLVWDUVNLK W b0 phoe\rzijaR LOVD iIIEXONOWH RGDE U

algoritama nakon vlastitog treniranja, implementacije, testiranja i usporedbe.

3.1. YOLO algoritam za detekciju objekata

YOLO je trenutno smatran najnaprednijim algoritmom za detekciju objekata. Odlikuju ga
velika EUJLQD L]YRYHQMD L SUHFL]QRVW X pHPX QDGPD&XMH R\
objekata RCNN [32], Fast R-CNN [33], FasterR-CNN [24] i SDD [25]. Prva verzija YOLO



algoritma (YOLOV1) predstavljenge 2016. godine, adanas je njegova najnovija wga u
SRGUXpMX UDpPpXQDOQRJ YLGD VWDQGDUG ]|D GHWHNFLMX RE
(YOLOV1) problem detekcije objekta postavljaju kao problem regresije umjesto klasifjkakge

GD SURVWRUQR &dBVit®(®hpibodnding baRdspNORML R]QDpDYDMX GHWH N\
S UL G UpddzdaiostVYDNRP GHWHNWLUDQRP REMMNWR NRWPIXVWH UL

algoritam dobio naziy34].

Nadalle SUHPD SRGUXpMX XPMHWQH LQWHOLJHQdikddH <2/2 |
NRPELQDFLMD QDG]LUDQRJ GXERGNN) XHHXNDID OptkaRAR B O HJ U H
WH DQDOL]H SRGDWDND 2YH NDW H JR UddeafijdfoHoRd-kako R EQR L |
ona reflektiraju u YOLO algoritmubit ULMHpLkX QDVWDY

.ODVLILNDFLMD L UHJUHVLMD NDR PHWRGH QDG

KODVLILNDFLMD VH RGQRVL QD SRVWXSDN SUHGYLYDQM
podataka NRML VH WHPHOML QD VWDWL V[85L U KasRikacijiy MddeJiit MDW QR
] DY U afiNaarikn vektorom koji predstavlja vjerojatnastU D ] O L p [Pirijgfic&uRdliRé Be
UDGL R SUREOHPX NODVLILNDFLMH VOLNH JGMH WealdiHOL RG(
L]IOD] PRGHOD MH yRYMHN 3DV XNROLNR VH QD VOLF

ukoliko se naslici nalazi pas.

RHJUHVLMD VH RGQRVL QD SRVWXSDN SUHGYLYDQMD NRQ
ulaznih podataka 2SUHQHWHRHVUMD VH WHPHOML QD VWDWLVWLpPNL
WHKQLNDPD NRMH SRNXaADYDMX SIXRIQPHEXQBDOERXAM X | X]@QNDF QR
Primjerice linearna regresigdNRULVWL OLQHDUQX IXQNFLMX ]D PRGHOLU
L]IOD]QLK SRGDWDND &LOM MH PLQLPL]JLUDWL U[Bbl&XaddH L]PHY:
SULPLMHQLPR UHJUHVLMX QD SUREKkabl Rlags thvatkdhiiuivbihk REMHN'
vrijednost odnosno i2D D] { Hzld&hi Weaktor detektiraih objekatg od kojih svaki VDG U &
SRX]GDQRVW JUDWijedn@sk S RINFLMB L) U/IH@LdhDre tdg objektai
vjerojatnostisvihklasaNRMH PRGHO PR3H GHWHNWLUDWL

3.1.2.Arhitektura YOLO v1 algoritma

YOLOVvV1 arhitektura se sastoji od 24 konvolucijska sloja, nakon kojih slijede 2 potpuno
povezana sloj&34] (dika 3.3.).
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nz
3 —]
3$ 56 StL
448 3 Q 28 BF— —
3 1y 7N 7 7
nz
56 3 ><: ><
28 14 \
| | 7 7 7
3 192 256 512 1024 1024 1024 4096 30
Konvolucijski sloj  Konvolucijski sloj Konvolucijski slojevi Kenvolucijski slojevi Konvolucijski slojevi Konvolucijski slojevi Potpuno  Potpuno
7x7x64-5-2 3x3x192 Ix1x128 1x1x2567 4 1x1x512 7,5 3x3x1024 povezani  povezani
Sloj maks. saZimanja Sloj maks. saZimanja ~ 3x3x256 3x3x512 3x3x1024 3x3x1024 sloj sloj
2x2-5-2 2x2-5-2 1x1x256 1x1x512 3x3x1024
Ix3x512 Ix3x1024 3x3x1024-5-2
Sloj maks. sazimanja Sloj maks. sazimanja
2x2-s-2 2x2-5-2

Slika 3.3 Arhitektura originalnog YOLO mode[&4]

2SGHQLWR QHXURQVND PUHAD M H CPHMOR.G Bl QF ISNRIE UNRINUVDX
UDpXQDOD REUDGL SRGDWDND QD QDpLQ NRML MH LQVSLUL
VWURMQRJ XpHQMD QD]YDQD GXERNR XpHQMH NRMD NRULV\
VORMHYLWRM VWUXNWXULPRRIMD 8WEDMHE iDGQB VOIMQAVV X VW D
]JD XpHQMH L] XOD]QLK SRGDWDND gYSOREE\RV@ IM/E B KQUARRQ WM& DPNLCH 2
LPDMX QHNROLNR VNULYHQLK VORMHYD V PLOLMXQLPD XPMH)\
Vrijednost nD]YDQD WH&LQD SUHGVWDY O Mikoy Kipjdi drjigol X RMUHDG Q R J
VOMHGH i A B AL@PM®PH SR]LWLYDQ EURM DNR MHGDQ pYRU SRW
VX]JELMD GUXJL YYRURYL V YHULP YULMHGOQRVPNYIRRIR WHALQH |

CNN VX YUVWD QHXURQVNLK PUHAD NRMH VH NRULVWH ]D REU
QD NRML IXQNFLRQLUD OMXGVNL YLG RGQRVQR QDpPpLQRP QD
&11 NRULVWL VORMHYH ILOWID Elika. [@vi &l$pjevy BosMpequdpétac])i@ D b D M N L
konvolucie QD VOLFL NDNR EL GHWHNWLUDOL UD]JQH YL]XDOQH RE
WHNVWXUD WH QD eYizgl&RbML UPNIUXIA HQ-MOOL pREMHNDWD % URM
konvolucijskom slojuodHy XMH EURM JQDpDMNL NRMH VH divdc§skaHW HN W |
mapaNRMD SULND]XMH SULVXWQRVW Rakdristg depbtiluj@@yeRadiNL 1D
VORMHYL NRML VX VOLPpQL WUDGLFLRQDOQLP QHXbaidRiKgVNLP PL
QD WHPHOMX LIGB&MB QLXXpOMpDO M2 DUKLWHNWXUH SRWSX
NUDMX PUHaH X]LPDMX L]OD] L] SUHWKRGORK]|EBRQRR &/XFLWD/Q!



okvira, YULMHG QR VWL SR] L dkvita Lvjetdjainbgiisvip HastNIR(MH PRGHO PR &
detektirati[34].

3.13.2SUHQLWL SRVWXSDN WUHQLUDQMD <2/2 PRGHOD

3ULMH ]DSRpPpLQMDQMD SRVWXSND WUHQLUDQMD SRWUH
UXpPQR R]QDpPpLWL JUDQLPQH RNYLUH ]D SURL]YROWQMH REMHN
algoritam za raspoznavanjeRjJLFLMH L YHOLPLQH JWD Qwip@nasti demiraf LUD NR
JUDQLPQRJI RNYLUD L aLULQX WH YL \ha a3pod 0dob i Q BdhosuN YL UD
naizvornuaLULQX L YLRRGQRWPR MHU L Q X \LNYDLO/LLIQXQ\WMmeADIHCIR G IUNHK H C
(prema zadanom 448x448 piksela za YOLOv1) koje YOLO algoritam provodi kao dio postupka
treniranja(slika 3.4.)[37].

X koordinata 737825
Y koordinat
Sirina: 0.30

X koordinata sredista: 0.496347
Y koordinata sredista: 0.639325
Sirina: 0.810877 ‘
Visina: 0.721350

Slika 3.4. Anotacija grarh Q R J RWNYYOLO farmaty37]

Prvi korak postupka treniranja je propagacija unaprfpdd HWKRGQR UXpQR R]JQDpH
skaliraju naRGUHYHQ X (btdhR @adnbrivie8x448 pikselaza YOLOvl L SURVOMHY XN
VORMHYLPD NRQYROXFLMH NDNR EL VH L]YUAQLOR SdddhGYLyD Q|

SURSDJDFLMH XQDSULMHG lasgkpjisx QDD X/@1D Op ipliepakia HHA M X
predikcija & stvarnim oznakama objekat&@ XELWDN VH SURSDJLUD XQDWUDJ N
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NDNR EL VH DaXU IOvdpfosdtupaktsa@ hoRavljarad bize slike u danom skupu podataka.
1DGDOMH VYH |IDMHGQR VH SRéocKOMDNNRURIL Y HaA B RHESRROKMDA DHX
detekcije[34].

314 2SUHQLWL SRVWXSDN SUHGYLYDQMD QD WHPHOM)
Algoritam prima ulaznu sliku mijenja joj rezolucijuu oru koja je definirara prilikom

treniranja modela.8OD]QD VOLND VH p@&addHDQ L & DUWDNHE R HOYMD X PL

odgovorna je za detekciju objekatRML VH QDOD]JH XQXWDU QMH RGQRVQF

GHWHNWLUDQL REMHNW ELWL S3I)LGUXAaHQ YHNWRU GHWHNFL!

—)  —

—_
D REL AL

—_
OzZz2zziz2z2zZe 5

(3-1)

gdje je:

X %+SRX]GDQRVW JUDQLPQRJ RNYLUD RGQRVQR SURFMHC
SUHGLNFLMH JUDQLPQLK RNYLUD
X $; tnormalizirana xkoordinata central UD QLp Q RRERVNHMNW D X RGQRVX QD al
o 3ULPMHULFH DN@&OQMKsad dJde@ayranl p Q RJ RieKth (¢ Da
udaljenosti 20piksela RG OLMHYH UXEQH WRpN@dorditd@LMH W
normalizirati kao 0.2 (20/100).
X $ xnormalizirana ykoordinatacentral UD QLPp Q RRERVMNHYNNW D X RGQRVX QD Y

x

$: tQRUPDOL]LUERRQIBENEGGIUDQDL p Q RRERMMNHWNWD X RGQRVX QD XN
slike
o 3ULPMHULFH DNR MikseL ODLRDD) VOL N D QL ppixsely RNYLUD
WDGD UH VH aLULQD QRUPDOL]JLUDWL NDR

X

$y tnormalizirana visina detektiranog U D QgL¢k@ra objekta u odnosu na ukupnu
visinu slike
2 tvjerojatnostiSULSDGQRVWL REMHNWD UDd@®LpLWLP NODVDPD

X

11



To RPRJXudet#lpo RGUHYLYDQMH SRO®RIAMWR YREWNRH MWD ADYDQ N
algoritma. Umjesto da obradi svaki piksel sikbe ¥ HEQR PUHAD SRGLMHOMHQD QD
obrada koje je potrebno provel34].

Pouzdanost u kontekstu detekcije objekRtaQ D [pddddu koliko je model siguran u svoje
predikciie JU D QL p Q L KijeRdxhYttebifanja,za vrijednost pouzdanosti, U D p X Qnijerdy H
presjela preko unije (englintersection over UnionloU) NDR RPMHU SUHVMHND L XC
GHWHNW L U D QkRita I UTRY/LLpALRMH VW Ydir&®®R). JUDQLPQRJI

Oé»

+KL

, (3-2)

ogy

gdje je:

Xx A- SRYUSLQD GHWHNUWirEDQRJ JUDQLpPQRJ
Xx B- SRYUGLQD VWYDUQRJ UXpexRaRh@.Doth@Rit) JUDQLPQRJ

PRX]GDQRVW WDNRVHU VXGMHO X MehgKoSUKRFHW X DSJURS R ] PRJH
7R RPRJXHNBY Dodela da na izlazuratL SRX]GDQRVW SUHGLNEKbMH JUD(
vrijednost vektora detekcije objekta2 YR MH QX BOQGR MHWDGL SUHGLNFLMD SR
WUHQLUDQRJ PRGHOD QLVX GRasYX\SRIID \QHYPRIDH. U D PXQ p Q/IL R

tome ni pouzdamst.

$OJRULWDP SULOLNRP S Upou&ddiogtieQoMdnfidénhtelihi&gho)dS b DM D
]IDGDQD YULMHGQRVWjLMIRSURL]YRCRORIHIPLMHQLWL 8 VOX
imaju iznospouzdanostmanj RG RGUHYHQRJ SUDJD ELW UH RGEDpPHQH

Vjerojatnostizz GD GHWHNWLUDQL REMHNWL SULSDGDMX RGUHYH(
YH]L V SULVXWQR&a&UX RGXWDPHQRUDRESFBRIWERWIYPURGUHYXMH
YMHURMDWQRVW QD WHPHOMX IDNWRUD NDR 8WR VX YHOLDpL
QDXpL L] VNXSD SRGDWDND WLMHNRP WUHQLUDQMD

Slika 35. prikazuje detektirane objekte i vektore detektrarE MHNDWD NRML VX Sl
UHOLMDPD RGJRYRU Q Lovonj DprirgeduNjéed MFHLADX GHOLMDX7Y&® OLpPLQH
RULJLQDOQRP <2/2 DOJRKBOEB®X MH YHOLPpLQH [

SxSxBUW+P), (3-3)
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gdje je:
X SXS*+tPUHAaD UHOLMD
Xx BxtEURM PRIJXULK GEWHNBPILMWMM SRMHGL
xVzzGLR YHNWRUD GHWHNFLMH REMHNWD NRML XYLMHN VD
X P+GLR YHNWRUD GHWHNFLMH RESWHINIDEG QRWW LVREMEAN W E

klasama modela

Dakle, za model koji je predstavljen u rasotiginalnog YOLO algoritma, SxS je 7x7, B je 2,
Vje 5( % &, &. &y, a P je 20 jer se trenirao model za 20 klasa obj¢Rala

Slika35.DHWHNWLUDQL REMHNWL L YHNWRUL GHWHNWLUDQLK

odgovornim za detekciji38]

.DR a8WR MH YLGOMLIG/HRWHINWOUD®L REMHNW SDV L GHW
SURWHAaX NUR] YL&H UH6&MAWD U8 RWRP &/DMHDWNMRMH SUHGLNF
objekta koji se nalazi unutar N@ Hy XWLP QDNRQ aWR VH ILOWULUDMX GHW
SRPRUX Rbtidkivagdjal nemaksimuma (enflon Maximum SupressipNMS) ostaje samo

13



MHGQD GHWHNFR® DS R € RyANIPILCOROYBlaindst. QDMEROMH VPMHAWE
JUDQL p Q RobjeRtA38]. U D

3.1.5. Metoda potiskivanja nemaksimuma

8 VOXpDMX VOLNH NRMD VDGUAL REMHNWH NRML VH SUR
vratitirezulWDW YL&H JUDQLPQLK RNYLUD |]D VYDNL RG REMHNDWD
V QDMYHURP SRX]GDQRA&UX ]D VYR IELL VIR NMRIEAR XpQ Q LREIM HINOW
QDMYHUHP LJIQRVX SRX]GDQRVWL VYDNWYLEB IREEM HDNDLW)XON RVOW N |
VH SURWHaX NUR] YLAH UHOLMD UH]XOWDW UH ELWL VDPR M
MH PRJXUH UDVSR]QDWL VDPR SRMHGLQDpQX NODVX DOL QH
prikazujedva objekta klas prometni znak irezult& JUDQLPQLK RNYLUD <2/2 DOJRUI

Slika 36. *U D Q L p Q prij@ pNinjetklmetode potiskivanja nemaksimyg&]

URYRP VOXpDMX NRULVWL VH PHWRREMHA GO QN DWIRQE h QVH |
QDMYHURP SBRPD)GO/@A L SRMH Giéke es€) CetékEjdvsel Nonirajuprema
vrijednosti pouzdanostiNakon sortiranja, NMSnetodaprolazi kroz sve detekcije o DMY L&H
pouzdanihprema manjg@ouzdanim Za svaku detekcijyprovjerava se preklapanje te detekcije s
QHNRP GUXJRP GHWH N Flod&aRoskSRRNP R (P B WMtitilidinjer presjeka i
XQLMH SRYU&ALQD GHWH MW Is&JJDJ@LKL § QbteROjaYQ LUK \ROIDYEDE X YLaH
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aWwR MH Gpflddo@ LpteRigp&engl. overlap thresholll manje pouzdanadetekcija se

odbacuje. Ako se ne preklapaju dovoljiR,EMH G HW H N F L NZedavaHvrij&iGost payaD M X
SUHNORSD L]QRVL D PRIXUH MX MHEingen&NMY R@ddedeR L]P LM}
rezultateJUDQLpPLK RNY LU D sa 8like T6AdIjR ¢ ha\skeD37. [34].

Slika 37. *U D Q L p Q hak®Nprijdrie metode potiglinja nemaksimuma8]

3.1.6. Metoda sidrenih okvira

Sidreni okvir (englanchorbox PRaH VH RSLVD \afedrie®J QD QNVINXISK RNYL
NRMH JHQH UL U D Bicerii bk@ifiodjtisjeice- b ULEOLAQRM SR]tbiie ML REM
NDNR SUHGYLYDWL Y H OkvpdoRoohiekateIgakdin pashkad teQitakja, model
SULODJRYyDYD SDUDPHWUH VLGUHQLK RNYLUD NDNR EL aWR E
skupuslika za trenirgje. 6DPR PUHA&QH UHOLM Hidiehi RRViN$IR dddrbv@hneR&® D] L
N R UL aW sidgehby okViRkX SRVWXSNX GHWHNFLMH REMHNDWD 2VWD

sidreni okvirza svoje predikcije.

SUHJOHGDYDQMH VNXSD SRGDWD MW HORNMID QIMHH VR &HR L3
razumj HY D Q M X U D] O,loplik&Vpokiciyablhfekatd gddtnima VOLNDPD 2YR PRAaH St
smHUQLFH SUL RGDELsldéniiR GIiRYSDUDRBEQAQRK MH GD QHXURQVNLI
SUHGY L jatsipdhja O©d velikimdstupanjae stoga a Vedolje odaberusidreni okviri
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PDQMH SRVOD UH REDYLWH]XQ®WXD®RQ VINDH B WkbEDhgnix tieH E LW L
S RV W D Ydidren¥dk@rB& originalni YOLO algoritamih QHUH DXWRPDWekonhk SRVWD
trenirana. ORJXUD VX L GHWDOMQLMD SRGHaADYDQMD SRSXW JUDQ
WROLNR SXWDI[3B]P[DM lzvdrrd YOlYHaldoritam ne koristi ovu metodu, odnosno

uvedena jeek u verziji YOLOvV2.

3.1.7.2SUHQLWL SRVWXSDN WHVWLUDQMD <2/2 PRGHOD
Postupakestiranja YOLO modela provods U H G Y hagl Raganibh ulaznim skupom slika

WH YODVWLWH UH]XOWDWH GHWHNFLMH XVSRUHYXMH V SUH)

RPpLWXMX NUR] VOMHGHiUH PHWULNH SUHFL]QdRaMestiRGALY P$3

WDNRYHU VH IB\RBD)AW.L PMHUD

BUHFL]QRVW PMHUL XGLR LVSUSin@atekciarHaniodeRd-41D PR G H (
,VSUDYQH GHWHNFLMH VX GHWHNFLMHJBEM]LQRMWRSRY® D p CR®
GHWHNFLMH PRGHOD LVSUDYQH D YULMHGQRVW PDQMD RG

ispravne

2G]LY PMHUL XGLR LVSUDY Qdvin B R WKHIN. P LIMVCS B B & ® OFD GPHHW X
(3-5). Ispravne detekciie s HWHNFLMH pLML MH ,R8 YHiUL RG QULMHG
VYL UXpQR R]QDpPHQL JUDQLPQL RNYLUL SURQDYHQL GHWHNFL
daQHNL RG UXpQR R]QDPHQLK JitaD@ddpiL K RNYLUD QLVX GHWH

F1 mjera éngl. F1 score MH PHWULND NRMD VH NRULVWL ]D SUI
preciznosti i odzivaF1l mjera je harmonijska sredina (geometrijska sredina) preciznosti i odziva
(3-6).

LNA?EVUKEP
lE>¢ E (3_4)
1= dE
K@V IE>¢ C (3-5)

~340 00U &med ) é
(sLt(Ra2oliEmere
dagdOUiga=xigJé

(3-6)

gdje je:
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X

TP ztrue positivedetekcije kojge model proglasiobjektom, a one to jesu,
x FP tfalse positivedetekcije koje je model proglasio objektoanone to nisu,
X FN zfalse negativedetekcije kojenodelnije proglasioobjektom, a one to jesu,

X TN ztrue negativedetekcije koje model nije proglasio objektpanone to nisu.

P$3# R]QDpDYD SURVMHpPQX YULMH G enR ¥wwrayeire¢dsiSJU RV M H p (
AP) SRMHGLQLK NODVD =D VYDNX NODVX REMHNWD LJUDpPXQCL
preciznostodziv (engl. precisionrecall curve (3-7).

#2L 1, LIN@N (37)
gdje je:

X AP+tSURVMHpPQD SUHFL]QRVW

X p) tSUHFL]QRVW X RYLVQRVWpragu RG]JLYX SUL RGUHVyHQRP
X dr zinkrement odziva

U obzir se uzimaju samo detekcije s loU iznad 0.5. MaiXrivulje nalaze se odzivi, anay
RVL SUHFL]QRVWL .ULYXOMD SRND]XMH NDNR VH SUHFL]QRV
loU (slika 3.8.) Koriste se pragoviR8 NRML VH NUHUX L]QDG QD SULPMHL

— 0.764 mAP@0.5

0.8

0.6

Preciznost

0.4

02

0.0 —
0.0 0.2 0.4 0.6 0.8 1.0

Odziv

Slika 3.8. Primjer krivulje preciznostdziv
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P$3# R]QDpDYD SURVMHPQX YULMHGQRVW VYLK SUR
NODVD X] GRGDWDN X RGQRVX QD P$3# X RE]adiznddd X]LPD
0.5 doiznad V NRUDNRP 'DNOH ]D VYDNX$BNEWIRQMQDHLVED]
VYDND NODVD LPDWL YL3H $3 YULMHGQRVWL

3.1.8. Nedostaci izvornog YOLO algoritma i kako su suvremene verzije
XQDSULMHYHQH

YOLOv1 donioje ]QDpDMQH &lIQIRPYIDRE IMHH L R G U H yBIQjélb@ HGRV WD\
usporedbi s mnogim drugiralgoitmima za detekciju objekata DOL VH VpébeDoD R V
brzihe NRG GHWHNFLMH REMHNDWD QD YLGHR]DSLVLPD L X VWY
QMH]LQR MHGQRNUDWQR SURVOLMHYLYDQMH NUR] QHXURQV!
posebnoELOR SULPMHWQR X VOXpDMMN R HIDBELDNRHS E WRIK D RRIBDM\H 1$ D W
GHWHNFLMRP PDOLK REMHNDWD 2YR MH ELOR SRVHEQR SU
zauzimali samo mali dio slikéJz to, postojaleV X SRWHaNRUH X EMHSRMD WODOQ M LF
QHAWR GUXJIJDpPLMLKRAREOLND LOL WHNVWXUD

IDNRQ <2/2Y XVOLMHGLOD VX NRQWLQXLUDQD SREROM.
(2017) YOLOvV3 (2018)i YOLOvV4 (2020) ostvarili suS R Y rjelpiteciznost detekcije brzine
L]Y Ry ibQj&kDse nosili s raznolikim uvjetimaJ interesu ovog rada je koristi WR UHFHQWQL
YHUJLMH <2/2 DOJR Why¢BVRDbitiRWRVIDQIDH XQDSUMHY®BLOWD NRMD
[13] i YOLOV7 [26] algoritmi.

YOLOVS YHU]JLMD XNOMXpXMHyHIIMIO MR PPOLKXXQDBKHELOD QH
prethodnih YOLO algoritamaYOL2Y NRULVWL PUHaX VD VPDQMHQLP E
RPRJIJXUXMH EUAaH L]YRYHQMED HEBRIANKHN SMidi8 UEIFL]QRVWL 7DNF
YOLOV5 Koristi optimizacije poput CUDAengl. Compute Unified Device Architectyrgzgre
kako bi iskoristio GPUenrgl. Graphics Processingnit) arhitekturu]D EUa&H LU BpXQH
R P R J X bh@j& wstavljanjesidrenin okviraNDNR EL SREROM&DR GHRMBNFLMX P
ranije bili izazov za YOLO.7DNRYEF RO RVL XQDSULMHVYHQL SRVWXSDN W
prenesenoXpHQMH QD UDJGRIQR SMICP PRGHOLPD 2YR RPRJXUXMH
generalizaciju modelaD UD]OLpLWH YUVM3H REMHNDWD L VFHQH
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YOLOvV7 je najnovija verzija YOLO algoritma trenutku izrade ovog radeoja se
preGVWDYOMD NDR MRA QERUHBWLMWHILLXPUGNRYDYDLOGD ]D GHW
EROMH UD]JOLNRYDQMH L]PHYX NVIDRYBRLW WL NBXEDDM HR EMHEKNIIRWG
YHULP EURMHP VORMHYD &WR SRYHUuDEYRDO M H SOF-H QVNAV NPHRFGSH
]QDpDMNL XzVoOkbisDriapredne tehnike paralelizacije kako bi maksimalno iskoristio
PRIXUQRVWL PRGHUQLK YL&AHMH]JJUHQLK SURFHVRUD L JUDILY{
algoritma[26].

=D SRWUHEH RYRJ GLSORPVNRJ UDGD WHOMONUDW UH
DOJRULWDPD 2SUHQLWR S Redstavjdjiayisti atgdritanbe® ¥ RGJU I L M L P
EURMHP SDUDPHWDUDAaXVR HPRARIQWINIXM WUHWHRW n BU&RR A LPDLQ M
sporijomiYLdH SUHRLHQRP

3.2. Vlastito treniranje YOLO modela

=D WUHQLUDQMH P po6vergj® YLV WRILOW algdritdrHa. Podverzije
smaim EURMHP SDUDPHWDUD NRMHsiaalli YOLOUHQ-otVBriijd sa/ X <2/2\
srednjim brojem parametara YOLOwsediumi YOLOvV7 defaulti podverzije s velikim brojem
parametara YOLOvZextra largei YOLOv7 W6 8 QDV WD Y Npfsatidirikbpljsnje i
R]1QDpDY D Q MhsthoOtieNiianjg§YIDLO modela postupakvlastitog treniranjaYOLO
modelate DG QR RNUXaHQMijd YOUORM®@HPHQWDFL

3.2.1. Alati zavlastito treniranje YOLO modela

Zavlastito treniranje<2/2 PRGHOD NRULAaW Hli@asAMbla ihtpEMENIQ@ X J D
izvorni kod YOLOV5 i YOLOvV7 algoritaméslika 39.)[42] ORGHOH MH WDNRYyHU PRJX
izravno S R P Rslrkpti YOLOV5 i YOLOvV7 algoritamaali zbog prednoskoje nudi TheosAl
odabran je taj pristupTheosAl RPRJXUDYD SULSUHPX VNXSdpreSiaf@D WD ND
preuzimanePRGHOD VYLK SRGYHU]LMD <2/2Y L <2/2Y DOJRULW|
]QDpDMQR SREROM a@siynRodgals B G UPXNIQMARNN XpHQMD SR]QDWR |
PRGHOD ]D GHWHNFLMX REMHNDWBEARPG @D W G CBWHETDRIDW R KERU
Al je PRIXUQRVW MHGQRVWDY QRJ G8dgl¥ HCplal k@ Nhia fimke{jy O X JR P
infrastrukture kao usluge, odnosddRULAWHQMH JUDILpNH NDUWLFH 1YLGLD

treniranje vlastitih modelp3].
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€ 5 C O @ apptheosa J/setup/Taining 6 mw e x O *»=0@ :

Dataset  Algorithm  Machine
PlateR... v
Algorithm YOLOV7

Choose the algorithr

Devices

Slika39 :HE XVOXJD 7KHRV $, L <2/2 DOJRULWPL ]D NRMH RPRJX
[42]

32 3ULNXSOMDQMH L Ry@shtp BeviaQevMOLO@nbdeR | D

.DR L]YRU ]D SULNXSOMD Q M¥buwibExa8dD CWy@iride[24]. KRMO XALR N
QXGL YLGHR]IDXAWRPRE&QRP BUYDWVNLP JUDGRYLPD L] SHU
kamerom GoPro Hero 9 te izvorne rezolu@@40x2160piksela Prikupljeno je 1000 slika za
treniranje X]LPDQMHP VQLPNH ]DVORQD X VLWXDFLMDPD NDGD V
UD]JOLYGWOMHQRVWLPD %H] RE]JLUD QD L]YRUQX UHJROXFLMX
VX QD UHJROXFLMX NRULaAWHQRWMPREKcsaMRUD X RYRP VOXpDM:

Svaka VOLND NRMD pMNCUdHoYURMjeR registarsku tabliqislika 310.),
izrezara je tako da ostanu samomL W 3IMa_3AH). Znakovi jako udaljenih registarskih tablica
QLVX UD]JOXpLYL OMX&ooNMRPS BNSRMVWR DML JQDNRYD QH EL
RVWYDULR WIsimd@aWHD XF W B WX p DMH Y LvdiitetumiddelalzbQghjihsv@ L W L N
PDOH NROLpPpLQH MHU X VOXpDMX QHR]QDpDYDQMD MDNR XGL
XUDpXQEPNVD NXDWRO XpDMX RAND Blup ik @dyisBkd¥i€di RatreniranjeYOLO
modelamodWH SURQDULSQYDRLORAHQRP X] RYDM UDG X PDSL 3ULORJ
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Slika310 60OLND NRMD VDGUAL MDNRv¥X&BDOMHQH UHJLVW

Slika31l ,JUH]DQD VOLND NRMD VDGUAL VBEIR SRAHOMQX U
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=D UXPQR R]QDpDYDQMH JUDQLPQLK RNYLUD QD VNXSX VC
Theos Alslika 3.22.). Na svakoj od 1000 slikéy X sQR]QDpHQL JU Bghlrgg@tardiN Y L U L
tablicavozilay, &WR MH UH]XOM12U D O R Ay @ RSNR B.13.) [42]. JUDIRLPpQ

RNYLUD R]QDpDYDMX KUYDWVNH UHJLVWDUVNH WsDda®LFH YR
registarske tablice vozila.

sewve v Col»O@ :

sssss

Slika3.2 5XpQR R]QDpHQD UHJL ViaMRROEINADTIWAS BIQILFD YR]LOD

License Plates

Description

A computer vision dataset with 1000 images of 1 class of object and 1372 labels.

Slika 3.8. SkupUXp QR R]Q D p&iv@h KslNziOorheo® [42]
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3.2.3. Vlastito treniranje YOL O modela

2GDELUH VH SUHWKRGQR R]QDpHQL VNXS VOLND DOJRL
JUDILPND NDUWLFD NRMX NRPAWO H QLRSI WFDDLRE \RHHQDD b H Q
J U D @ bkv@a registarskih tablica vozila 300 epohaXx] NROLpPLQX X]RddtbhNsi2e HQJC
32) iz skupa podataka za svaku iteracijpoha se odnosi na jedno potpuno prolazno treniranje
kroz kompletan skup podatgk® WHALQH PRGHOD VH DiérXdijelnaRevhxjuQ DNRQ
LIUDpXQDWH | X@iNibatshMetdXalfRBawh\sR2eodabire se proizvoljno prije postupka
treniranja. 9 H batch sizeRPRJXuDYD EU&H WUHQLUDQMH MHU VH YLAaH S
DOL |IDKWMHYD YL&@H PHPRULMH

Za potrebe sograda LVWUHQLUDQR MH absmnaly YOIROGH@Mum<2/2Y
YOLOV5 extra large YOLOv7 tiny, YOLOvV7 defaulti YOLOv7W6 RG NRMLK VYDNL LPD
EURM SDUDPHWDUD WH UH SRQXGLWL MHGLQVWYHQ UH]XOWI
i ]ZYRYHQMD =D WUHQLUDQMH MH NRULAWHQD GddglelGoMid NDUWL
kao uslugu oblakéslika 3.14.) [43].

Slka3. 4 3ULPMHU WUHQLUDQMD NRMBVWHUL XVOXJX *F

IDNRQ WUHQLUDQMD PRJXUH MH SUHJOHGDOWbas AIH]XOWD)

te preuzeti.weightsdatoteku kako bi se koristilna lokalnom sustavuTheosAl ne sprema
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confusion matrix batch VOLNH QDNRQ WUHQLUDQ pbRazaviDBd metiida QHUH F
SUHFL]QRVWL RG]JLYD P$3# L P$3# fitReR sVethkelfitBddH JOH G D !
VH UDpXQD NDR ]E U RbtrikemAP@DE HOGW Rijéddstnetrike mAP@0.5:95

(3-8).

BEPJA®®UI#27ravErg Ul# 27 r && w (3-8)

U nastavkusu prikazankao primjerostvareni rezultatil obliku grafametrika preciznosti
(slika 3.15.) odziva(slika 3.16.) mMAP@0.5(slika 3.17.) mAP@0.5:95slika 3.18.)i fitnessa
(slika3.19.)uz epohenakon treniranja modeMOLOV5 small U tablici 3.1. navedeni su rezultati
metrikefitness]D HSRKX X NRMRM MH VYDNL SRMHGLQDPpQL SUHWKF
vrijednost metrikefitnesstijekom treniranja.Slike cstvarenn rezultad u obliku grafa metrika
preciznosti, odziva, mMAP@0.5, mMAP@0.5:9ftnessa uz epoheza trenirane model¢OLOV5
small YOLOv5 medium YOLOV5 extra large YOLOvV7 tiny, YOLOvV7 defaulti YOLOv7 W6
mogu VH SURQDULSYDRORAHQRP X] RYDM DG X PDSL 3ULORJ 3

YOLOvS Small

Experiment 1

precision/epoch @val
Training completed

1
09
0.8

25 50 75 100 125 150 175 200 225 250 275 300

Epochs: - [ precision/epoch @val: -

Slika 3.5b. Graf preciznosepohanakontreniranja YOLOV5 smalimodela navebusluzi Theos
Al [42]
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YOLOvS Small
Experiment 1

recall/epoch @val

Training completed

09

08

0.7

0.6

05

03

02

0.1

25 50 75 100 125 150 175 200 225 250 275 300

Epochs: --  [recall/fepoch @val: --

Slika 316. Graf odzivepoha nakon treniranja YOLOv5 small modela na web usluzi Theos Al
[42]

YOLOvS Small
Experiment 1

map0.5/epoch @val
Training completed
11

09
038
07
06

0.5

03
0.2

0.1

25 50 75 100 125 150 175 200 225 250 275 300

Epochs: --  [] map0.5/epoch @val: --

Slika 3.17. Graf mA@0.5epoha nakon treniranja YOLOvV5 small modela na web usluzi Theos
Al [42]
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YOLOvS Small
Experiment 1

map0.5/epoch @val

Training completed

11

09

038

0.7

06

0.5

03

02

0.1

25 50 75 100 125 150 175 200 225 250 275 300

Epochs: -- [ map0.5/epoch @val: --

Slika 3.18. Graf mMAP@0.5:98pdha nakon treniranja YOLOv5 small modela na web usluzi
Theos A[42]

YOLOvS Small
Experiment 1

fitness @val
Training completed

09
03
07
056

0.5

03
02

0.1

25 50 75 100 125 150 175 200 225 250 275 300

Epochs: -- [ fitness @val: --

Slika 3.19. Graf fithesepoha nakon &niranja YOLOvV5 small modela na web usluzi Theos Al
[42]
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Tablica 3.1. Rezultati metrikénessza epohu ukMRM MH VYDNL SRMEn@dnQDpQL SU
PRGHO RVWYDULR Q D Mfitriegsjekohliehnita®B® RVW PHWULNH

Trenirani model I1DMYLAD Y UéthkEfnésk VW
SRMH GLQ D p QRulaBB0GpbbD

YOLOvV5 small 0.849 (epoha 293/300)
YOLOvV5 meidum 0.8591(epoha 292/300)
YOLOV5 extra large 0.8520(epoha 251/300)
YOLOV7 tiny 0.8162(epoha 275/300)
YOLOvV7 default 0.83@ (epoha 261/300)
YOLOv7 W6 0.8884(epoha 300/300)

324 5DGQR R N unylameptithh viastitih YOLO modela

=D UDGQR RNUXAHQMH NRULAWHQD MH MHGQRVWDYQD
PyTorchokviru koja je dostupna kao otvoreni kod na platfo&iHub [45]. PyTorchje okvir
LIUDYHQ X SURJUBYRMNR FG KMIEIRINNRXXPHQMH NRML VH NRULVWL ]
treniranja i evaluacije dubdkKk QHXURQ ¥4B|LKUR MHAMRULAWHQMDPebRor RJ RN U
je instalirati zahtjevane pakete koji se nalazequirements.txtiatoteciSR]JLYRP VOMHGHUH QI

unutar naredbenog retka:

pip install - I requirements.txt

Uz to, potrebno jézmijeniti classes.yamtlatoteku prema vlastitoj potrefslika 3.20.) i
dodati preuzeteneightsdatoteke istreniranih modelanmapuU D G Q RJ R(NIikax32H)Q M D

I' classes.yaml X
I -| 3eces vam

classes:

1

2 - name: license plate
3 color: "#bdlged’

4

Slika 3.2. Datoteka classes.yaml
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<)

5 | easy-yolov?

* d o Cut

Pinto Quick Copy Paste

Wl Copy path

X

Move Copy  Delete Rename
to h

% New item

7] Easy aceess ~
New

[ setectan

- Open
V1
Edit Select none

Properties

P [2] Paste shortcut g folder @ History - Invert selection
Clipboard Organize HNew Open Select
s easy-yolovT v & O Search easy-yolov?
Yy Yy
» Name Date modified Type Size ~
# Quick access )
[# ocr_videa Python File
B Desktop * [} README.md MD File
¥ Downloads * 5] requirements Text Document
@ Documents * @ Snow JPG File
| Pictures - [# streams Python File
Cropped Dataset [# test Pythan File
Datasets [# test OCR Python File
[# test OCR_util Pythan File
easy-yolov7
; [# track_direction Python File
Original Dataset |} track_video Python File
# OneDrive - Personal [ track_webcam Python File
[& video Python File
B This pC [ webcam Python File
) 3D Objects =] Woody JPG File
[ Desktop ] yolovs_extra_large WEIGHTS File
5 Documents ) yolovs_medium WEIGHTS File
3 Downloads | yolovs_small GHTS File
b Musi | yolovT_default GHTS File
7 yolov7_tiny WEIGHTS File
] Pictures po
- v ] yolovT_wé WEIGHTS File v
43 items

Slika 321. MapaUDGQRJ RNUXAHQMD LPSOHPHQWDF&kMMH <2/2Y DO

1IDNRQ WRJD PRJXIiH NdgeSppdetRkiivdti \shjektezS Mujeje prethodno
treniran model (slika 22). SULMHGQRVW L]JUD&HQD X SRVWRWNX QDNRQ
X RYRP \iGisePiMX R]QDpDYD SRX]GDQRVW GHWHNFLMH

v ERSY.YOLOV? ®
from algorithm.object_detector import YOLOV7
from utils.detections import draw

import json

import cv2

yolov7 = YOLOV7()

yolov7.load('yolov5_small.weights', classes='classes.yaml', device='cpu')
image = cv2.imread('image.jpg')

detections = yolov7.detect(image)

16 detected_image = draw(image, detections)

11 cv2.imwrite('detected.jpg', detected_image)

12 print(json.dumps(detections, indent=4))

1n5,Col 1 Spacesd UTF-8 LF {4 Python 399,

Sika322 6NULSWD LPDJH S\ L UH]XOWDW QMH]LQRJ 1
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U modulu object_detector.pymplementiran je izvorni YOLOv7 algoritam, a modul
detections.pyRPRJXUDYD FUWD QM I8 pLWDID VHQ & K ORVNHYQRUGEB R ® B O D R & DIE
yaml G DWRWHND L XUHyDM QD NRMHP UH VH L]YRGLWL VNULSW
VDGUADQD XQXWDU PDSH UDGQRJ RNithxad) QW2 Dibliotékp UWD QD S|
RYRP VOXpDMX ELW UH GHWHNWLUDQH naMze ndSICLAWRD UMNH V
RGJRYDUD VOXpDMxdaxXSsgans tl tuRkciRigt&ct]) modula object_detector.py
GRGDQD RJUDQLpHQMD QDNRQ NRMLK GUH VH ILOWULUDWL GHYV
QD RQH NRMH VH QD OSHUXGXYWD D pPR REGXPRANDQR QD RQH pLMH
RIJUDQLpHQMD 2JUDQLpPpHQMD VX UXPpQR SULODJRYH®D® VOLpPpL

kanala City Drive[44] (slika 3.3.). 1D VOLFL YLGOMLY MH UH]XOWDW S
RJUDQLpPQWMDLFD Q L VOLFL Y L G Ge\rinyerdd R JU IDIQXIOH\W QW 05 U

% object_detectorpy X

algorithm > 4 object_detector.py YOLOWT > ) detect
71 def detect(self, img, track=False):
72 with torch.no_grad():
73 im@, img = self._ parse_image(img)
74 pred = self.model(img)[@]
75 pred = non_max_suppression(pred, self.settings['conf_thres'], self.settings['iou_thres'])
76 raw_detection = np.empty((@,6), float)
77
78 height = im@.shape[8]
79 width = im@.shape[1]
80
81 top_border = height / 1.5
82 left_border = width / 2.9
83 right_border = width / 2.1
84
85 for det in pred:
86 if len(det) > 8:
87 det[:, :4] = scale_coords(img.shape[2:], det[:, :4], im@.shape).round()
88 for *xyxy, conf, cls in reversed(det):

if ((int(xyxy[@]) > left_border and
xyxy[8] < right_border) and
(int(xyxy[2]) » left_border and
xyxy[2] < right_beorder) and
(int(xyxy[1]) > top_border)):
raw_detection = np.coﬁcatenate([Paw_detection,
[[int(xyxy[a]),
int(xyxy[1]).
int(xyxy[2]).
int(xyxy[3]).

O W0 W0 W 0 W0 0 0 0 0o
=TI = R I T I N T ]

g round(float{conf), 2),

18 int(cls)]]))

181

182 if track:

183 raw_detection = self.tracker.update(raw_detection)

184

185 detections = Detections(raw_detection, self.classes, tracking=track).to_dict()

Slika 3.3.Kod ]|D ILOWULUDQMH GHWHNFLMD JUDQLPQRJ RNYLUD U
VH QDOD]H XQXWDU SRGUXpMD LVSUHG YR]D)p
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Slika 324. DetekcijeJ U D Q L p Q LrégidRarsiih taldlica vozila bditriranja na one kojese
QDOD]H XQXWDAS BIRG WRH M PD

Slika 325, Filtriranje detekcia JUDQLPQRJ RNYLUD U H Jhaoké Rdje\sélialaatD E O L F +
unutar SR G & XY BIU H G L RofibjeD
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Slike 326. )LOWULUDQMH GHWHNFLMD JUDQLpQRike R ¥drddi® UHJILVW
unutar SR G & XY BIU H G 2 RofibjeiD

2JUDQLpHQMH QD VOLNDPD VH LQDpH QH LVFUWDYD QHJ
primjer SRPRUX | X€eEigldMEV2 biblioteke S U L S DRytbdvl kod Inaveden jeu

nastavku:

height = im0.shape][
width = im0.shape|[

top_border =
left_border =
right_border =

cv2.rectangle(image, (

0]
1]

int( height/ 1.5)
int( width/ 2.9)
int( width/ 2.1)

left_border

, top_border

(210, 240, 0) , thickness=

2, lineType=cv2.LINE_AA)

, right_border

, height ),

UNROLNR EL VH ]D VQLPDQMH NRU L \etirhadjdL & D PGDI DB [
SROKRMQMPDQMD PRUDOH EL VH SURDNR/QV N R VLM HIGHH VR4J ULDOQAL B
JUDQLpPQLK RNYLUD UHJLVWDUVNLK WDXBNODLF [8 R ® PXChIM B I \RSQH
RGQRVQR QD RQH pLMH VH WRpNH QDOD]H XQXWDU RJUDQLpF
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3.3. Vlastito testiranje i usporedba YOLO modela

THVWLUDQMH YODVWLWR WUHQLUDQLK PRGHOD ]D GHW
provedeno na skupu slika koji jiXrp Q R R ] Q D p H QsllkaV3»Gzivaiida web usluddeos
Al QH QXGL PRIXUQRVW WHVWLUDQMD WHVWLUDQMH UH ELW]
usporedbuX R E]L WzéatHvhigraL EU]LQD REUDGH VOLPLFD X VHNXQGL

3.3.1. PrikupljanjH L R]QDpDYDQMH VOLND |]D WHVWLUDQMH
Skup slika za testiranje prikupljen je s istégutubekanala kao i skup slika zeeniranje

[44. .DQDO SUXabD YLGHR]DSLVH YRAQMH DXWRPRELORP KUYDW

VQLPDQH SRPRiUX NDPHUH *R3UR +HURS840x2¥60pik¥eRMPRP UH]R

Prikupljeno 500 VOLND NRMH SULND]XMX VLWXDFLMH NDGD VH LVSIH

XGDOMHQRVWLPD 6QLPNH JDVORQD VX X]JHWH X WLP VLWXDFL

1920x108(piksela bez obzira na izvornu rezoluciju videozapisa.

Kao i kod VNXSD |D WUHQLUDQMH SULMH WHVWLUDQMD VO
UHJLVWDUVNH WDEOLFH YR]LOD QD SRAHOMQRM XGDOMHQRV
okom. 7THVWLUDQMH lieAravijd spdthBnutdd® \WULD Q,Ljdy I8e&Qrid lhndgn slikama
PRaH SURQDUL YLAH pLWOmklaY LK UHJLVWDUVNLK WDEOLFD

Skup slika koji se koristi za testiranje YOLO modela PRaMH SURQDUGWw QD '9'
SULORAHQRP X] RYDM UD GsiX skupa4lika Yd peinudygutubekanala
preuzet je i dio vidozapisaitrajany  VHNXQGL NRML UH SROLOXwtHeMlza]D WHV'
brziu L]YRYHQKBBR]DSLY VH PRAHXSSROQORBHIIRPO'X] RYDM UDG >
P.34.

%XGXThe®SBIZHE XVOXJD QH RPRJXUXMH WHVWLURQMH L S
VOLND VNXS VOLND ]D WHVWLUD QM HV&k& $epstslivarB2R][@M P HQ SRPF
1D VYDNRM RG VOLND UXb@RNYXUR]YDbK QHIUDWDPYNLK W
UHI]XOWLUDOR L]QRVRP618 JUDMAQ bQQKKRRNYUDDR]QDpDYDMX K
tablice, a18 JUDQLPQLK RNYLUD R]QDpDYDMXDMW@Q D|QM UldH NNV U
R]1Q D p DY D QiMdhvidd regyitarpkih tablica vozila, mogu se preubetiGDWRWHNH NRMH V
YULMHGQRVWL NRMH RSLVXMX JUDQLpPQH RNYLUH VOLND
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Slika327 5XpQR R]QDpDYDQMH JUDQLPQLK RMYLUD QD ZHE

| 1 - Notepad - O x
File Edit Format View Help

© ©.230603 0.100323 ©.068681 ©0.045980

© 0.628122 0.452758 ©.169414 ©.107125

Ln2, Col 38 100%  Unix (LF) UTF-8
Slika328 <2/2 DQRWDFLMD JUDQLPQLK RNYLUD

U svakom redu nalaze se vrijednodiHGQRJ JUDQLPQRJ RNYLUD 3UYD Y
broj klase X RYRP VOXpDMX NRULVWL VH VDPR NODVD UHJLVWDL
RNYLU ]D SUYX YULMHGQRVW LPDWL X Uvriizdhostvdéira D YU L M
JUDQLpPpOQRD RRYBPDOL]JLUDQH RG GR X RGQRVX QD aLuULQX L
R]IQDpDYDMX GLULPQRILRNWLWYX QEDORDOLJLUDQH RG GR X R
visinuslike RGQRVQR ALULQX L YLVLQX Vi kdjahe defihirdviehriNkdh> O L U D Q v

treniranjaYOLO modela
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3.3.2. Skripte zavlastito testiranje YOLO modela

=D WHVWLUDQMH YODVWLWR WUHQLUDQLK PRGHOD ]D C
NRULAWHQ PRGXO ]D WHVW LGHIUQ kpbzitgiaX{Z6E HKEKR bi skeipaY
ispravno funkciairala, potrebno eGRGDWL VNXS VOLND QD NRMHP UH VF
RGJRYDUDMXUH LQIRUPDFLMH mapgddaiasgtR uRUaUnfedrhb@evables . UHLUD
labelsWH 1$0(6 GDWRWHND NRMD VDGUAL LPHI@énsh@at(slika X RYRP
329). 7TLMHNRP WHVWLUDQMD NRULVWLW UH VH VYLK UXPpQR

tablica vozila.

| | + | dataset

Home Share View o
Cut L_‘J Mew item = | Open E Select all
v

W Copy path : T | Easy access ~ Edit Select none
Pinto Quick Copy Paste = Move Copy Delete Rename Mew Properties
access [#] Paste shortcut to to @ folder -

Clipboard Organize Mew Open Select

£ History Dﬂlnvert selection

« > v 4 » easy-yolov7 » dataset v | O Search dataset

~ Mame Date modified Type Size

5F Quick access

[ Desktop
& Downloads 4 =

images File folder
File folder

MNAMES File 1 KB

labels

= Documents
&=/ Pictures
dataset
Detection Results
easy-yolov?
labels
@ Onelrive - Personal
[ This PC
J 3D Objects
[ Desktop
= Documents
4 Downloads
J’! Music

&= Pictures

Jitems "
Slikn329 0ODSD GDWDVHW UDGQRJ RNUXéHQMD LPSOHPHQW

Cilj ovog testiranja je zavaku kombinacijyprethodno vlastitéreniraninh modelY OLOvV5
small YOLOv5 medium YOLOV5 extra large YOLOV7 tiny, YOLOvV7 default YOLOvV7 W6's
pragovima pouzdanosfl.1, 0.2, 0.3, 0.4, 0.5, 0.6, Q.D.8, 0.9dobiti F1 mjeru Stoga je izlaz
modulazate LUDQMH PRGLILFLUDQ WDNR GD YUDUD VDPR YULMHG
NDNR EL VH L]UDpXQDOD ) PMHUD
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Kako bi seubrzalo cjelokupndestirang LJ]UDVHQD M HwutoMalitira WddiraljR M D
svih kombinacijavlastito treniranih modela podverzija YOLOV5 i YOLOv7 algoritamas
RGUHYHQLP SUDJRYLPD SRX]GDQRVWL WH tytOfiotepidslika PMHU X
3.30.).

@ testpy x
& testpy >

1 from algorithm.object_detector import YOLOVY

2

3 def test():

4 yolov? = YOLOV7()

5 model weights = ['yolovs_small.weights’,

6 'yolovs medium.weights’,

7 'volovs_extra_large.weights',

2 "yolov7? _tiny.weights',

g 'yolov7_default.weights’,

18 "yolov7_wb.weights']

11 confidence_thresholds = [8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 8.9]
12

13 for item in model weights:

14 weights = item

15 if weights == "yolov7_wB.weights’:

16 yolov7.set(img size=1288)

17 else:

18 yolov7.set(img size=648)

19

28 for value in confidence_thresholds:

21

22 yolov7.set(conf_thres=value)

23

24 yolov7.load(weights, classes='classes.yaml', device="gpu')
25 P, R = yolov7.test()

26

27 F1 = 2*((P*R)/(P+R))

28 conf_thres = striyolov7.settings[ 'conf thres'])
29 result = weights + " with " + conf_thres + " confidence threshold:\n" + \
3@ "Precision: " + str(P) + "Wn" o+ N

31 "Recall: " + str(R) + "\n" + %

32 "F1 Score: " + str(F1) + "nin"
33 print(result)

34

35 text file = open("Fl results.txt”, "a")

36 text file.write(result)

37 text_file.clese()

338

39 if _name__ == '__main__'
48 test()

Slika 330. Skripta za testiranjelastito treniraninmodelapodverzija YOLOV5 i YOLOvV7

algoritamauz pragove pouzdanosti od 0.1 do 0.9rerikuF1
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Na slici 331 prikazan je dio rezultata spremljenintt GDWRWHNX QDNRQ L]YRYVH
za testiranje vlastito treniranih modela podverzija YOLOvV5 i YOLOvV7 #oa uz pragove
pouzdanosti od 0.1 do 0.9 za metriku F1.

| P_R_F1_results - Notepad

File Edit Format View Help

yolov5_small.weights with ©.1 confidence threshold:
Precision: ©.9904656374880428

Recall: ©.9811328754716981

F1l Score: ©.9857767638949226

yolov5_small.weights with ©.2 confidence threshold:
Precision: ©.9904656374880428

Recall: ©.9811320754716981

Fl Score: ©.9857767638949226

yolov5_small.weights with ©.3 confidence threshold:
Precision: ©.9904656374880428

Recall: ©.9811328754716981

Fl Score: 9.9857767638949226

yolov5_small.weights with ©.4 confidence threshold:
Precision: ©.9904656374880428

Recall: ©.9811328754716981

F1l Score: ©.9857767638949226

yolov5_small.weights with ©.5 confidence threshold:
Precision: ©.9904656374880428

Recall: ©.9811328754716981

F1l Score: ©.9857767638949226

yolov5_small.weights with 6.6 confidence threshold:
Precision: ©.9904610492845787

Recall: ©.9795597484276729

Fl Score: ©9.9849802371541502

yolov5_small.weights with 6.7 confidence threshold:
Precision: ©.993517017828201

Recall: ©.9638364779874213

Fl Score: ©9.9784517158818835

yolov5_small.weights with 6.8 confidence threshold:
Precision: ©.9981740898436393

Recall: ©.9292452830188679
F1l Score: ©.9624771626543368

Slka33L 'LR UH]XOWDWD VSUHPOMHQLK X W[W GDWRWHNX QDN
treniranih modela podverzija YOLOV5 i YOLOvV7 algoritama uz pragove pouzdanosti od 0.1 do
0.9 zametriku F1

Iz rezultata vidljivih u tablicama 3.2t3.7. VH RpGWXRWH. PRGHOL SUL QLALP
SRX]GDQRVWL LPDMX YHUX YULMHGQRVW ) PMHUHIse7TR ]1QDpD
positvea SUL QLALP SUDJRYLPD SRX]|GDWRVWHJIRDSIXL ERIGMA 8t
SRX]GDQRVWL pLML MH V HdlsepesitiMe®uzFizil) gubitkatile positReay L & H

odnosno rizik prisutstvialse negative. 1znimka su modeli YOLOvExtra largei YOLOvV7 W6,
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za koje se uz prag pouzdanostt PRJX LapLWDWL QDMEROML UH]XOWDWL
UHWFL NRML VDGU&H QDMYHUX YULMHGQRVW ) PMHUH

Tablica 32. Rezultati testiranja vlastito treniranog modela YOLOvV5 small uz pragove
pouzdanosti od 0.1 do 0.9 za metrike preciznosti, odzitamjere tR]QDpHQL UHGRYL VD (
Q D MixndgiRELl mjere

YOLOV5 small
Prag pouzdanosti Preciznost Odziv F1
0.1 0.9904656374880428 | 0.9811320754716981 | 0.9857767638949226
0.2 0.9904656374880428 | 0.9811320754716981 | 0.9857767638949226
0.3 0.9904656374880428 | 0.9811320754716981 | 0.9857767638949226
0.4 0.9904656374880428 | 0.9811320754716981 | 0.9857767638949226
0.5 0.9904656374880428 | 0.9811320754716981 | 0.9857767638949226
0.6 0.9904610492845787 | 0.9795597484276729 | 0.9849802371541502
0.7 0.9935170178282@1L 0.9638364779874213 | 0.9784517158818835
0.8 0.9981740898436393 | 0.9292452830188679 | 0.9624771626543368
0.9 1.0000000000000000 0.8081761006289309 | 0.8939130434782608

Tablica 33. Rezultati testiranja vlastito treniranog modela YOL®@w&diumuz pragove

pouzdanosti od 0.1 do 0.9 za metrike preciznosti, odziva i F1 mjgr¢QDpHQL UHGRYL VD (

Q D MixndgiREl mjere

YOLOV5 medium
Prag pouzdanosti Preciznost Odziv F1

0.1 0.9902873623687088 | 0.9669811320754716 | 0.9784954874218832
0.2 0.9902873623687088 | 0.9669811320754716 | 0.9784954874218832
0.3 0.9902873623687088 | 0.9669811320754716 | 0.9784954874218832
0.4 0.9902873623687088 | 0.9669811320754716 | 0.9784954874218832
0.5 0.9902873623687088 | 0.9669811320754716 | 0.9784954874218832
0.6 0.9902873623687088 | 0.9669811320754716 | 0.9784954874218832
0.7 0.9918831168831169 | 0.960691823899311 0.976038338658147

0.8 0.9916943521594684 | 0.9386792452830188 | 0.9644588045234248
0.9 1.0000000000000000 0.8632075471698113 0.9265822784810126
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Tablica 34. Rezultati testiranja vlastito treniranog modela YOLOV5 extra large uz pragove
pouzdanosti od 0.1 do 0.9 za metrike preciznosti, odziva i F1 mjr¢QDpHQL UHGRYL VD (

Q D MixndgiRELl mjere

YOLOV5 extra large

Prag pouzdanosti

Preciznost

Odziv

F1

0.1 0.9810208123245149 0.9764150943396226 0.9787125348562751
0.2 0.9810208123245149 0.9764150943396226 0.9787125348562751
0.3 0.9810208123245149 0.9764150943396226 0.9787125348562751
0.4 0.9810208123245149 0.9764150943396226 0.9787125348562751
0.5 0.9810208123245149 0.9764150943396226 0.9787125348562751
0.6 0.9810208123245149 0.9764150943396226 0.9787125348562751
0.7 0.981042654028436 0.9764150943396226 0.9787234042553191
0.8 0.9884297520661157 0.94025157232704 0.9637389202256245
0.9 0.9980657640232108 0.8113207547169812 0.8950563746747614

Tablica 35. Rezultati testiranja vlastito treniranog modela YOLOV7 tiny uz pragove pouzdanosti
od 0.1 do 0.9 za metrike preciznosti, odzivai F1 mgR]QDpHQL UHGQ B MIXJ&HRG U & H

mjere

YOLOV7 tiny

Prag pouzdanosti

Preciznost

Odziv

F1

0.1 0.9838186754982042 0.9559691634462688 0.9696940019075525
0.2 0.9838186754982042 0.9559691634462688 0.9696940019075525
0.3 0.9838186754982042 0.9559691634462688 0.9696940019075525
0.4 0.9838186754982042 0.9559691634462688 0.9696940019075525
0.5 0.9837925445705025 0.9544025157232704 0.9688747007182761
0.6 0.9900990099009901 0.9433962264150944 0.966183574879227

0.7 0.9949664429530202 0.9323899371069182 0.9626623376623377
0.8 0.9982668977469671 0.9056603773584906 0.9497114591920858
0.9 0.9980158730158 13 0.7908805031446541 0.8824561403508773
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Tablica 36. Rezultati testiranja vlastito treniranog modela YOLOv7 default uz pragove

pouzdanosti od 0.1 do 0.9 za metrike preciznosti, odzivai F1 m¢QDpHQLVDEGB &R L

Q D MixndgiRELl mjere

YOLOV7 default
Prag pouzdanosti Preciznost Odziv F1
0.1 0.9839498586363404 | 0.9669811320754716 | 0.9753917004132687
0.2 0.9839498586363404 | 0.9669811320754716 | 0.9753917004132687
0.3 0.9839498586363404 | 0.9669811320754716 | 0.9753917004132687
0.4 0.9839498586363404 | 0.9669811320754716 | 0.9753917004132687
0.5 0.9839498586363404 | 0.9669811320754716 | 0.9753917004132687
0.6 0.9839498586363404 | 0.9669811320754716 | 0.9753917004132687
0.7 0.9870967741935484 | 0.9622641509433962 | 0.9745222929936306
0.8 0.9949324324324325 | 0.9261006289308176 | 0.9592833876221498
0.9 0.9979338842975206 | 0.7594339622641509 | 0.8624999999999999

Tablica 37. Rezultati testiranja vlastito treniranog modela YOLOv7 W6 uz pragove pouzdanosti
od 0.1 do 0.9 za metrike preciznosti, odzivai F1 mgR]QDpHQL UHGQ B MIXJ&HRG U & H

mjere
YOLOvV7 W6
Prag pouzdanosti Preciznost Odziv F1
0.1 0.9905641749581124 | 0.9937106918238994 | 0.9921349386337138
0.2 0.9905641749581124 | 0.9937106918238994 | 0.9921349386337138
0.3 0.9905641749581124 | 0.9937106918238994 | 0.9921349386337138
0.4 0.9905641749581124 | 0.9937106918238994 | 0.9921349386337138
0.5 0.9905641749581124 | 0.9937106918238994 | 0.9921349386337138
0.6 0.9905641749581124 | 0.9937106918238994 | 0.9921349386337138
0.7 0.9905956112852664 | 0.9937106918238994 | 0.9921507064364207
0.8 0.9967897271268058 | 0.9764150943396226 | 0.9864972200158856
0.9 0.998211091234347 0.8773584905660378 | 0.9338912133891213

=D LGXUH WHUWaddel®dbiku LI YRYHQMD WHVWLUDW UH VH V°

pouzdanosti pri kojem je dao najbolje rezultate F1 mjere, odnosno koji je reprezentativan za
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performanse modela.] UDYHQD MH VNULSWD |]D DXWRREROIMEVIRUFPB/HV WL U I
Svaki model detektireegistarske tablice vozila nadeozapisurajanja 5 sekundi SURVMHpPpQL )36
VH UDpXXQONDXSEDR EURM REUDYHQLK VOLpPLFD(slik&3BRVEIR&ANOR Y UL
3.33).

% test_fpspy X

@ test_fpspy > ..

1 from algorithm.object_detector import YOLOWY

2 from utils.detections import draw

3 from tqdm import tgdm

4 import cv2

= import time

6

7 yolow? = YOLOWT()

8 model weights = ['yolovs_small.weights',

9 ‘yolovs medium.weights’,

18 'yolov5_extra_large.weights',

11 "yolov7 tiny.weights',

12 'yolov7_default.weights’,

13 "yolov7_wb.weights']

14 confidence_thresholds = [@.5, 6.6, 8.7, 8.4, 8.6, 8.7]
15

16 for 1 in range(len(model _weights)):

17 weights = model_weights[i]

18 if weights == 'yolov7 wb.weights"':

19 yolov7.set(img_size=1228)

28 else:

21 yolov?.set(img _size=5648)

22 yolov?.set{conf_thres=confidence_thresholds[i])

23

24 yolov?.load{weights, classes="classes.yaml', device="cpu')
25

26 video = cv2.VideoCapture('FPS Test.mpd')

27 width = int{videoc.get(cv2.CAP_PROP_FRAME_WIDTH))
28 height = int(video.get(cv2.CAP_PROP_FRAME _HEIGHT))
24 fps = int(video.get(cv2.CAP_PROP_FPS))

38 frames_count = int(video.get(cv2.CAP_PROP_FRAME_COUNT))
31 fourcc = cv2.VideoWriter_fourcc('m', 'p", "4', "v')
32 output = cv2.VideocWriter( 'output.mp4’, fourcc, fps, (width, height))
33

34 if video.isOpened() == False:

35 print{'[!] error opening the wideo')

Slika 332 Skripta zaestiranjevlastito treniranih modela podverzijaOLOv5 i YOLOvV7

algoritama uz reprezentativne pragove pouzdanosti za metriku#AP8io
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? test_fpspy X

P tes
37 print('[+] detecting video...\n")
38 pbar = tqdm(total=frames_count, unit=" frames’, dynamic_ncols=Trus, position=8, leave=True)
39
48 average_fps = @
41 counter = @
42
43 first_frame = True
44
45 try:
46 start = time.time()
47 while video.isOpened():
43 ret, frame = video.read()
49 if ret == True:
5@ detections = yolov7.detect(frame)
51 detected_frame = draw(frame, detections)
52 output.write(detected_frame)
53 pbar.update(1)
54
55 counter += 1
6
57 else:
] break
59 except KeyboardInterrupt:
68 pass
61
62 end = time.tima()
63 pbar.close()
6 video.release()
65 output.release()
66
67 total_time = end - start
68 average_fps = counter/total_time
69 average_fps = str{average_fps)
78
71 conf_thres = str{yolov7.settings[ conf_thres'])
72
73 result = "Average FPS for " + weights + " with " + conf_thres + " confidence threshold: " + average_fps + "\n"
74 print(result)
75
76 text_file = open("FPS_results.txt", "a")
77 text_file.write(result)
78 text_file.close()
79

3@ yolov7.unload()

Slike 3.33. Skripta za testiramvlastito treniranih modela podverzija YOLOvV5 i YOLOvV7

algoritama uz reprezentativne pragove pouzdanosti za metriku#2P8io

Iz rezultata seRpLWXMH GD PRGHOL V PDQMH SDUBIRABBDUD EUA
itablica38) ,]QRV REUDWYHIR XKKVHAXQGL NRG VVYiizakWBFNR [ DWQ LAKWHR
se testiranje izvodilo na procesadmtel(R) Core(TM) i78550U CPU @ 1.80GHZ.99 GHz
8NROLNR VH SUHGYLYDQMH L]YuabYD QD JUDILPpNRM NDUWLF
sekundt UH ELWL SXQR YHUL L GRYROMDQ ]@n¥s:RRAHYXEXRXG N @/Y EU

ostao jednak, stoga je i testiranje na slabijoj konfiguraciji koje je ovdje provedeno relevantno.
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Primjerice, naYoutube kanalu TheCodingBug[48] dostupan je videozapis testirangih
podverzijaYOLOV7 algoritma za metriku FP8a gralLpNRM NDUWLFL VUHGQMHJ F
Nvidia GTX1060 6GB 8 WRP VEXNFFKOMWMREUDYHQLK VOLPpLFthy¥odeHNXQGL
iznosi oko 50, za YOLOvdefaultmodel iznosi oko 16, a za YOLOWK6 model iznosi oko 5

[48].

| FPS_results - Notepad = O X

File Edit Format View Help

Average FPS for yolov5 small.weights with 0.5 confidence threshold: 2.3334404458404068
Average FPS for yolov5 medium.weights with 0.6 confidence threshold: 1.292611009001646
Average FPS for yolov5s extra large.weights with 8.7 confidence threshold: ©.4745198731994369
Average FPS for yolov7 tiny.weights with 0.4 confidence threshold: 2.6897537685310373
Average FPS for yolov7 default.weights with 8.6 confidence threshold: 0.781871371529545
Average FPS for yolov7 w6.weights with 8.7 confidence threshold: 0.16520600008078568

Ln 1, Col1l 100%  Windows (CRLF) UTF-8

Slika 334. Rezultati testiranjalastito treniranihmodela podverzija YOS i YOLOvV7

algoritamauz reprezentativne pragove pouzdanostinedrikuFPS

Tablica 38. Rezultati testiranja vlastito treniranih modela podverzija YOLOV5 i YOLOv7

algoritama uz reprezentativne pragove pouzdargsimetriku FPS

Model FPS
YOLOV5 smalluz prag pouzdanosti 0.5 2.3334404458404068
YOLOV5 mediumuz prag pouzdanosti 0.6 1.29261100900164®
YOLOVS5 extra largeuz prag pouzdanosti O. 0.4745198731994369
YOLOV7 tiny uz prag pouzdanosti 0.4 2.6897537605310313
YOLOvV7 defaultuz prag pouzdanosti 0.6 0.781071371529541)
YOLOvV7 W6uz prag pouzdanosti 0.7 0.16520600008078568

3.3.3. UsporedbaYOLO modela
=D NUDMQMX XVSRUHGEX X FPEJAVWUS&KRW NELXNHWLVH BMHWB R

modeli prema rezultatima F1 mjeréPSa. U tu svrhu iscrtava se linijski graf (slika3®.).
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Usporedba YOLO modela

2.5

2
1.5

1
0.5 \/ \

0

YOLOvS Small YOLOvS YOLOvS Extra  YOLOv7 Tiny YOLOv7 Default YOLOv7 W6
0.5CT Medium 0.6CT  Large 0.7CT 0.4CT 0.6CT 0.7CT
[l e Prosjecni FPS

Slika 335. Usporedbavlastito treniranihmodela podverzija YOL® i YOLOv7algoritama uz
reprezentativne pragove pouzdangsgma metrikama F1 i FPS

,] SULORAHGHQLMHINNLGOMLYD ]1QDpDMQD UD]JOLND UH]XO
VYLK YULMHGQRVWL QD UDVSRQ RG GR Ikr@aaWLNnYeQike QD QD!
WH UHODWLYQR QD QDMYHUX L QDMPD M XGRELMB G/GR VWV O ML
od prethodnog (slika 36.).

Usporedba YOLO modela (normalizirane vrijednosti)
1.2
1
0.8
0.6
0.4
0.2

0

YOLOvS Small YOLOvS YOLOVS Extra  YOLOv7 Tiny YOLOv7 Default YOLOv7 W6
0.5CT Medium 0.6CT  Large 0.7CT 0.4CT 0.6CT 0.7CT
e[l e Prosjetni FPS

Slika 336. Normalizirana usporedbulastito treniranih modela podverzija YOLOV5 i YOLOvV7

algoritama uzreprezentativne pragove pouzdanosti prema metrikama F1 i FPS
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ZD NRULAaW H QedistarGkith \tablidaFvbAiltki VW YDUQRP YUHRelikaX SRAHO
brzinaivisoka SUHFL]QRVW ] S36LvidifRvé ¢ @dmydel LY @EHOvsmall najbolje
RVWYDUXMH WDM NRPSURPLV ViweddiDdeldkcijé KaoXdblsistar 2Q N R U
SULND] SRGDWDND R SURILOX YR]DpD YR]JLOD LVSUHG YOD
prepoznavanju registskih tablica vozila.
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4, 2'$%,5 , 32'(4%$9%1ALGORITMA ZA PREPOZNAVANJE
ZNAKOVA NA DETEKTIRANIM REGISTARSKIM TABLICAMA

VOZILA

1DNRQ GHWHNWLUDQRJ SRGUXpMD U Hzalostvednje\sistavaV DE O L |
]D SULND] SRGDWDND Ra B \adtogYWaFlB zasnoid@na detekciji i
prepoznavanju registarkih tablica vozilaMH RGDELU L SR GH apepér@aveHie DOJR U L
znakovana detektiranim registarskim tablicama voz8aobzirom da saapotpoglavig 2.1. ovog
diplomskog rda S UR Q D pre@stavljeniradovi koji uz algoritme detekcije opisujsamo
NRULAWHQX YUVWX QHXURQVNH PUHAH ]D SUHSR]JQDYDQMH ]«
NRGD QHUH PRUL ELWL WHVWLUDQD L XVSRUHaoHzbaivd UMHAat
WHVWLUDW UH VH L XVSRUHGLWL Q RdaPB& Aol ghpletientlsail H&a HQ M
S R P RRy¥on programskog jezikabog kompatibilnosti s YOLO algoritmom za detekciju
objekata odnosndKerasOCR[49], EasyOCR[50], Pytesseracf51] i PaddléOCR[52]. Testirat
UH VH WRPpQRVW SUHSR]QDYDQMD J]QDNRYD X.tR@GQBRKE XaQD UXDp
VYDNX VOLNX 1DNRQ SURQDOD WRNMD ) VD W [k RVOWBHRMNRJGTEMNLIRN R
QDpLQ UDGD RGDEUWIURRIHDWIRKM LMVHP B DOMQMD WHVWLUDQMD
udaljenostegistarske tablice vozila od kaee@ D NRMRM RVWYDUXMH SULKYDWONM

4.1. Implementacija OCR algoritaPD XQXWDU SRV W RWHINXAH QWG C

implementacije YOLO algoritma
$OJRULWPL NRMKeiablOCGR(ElikE A.V. )ERIYOCR(Elika 4.2.),Pytesseract
(slika 4.3.) iPaddleOCRSslika 4.4.), implementirani su unutawodulaocr.py. Navedeni algoritmi
imaju MHGQRVWDYQR VXpHOMH ]D S apRlitatibrPprddrarqnihyl inte8a@e. ND FL M

API), odnosno koriste se u nekoliko linija koda.

Ostavljanjevelikih slovaengleske abecede i brojki od 0 do 9 te odbacivanje svih ostalih
SUHSR]QDWLK J]QDNRYD SRYHUDYD NRQJLVWHQWQRVW SUHSR’
grbi znak- QD UHJLVWDUVNLP WDEOLFDPD YRULXQ Bnpok@dxX pHVWR
VOLNDPD NRMH VDGUA&H UD]OLPpLWH VORAHQH XYMHWH SRS>
vremenskih uvjetaSUHWKRGQR QDYHGHQL DOJRULWPL NRML UH VH WFE
KUYDWVNL GLMDNULWLpNLEAE@QWNRH LSUH LR @ W'S', NLIDRO
RJUDQLpHQMH QLMH X GRVHJX RYRJ UDGD DOL PRJOR EL EL
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modela prethodno navedenih algoritama ili razvitkom vlastitog algoritma za prepoznavanje

znakova.
@ ocrpy b4
utils > @ ocrpy > ..
1 import keras_ocr
2
3 pipeline = keras_occr.pipeline.Pipeline()
4
5 def read(image):
6 image = keras_ocr.tools.read(image)
7 predictions = pipeline.recognize([image])
8
9 for prediction in predictions[e]:
10 text = prediction[@]
11
12 text = text.upper()
13
14 characters = ["8", "1", "2", “3", "4", "5", "g", "7", "8", "9",
15 "Q", "W", "E", “R", "T", "Z", "0, "1I", "0", "P",
16 "at, "s", "pv, “F", "G", "H", "I2", "K', "L", "Y',
17 "XT, UCU, WU, B, UNT, MU
18 for character in text:
19 if character not in characters:
28 text = text.replace(character, "")
21
22 return text
Slika 4.1.API KerasOCR algoritma
@ ocrpy X
utils > & ocr.

25 import easyocr

26

27 easy_ocr = None

28

29 def read(image):

30 global easy_ocr

31

32 if easy_ocr is None:

33 easy_ocr = easyocr.Reader(['en'], gpu=False)

34

35 result = easy_ocr.readtext(image, detail = @)

36

37 text = °°

38 text = result[e]

39

48 characters = ["8", "1", "2", "3", "4", "g", "g", "7", "8", "9",
41 "Q", "W, "g", "R", "T", "Z", "uv, "1iv, "o", "P",
42 "At, "s", "p", “F", "G", "H", "I, "K", "L", "W",
43 UK, U, "wt, "BM, "N, "M"]

44 for character in text:

45 if character not in characters:

46 text = text.replace(character, "")

47

48 return text

Slika 4.2. API EasyOCR algoritma
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® ocrpy ¥
utils > @ ocr.py > ...
51 import pytesseract
52 import cv2
53 from PIL import Image
54
55 pytesseract.pytesseract.tesseract_cmd = r'C:\Program Files\Tesseract-OCR\tesseract.exe’
56
57 def read(image):
58 image = cv2.cvtColor(image, cw2.COLOR_BGR2RGE)

for character in text:

~l

59 pil_image = Image.fromarray(image)

68

61 text = pytesseract.image_to_string(pil_image)

62

63 characters = ["8", "1", "2", "3", "4", "5", "g", "7", "8", "9",
6a "Qn, W, ME", "R", T, "z", "u", "I", "o", "p",
65 AT, ST MDUL UEM, UGM, UHU, "I, UKT, LU, Y,
66 XU, TeT, WU, BT, "NT, "M"]

6

68 if character not in characters:

69 text = text.replace(character, "")

78

71 return text

Slika 4.3. API Pytesseract algoritma

® ocrpy X

utils > @ ocrpy > ..
74 from paddleocr import PaddleOCR

75
76 paddle_ocr = Nonga
77
78 def read(image):
79 global paddle_ocr
80
81 if paddle_ocr is Hone:
82 paddle_ocr = PaddleOCR(use_angle_cls=True, lang="ch', show_log=False)
83
84 result = paddle_occr.ocr(image, cls=True)
85
86 text = "'
7 for idx in range(len(result)):
88 res = result[idx]
89 for line in res:
98 text += f'{line[1][8]}"
91
92 characters = ["g", "1", "2", "3", "a", "g", "g", "7, "8", "o",
a3 "Q", "W", "g", "R", "T", "Z", "U", "I", "0", "P",
94 "aA", U™, "D", "F", "G", "H", "I", "K', "L", "Y',
95 KT, €T, WU, BT, "NT, "MT]
96 for character in text:
97 if character not in characters:
98 text = text.replace(character, "")
a9
1o@ return text

Slika 4.4. API PaddleOCR algoritma



Modul object_detectorpfNRML VDGUAL <2/2 DO JR Udcipy Petekdij®@ M X p X M F
su spremljene Bython U L Nkid(prigl.dictionary), te se za svaku detekciju poziva funkegad()
modulaocrpy NRMRM VH SUHGDMH GHWHNWLUDQR SRGUXpMH UHJL
SBUHSR]QDWL ]QDNRYL VH VSUHPDMX NDR DWULEBEXW RGJRYDULIL

Q7

97 detections = Detections(raw_detecticon, self.classes, tracking=track).to dict()

98 if len(self.settings[’'ocr_classes']) » 8:

99 for detection in detections:

188 if detection['class’'] in self.settings[ 'ocr_classes']:
181 cropped_box = crop(im@, detection)

182 text = 7

163 try:

184 text = ocr.read{cropped_box)

185 except:

186 pass

187 detection| "text'] = text

188 if(detection[ 'width"] < 128): #test_OCR.py only
189 detection['text'] = "IGHMORED" #test_ OCR.py only
11e

111 return detections

Slika 4.5. Implementacija modula ocr.py unutar modula object_detector.py

/ILQLMD NRGD NRML MH YLGOMLY QD ¥IOUIFQX G HMAHWOXA
JUDQLPQRIUMRNYWDUVNH WDEOLFH YR]JLOD QD NRMRM 0H VF
SUHWSRVWD Y N>H @B NWAL ¥ B @dgisidosk QulieQdziR B L&H Y R[DG X AW H
bLWOMLY L boHuj@DPDWNRPYWMHU NRML MH QDYHGIBQIRBD/NQDFEHWHR MW
JUDQLpPpQH RNYLUH UHJLVWDUVNLK WDEOLFD YR]JLOD PDQMH
nizom znakova 'lGNORED'

4.2. Testiranjei usporedba OCR algoritama

THVWLUDQMH UH VH SUYR SURYHVKeétasQOR Hag/BCHRR GDE U D C
Pytesseract PaddleOCR |D SUHSR]QDYDQMH JQDNRYD VDPR QD GHWHN!
UHJLVWDUVNLK WDEOLFD YR]JLOD aLULQH YHUH RG L XNOMXD):
cillem da se pri prvom testiranju svih odabranih algoritamarepoznavanje znakova koriste
UHJLVWDUVNH WDEOLFH YR]L®D WRMW IXKaWRL N B U¥bidj Lb R\@ O M L
registarskih tablica voal MHU X RYRP VNXSX VOLND VYDND VOLND VDG
YR]LOD 1DNWQWEGAURNWRHWMX MH DOJRULWDP QDMWRpPQLML ]D RYL
MRa QHNROLNR aLULQD GHWHNWLUDQLK JUDQLPQLK RNYLUD
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QDMYHUD XGDOMHQRVW QD NRMRM RVWYDNRKMH PSWH WY DW B YW
UH UXPpQR |]DSLVDQL JQDNRYL UHtdtldstaekelrddakl BIKLOLFH YR]LOD .

4.2 SULNXSOMDQMH L R]QDpDUCRaMdtitavm@LND ]|D WHVW

Skup slika za testiranje prepoznavanja znakova prikupljen je sYetdgbekanala kao i
skupovi slika za treniranje i testiranje YOLO modgld]. Zatestiranjeprepoznavanja znakoya
prikupljeno 500 VOLND NRMH SULND]XMX VLWXDFLMH NDGD VH LVSI
udaljenostima X] XYMHW GD UHJLVWDUVNH WDEOLFH ORRE@D PRUDN
VOLND QLVX PHYX RIQMKD WUHRQLUAMHWH <2/2 PRGHOD® L N R
YOLO modela.Snimke zaslona su uzete u tim situacijama, aliRUUDQLpPHQH QD UH]R
monitoral920x108(iksela bez obzira na izvornu rezoluciju videozapiShke su izrezane tako
GD VDGBRHUWJILVWDUVNH WDEOLEWRYRQID(pD G\DS V M B NYDR VBDHLIN [

registarsku tablicu vozila.

Za svaku sliku kreirana je istoimenxt. GDWRWHND NRMD VDGUAL UXpQF
registarske tablice vozila koja se nalazi na toj dlekle, skup podataka za vlastito testiranje OCR
DOJRULWDPD VH VDVWRML RG VOLND RG NRMLK MWDND VD
datotekD RG NRMLK VYDND VDGUAL UXpQR XSLVDQH JQDNRYH UH.
(slika 4.6.). JUDQLPQLK RNYLUD R]QDpDYDMX KU ZDINW\DNPH. pUH I L V'
RNYLUD R]QDpDYDMX VWU D (BKHupshkailoxhakakbji\sekerisizatesiraieH YR]L O
OCRalgoritamaP RA&WHH SURQDULSQPRORAHQRP X] RYDM41DG X PDSL 3U

] °
4 = o SR v

Slika 4.6.Skup podataka za testiranje OCR algoritama
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4.2.2. Vlastita skripta za testiranje OCR algoritama
Na slikama 4.7. i 4.8«dljiva su prva dva dijela skripte za testiramgst OCR.py

@ fest OCRpy X

@ test OCR.py » .
1 from algorithm.object_detector import YOLOV?
2 import cv2
3 import os
4 from test_OCR_util import evaluate
5
6 yolov? = YOLOW7()
7 yolov7.load( 'yolovs_small.weights', classes="classes.yaml', device='cpu')

yolov7.set{ocr_classes=["'license plate'])

(L= ]

'Sample’) + 2

"Actual License Plate') + 2

en( 'Predicted License Plate’) + 2
"Passed’) + 2

18 max_sample width = 1
11 max_actual width = 1
12 max_predicted width =
13 max_passed_width = le

en(
en(

1
n(

15 text_result = open("0CR_results.txt™, "w")
16 string = "{1:<{8}s5} {3:<{2}s} {5:<{4}} {7:<{6}}".formatimax_sample_width, 'Sample’,

17 max_actual_width, "Actuazl License Plate’,
18 max_predicted_width, 'Predicted License Plate’,
19 max_passed_width, 'Accuracy')

28 text_result.write(string)
21 text_result.write("\n")

22

23 string = "{1:<{8}s} {3:¢{2}s} {5:¢{4}} {7:<{6}}".format(max_sample width, "------ ",
24 max_actual width, "--------cmmmmamaoo "y
25 max_predicted width, '---------mmmmmmmaaan ",
26 max_passed_width, "-------- ")

27 text_result.write(string)

28 text_result.urite("\n")

29

38 text_result.close()

31

32 dir_path = r"C:\\Users\Mihovil\\Desktop\\Datasets\\OCR Testing Dataseti\"

33

34 totalFiles = 8

35

36 for path in os.listdir(dir_path):

37 if os.path.isfile(os.path.join(dir_path, path)):

38 totalFiles += 1

39

48 totzlSamples = int(totalFiles/2)

41 totalCorrect = @

42 totalOnekrong = 8
43 totalTwokrong = @
44 totalThreelrong = @
4% totallncorrect = @
46 totallgnored = @

7 totzlUndetected = @
48 totalEmpty = 8

Slika 4.7.Skripta] D WHVWLUDQMH WRPpQRVMIABSUHSR]QDYDQM
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® fest_ OCRpy X

58
51
52
53
54
55
56
57

58
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W ka2 @

@ test_OC

R.py

for sample in rangs(totalSamples):

image path = dir_path + stri{sample) + ".png"
print(image_path)

text_path = dir_path + str(sample) + ".txt"
image = cv2.imread(image_path)

detections = yolov7.detect({image)

if(predicted ==

if(detections):

predicted = detections[@][ "text']

else:

predicted = "UNDETECTED"

text_file = open(text_path, "r")
actual = text_file.read()
text_file.close()

if(predicted == actual):

accuracy = "leagx"”
totalCorrect += 1

elif(predicted == "IGNORED"):

accuracy = "/"
totalIgnored += 1

elif(predicted == "UMDETECTED"):

accuracy = "/
totalUndetected += 1

else:

incorrect_characters = evaluate(actual, predicted)
if(len(actual) »= len(predicted)):

accuracy _percent = {(len{actual} - incorrect _characters) / len(actual)) * 1@@
elif{len(actual) < len(predicted)):
accuracy_percent = {(len(predicted) - incorrect_characters) / len(predicted}) * 128

accuracy_percent = round({accuracy_percent, 2)

P

accuracy = str{accuracy_percent) + "%

if{incorrect_characters == 1):
totalOnekirong += 1

elif{incorrect_characters == 2):
totalTwaolirong += 1

elif(incorrect_characters == 3):

totalThreekrong += 1

totallncorrect += 1

totalEmpty 4= 1

Slika 4.8.Skripta]D WHVWLUDQMH WRPpQRVMIHISUHSR]QDYDQM

8pLWDYD VH2/2ZHPRIGIKQ ¥D GHWHNFLMX WH VH QDYRGH |

SUHSR]QDYDWL ligerRerghafeOwarassp. MO WRWHND L LVSLVXMX pHWLI
se za svako prepoznavanje unositi redni blige na kojoj se detektira i prepoznaje réayiska
tablica vozilareferentni (englactua) string U Xp QR X S LV Do@phojzr@tiehgRprddicted
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string L WRpIRRODWEL XQXWDU VNXSD LPHQRYDQL VX EUBRMNDPD F
SHWOMH SUR QD O PrigdaSotekeS Rt@dorékei L S D U

Slika se R E U Diyukdlikd nema detekcije, rezultat se evidentira kao 'UNDETECTED'.
2WYDUD VH R &tduai€ka DLVEX) I BEferénhihi string. Ukoliko je prepoznatistring
potpunojednakreferentnonstring-u, u varijabluaccuracy W R p @R &pisuje '100%’, a varijabli
totalCorrect(WR p QD S U HSR Qe TURAVkD je modulobject_detector.pySURQD&a&DR
GHWHNWLUDQL JUDQLpPQL R Mxjeld LUHIQKN \R B UYNHHE B B @ L FHH RO |
kao 'IGNORED',u varijablu accuracy se zapisuje ;/'a varijabli totallgnored (zanemarene
registarsk tablice vozila) se dodaje 1.=D UH]XOWDW 81'(7(&7{'varjaHlu WDNR Y F
accuracy zapisuje '[' a varijabli totalUndetected(nedetektiraneregistarsk tablice vozila) se
dodaje 1Ukoliko nijedan znak nije prepoznat detekcija postoji, varijabiotalEmpty(registarske
tablice \ozilaza koje je prepoznat prazatning) se dodaje 18 VYDNRP GUXJRP VOXpDMX
VH YU &éfer@in@nstring-om i prepoznatimstringom S R P Rniodulatest OCR_util.py
(slika 49.).

% test_OCR_utilpy X

@ test_ OCR_util.p P isSubstring
def evaluate(actual, predicted):
correct = @

predicted index = isSubstring(character, predicted)
if({predicted_index »= 8):

1
2
2
4 for character in actual
c
i
7 correct += 1

8 predicted = predicted[:predicted_index] + "/" + predicted[predicted_index + 1:]
9 if(len(predicted) » len(actual)):

18 return len(predicted) - correct

11 return len(actual) - correct

12

13 def isSubstring(sl, s2):

14 if s1 in s2:

15 return s2.index(s1)

16 return -1

Slika 4.9. Modul za evaluaciju naeferentnim(engl. actual)string-om i prepoznatingengl.

predicted)string-om

Za svaki znakeferentnogstring-a, provjerava se nalazi li se unutar prepoznatogg-ai
XNROLNR VH QDOD]L GRKY Dghnhde¥ v@ipsidthddrr¥cd \§ R pLQFLL NKRD NHRQY L
XYHuUDYD ]D WH VH WDM §tenD-alzaxniejuje Rnakd U, Kek® $Qrie W R J
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LGXUHP SUROD]X SHWOMH SRQRYQR SURQD&DR QNMsEKkdRY LQGH
4.10.).

C:\\Wsersi\Mihovil\\Desktop\\Datasets'\\OCR Testing Dataset\\S5.png

S GIEE5HF

/A IBE5HF

/1 /665HF

S/ FB5HF

JJJJJJJ

Slika 410. Primjer ispisa u terminalu tijekom evaluacije naterentnim stringom (ZGI665HP)
I prepoznatim stringgpm (ZGI665HF)

Ako sureferentnistringi prepoznatstring jednake duljineli je duljinareferentnogstring-
aYHUD RG GXOM LsRiHg-& UHBIR] Q DMMRUD ] O L $tribg@iX®ipsidleQdre§UD Y R J
AWR SUHGVWDYOMD EUk&ikd jQ dufihRrépoAkatp@iingR YBIUD RG G XOML(
referentnogtringa EURM QHWRpPpQLK ]Q ablRAK dulkineoeplo@ndtdiing-O M D N
ai varijable correct Primjerice, ukoliko je duljina prepoznatafring-a 6, a duljinareferentnog
string-ab, te su sviznakovRVLP WLRNOQR SUHSR]QDWL SUHWKRGQR QDYF
VH UDpXQDWR JINIHR DVQH G@ON S

Nakon evaluacije nadeferentnimstring-om i prepoznatimstringom, EURM QHWRpPQL
]JQDNRYD VH YtesDOORPYWNBMIDNVUDPXQD WRPpITRWWR K (BRHW QR WFD P I
ukupan broj prepoznatihstringova s jednim, dvena i trima Q HWhRpZpalovima
(totalOneWrongtotalTwoWrongtotalThreeWrony WH QMLKRYH SULSDGDMXUH WRp
(oneWrongAccuragytwoWrongAccuracythreeWrongAccurady 8] WR UDPpXQD VH XNXSI
QHWRp QR SdtiHgoRA|(@talMcbiec) i ukupanbroj slika koje nisu ignorirane zbog toga
AWR VDGUAH GHWHNWLUDQL JUDQ hhj@& BLRIN.YLDU XU 6 kWO U/ H
RJUD @mfidda(Emples 1D NUDMX VH VYH LIJUDpXQDWH YULMHGQRVW

1D WDM QDpLQ WHYVWead@CAR (slike X.1R. OEBRYODCR\(FHKa 4.13.),
Pytesserac(slika 4.14.) iPaddleOCR VOLND X] GHWHNWLUDQH JUDQLDp
WDEOLFD YR]JLOD d8LULQH YHUH RG L XNOMXpXMXiuL SLNVI

prethodno navedene algoritme zajedno radi bolje preglednosti.

53



@ test OCRpy X

@ te [

95 text_result = open("OCR_results.txt", "a")

a6 string = "{1:<{@}s} {3:¢{2}s} {5:¢{4}} {7:<{B}}".format(max_sample_width, str(sample),
a7 max_actual_width, actual,

98 max_predicted_width, predicted,

g9 max_passed_width, accuracy)

1ee text_result.write(string)

101 text_result.write("\n")

182 text_result.close()

1e3

184 totalAccuracy = totalCorrect / (totalCorrect + totallncorrect)

185 onelirongAccuracy = (totalCorrect + totalOneWrong) / (totalCorrect + totalIncorrect)

186 twolironghccuracy = (totalCorrect + totalOnelrong + totalTwolWrong) / (totalCorrect + totallncorrect)

187 threeWrongfccuracy = (totalCorrect + totalOneWrong + totalTwoWrong + totalThreeWrong) / (totalCorrect + totallncorrect)

1e8

189 print("Total accuracy: " + str(totalAccuracy))

118

111 text_result = open("OCR_results.txt™, "a")

112 text_result.iwrite( - -oo oo Aty

113 text_result.write("Total accuracy: " + str(totalAccuracy) + "\n")

114 text_result.write("One character wrong and better accuracy: " + str(oneWronghccuracy) + "‘n")

115 text_result.write{"Two characters wrong and better accuracy: " + str(twoWrongAccuracy) + "\n")

116 text_result.write("Three characters wrong and better accuracy: " + str(threelronghccuracy) + "\n'n")
117

118 text_result.write("Total incorrect:
119 text_result.write("Total one character wrong:
128 text_result.write{"Total two characters wrong: + str(totalTwolirong) + "‘n")

121 text_result.write("Total three characters wrong: " + str(totalThreeWrong) + "\n")
122 text_result.write("Total empty: " + str(totalEmpty) + "‘nin")

123

124 text_result.write{"Total Samples: " + str(totalCerrect + totallncorrect) + "\n")
125 text_result.write("Total Ignored: " + str(totallgnored) + "\n")

126 text_result.write("Total Undetected: ™ + str(totalUndetected))

127 text_result.close()

+ str(totalIncorrect) + "\n")
" + str(totalOnekirong) + "\n")

Slika 4.11Skriptaza testiranje tp) QRVWL SUHSR]QEBYd®»QMD J]QDNRYD

KerssOCR_results - Notepad - 8 X
fle €St Fomat View Help

487 ZG3733E0 IGNORED / &
488 ZG3733E0 26 25.0%
489 ZG9053HF IGNORED /

490 ZG3733E0 26 25.0%
491 2Go4o7MT IGNORED /

492 2G6294HD IGNORED /

493 2G6294HD 6Z9AHD 62.5%
494 2G6294HD IGNORED /

495 ZG6294HD IGNORED /

496 2G6294HD CR 0.0%
497 2G6294HD HR 12.5%
498 2G6294HD IGNORED /

499 2G6294HD 26 25.0%

Total accuracy: 0.00819672131147541

One character wrong and better accuracy: 0.01639344262295082
Two characters wrong and better accuracy: 0.1885245901639344
Three characters wrong and better accuracy: 0.28688524590163933

Total incorrect: 121

Total one character wrong: 1
Total two characters wrong: 21
Total three characters wrong: 12
Total empty: ©

Total Samples: 122
Total Ignored: 378
Total Undetected: @

tntcalt 0% Windows (CRLP)  UTF-3

Slika 4.12. Rezultati testiranggoritmaKerasOCRS UL aLULQL GHWHNWLUDQLK JU
UHJLVWDUVNLK WDEOLFD YR]JLOD YHULK RG L XNOM
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1y OCR. results - Notepad

Fomat View Help

ZG3733E0 IGNORED /
ZG3733E0 263733E0 62.5%
ZG90@53HF IGNORED /
ZG3733E0 763733EEQ 55.56%
2Go4o7MT IGNORED /
2G6294HD IGNORED /
2G6294HD 2662940 50.0%
2G6294HD IGNORED /
ZG6294HD IGNORED /
ZG6294HD 7662940 62.5%
2G6294HD 2662940 62.5%
2G6294HD IGNORED /
2G6294HD 266294 50.0%

Total accuracy: 0.04918032786885246
One character wrong and better accuracy: 0.08196721311475409
Two characters wrong and better accuracy: 0.30327868852459017

Three

Total
Total
Total
Total
Total

Total
Total
Total

characters wrong and better accuracy: 0.5

incorrect: 116

one character wrong: 4
two characters wrong: 27
three characters wrong: 24

empty: 1

Samples: 122
Ignored: 378

Undetected: ©

Lad,Calt 0% Wndows (CRLP)  UTFS

Slika 4.13. Rezultati testiranggoritmaEasyOCRS U LLQUUGHWHNWLUDQLK JUDQL|
UHJLVWDUVNLK WDEOLFD YR]JLOD YHULK RG L XNOM

Pytesseact sesolts - Netepad - o8 x
487 ZG3733E0 IGNORED /

488 ZG3733E0 0.0%
489 ZG90@53HF IGNORED /

490 ZG3733E0 Z63733E0Q 75.0%
491 2Go4o7MT IGNORED /

492 2G6294HD IGNORED /

493 2G6294HD 7G26294HD 77.78%
494 2G6294HD IGNORED /

495 ZG6294HD IGNORED /

496 2G6294HD 0.0%
497 2G6294HD 0.0%
498 2G6294HD IGNORED /

499 ZG6294HD 94HD 50.0%

Total accuracy: 0.04918032786885246

One character wrong and better accuracy: 0.12295081967213115
Two characters wrong and better accuracy: 0.2540983606557377
Three characters wrong and better accuracy: 0.3114754098360656

Total incorrect: 116

Total one character wrong: 9
Total two characters wrong: 16
Total three characters wrong: 7

Total empty: 77

Total
Total
Total

Samples: 122
Ignored: 378

Undetected: @

tntcalt WO%  Wdows (CRLF)  UTF-3

Slika 4.14. Rezultati testiranggoritmaPytesseractSUL aLULQL GHWHNWLUDQLK Jl
UHJLVWDUVNLK WDEOLFD YR]JLOR YHULK RG L XNOM
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487 763733E0

IGNORED /
488 £G3733E0 ZG3733E0 87.5%
489 ZG9@53HF IGNORED /
490 ZG3733E0 ZG3733E0 87.5%
491 ZGo4AaTMT IGNORED /
492 Z2G6294HD IGNORED /
493 ZG6294HD ZG6294HD 100%
494 ZG6294HD IGNORED /
495 ZG6294HD IGNORED /
496 ZG6294HD ZG6294HD 100%
497 2G6294HD 2G6294HD 108%
498 £G6294HD IGNORED /
499 ZG6294HD ZG6294HD 108%

Total accuracy: ©.80327868852459082

One character wrong and better accuracy: ©.9590163934426229
Two characters wrong and better accuracy: 1.0

Three characters wrong and better accuracy: 1.0

Total incorrect: 24

Total one character wrong: 19
Total two characters wrong: 5
Total three characters wrong: @
Total empty: @

Total Samples: 122

Total Ignored: 378
Total Undetected: @

Slika 4.15. Rezultati testiranggoritmaPaddleOCRS UL aLULQL GHWHNWLUDQLK J|
UHJLVWDUVNLK WDEOLFD YR]JLOD YHULK RG L XNOM

Tablica4.1l Rezultati testiranja algoritama KerasOCR, EasyOCR, Pytesseract i Paddle®CR
Wrd§tprepoznavarg registarskih tablica vozilaSSUL aLULQL GHWHNWLUDQLK JU
UHJLVWDUVNLK WDEOLFD YR]JLOD YHULK RG L XNOM

KerasOCR EasyOCR Pytesseract | PaddleOCR
TRPpQRVW 0.81% 4.92% 4.92% 80.33%
7TRPpQRVW |@QHMWHRGADQ ]QDN 1.64% 8.2% 12.3% 95.9%
7TRPpQRVW ]D GYD QHWRDPQ 18.85% 30.33% 25.41% 100%
7TRPpQRVW ]D WUL QHWRDPQ 28.69% 50% 31.15% 100%
1IHWR R SUH ® Wablice
. PQ Gty 121 116 116 24

vozila
Prepoznate registarske tablice vozila s

1 4 9 19
MHGQLP QHWRpPQLP JQDNR
Prepoznateregistarske tablice vozilas dva

21 27 16 5
QHWRpPQD J]QDND
Prepoznate registarske tablice vozilas tri

12 24 7 0

QHWRDpIaD 1QD
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Registarske tablice vozila za koje jg
) 0 1 77 0

prepoznat prazanstring
Registarske tablice vozila na kojima je

o 122 122 122 122
provedeno testiranje
Zanemarene registarske tablice vozila 378 378 378 378
Nedetektirane registarske tablice vozila 0 0 0 0

, JUDpXQDWH PHWULNH SUHPD NRMLP DotM ldccRrpdyWhe M X UH]>
character wrong and better accurgdwo characters wrong and better accurattyee characters
wrong and better accuragiotal incorrect total one charactewrong, total two characters wrong
total three characters wrongotal samplestotal ignoredi total undetectedTotal accuracy
SUHGVWDYOMD XNXSDQ L]JQRV X SRVWRWFLPD SRWSXQR WR
vozila. One character wrong and liet accuracypredstavlja ukupan iznos u postotcima potpuno
WRpPpQR SUHSR]QDWLK R]J]QDND UHJLVWDUVNLK WDEOLFD YR]L
vozila s jednimQ H W RzpadnPTwocharactes wrong and better accuraqyredstavlja ukupan
iznosu RVWRWFLPD SRWSXQR WRPpQR SUHSR]QDWLK R]J]QDND UFL
R]QDND UHJLVWDUVNLK WDEOLFD YRéécOamactesMidrng @nidbBetterGY D QH'
accuracy SUHGVWDYOMD XNXSDQ L]JQRV X SRV u¢makd FdgiRtBrsiIBIR WS X QF
WDEOLFD YR]JLOD L SUHSR]QDWLK R]JQDND UHJLVWDUVNLK WL
Total incorect SUHGVWDYOMD XNXSDQ EURM QHWRpPQR SUHSR]QDW
RGQRVQR XNROLNR SUHBRI®DQVDOR]FDAHK ¥BDWHADBPXOHDSRHQ D
NDR QHWRpQR T@&dl drie Rech@raciarDvrongpredstavljaiznos prepoznatih oznaka
UHJLVWDUVNLK WDEOLFD Y R]L Odial WwoMHdraozs RrofgHhidRtav@a P ]Q D N
iznosprepoznatih ozDND UHJLVWDUVNLK WDEOLFD YR]LT@ItMMe& YD QHW
characterswrong SUHGVWDYOMD L]QRV SUHSR]QDWLK R]JQDND UHJL\
znaka. Total emptypredstavlja iznos oznaka registarskih tablica oznaka za kojeitaigo
prepoznavanja nije prepoznao niti jedan zriakal samplepredstavlja iznos slika na kojima je
provedeno testiranje, odnosno izmegistarskih tablica vozilger u ovom skupu slika svaka slika
VDGUAL MHGQX UHJL YV Wobaliyrdngd predstadia izXos YshkaLr@a xojima nije
SURYHGHQR WHVWLUDQMH MHU GHWHNWLUDQL JUDQLpPQL RNY
VOLNDPD QLVX ]DGRY RO MToaLundatddtelghedRavlfa kziidd Qlikh @al Kdjlo@ H
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aOJRULWDP ]D GHWHNFLMX QLMH GHWHNW lpadibBa dijé bi¢ap QL RNY
biti proveden postupak prepoznavanja.

, ] SULORAHQLK UH]XRadeoZRL F D GAOIMLHNRRMIDGIY LAH WRpPpQLK
u odnosu na ostala tri tegtita algoritma,SD UH VH RQ NRULVWL WSkloguRMRER DpQRP
diplomskog rada2YL UH]XOWDWL QH R]QDpDYDMX RVWDOD WUL DOJ
RYDM VOXpDMQCBRIWGHHEHK UD]JORJD X QDVWDPHAMEOERH GDQR YL

PaddleOCHRe algoritam za prepoznavargaakovarazvien SRPRUX RWYRUHQRJ RN
G XERNR Pafde@Radde Glavna svrha algoritma je automatsko prepoznavangkovau
slikama i konverzija teksta u tekstualni formatgoritam koristi duboke neurod NH PUH&H ]D
obavljanje OCR zadatakBRaddleOCRNRULVWL NRPELQDFLMX UDZMANZaLWLK PR
GHWHNFLMX UHJLMD V WHNVWRP QD VOLFL D ]JDWLP UHNXUHC
PUH&H ]D S UHZ&BBRKp@aDNaQIMaKe detekéine regije.PaddleOCRnudi nekoliko
SUHGQRVWL X RGQRVX QD GUXJH 2&5 DOJRULWPH 3UYR ]EF
PR4A&H SRVWLUL LPSUHVLYQH UH]XOWDWH X SUHSR]QDYDQMX
algoritam je razvijen nRaddlePaddd SODWIRUPL NRMD QXGL HILNDVQRVW L
podatakaPaddleOCRWDNRYHU SRGUAaDYD QHNROLNR MH]LND &dWR JC
ORNDOL]DFLMH USMH]LPNH ]DKWMHYH

CNNVX SRVHEQR GL]IDMQLUDQH ]D REUDGX SRGDWDND NRWMN
VOLNH L YLGHR]DSLVL 2YD YUVWD PUHAD SRVWLJOD MH L]YI
obrazaca klasifikaciji slika i detekciji objekatd53]. RNN su posebno dizajnirane za rad s
VHNYHQFLMDOQLP SRGDFLPD NDR aWR VX QL]JRYL ULMHpL X
Glavna karakteristka RNND MH SULVXWQRVW SRYUDWQH SHWOMH NRMD
LIPHYyX WUHQXWDND X YUBER}HEXX XQRWDB D WRINWNMKD PRUHAH VX U
QHXURQVNLK PUHAD NRML VX SRVWLJOL ]QD ebgilebiroXVSMHK
linguistic programmin L GUXJLP VHNYHQFLMDOQLP ]DGDFLPD 8PMH"
VORMHYD WUDQVIRUPDWRUVNH eRdl be#attemidn RIWVDNDR) MED MQXD & PL ¢
PHYyX]DYLVQRVWL L]PHYyX UD]JOEBLWLK HOHPHQDWD X VHNYHQI
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4.2.3. Dodatnotestiranje PaddleOCRalgoritma

Svrha dodatnog testiranfaddleOCRD OJR ULW P D MrakXimameé gidalyeDoStM H
registarske tablice vozila na kojaigoritamostvarujeW R p Q RV W5%, lddngsi®® RGUHYHQ X
udaljenost testiranjem se mora utvrditi da su baré# prepoznatih oznaka registarskih tablica
vozila SRWSXQR7WRWQHDW U(HGHWGE DN VEiLUDQDRM@pI$tBr§i tatficak RNY LU
vozila Y khiod L XN O MXPXB0X30L 60 piksela Na slikama 4.16., 4.17., 4.18., 4.19.
SULND]DQH VX UHGRGHWHMNVGEHODMHO E KULWMHQLPQLK RNNaLUD UHJ
VOLNDPD VX 4LULQH WRPQR RGUHYHQH QD QDYHGHQLP YHOI
GHWHNWLU®b&gQR/Ta)D DQYLIDONX Y H O L pobjecK dete®dR Bpt@ve{a detekcija
]D FLMHOL YLGHR WH X VLWXDFLML JGMH VH YR]Dp V YHUH >
YLGHR QD SUYRM VOLpPLFL U®GWNMM plithjerGr&Mudi)é lvileB19304MWE N F L M D
piksela jedinopi GHWHNWLUDQRP JUDQLPQRP RNY L WsBpikskldrisu WD U V N H
SUHSR]QDWL ]J]QDNRYL G Rpksald 108 Piksenli 80 @kdehaBvi znakovi
S UHSR]Q D MU WRBed R his¥zolucije 1920x1080 piskel¥ H PRaH SURQWD UL QD !
SULORAHQRP X] RYDM UDG X PDSL 3ULORJ 3

Procjere udaljenosttUHJLVWDUVNH WDEOLFH YR]JLOD RG NDPHUH ]
okvira registarskih tablica vozilh20 piksela, 100 piksela, 80kgela i 60 pikselaRGUHVYHQH VX
SRPRUX IRUPXOH QP OrGBrQita POKWMHYD SRGDWNH VWYDUQF
(registarske tablicevozila X PHWULPD &ALULQH VOLNH X SLNVHOLPD
JUDQLPQRJI RNYL U D vdzia) hasiicilupiksklirhalwdbizo@4dlrfegividnog polja

_ UAUAOY B b GEU & U 408 (o8 Bb 2 3 18
2NK?E FAQ'@A“JH:FN‘JMOGLLDEUéUé()YQD@@pmpguvoéuuBlé@lwuuoam (4-1)

gdje je:
X Procijenjena daljenost [m] £procijenjenaudaljenost objekta (registarske tablicezila)
od kamere u metrima
X aLuULQD REAWMNWDOLDI QP @LULQD RE M kokidy DmdtlithdLVWDUVNH W
X aLuULQD VO N HUL& INoK¢lim@
x aLuLQD REMHNMWDL@PLREMBE®WD GHWHNWLUDQRJ JUDQLPp

vozila) na slici u pikselima
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X Horizontalno vidno polje[°] *horizontalno vidno polje kamere u stupnjevima, odnosno

horizontalnikut snimanja kamere u stupnjevima

7DQJHQV SRORYLQH NXWD RPRJX ioheka od Karbepgsr@arkit® M H X G L
horizontalnog vidnog polja kameteori pravokutni trokut sa ud O M H Q R & bkdrien&ksejiN W D
je centriran u kadrkamere.6 RE]JLURP GD GHWHNWLUDQL JUDQLpQL RNYL!I
slikama koje su odabrane za primj@]OLpLWLK aLULQD GHWHNWLUDQLK JUD
tablica vozila u pikselinrd VOLNH LPDMX RGPDN RG V
UH]XOWDWL GRELYHQL NRULAWHQMHP RRHL YRIWQMDX A KN WPD W H QO
LIUDpXQDWD SRPRUX XPQR&ND AaLULQH REMHNWD X LNVHOL
vidnog polla XNOMXpXMH NXW NRML SRNULY RadrRakavherélStoge ( REMH V)
SRWUHEQR FLMHOL QD]JLYQINND U ]BIR FNDSEIRRFQEHIRWX]NOD X F
objekta na sliciAko se nebi koristio faktor 2, L ] U Didp Wifgdiosamozapolovinu ALULQH REMHNV
awR EL UH]XOWLUDOR SRJUHANRP X SURFMHQL XGDOMHQRVW

6WYDUQD aLULQD UHJLVWDUVNH WDEOL{34] DEhMAMRKRRELOD >
NRMH O0H VH NRULVWLWL SUL L]JUDpXQX L]JQRVL SLNVHC
UHJLVWDUVNLK WDEOLFD YR]JLOD NRMH UH VH NRULVWLWL S
piksela i 60 piksela.

.RUL&W H QGoRMdHerd & msnimanju videozapisa iz kojeg su prikupljene slike koje
UH VH NRULVWieWla pSstaldjdnhbddpeijipedar postavke digitalnog objektiva (engl.
digital leng i na opcijuboostpostavke razine stabilizacije (enypersmooth level 1D VOXAEHQRM
VWUDQLFL *R3UR +HUR Q Dovizé@ath@vidna/pPoljss 24 LsEGkuGkBibMacu
opcija postavki digitalnog objektiva i razine stabilizagp®]. 6 WRJID UH VH SUL L]JUDpXQ

horizontalno vidno polje 75 stupnjeva.

U tablici4.2.su prikazane vrijednogbrocijenjenaudaljenosti registarske tabligezilaod
kamere u metrimaobivene L] U D p X Qi®vRzn8télriom vidnom q@ju 75 stupnjevaza aLULQH
GHWHNWLUDQRJ JUDQLpPpQRJ RNYLUD UHJLVWDUVNH WDEOLFH

piksela.
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Tablica 4.2. Vrijednostprocijenjeneudaljenosti registarske tablice vozila od kamere u metrima
dobiveneL | U D p X Qnerzo®t&liom vidnom poljéd5 stupnjeva| D aLULQH GHWHNWLUI
JUDQLPQRJ RNYLUD UHJLVWDUVNH WDEOLFH YR]JLOD SLNY

ALULQD GHWHNWLUDQRJ JUDQLpPpQ
vozila

120piksela | 100piksela | 80piksela 60 piksela

Horizontalno vidno polje 75° 542142 m | 6.50570 m | 8.13213 m | 10.84284 m

Na slici 4.16. vidi se registarska tablica vozila vlastito procijenjene udaljenosti od kamere
SULEOLAaQR PHWDUD QD VOLF uastito pebEijéjang/uddljantish oV D E O L F
NDPHUH SULEOL&QR PHWDUD QD VOLFL UHJLVWDU\
XGDOMHQRVWL RG NDPHUH SULEOLAQR PHWDUD L QD VO
procijenjene udaljenostiod@PHUH SULEOLA&QR PHWDUD

=3
L I be

|

u
X
‘k»

Slika4.16.,ALUIGGHIWHNWLUDQRJ JUDQLPQRJ R NIRQAkBeldpH ILVWDUV N
rezoluciji videal920x108(iksela +vlastito procijenjena udaljenoss U L E 1 42a@tRa
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DCRS RS EE « el )

| L

Slika 4.17.aLULQD GHW H N bkviEaQeBistadskeltablich vozila 1pikselapri
rezoluciji videal920x108(iksela+ Y ODVWLWR SURFLMHQMHQD XGDOMHQR

Slika4.18.AaLULQD GHWHNWLUDQRJ JUDQLpPQRJ gkdedprivD UHJLVW
rezoluciji videal920x108(ikselat YODVWLWR SURFLMHQMHQD XGDOMHQR
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o
»| w3 S|S)% « el |

Slika4.19.aLULQD GHWHNWLUDQRJ JUDQLpPQRJ gikdbeprUD UHJLVW
rezoluciji videa 1920x108(iksela +vlastito procijenjena udaljeR VW S ULD B4eta R

Rezultati u nastavku predstavljaju provedeno testiranjé®aadleOCRalgoritam pri
aLUL GHRDHNWLUD Q L Kregist@rsRib tallicadziRNVHIIR B L XN O M Xiksel® X G L
(slika 4.20.), 10(iskela(slika 4.21.), 8(piksela(slika 4.22.) i 6Qpiksela(slika 4.23.).

487 ZG3733E0 IGNORED /

488 2G3733E0 2G3733E0Q 87.5%
489 ZG9053HF IGNORED /
490 ZG3733E0 ZG3733E0 87.5%
491 2Go4Q7MT IGNORED /
492 2G6294HD IGNORED /
493 2G6294HD 2G6294HD 100%
494 2G6294HD IGNORED /
495 ZG6294HD IGNORED /
496 2G6294HD 2G6294HD 100%
497 2G6294HD 2G6294HD 100%
498 2G6294HD IGNORED /
499 2G6294HD ZG6294HD 100%

Total accuracy: 0.8032786885245902

One character wrong and better accuracy: 0.9590163934426229
Two characters wrong and better accuracy: 1.0

Three characters wrong and better accuracy: 1.0

Total incorrect: 24

Total one character wrong: 19
Total two characters wrong: 5
Total three characters wrong: ©
Total empty: ©

Total Samples: 122

Total Ignored: 378
Total Undetected: ©

0% Wedows (CRLD)  UTF-8

Slika 4.20. Rezultati testiranja PaddleO@Roritmapri aLUGRAWHNWLUDQLK JUDQLPQ
registarskh tablicavozila Y thiUR G L X N O M XYigsels X 0 L
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PoddieOCR_sesults_100 - Notepsd = B8 x

fle €St Fomat View Help

487 ZG3733E0 IGNORED /

488 ZG3733E0 2G3733E0 87.5%
489 ZG90@53HF IGNORED /

490 ZG3733E0 ZG3733E0 87.5%
491 2Go4o7MT 2Go4o7MT 100%

492 2G6294HD IGNORED /

493 2G6294HD 2G6294HD 100%

494 2G6294HD IGNORED /

495 ZG6294HD IGNORED /

496 2G6294HD ZG6294HD 100%

497 2G6294HD 2G6294HD 100%

498 2G6294HD IGNORED /

499 2G6294HD 72G6294HD 100%

Total accuracy: 0.8203592814371258

One character wrong and better accuracy: 0.9580838323353293
Two characters wrong and better accuracy: 1.0

Three characters wrong and better accuracy: 1.0

Total incorrect: 30

Total one character wrong: 23
Total two characters wrong: 7
Total three characters wrong: @
Total empty: ©

Total Samples: 167

Total Ignored: 333
Total Undetected: @

tntcalt WO%  Wdows (CRLF)  UTF-3

Slika 4.21Rezultati testiranj@addleOCR algorina SUL aLULQL GHWHNWLUDQLK J!
UHJLVWDUVNLK WDEOLFD YR]JLOD YHULK RG L XNOM

- 8 x
ZG3733E0Q 87.5%
488 ZG3733E0 ZG3733EQ 87.5%
489 ZG9053HF 0.0%
490 ZG3733E0 ZG3733E0@ 87.5%
491 2Go4o7MT 2Go4o7MT 100%
492 2G6294HD IGNORED /
493 2G6294HD ZG6294HD 100%
494 2G6294HD 0.0%
495 2G6294HD Z2G6294HD 100%
496 2G6294HD 2G6294HD 100%
497 2G6294HD 2G6294HD 100%
498 2G6294HD IGNORED /
499 2G6294HD ZG6294HD 100%

Total accuracy: 0.7708333333333334

One character wrong and better accuracy: ©.9208333333333333
Two characters wrong and better accuracy: ©.9583333333333334
Three characters wrong and better accuracy: 0.9625

Total incorrect: 55

Total one character wrong: 36
Total two characters wrong: 9
Total three characters wrong: 1
Total empty: 7

Total Samples: 240
Total Ignored: 260
Total Undetected: @

tarCalt MO%  Wdows(CRLF)  UTFE

Slika 4.22Rezultati testiranja PaddleOCR algoria SUL aLULQL GHWHNWLUDQLK J|
UHJLVWDUVNLK WDHOXRDWRAKOIXMHULKLREHOD
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487k7 ZG3733E0 ZG3733E0

488 2G3733E0 2G3733E0Q
489 ZG9053HF

490 ZG3733E0 ZG3733E0@
491 2Go407MT ZGO4Q7MT
492 2G6294HD

493 2G6294HD 2G6294HD
494 2G6294HD

495 ZG6294HD ZG6294HD
496 2G6294HD 2G6294HD
497 2G6294HD 2G6294HD
498 2G6294HD 2G6294HD
499 2G6294HD ZG6294HD

Total accuracy: 0.5844155844155844

One character wrong and better accuracy: 0.7090909090909091
Two characters wrong and better accuracy: ©.7714285714285715
Three characters wrong and better accuracy: 0.7818181818181819

Total incorrect: 160

Total one character wrong: 48
Total two characters wrong: 24
Total three characters wrong: 4
Total empty: 76

Total Samples: 385
Total Ignored: 115
Total Undetected: @

Slika 4.23Rezultati testiranja PaddleOCR algorienS UL aLULQL GHWHNWLUDQLK J|
UHJLVWDUVNLK WDEOLFD YR]JLOD YHULK RG L XNOM

U tablici 4.3. dani su rezultatitestiranja PaddleOCRalgoritma pri svim prethodno
navedeim aLa&Ma@GHWHNWLUDQLK JUDQLPQLK RNYLUD UHJLVWDUVDM

preglednosti.

Tablica4.3. Rezultati testiranjdaddleOCR algoritimgd D WRpPpQRVW SUHSR]QDYDQMD
tablica vozilapri detektiranm J U D @riop\@ima UHJLVWDUVNLK WDEOLFD YR]LOI
SLNVHOD

XNOMXpXMXuiL

SLNVHOD

PaddleOCRSUL aLUGRWRDNWLUDQLK J
UHIJLVWDUVNLK WDEOLFD YRAQLC

piksela

120 100 80 60
TRPQRVW 80.3%% 82.02% 77.08% 58.44%
7TRPQRVW ]D MHGDQ QHWRpD( 95.%% 95.8%% 92.01% 70.91%
7RPQRVW |]D GYD QHWRpPQD ]q 100% 100% 95.83% 77.14%
7RPQRVW |D WUL QHWRpPQD ]q 100% 100% 96.25% 78.18%
1HWRpPQR S Udgistigke Eallide vozila 24 30 55 160
Prepoznate registarske tablice vozilas jednim

19 23 36 48

QHWRPQLP JQDNRP
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Prepoznate registarske tablice vozila s dva . ; 9 ”
QHWRPQD JQDND
Prepoznateregistarske tablice vozilaV W UL Q 0 0 1 4
znaka
Registarske tablice vozila za koje je prepozna
] 0 0 7 76

prazan string
Registarske tablice vozila na kojima jgorovedeno

o 122 167 240 385
testiranje
Zanemarene registarske tablice vozila 378 333 260 115
Nedetektirane registarske tablice vozila 0 0 0 0

IDNRQ VYLK SURYHGHQLK WHVWLUDQMD ]D NRULaAWHQMF
GHWHNFLMH NRMD 8HVW HENRVULD@PR BELUUD@XPQRI RNYHILHD UHJL'
RG L XNOB80XiseM xairkzoluciju slike 1920x1080piksela zDWR &WR SUXaD QD
kompromisL]lPHWRpPQRVWL SUHSRNRWD XMARY RPD WA.8880 M X ULL|QHR V L
GHWHNWLUDQRJ JUDQLpPQRJ RNNRUD XHR Y RW D/iR2yigedS0XD E B\
piksela Vlastito procijenjena udaljenost registarske tablice vozila od kamere za detektirani
JUDQLpPQL RNYLU UHJLVWDUVNH WDEOLF&HL3MBthiaOD aLULQH S

Iztablice43 YLGOMLYR RatHdE€OTRY @ pRBRNVWP D X] aKULQMHQGE pl @/LHKN \
RNYLUD UHJLVWDUVNLK WDEOLFD YR]LOD YWAR hRaENGOCRXNO M X p
DOJRULWPD X] aLULQH GHWHNWLUDQLK JUDQLPQLK RNYLUD U

SLNVHOD 2YR QH EL WRAHIEOGREQ WR.UVODFFDWUWHEDR WRpPpQLI
UHJLVWDUVNH WDEOLFH YR]JLOD NRMH VH QDOD]JH EOLAaH YR
PLWOMLYLMH 5D]ORJ RaddleQGREHDWROQR WWIOMNXMHHR VORYR 2
"i EURM 'LR VNXSD SRGDWDND NRUL&AWHQRJ ]D WHVWLU
GHWHNWLUDQLK JUDQLpPQLK RNYLUD UHJLVWDUVNLK WDEOLFL
RG SLNVHOD MH VDGUADYDR SXQR'PIDRd/i/IIR$IQD Nilli NRMH LF
broj '1'.S obzirom da je skup podataka nastammanjem slika ekrana vidéutubekanala City
Drive[44] QLMH ELOR PRJXUH SURQDUL pHWLUL SRGMHGQDNH X
YR]LOD &dWR MH UH]XOWLUDOR JHERI QURIWMG HHR PP RAS VB Y V
SRX]GDQRauX WYUGLWL GD \RXY XDG R BXYpH Q L&KRQHH] K KDOQUD /D REVRQ N

s druge strane zasigurno ukazuju na ono najbitnije.
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Ukoliko se nakon prepoznavanja oznaka broj '0' uvijek zamijeni slovom 'O’, a broj '1' uvijek
]JDPLMHQL VORYRP , L XNROLNRQDMN\D R XSRYHYD\QMMEHB LHRY
VH SRVWLUOL prépoidavaraps@aiderwh hrvatskih registarskih tablica vozila jer je na
QMLPD UHGRVOLMHG VORYD L EURMHYD XYLMHN LVWL $OL 1
tablica vozilaP R aélddgoditi jednako prepoznavanje dviy D | & bankkd/ primjerice 'ORAQO
L 5% EL ELOL X RYRP VOXpDMX RERMH SUHSR]QDWL NDR 2°¢

Rezultati u nastavku predstavljaju provedeno testiranjd®addleOCRalgoritam uz
zamjenu broja '0" slovom 'O’ i uz zamjenu broja 1" slovopri'la LU L @IHRADHNW LUDQLK JUL
okviraregistarskitablica YR]LOD YHULK RG L XNOMXpXMXuL (sl k& NVHOD
4.25.), 80 piksela (slika 4.26.) i 6@kpela (slika 4.27.).

U tablici 4.4. dani su rezultati testirarjaddleOCRalgoritma uz zamjenu broja '0' slovom
2 L X] ]DPMHQX EURMD VORYRP , SUL VYLP SUHWKRGQR

okvira registarskih tablica vozila zajedredi bolje preglednosti.

487  2G63733E0 TGNORED /

488 ZG3733E0 2G3733E0 100%
489 ZG9053HF IGNORED /
490 ZG3733E0 ZG3733E0 100%
491 ZG0407MT IGNORED /
492 2G6294HD IGNORED /.
493 2G6294HD 2G6294HD 100%
494 2G6294HD IGNORED /
495 ZG6294HD IGNORED /
496 ZG6294HD ZG6294HD 100%
497 2G6294HD 2G6294HD 100%
498 2G6294HD IGNORED /
499 2G6294HD 2G6294HD 100%

Total accuracy: 0.9590163934426229

One character wrong and better accuracy: 0.9836065573770492
Two characters wrong and better accuracy: 1.0

Three characters wrong and better accuracy: 1.0

Total incorrect: 5

Total one character wrong: 3
Total two characters wrong: 2
Total three characters wrong: 0
Total empty: ©

Total Samples: 122

Total Ignored: 378
Total Undetected: @

Slika 4.24. Rezultati testiranja PaddleOCR algoatuz zamjenu broja '0' slovom 'O' i uz
zamjenu broja'1l'slovom'lSUL aLULQL GHWHNWLUD Q LiKtablit®vQ4ildp QLK RNY
YHULK RG L XNpkdtMpXMX UL
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487 ZG3733E0 IGNORED /
488 ZG3733E0 2G3733E0 100%
489 ZG90S3HF IGNORED /
490 ZG3733E0 ZG3733E0 100%
491 ZGO407MT ZGO407MT 100%
492 2G6294HD IGNORED /
493 2G6294HD 2G6294HD 100%
494 2G6294HD IGNORED /
495 ZG6294HD IGNORED /
496 ZG6294HD ZG6294HD 100%
497 2G6294HD 2G6294HD 100%
498 2G6294HD IGNORED /
499 2G6294HD 2G6294HD 100%

Total accuracy: 0.9580838323353293

One character wrong and better accuracy: 0.9760479041916168
Two characters wrong and better accuracy: 1.0

Three characters wrong and better accuracy: 1.0

Total incorrect: 7

Total one character wrong: 3
Total two characters wrong: 4
Total three characters wrong: 0
Total empty: ©

Total Samples: 167
Total Ignored: 333
Total Undetected: @

Lad,Calt 0% Wndows (CRLP)  UTFS

Slika 4.25. Rezultati testiranja PaddleOCR algoritma uz zamjenu broja '0’ slovom 'O' i uz
]DPMHQX EURMD VORYRP , SUL aLULQLihGadIMaNdIl ¥ LUD QLK .
YHULK RG L XNOMXpXMXUuL SLNVHOD

Notepad - 8 x

Help

487 2G3733E0 ZG3733E0 100%
488 ZG3733E0 2G3733E0 100%
489 ZG90S53HF 0.0%
490 ZG3733E0 ZG3733E0 100%
491 ZG0407MT ZG0407MT 100%
492 2G6294HD IGNORED /

493 2G6294HD 2G6294HD 100%
494 2G6294HD 0.0%
495 2G6294HD Z2G6294HD 100%
496 ZG6294HD ZG6294HD 100%
497 2G6294HD 2G6294HD 100%
498 2G6294HD IGNORED /

499 2G6294HD 2G6294HD 100%

Total accuracy: 0.9041666666666667

One character wrong and better accuracy: 0.9416666666666667
Two characters wrong and better accuracy: 0.9625

Three characters wrong and better accuracy: 0.9625

Total incorrect: 23

Total one character wrong: 9
Total two characters wrong: 5
Total three characters wrong: 0
Total empty: 7

Total Samples: 240
Total Ignored: 260
Total Undetected: @

La3,calt 0% Wandows (CRLP)  UTFE

Slika4.26. Rezultati testiranja FaleOCR algoritma uz zamjenu broja '0' slovom 'O’ i uz
]JIDPMHQX EURMD VORYRP , SUL aLULQLihGadIManddi&W LUD QLK .
YHULK RG L XNOMXpXMXUUL SLNVHOD
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487k7 ZG3733E0 ZG3733E0 100%

488 2G3733E0 2G3733E0 100%
489 ZG9053HF 0.0%
490 ZG3733E0 ZG3733E0 100%
491 ZG0407MT ZGO407MT 100%
492 2G6294HD 0.0%
493 2G6294HD 2G6294HD 100%
494 2G6294HD 0.0%
495 ZG6294HD ZG6294HD 100%
496 2G6294HD 2G6294HD 100%
497 2G6294HD 2G6294HD 100%
498 2G6294HD 2G6294HD 100%
499 2G6294HD ZG6294HD 100%

Total accuracy: 0.6831168831168831

One character wrong and better accuracy: 0.7350649350649351
Two characters wrong and better accuracy: 0.7766233766233767
Three characters wrong and better accuracy: 0.7818181818181819

Total incorrect: 122

Total one character wrong: 20
Total two characters wrong: 16
Total three characters wrong: 2
Total empty: 76

Total Samples: 385
Total Ignored: 115
Total Undetected: @

Slika4.27. Rezultati testiranja PaddleOCR algoritma uz zamjenjabdoslovom 'O" i uz

]JDPMHQX EURMD VORYRP , SUL aLULQ LihGadIManddi& LUD QLK .
YHULK RG L XNOMXpXMXUuL SLNVHOD

Tablica 44. Rezultati testiranja PaddleOCR algoritnjfd® WRpPpQRVW SUHSR]QDYDQMD
tablicavozilauz zamjenu broja '0' slovom 'O" i uz zamjenu broja '1' slovom 'lariu L QD P D
detektiranh JU D Qiiokv@aLUHJLVWDUVNLK W REOI FXIN @ R M JOM X H L SLN
piksela, 80 piksela i 60 piksela

PaddleOCRSUL aLUGRWPIDIWLUDQLK J
UHJLVWDUVNLK WDEOLFD YRALQ
piksela

120 100 80 60
TRPQRVW 95.9% 95.81% 90.42% 68.31%
7TRPQRVW ]D MHGDQ QHWRpPpD( 98.36% 97.6% 94.1 7% 73.51%
7RPQRVW |]D GYD QHWRpPQD ]q 100% 100% 96.25% 7766%
7RPQRVW |D WUL QHWRpPQD ]q 100% 100% 96.25% 78.18%
1HWRpPQR S Udgistigke Eallide vozila 5 7 23 122
Prepoznate registarske tablice vozilas jednim
QHWRpPQLP JQDNRP 3 3 ? 20
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Prepoznate registarske tablice vozila s dva

2 4 5 16
QHWRPQD JQDND
Prepoznateregistarske tablice vozilaV W UL Q 0 0 0 )
znaka
Registarske tablice vozilaza koje je prepoznat
) 0 0 7 76
prazan string
Registarske tablice vozila na kojima je provedend
o 122 167 240 385
testiranje
Zanemarene registarske tablice vozila 378 333 260 115
Nedetektirane registarske tablice vozila 0 0 0 0

Za rezoluciju3840x2160piksela LOL YHU X

rezoluciju1920x108(piksela

PRIJXUD VX West@skilSUHSR]C
tablica vozilaQD YHULP XGDOMHQRYVW [192Dx1QaapiRel2D QURH NROMNFD M Xi H
ravnati prema rezolucifi920x108ikselaMHU VX WDNYH NDPHUH GRVWXSQLMH
nude Y H U 20lltii. Naslici4.83 SULND]DQ MH SULPMHU WRPQRJ SUHSR]QL
YHUX RG L XIQ@pMselp26ké20lutiju3840x2160piksela aWR MH NiKselaz®d N R

Slika 4.8 aL UWeétekiranogJUDQLPQRJ RNYLUD UHJLVWDUVNH WDEOLI
rezoluciji videa3840x216(iksela(ekvivalentno 6@ikselapri rezoluciji videal920x1080

pikseld tvlastito procijenjena udalienoss U L E DOL841QeRara
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. RULAWHQL YLGHR]DSLV JIIINRBOGBLWHH PR 3H XS B8R DDOR & HXIR P
uz ovaj rad u mapi Prilog P43.RQDpQL UHSR]JLWRULM DSOLNDFLMH ]D C
znakova registarskih tablica vozila dostupan je na DXDSULORA&HQRP X] RYDM UDG >
P.4.4.
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5. RAZVOJ WEB APLIKACIJE ZA PRIKAZ PODATAKA O PROFILU |

5(&(1=,5%1-( 92=%$YySPRED VLASTITOG VOZILA

Posljednji zadatak za ostvarenje sustqM@ SULND] SRGDWDND R SURILO)>
vlastitog vozila zasnovan na detekciji i prepoznavanju registarkih tablica vgziazvoj web
aplikacije za prikaz podatakeprofilu L UH F H Q ] L U ipeb\HasHtBy pilBNeb aplikacija
UH LPDWL UDGQR RNUXAHQMH RGYRMHQR RG UDGQRJ RNUXA&
UHJLVWDUVNLK WDEOLFD Y Riratikéo seriekiijentr HyEX DS BOQ R DNFRLRDOQ L H
L]JUDyYHQD DfaRge Blkvixa za razvoj pozadinskih funkcionalnosti koji se temelji na
programskom jeziki®Python 2YR QLMH QXAaQR ]D NRPSDWLEZa@«dkERijuV V UDG
i prepoznavanje registaiibktablica vozilate se mogla koristiti bilo koja tehnologija zazvoj
pozadinskih funkcionalnostiveb DSOLNDFLMD UH ELWL LPSCERPHRIVELUD QD (
usluga iHeroku platforme. RQDpQR WHVWLUDW UH VH IXQNFUHRQDOQRYV!

sustav.

5.1. Django okvir za razvoj pozadinskih funkcionalnosti web aplikacije

Djangoje web okvir(eng.web frameworkotvorenog koda napisarRythonu. Webokvir
RSUHRPWRXUXMH UD]JYRM VORAHQLK L VNDODELOjgigiieZHE DSC
VWYRUHQ NDNR EL VPDQMLR SRQDYOMDQMH NRGD |568URPLFD!

Django ima sustawsmjerevanafNR ML RPRJIXUXMH GDELW YR @ HK ORNDWTF
(engl. Uniform Resource LocatptURL) QD R GJRY DU 2NeKgl MiedsSR JDRIG RPDaH X
organiziranju i upravljanju aplikacijonRogledi uDjango-u predstavljajuPythonfunkcije koje
REUDYyXMX |[IDKWMHYH L JHQHULUDMX RGJRYRUH NRML VH YUD!
logika aplikacije. Osim toga, Django S U XdoBatni sloj (engl. model3 koji RPRJIJXUXMH
programerima da manipuliraju bazom podataka puiRgthonobjekata i upita, umjesto da koriste
SQLizravnho.2YR RODN&DYD UDG V ED]RP SRGDWDND L pLQL JD PDC
bazi podatakalz to, Djangodolazi®a aDEORQVNRP NRWMWIRPRIXUXMH SURJUD
UD]GYDMDMX ORJLNX RG SUH]H@NIkédLAVRD X7 RLMDID VLD & Q R+ RA3 YLR
RODNaDYD UDG GL]DMQ HUddndsné préydah&iPribguDlaldiskbtii® gotov
SUHG OR a OeMgGanie DUL SUHWKRGQR QDYHGHQH NNBeE RQHQW F

View-Controller) oblikovni uzorak(slika 5.1.).
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Model (engl. model) - sloj pristupa podacima @
M VT Predlozak (engl. template) - prezentacijski sloj

Pogled (engl. view) - poslovna logika
Uzorak dizajna J J P J m
HTTP odgovor /
e
o HTTP upit ‘s @

Slika 5.1. MVT oblikovni uzordk7]

52 5DGQR RNUXAHQMH ]DcigD]YRM ZHE DSOLND

Prije instalacije okvirdDjango NUHLUD VH YLUWXDOQR UDGQR RNUXa
NRPSDWLELOQRVW VYLK SDNHWD NRML UOH ELWL LQVWDOLUD
PythonmodulavenvS R]LYRP VO MH G H U hhr€dbebdg etkdl X Q X W D U

python -m venv /path/to/new/virtual/environment

Nakon toga se instalira okvibjango SRPR U X QmRythéhGeaddlapip SRJLYRP VOMHGHI

naredbe unutar naredbenog retka:

pip install django

Djangoprojekt se kreiraSR]LYRP V O M H Gitar Har@dbénbyGaika: X

django - admin startproject driverprofile

Djangoaplikacija VH NUHLUD SR]JLYRP VOMHGHUH QDUHGEH XQXWDU |

django - admin startapp users

PosljedneGYLMH QDUHGEH NUHLUDMX VYH VWDQGDUGQH GDWRMW
VHUYHUD SD VH QDNRQ WRJD PR&H RGPDK SULMHUL QD Y

funkcionalnosti.
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Django SURMHNW PRA&H VDGUADYDWL Y LaiienB, 8dhasNdDsFakyl D X N R
aplikacija obavljaV SHFLILpQH [DGDWNH Y H]D Qetif®gsviaRihkcionadstE L R Q D (
Django SURMHNWD ]D RYDM VOXpDM p&fiRIWetehEitdnjsVR FigiiD] SR GC
iH VDGUADYDWL VDPR MHGQX DSOLNDFLMX

2VWYDUHQH SR]DGLQVNH IXQNFLRQDOQRVWL X QDVWDYN:
i potpunim kodom .RQDpQL UHSR]JLWRULM ZHE DSOBNDPIRMH @GRV WXEB
rad u mapi Prilog P.5.1., a za detaljnije razumijevéyggo RNYLUD S U WSHguiBifad V H
na[57].

53 3UHGORADN ]D L]JJOHG ZHE DSOLNDFLMH
=DKYDOMXMXiiL &D BjarRap4itak RTNLX \PWhDrYRod mogu biti jasno
odvojeniuUD]OL@DWRWHNDPD 1D WDM QDpPLQ SURJUDPHUL PRJX
SRGDWDND L PDQLS X ®@RHohkddu, ddk dizgr@iadyivusijedti svoj fokus na
LJUDGX DWUDNWLYQLK L IXQNFLRQBOSD KX S H WG/ 0. ]GO | D
DSOLNDFLMH RYRJ SURMHNWD N Rjdriga WHHQ[BRMHIaSSIEHE20 RAD N C
SULND]DQ MH GLR NRPSOHWD ]D XUHYLYDQMH NRULVQLpPNRJ \

€ Mumble UI

Heading H1 (48px)

Heading H2 (36px)

Heading H3 (32px)

Heading H4 (28px)

Slika 5.2. Prikaz dijeD NRPSOHWD ]D XUHyLYDBS/H NRULVQLpNR
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5.4. Funkcionalni zahtjevi web aplikacije

$QDOL]LUDMP NFHLREDOQL |DKWMHYL ZHE DSOLNDFLMH )X
DSOLNDFLMD WUHED UDGLWL NRMH DNFLMH NRULVQLFL PRJX
2VQRYQL IXQNFLRQDOQL ]JDKWMHYL ZHE D Steatijnl RoFisnikad NR ML
SULMDYD L RGMDYD NRULVQLND XUHYLYDQMH LQIRUPDFLMD
SURILOD YR]DpD )XQNFLRQDOQL ]|DKWMHYL ZHE DSOLNDFL
FMHORNXSQRJ VXVWDYD RYRJID@IDGDX NRRPVRU Xl YEDLAWM.H DWHDFCH.Q
prijavljenim korisnicima koji koriste aplikaciju za detekciju i prepoznavanje registarskih tablica
vozila, teIXQNFLRQDOQRVW UHFHQ]JLUDQMD L LJUDpPpXQ VWDWLVWL

5.4.1. Registracija korisnika

KorisniFL UH PROL L]JYUALWL UHJLVWUDFLMX QD DSOLNDEFI
]DKWLMHYDWL VOMH Grhkil Hdresa | R B B D ¥ Q bjHhkRi Rovidal lozinke E-
PDLO DGUHVD PRUD ELWL REOLND QD]LY#HP 2rjesB ta&kével Q D /R
L NRPELQDFLMX VORYD L EURMHYD 1DNRQbitQautdrvesski HAaQH U
SUHXVPMHUHQL QD LVWX VWUDQLFX UHJLVWUDFLMH X] GRGD
nisu zadovoljile zahtjeve registracijeabiti jednokatnuobavijestR QHXVSMHAaAQRVWL UHJL
webaplikaciji. 1DNRQ XVSMHaQH UHJLV Wjedbdkiai bbaWdtRL X Q& M H & QI RG&/RM
registracijena webaplikacijii ELWL 0H DXWRPDWVNL SULMDYOMHQL L SUH:
korisQLpNRJ UDpXQD

5.4.2. Prijava korisnika i odjava korisnika

5HJLVWULUDQL NRULVQLFL iH VH PRUL SULMDYLWL QD D
lozinku. 1IDNRQ QHXVSMHEQH SULMDYH N Biavijas0R FQ H XV SO/REBLQRLY
prijave nawb aplikaciji L ELWL GH DXWRPDWVNL SUH X VNtakbH X VAN HEL H V W
SULMDYH NBRUWYQIFHXMPMHUHQL @biti Hrivtfop! VWWOXD QWD @ LX) LLY
YODVWLWRJ NRULVQLpPNRJ UDpXQD

Prijavljeni korisnici se mogu odjavitiBNRQ pHJD YLAH QHPDMX SULVWXS
YODVWLWRJ NRULVQLpNRJ UDpXQD 1DNRQ RGMDYH NRULVQLF
DSOLNDFLMH L GRELWL MHGQRNUDWQX REDYLMHVW R XVSMH:
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8 U H y Linfoin@@aijddviastitog kori VQLPpNRJ UDPpXQD
.RULVQLFL UH LPDWL P RoniaQig WW RXIU Ky INVRIUQ MXIQ P N L K
XNOMXpXMH D aX-bhailkbresMMRURNQDRPpMRI LPHQD ORNDRLMH L V
RGYRMHQRM VHNFLML PRUOL UH D a Xxedistardhandlblice @oizilaE NdkviD WL R C
VYDNRJ DAGREULIQ MB MdthavijeR! RURWSMHEQRVWL LOL QHXVSMH
informacijasvojih NRULVQLpPpNRJ UDPpXQD

544.3UHWUDALYDQMH SURILOD YR]DpD

.RULVQLFL GH PRUL SUHW U D & bxhBkwregigitskeibbloeHoYiR.]JZapD NRU |
SUHWUDALYDQMH SURILOD YR]DpD QHUH ELWL ]DKWMHYDQD S
L SRA&D O MepiskjshdablDFH YR]LOD NRMD QLMH VDGUADQD XQXWD
RYRP ZHE DS OLND F dthiRjpdndkRtdubbagjésolnepdstojanju rezultata pretrage.

5.4.5. 2P RJ X U D Ydxéhiir&hja samo prijavljenim korisnicima koji koriste

aplikaciju za detekciju i prepoznavanje registarskih tablica vozila

SamoSULMDYOMHQL NRULVQLFL NRML SRADOMX R]JQDNX UF
GHWHNFLMX L SUHSR]QDYDQMH UHUHWVWQ JLVUNDAMIks¢>xED phBD YR
detekcijui prepozmvanje registarskih tablica vozila otvara novi prozarrecenziranjel web
DSOLNDFLML VDPR N D GrBgistaiskaablitd/B7ZiQ & pwdihjodriep L W D

5.46. Funkcionalnost recenziranja i i] U D psxa@stike S RV W Radédnizija K

'HE DSOLNDFRWDILWLRIXQNFLRQDOQRVW UHFHQ]JLUDQMD
EUJLQH YRAQMH SRAWLYDQMD VHPDIRUD SRAWLYDQMD SURP
NRULAWHQMD VPMHURND]QRJ VYMHWOD L SRAWLYDQMD SMH
prX&DWL WUL RSFLMH RGDELUD VSRUR QRUPDOQR EU]R 2VW
SRILWLYDQ L QHIJDWLYDQ RGDELU SULODJRYHQ ]D VYDNX NDW

$SOLNDFLMD UH DXWRPDWVNL LJUDpXQDYDWL VWDWLVW
YRIDB&®ODVYDNX SUHWKRGQR QDYHGHQX NDWHJRULMX uUH SUL
UHFHQ]JLMD NRULVQLND X REOLNX WUDND UD]OLpPpLWH ERMH ]
LIUDpXQDWL SRVWRWDN RGDEUDQLK RSFLMD VYLK UHFHQ]JLM]I
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5.5. Osnovne poadinske funkcionalnosti web aplikacije

1DNRQ JHQHULUDQMD Q X & @DfanyoNrDjexO/astitGrazidf od/faww R W H N C
UH VprojeRinu aplikacijwnutar datotekarls.py, models.pyforms.py signals.pyviews.py

5.5.1. Rute webaplikacije

Unutar datotekeurls.pysYDND UXWD G H I L Qolatd(PranhkrijéMiHDj&ngd niodia
django.urls NRMD SRYH]XMH RGUHYHQ ke tuhkdfjanRaG/Jddw YubkeiigM X 0 L P
predstavljajuPython IXQNFLMH NRMH R E U D gngMequesiy7i Zehbrikajf MY H
odgovore éngl.responses U ovoj aplikaciji definirane su rute:

Xx 3RpPHWQDVWUDQLFD

X

Prijava korisnikat'login/'

X

Odjava korisnikat'logout/'

X

Registracija korisnikat'register/'

.RULVQLp Maccout X Q

8UHYVLY D QMHR N RUDHa@dount/"

BUHYLYDQMH UHJLVWDUYVNHadDlEeDdeplkeN RULVQLPNRJI UDp X
%ULVDQMH UHJLVWDUVNH AdeEl@énseépla&ttRULVQLPpNRJI UDPpXQ

x

x

x

x

7DNRYHU VX GHILQLU pdpataka dupoiutl 1oH BRIQ NDJD @M M L WIRK] DYRDA Q M |
EULVDQMH VRWRMLPR&IMK] QMLKRYH IXQNFLRQDOQRVWL EL\

5.5.2. Modeli web aplikacije

Django modeli koriste se za definiranje struktura tablica u bazi podataka, a svaki model
klasa predstavlja tablicu s njezinim atributima (stupcimZa potrebe osnovnih pozadinskih
funkcionalnosti stvoreni su moddrofile i License PlateModel Profle QDVOMHYXMH SRVW
Django modelUser L VDGUAL DWULEXWH LPHQD HOBNWVYRIGQLORIHORG
License PlateRVLP JQDNRYD UHJLVW D U VowherkgjDdefditafvezu\s PrGfilbénl. L D W L
(Profile model). Koristi seVW U D QL NEviMiynpke)H Qodt@vlja se naull ako profil bude
izbrisan Definirana vezdrofile modela iLicense PlatetPRGHOD MH MHGDQ QD YLaH X
Profle REMHNW FBRAK WX &ithQse Platobjekata -HGLQL UD]JORJ |]Da&WR VH
veza D QH YH]D MHGDQ QD MHGDQ MH fistarskdRablicly @alprofiB.RaH SU
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'DNOH XQDWRDpPp YH]L MHGDQev@PRYF LWHU X @ X WIDQL 6 RS U NGIU X &
Plate objektaProfile objektu na jedahicense PlateREMHNW X RGUHYHQRP WUHQXW!]

5.5.3. Forme web aplikacije
U datoteciformspy GHILQLUD VH LNBULOQURY B2MEfR Bikéthodno
definiranih modelaPrva forma jeCustomUserCreationForm NRMD MH L]YHGHQD L] XJUL
forme UserCreationFormDruga forma jeProfileForm, koja se temelji na modeRrofile. 7UH G D
forma jeLicensePlateForimkoja se temelji na modellicensePlate

5.5.4. Signali web aplikacije

6LIQDOL VX PHKDQL]DP X "™MDQJR RNYLUX NRML RPRJX
LIYUADYDMX QD RE MHNVAIOAVDHPRGUWHHDYH QLK DNFLMDZAIWR RGJRY
aplikaciju definirane su tri funkcijereateProfile() updateUser()deleteUser()

Funkcija createProfile()je povezanaasignalompost save NRML VH RNLGD QDNR
objektmodeh Userstvoren Ako je objekt stvoren, tada se koristi informacija iz povezdosey

objekta kako bi se stvorio noRirofile objekt.

FunkcijaupdateUser(je povezana s istim signalopost_saveali za modeProfile. Kada
seProfile objekt DAX UMW DO (H WH BNRWIRMURQNF LM LWUsdd@bjektd UDM X V

na temelju novih informacija iRrofile objekta.

Funkcija deleteUser()je povezanaasignalompost delete NRML VH RNLGD QDNR
modelProfile obrisan. Kada sBrofle REMHNW R E U L &tse dRtiwitatvl Wolvdj Qubkdiji,
EULAH VH L \%é&rafekt®pjmbioidovezan s tirRrofile objektom.

5.5.5. Pogledi web aplikacije

U Django okviru, pogledi (engliews SUHGVWDYOMDMX 3\WKRQ IXQNFLM
]IDKWMHYH+EZ7BUR@DRmMXRUH 3RJOHGL VX NOMXpQD NRPSRQHQW
NRQWUROLUDMX ORJLNX DSOLNDFLMH L RGUHYyXMX aWR UH V|
SRVMHWL QHNX VWUDQLFX QD ZHE DSOLNDFLWRULMQDQNR W U,
L SURVOLMHGLWL WDM |DKWMHY RGJRYDUDMXUHP SRJOHGX N
pristupa podacima iz baze podataka ili drugih izvora, obavlja potrebnu logiku i generira odgovor
NRML VH aDOMH QDWUDJ NRULVQLNX
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PremaRPH VX ]D RYX DSOLNDFLMX QDSUDYOMHQL SRJOHG
NRULVQLND RGMDYX NRULVQLND UHJLVWUDFLMX NRULVQLNEC
SRGDWDND QD UDpPXQX NRULVQLND XUHYyLY Dk MitbsajeHIJLVW D
UHJLVWDUVNH WD E O li frikaQER P/ 1D W)XQX VNRUULLY IQALHN BV HpriéfRa X i Q R V W
po registarskoj tablici2GMDYD NRULVQLND SULND] L XUHYyLYDQMH SF
UHJLVWDUVNH WDEOLFH LHFPOMBNK SRMWDGEGRMHIQWRD RIUDWQULES
NRULVQLFLPD D X VXSURWQRP VH NRULVQLNX YUDUD JUHANI
7TDNRYyHU VH REUDYyXMX VOXpDMHYL SRSXW WRJD GD VH YUDUI
neispravni, dva kot VQLND QH PRJX L Plicéhke BlatdigektXdats&nd Sivard novi
License PlateREMHNW XNROLNR YHUO SRVWRML QHJR GD VH VDPR
atribut oznake.icense PlateREMHNWD PRUD LPDWL RGUHYHQrugDVSRQ EUR

U nastavku je prikaza) DMHGQLPNL UH]XOWDW RSLVDQLK PRGXOD VOL
5.6., slika 5.7.).

Log InfSign Up

SEARCH FOR DRIVER REVIEWS

6OLND 3 R p HWeIQeplikedljezapikazpbdataka profilu L UHFHQ]JLUDQMH YR]

ispred vlastitog vozila
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Slika5.4. Stranica za prijavu korisnika web aplikacge prikaz podataka profilui
UHFHQ]JLUDQMH YR]DpD LVSUHG YODVWLWRJ Y|

Slika 5.5.Stranica za registaraciju korisnika web aplikactje prikaz podataka profilu i
UHFHQ]JLUDQMH YR]PwpAWaLVSUHG YODVWLWR
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Slika5.6.6 WUDQLFD NRULVQLpNR ZaprixippQitake-pEofil Sreckitizame M H
YR]DpD LVSUHG YODVWLWRJ YR]LOD

Slika 5.7.Stranica uU H y LaYNDRQUWL V Q L p NWRe K ajlikapipé2@ prikaz podataka profilu i
UHFHQ]JLUDQMH YR]DpD LVSUHG YODVWLWRJ Y|
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5.6. Dodatne pozadinske funkcionalnosti web aplikacije potrebne za

UHFHQ]JLUDQMH YR]DpPD

2VQRYQD LGHMD YH]H L]JPHYyX ZHE DSOLNDFLMH L DSOLI
registarskeablicevozilaje da se nakodetekcije i prepoznavanja registarséblicevozila ispred
YR]IDpD X VWYDUQRP YUHPHQX SRGADOMX SUHSR]QDWL JQDNRY
SULND]DWL NRULVQLNX WUHQXWQH RFEDBPWNHK [LDRPXRJMIZME
prHGVWDYOMDWL VHUYHU NRML REUDYyXMH ]DKWMHYH D DSOL
tabice NOLMHQWD NRML aDOMH |IDKWMHYH L GRELYD RGJRYRU

5.6.1. Strana web aplikacije

Na straniweb aplikacijedefiniranesu rute za prikazpodataka o profilu recenziranje
YR]DpD VHVLMX YRA&QM H. KacildovoBrQuliki pazadinskit FLnKdRAahbsti,
VYDND UXWD LPD SULS/EBWDWRMIL BRUO HXGM HH QDROW MHY H

Recenzije imaju modeReviewWN RML VDGUAL PRJIJXUQRVWIQ R YRAIQMH |D
(naziv unutar web aplikacijedriving speel SR aW LY D Q MazivvuhLRaDWébaikacije
traffic lighty SRaAWLYDQMD S URRBWHMUGRLWeDb] &pIkAchLtr8ffic signg, nagla
mijenjanje vozne trak@aziv unutar web aplikacijecutting ofj, N R U L &WdiaRavog svjetla
(naziv unutar web aplikacijetsignal light9 i SRaAW LYW QAMIb N R Jn&y uMitdrOneh D
aplikacije tcrosswalkk 2VLP DWULEXWD NRML pLQHowhetkH@em p@X VDGL
SRPRUX VWUDQRJ NO Revebmadelalspdfild Ddadéony té pidibulicense plate
X NRMHP MH SRPRUX VWU D RewewnoddlX $iPense-pldtdp adelon® EesifeH | D
YRAQMH LPBddsionRRGHO/DGUALRRWIDQ KR XNVOHV Kp 3 L H QKbkbL SW LU D ¢
bi se opcije recenziranja mogle prikazati korisniku, za svaki od atributa mBeéeiawkoji
RPRIXIKGMIXELU QDSUDYOMHQD MH #&Udit outdR¢iek®d kdjr [¢PD X R
GRGDWQR XUHYyHKdia.SRPRUX &66

JXQNFLMD SRJOHGD ]D UHFHQ]JLMH RPRJXUDYD NRULVQLEF
SULND] GRVDGDaAQMLK RFMHQD 5HFHQ]JLUDQM HhzetdbliRlP RJ X U H C
YR]LOD NRMD MH GHWHNWLUDQD WLMH NR® dvit\bdudieihY RaQMH
funkcia SRJOHGD NRMH UH ELWL RSLVDQH X QDVWDYNX 2VLP WR
SURQDOD&aHQMH SRVWRMHUH UHFHQ]JLMH L QMH]JLQR SRVWDY

82



obradu zahtjeva recenzij& UL ppti® fe li sesija istekla i ostalZa iscrtavanje prikaza
GRVDGDaAaQMLK RFMHQD RFMHQHMMHRWE®HW¥X I RWVRAWRWINDHS SR
S UH G OR a kebplate Qady€%%}) poziva for petlja koja isctavaSUDYRNXWQLN &L UL
onoiNR SXWD NROLNL MH SRVWRWDN RGUHYHQH RFMHQH

56.2. 9H]D L]PHyX ZHE DSOLNDFLMH L DSOLNDFLMH ]D

registarsketablice

URL vezan uz tinkciju pogleda za sesij@¢/ O XaL NDR NUD MQdddn) WoRjpND HQ
aplikacia zaGHWHNFLMX L SUHSR]QDYDQMH UHJLVWDUVNH WDEOL
znakove(POST zahtjev). Funkcija pogleda za sedijapLWDYD SULPOMHQH YULMHG(
bazu podataka. Nakon toga aplikacija za detekciju i prepoznavanje regdtdisge otvara URL
profil s dodatkom enkriptirah detektiranih znakova SUL pHPX IXQNFLMD SRJOHGD
SURQDUL VHYV LekKkript@anih\&hidikevh GeMjeXranije spremljena u bazu podataka. Na taj
QDpPLQ UHFHQ]JLUDQMH MSUR MR YXOIMHHRRIPYNRWMX\PQYRX NRML MH
SRPRUX DSOLNDFLMH ]D GHWHNFLMX L SUHSR]QDYDQMH UHJI
QHNH UHJLVWDUVNH WDEOLFH UHFHQJLUDQMH WRJ YR]DpD M
tasesMD EUL&H L] ED]JH SRGDWDND SRPRUXN&X{NoBLMiik&8 I OHGD
SURILO YR]DpD GR NRMHJ VH GREAOR SRPRUX SUHWUDALYDQM]
NRMHJ VH GRE4OR SRPRUX VHVLMH YRAQMH

Slika 5.8.Stranica pofila YR]DpD EH] PRJX i Q RaéMalplikatij&a@ifazU D Q M D
podatakao profilu L UHFHQ]JLUDQMH YR]DpPD LVSUHG YODVWL
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Slika 5.9.Stranica proflaY R][DpD V PRJXUQ R aweX aplideiit prikhDgpdataka
o profilui recenziranjevob pD LVSUHG YODVWLWRJ YR]LOD

5.7. Implementacija web aplikacije na javni serve

=D LPSOHPHQWDFLMX MDYQH ED]H SRGDWDND NRULaAWHQ
PostgreSQLWH DODW ]D S U D uddgAmir 4(sliké S. 10D i YAQVBds@Mitdna usluga
relacijske baze podatakanazon RD$slika5.11).

Slika5.10. 3 UR]J]RU DODWD SJ$GPLQ ]D SUDUHQMH L XSUDYO
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Slika5.11.Prozor AWS distribuirane uslugelacijske baze podatakamazon RDS

Za SRVOXaLYDQMH VWDWLpPpNLK REMHNDWD N&MdvaQLVX YH
VOLNH NRMH QLVX YH]DQH X] SRMHGddvizeOHiteNdse Z& QLNH |
SRVOXAaLYDQMH VWDWLPpNLK REMHNDWD NRMLjeMWSUxlugaH]DQL X
za pohranu resursAmazon S3slika 5.12) te AWSusluga za sigurno kontroliranje pristupa
resursimaAmazonAM (slika5.13) i boto3 AWS SDKaPython

Slika5.12.Prozor AWS usluge Amazon S3 za pohranu resursa

85



Slika5.13.Prozor AWS3usluge Amazon IAM za sigurno kontroliranje pristupa resursima

'"'MDQJR DSOLNDFLMD XpLWDQD MH QD XVOXJX *LWKXE MF
implementaciju Github repozitorija na javni ser¢giika5.14) 7DNRYyHU Mb$&WeL 8WHQ
Gateway Inerface GunicoonNRML RPRJXUDYD SRNUHWDQMH 'MDQJR DSC
procesa €ngl. worker processes aWR SREROMAaDYD SHUIRUPDQVH L RPRJ?
YLAHNRULVQLpPpNH LOL RSWHWMNIHI NRZHED Q B O L NPIRB RNR N E HED D !
poveznicjhttps://driverreviews.herokuapp.cd(slika5.15).

Slika5.14.Prozor platforme Heroku za implementaciyeb aplikacijena javni server
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Slika5.15.3ULVW XS NRQDpapIRaijiMDYQRM ZHE

5.8. Testiranje funkcionalnosti web aplikacije

7 HV W L Wendyna finkcidnalnosti web aplikacijieinkcionalnostiVSHFLILpQH ]D JOD
VOXpDM XSRWUHEH FMHORARAXGRRQ H XXOQWFLIR RYGQ RADVEID ZHE
biti testirane su registracija korisnika, prijavadjava NRULVQLND XUHYLYDQMH LQIR!
NRULVQLPNRJ UDPpXQDLIOS UHRWIUHDA L Y>XONVFH. RRQUIROQRVWL ZHE D
JODYQL VOXpDM XSRWUHEH FMHORNXSQRJ VXVWDYD RYRJ U
recenziranja samo prijavljenim korisnicima koji koriste aplikaciju za detekciju i prepoznavanje
registarsk tablica vozila, téunkcionalnost recenziranjail ] UDpXQ VWDWLVWLNH SRV WI

5.8.1. Testiranje registracije korisnika
8 VYUKX WHVWLUDQMD UHJLVWUDFLMH NRULWRIaSND SURY

formi za registracijuna web agikaciji koje zadovoljavaju zahtjeve registracije, odnosrroagl

DGUHVD UH ELWL REOLND QD]JLY#HPDLO GRPHQD WH UH O
kombinaciju slova i brojeva. Naovdd DpLQ UH \édisthaeijs®ANRIDIWIQLND 7DNRYHU
pURYHVWL U X piddrmaxif@ Riauta@ fdrbhi za registracijpa web aplikaciji koje ne
zadovoljavaju zahtjeve registracije, odnosn@® LO DGUHVD QHUH ELWL REOLND C(
WH ORJLQND QH UH VDGUADYDWL QDMMERNERMWH Y DQ DN RNYD M XPB
WDNRYyHU WHVWLUDW L 3RRHID. &/MhbbkBd/BH WHRNVESQUNDB LWL V R
SRQDaADQMHP
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1D VOLFL SULND]DQ MH SULPMHU XQHAHQLK LQIRUPD!
aplikaciji koje zadovghvaju zahtjeve registracije. Na slici 5.17. prikazan je primjer
SUHXVPMHUDYDQMD QD VWUDQLFX XUHYLYDQMD NRULVQLpI
MHGQRNUDWQD SRUXND R XVSMHaQRvVWL UHJLVWUDFLMH

Slika 5.16 Primjer uQ H @énkh€@rmacije unutar formea registracijukorisnikana webaplikaciji

koje zadovoljavaju zahtjeve registracije

Slika5.177.3ULPMHU SUHXVPMHUDYDQMD QD VWUDQLFX XUHYLYDQ
UHJLVWUDFLMH L MHGQRNUDWQD SRUXND R XVSMH
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1D VOLFL SULND]DQ MH SULPMHU XQHAHQLK LQIRUPD!
aplikaciji koje ne zadovoljavaju zahtjeve registracije. Na slici 5.19. prikazan je primjer dodatnih
LQIRUPDFLMD R XQHAHQLP LQIRUP D FdvérbgisbachieR ¢dhokydinaX ]D G R
REDYLMHVW R QHXVSMH&GQRVWL UHJLVWUDFLMH

Slika 518. Primjer uQ H @énkh€@rmacija unutar formi zaregistracijukorisnika na welaplikaciji

koje nezadovoljavaju zahtjeve registracije

Slika 519. Primjer dodatnhLQIRUPDFLMD R XQH&AHQLP LQIRUPDFLMDPD
]IDKWMHYH UHJLVWUDFLMH L MHGQRNUDWQD REDYLMH)
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7TDEOLFD SULND]XMH LQIRUPDFLMH XQ &#kdciHaX IRUPH
svakog od 10 korisniké. S R Q Dvéatiaplikadijeprovjerena testiranjem.] SULORA&HQRJ MH YL
da nema odstupanj2 pHNLYDQR SR QDaD Q MH BHAE & (e uritarFdrivi Ha | D
registraciju korisnika na welaplikaciji koje zadovoljavaju zahtjeve registracie uVSMH&aQD
reJLVWUDFLMD SUHXVPMHUDYDQMH QD VVWED® L MX \XW HYy DXNOSQY
registraciji 2pHNLYDQR SRQD&D QM H X R iniqacleNuDadr Mdimi | Za
registraciju korisnika na wetplikaciji koje ne zadovoljavaju zahtjeve gestracieje nHXVSMHaQD
UHJLVWUDFLMD REDYLMHYV®RR MW X WSIMH QR B FU MH. RWXUDHFEHIC
koje nisu zadovoljile zahtjeve registracije

7TDEOLFD ,QIRUPDFLMH XQRaH Q HapXkddyidaPsMakdg ddH JLVWUD F |
korisnika L S R Q D & DalikeDijepig\Eerena testiranjem

3RQDAaD
web

) Password o )

Name Email address Username Password ) ) aplikacije Odstupanje

confirmation )
provjereno

testiranjem
2pHNLY

Test 1 Korisnik1 korisnikl@email.com korisnik1 lozinkal23 lozinkal23 XVSMH Nema

registracija
2pHNLY
Test 2 Korisnik2 korisnik2@email.com korisnik2 weffev5342 weffev5342 XVSMH Nema

registracija
2pHNLY
Test3 Korisnik3 korisnik3@eemai.con  korisnik3 mfiew523 mfiew523 XVSMH Nema

registracija
2pHNLY
Test4 Korisnik4 korisnik4@email.com korisnik4 ewofn0208 ewofn0208 XVSMH Nema

registracija
2pHNLY
Test5 Korisnik5 korisniks@email.com korisnik5 vonen445 vonen445 XVSMH Nema

registracija
2pHNLY
Test6 Korisnik6 korisnik6 @email korisnik6 12345 12345 QHXVSM Nema

registracija
2pHNLY
Test7 Korisnik7 korisnik7 @email.com korisnik7 123 1234 QHXVSM Nema

registracija
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2PHNLY
Test 8 Korisnik8 korisnik8 @email korisnik8 lozinkaa lozinkaa QHXVSM Nema
registracija
2PHNLY
Test9 Korisnik9 korisnik9@email.com korisnik9 rvervw rvervw QHXVSM Nema

registracija
2pHNLY
Test 10 Korisnik10 korisnikl0@email korisnik10 pwenvwn086 | pwenvwn086| QHXVSM Nema

registracija

5.8.2. Testiranje prijavei odjave korisnika

8 VYUKX WHVWLUDQMD SULMDYH NRULVQLND SURYHVW 1(F
za prijavu na webplikaciji NRMH |[DGRYROMDYDMX |[DKWMHYH SULMDYH F
L ORJLQND UH VH SRGXGDUDWL V RQ Ldeiesiratt ijdvaSRABDVWADND 1L
7TDNRYyHU UH VH SURYHVWL UXpQR XQRAaAHQMH dpikdHjikeiO FLMD X
QH I DGRYROMDYDMX |[DKWMHYH SULMDYH RGQRVQR XQHAaHQF
s onima u bazi podataka. NAYDM QDpLQ UH VH WDNRVYHU 3/RK\DVEDIQ MM LZ & &
aplikacijeitH VH XVSRUHGLWL V RpHDNVYDRILP SRQDEDNDMHPMH SUL
informacija unutar formi zarijavu na webaplikaciji koje zadovoljavaju zahtjeve prijavida slici

SULND]DQ MH SULPMHU SUHXVPQMHUDY XYI8 D idd&jes RSP HWIQ
RPRIJXUHQ SULVWXS VWUDQLFL XUHYyLYDQMD YODVWLWRJ NRU

60OLND SULPMHU XQH&G&HQLK LQIRUP Dé&plikddiyi k§j®@ XWDU IRUF

zadovoljavaju zahtjeve prijave
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Slika5.21.3ULPMHU SUHXVPMHUDYDQMD QD SRpHWQX VWUDQLF
RPRJXUHQ SULVWXS VWUD QUFILV WU H K RYDWMX YD D VWL

1D VOLFL SULND]DQ MH SULPMHU X Q@H&avHtawebL QIRUP |
aplikaciji koje ne zadovoljavaju zahtjeve prijave. Na slici 5.23. prikazan je primjer stranice na
NRMRM VH YLGL MHGQRNUDW @aveR\&E BINILSNH MikazdR j€piifev SMHAQR
SUHXVPMHUDYDQMD QD SRpHWQX VWUDQLFX QDNRQ XVSMHAC
XVSMHaAQRVWL RGMDYH

60OLND SULPMHU XQH&GHQLK LQIRUP Dé#&plikdd)i k§i®@neW DU IRUP

zadowljavaju zahtjeve prijave
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60LND 3ULPMHU VWUDQLFH QD NRMRM VH YLGL MHGQRI

6O0OLND SULPMHU SUHXVPMHUDYDQMD QD SRpHWQX VWUD
MHGQRNUDWQD REDYLMHVW R XVSMHaAQRVWL F

7TDEOLFD SULND]XMH LQIRUPDFLM H aplikaRijazd /bekogy IRUPH
RG NRULVQLND RpHNdphkBc@DPDSEQIDMDQX D R B K DaplikatijuSRQ D aD (
za prijavu i odjavu provjerena testiranjem] S UL OR aH Q ®Jdaviiémy’ bdztOpdrija.
2PbHNLYDQR SRQDabD Q M) B &(e umMiardrivi Hgpfiiavu korisnika na
webaplikaciji koje zadovoljavaju zahtjey&ijaveeuVSMHaEaQD SULMDYD SUHXVPMHU
VWUDQLFX RPRUWWH® ISFULXWHKBLYDQMD YORPRWIXWAIQ BRRIGEMD Y
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2PpHNLYDQR SRQDaD Q MHQ BEdriofm&ciie umMiarFdrivi Hgofifavu korisnika na
web aplikaciji koje ne zadovoljavaju zahtjeverijaveje nHXVSMH&aQD SULMDW® SUHXYV
LVWX VWUDQLFX SULMDYH MHGQRNWUB®WIKQPDYPEQ I MMHVANR RX QHHC

7DEOLFD ,QIRUPDFLMH XQR & Haplikadiji tRdvdket) ¢iD1GKIrisMKRY X QD
L RGMDYX L S RiKad&ezQ pijavzitedgavu provjeena testiranjem

3RQDEDQMH

. aplikacije )
Username Password 8 Q H apasyword ) Odstupanje
provjereno
testiranjem
o ] ] 2PHNLYDQR
Test1 korisnikl lozinkal23 lozinkal23 . Nema
prijava

2pHNLYDQR

Test 2 korisnik2 weffev5342 weffev5342 . Nema
prijava
o _ _ 2pHNLYDQR
Test 3 korisnik3 mfiew523 mfiew523 . Nema
prijava
o 2pHNLYDQR
Test4 korisnik4 ewofn0208 ewofn0208 . Nema
prijava

2pHNLYDQR

Test5 korisnik5 vonen445 vonen445 . Nema
prijava

L . 2PbHNLYDQ

Test6 korisnik6 ewvevl34 lozinka Nema
QHXVSMHAaQ
2bHNLYDQ

Test7 korisnik7 hnret4653 ewvnwvl Nema
QHXVSMHAaQ
2PbHNLYDQ

Test8 korisnik8 stbh4wrl3 evbearv54 Nema
QHXVSMHAaQ
2PbHNLYDQ

Test9 korisnik9 tbwr3542 12345 Nema
QHXVSMHAaQ
o 2pHNLYDQ

Test 10 korisnik10 gtbgeealsd raebrv Nema

QHXVSMHEQ

THVWLUDQMH XUHYyLYDQMD LQIRUPDFLMD YODVW

8 VYUKX WHVWLUDQMD XUHYyLYDQMD LQIRUPDFLMD YODVYV
XQRAHQMHPDFLMD XQXWDU IRUPDLUO RGHWHWD QNNRR LYE® QDN RO L
L VOLNH SURILOD =D VYDNX RG QDYHGHQL&] I\ RBPWRDWUD B MW/
XUHYyLYDQMH L EULVDQMH R]QDNH YOPYAMW i HJ MBI LS WRDRINWHGIC
RIQDNX NRMD QLMH GRGLMHOMHQD GUXJRP NRULVQLPpNRP UD
GRGLMHOMHQD GUXJRP NRULVQLpPpNRP UDpalikacile EHU LWHD QM H
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XVSRUHGLWL V RpHNa¥%ID Q.252pisk&z@nDeapDrqevl pidismjeravanja na stranicu
YODVWLWRJ NRULVQLpPNRJI UDpXQD QDNRQ XVSMHAEAQRJ XUHyL"
gdje se vidi jednokratna obavie® XVSMH&EQRVWL XUHYyLYDQMD LQIRUPDFLMN
pULPMHU MHGQRNUDWQH REDYLMHVWL R QHXVSMH&EQRVWL
UDpXQD

6O0OLND SULPMHU SUHXVPMHUDYDQMD QD VWUDQLFX YODV
XUHYLYDQMD LQIRUPDFLMD Y OD VWLjgdmolram& dbawjedtlopNRJ UDp
XVSMHaAaQRVWL XUHYyLYDQMD LQIRUPDFLMD

60OLND SULPMHU MHGQRNUDWQH REDYLMHVWL R QHXVSN
NRULVQLPNRJ UDpPpXQD
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Na slici 5.27. prikazan je primjer preusmjeravanja na stranicu vlastitog kopshRJ UDp X QD
QDNRQ XVSMHaQH SURPMHQH YODVWLWH R]QDNH UHJLVWDUYV
GUXJRP NRULVQLPpNRP UDpPpXQX JGMH VH YLGL MHGQRNUDWQD
slici 5.28. prikazan je primjer jednokratne obBAHVWL R QHXVSMH&@BAakd SURPM
UHJLVWDUVNH WDEOLFH YR]JLOD 1D VOLFL SULND]DQ MH
brisanja vlastite oznake registarske tablice vozila.

Slika 5.27. Primjer preusmjeravanja na stranicu vVilB8tRJ NRULVQLPNRJ UDpXQD QD!
promjene vlastite oznake registarske tablice vozila na oznaku koja nije dodijeljena drugom
NRULVQLpNRP UDpXQX JGMH VH YLGL MHGQRNUDWQD RED"

Slika 5.28Primjer MHGQRNUDWQH REDYLMHVWL Ro&kXré@athtdleQ RV WL

tablice vozila
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60OLND SULPMHU MHGQRNUDWQH REDYLMHVWL R XVSMH3Z
tablice vozila

7DEOLFD SULND]XMH WUHQXWRQUH H MXQ K &HQHY DQINRKY ALD
YODVWLWRJ NRULVQLpNRJ SURILOD L SURPMHQX WH EULVDQ
webaplikacijii SR QD & D @MiacigfE XUHYLYDQMH LQIRUPDFLMD YODVWL
promjenu te brisanje aktite oznake registarske tablice vozila na vaplikaciji provjerena
testiranjem.,] SULORAHQRJ MH YLGOMIPHNGYDQRPHRR®\A W @Bl Bl QMIE |
XUHYLYDQMH LQIRUPDFLMD Y @aDAebvapikatiji | N RAUQNZH.Q NjRLIQ SRIRR L
unutar RGJRY D UdinM Xajde KDGRYROMDYDMX SULSNMGDMAQR DPOKHWMWADB
LQIRUPDFLMH SUHXVPMHUDYDQMH QD VWUDQLFX YODVWLW
REDYLMHVWL R XVSMHaAQRYMHNX Y B QRY 5 R QINEO QN Z BIFHL MDHX U H
LQIRUPDFLMD YODVWLWRJ NRULVQLpPpNRJ SURILOD QD ZHE !
RGJRYDUDMXULK ITRUPL NRMH QH ]DGRYRGMHEMBNMXR SKXUHPIGT
informacije, prikaz jednokratne obavijesti 0 neld@d QRVWL XUHYLY.D2QMDNLY@IQRRIPLC
SRQDaADQMH ZH prdnfeaulvidddite biake rBgistarske tablice vozila na web aplikaciji
]JID XQHEHQH LQIRUPDFLMH XQXWDU RGJRYDUDMXULK IRUPL N
uVSMH&aQD S Ui Bavak&)Eyistatske\taMice vozila, preusmjeravanja na stranicu vlastitog
NRULVQLPpNRJ UDpXQD SULND] MHGQRNUDWQH REDYLMHVW
registarske tablice vozila2pHNLYDQR SRQDAaDQMH ZHE vias8t® bk LMH ]D
UHJLVWDUVNH WDEOLFH YR]JLOD QD ZHE DSOLNDFLML ]D XQH
NRMH QH ]DGRYROMDYDM X HSXM.SNDKEEDQMDX K R B KIW ®@ Bl YYHO DIVAWQ W T
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WDEOLFH YR]JLOD REDYLMH YV Waktit® oDak& KeGisthrsEeQtablicd/ LozaU R P M H
2pbHNLYDQR SRQDaADQMH ZHE DSOLNDFLMH ]D EULVDQMH YOD\
aplikaciji je W SMH4QR EULVDQMH YODVWLWH R]JQDNH UHJLVWDU\
stranicu vlasttogNRULVQLPpNRJ UDpXQD SULND] MHGQRNUDWQH RED
oznake registarske tablice vozila

Tablica53TUHQXWQH L XQHaAaHQH LQIRUPDFLMH X IRUPH ]D XUF
NRULVQLPpNRJ SURILOD L S WwRmRakd FegstarsikditaBlicelvadilanilweby O D VW L
aplikacii L SRQDabQMD ZHE DSOLNDFLMH ]D XUHYLYDQMH LQIRU

promjenu te brisanje vlastite oznake registarske tablice vozila naplé#aciji provjerena

testiranjem

3RQDaDQMH
Trenutna informacija 8QHAHQD LQIR aplikacije provjereno Odstupanje
testiranjem
2pHNLYDQR X
Name Mihovil OLKRYLO .RYI Nema
XUHYLYDQN
) mihovilkovacevic1998@| mihovil.kovacevic@tttec 2pHNLYDQR X
Email ) Nema
gmail.com h-auto.com XUHYLYDQN
) mihovil.kovacevic@tttec| mihovilkovacevic1998@| 2pHNLYDQR Q
Email ) Nema
h-auto.com gmail XUHYLYDQN
2PpHNLYDQR X
Username mihovil mihovil1998 Nema
XUHYLYDQN
. . . 2PpHNLYDQR X
Location ax8ag Osijek Nema
XUHyYLYDQN
o 2pHNLYDQR X
Profile image Nema
XUHYLYDQN
. 2pHNLYDQR X
License plate ZG2661AJ OS543FD Nema
XUHYLYDQN
2pHNLYDQR Q
) XUHYLYDQMH
License plate OS543FD KA596CJ o Nema
dodijeljene oznake
registarske tablice vozilg
) 2pHNLYDQR X
License plate OS543FD delete o Nema
brisanje
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7HVWLUDQMH SUHWUDALYDQMD SURILOD YR]DpPpD
8 VYUKX WHVWLUDQMD SUHWUDALYDQMD SURILOD YR]D}
UHJLVWDUVNLK WDEOLFD YR]JLOD X SUHWUDALYDp NRML VH
SUHWUDALYDQMH R]IQDND UHJLVWDUVNLK dfabakaOsLkejpmY R]L O D
NRPXQLFLUD ZHE DSOLNDFLMD L SUHWUDALYDQMH R]QDND U
X ED]JL SRGDWDND V NRMRP NRPXQLF LagliRacjeHliEH DVS-O XNBS RIUMIS L 8
RpPpHNLYDQLP S\R&ID&EBQ ptikeRa je primjer preusmjeravanja na stranicu profila
YR]DpD QDNRQ XVSMH&AQRJ SUHWUDALYDQMD NRULVWHUL R]Q
SULND]DQ MH SULPMHU MHGQRNUDWQH REDYLMHVWL R QHXVE

Slika 5.30. PrimjerSUHXVPMHUDYDQMD QD VWUDQLFX SURILOD YR]DD
NRULVWHUOL R]QDNX UHJLVWDUVNH WDEOLFH Y

6O0OLND SULPMHU MHGQRNUDWQH REDYLMHVWL R QHXYVS
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7DEOLFD S U leNinhbé MdistatsghHabhc® vozilaX SUHWUDALYDp ]D S
Y R ] Dhp veb aplikaciji prisutstvo tih oznaka u bazi podatgk@ezanom s web aplikacijgm
RPpHNLYDQD SRQDADQSDHAMEDAS D N DAL SIBR]ID O DegiskajskihD ]D UD
tablica vozilaL SRQDAaADQMD ZHBUWOUNHIFLMPMH SURILOD YR]DpD
registarskih tablica vozilarovjerena testiranjem,] SULOR&aHQRJ MH YLGOMLYR GD
2PHNLYDQR SRQD&D Q M¥QHAEMAXS OULHNDVIWIHUVINLK WDEOLFD YR
]D SURILOkaWeRGDikeliji uz prisutstvo tih oznaka registarskih tablica vozila u bazi
podataka povezanoj s web aplikacijom 8 MHAQR SUHWUD aL yrewridiavanjiR ILOD Y
na stranicu proflaY RI DRPHNLYDQR SRQD&D QMXQAEHEKS @distaskih MH ] D
WDEOLFD YR]JLOD X SUHW U2 &vely &ppkatip b&zUpRdutstval tity BZnakaD
registarskih tablica vozila u bazi podataka povezanoj s web aplikaciomHXWSMH&aQR
pretrt DALYDQMH SURILONDDY RMBPERRNUDWQH REDYLMHVWL R QHX\
YR]DpD

7TDEOLFD 8 Q HepdtarskilRJIPdaMddilax SUHWUDALYDp JMaweb RILOH Y
aplikaciji, prisutstvo tih oznaka u bazi podataka povezasaveb aplikacijomL SRQDAaADQMD ZHI
DSOLNDFLMH |]D SUHWUDALYDQMH SURILOD YR]DpD ]D UD]O

provjerena testiranjem

Prisutstvo oznake
registarske tablice 3RQDaADQMH
8QHAHQD R]({ vozilaubazipodataka aplikacije provjereno Odstupanje
povezanoj s web testiranjem
aplikacijom
2PHNLYDQR X
Test1 ZG2661AJ Da . Nema
SUHWUDaAaLY,|
2PHNLYDQR X
Test 2 OS543FD Da . Nema
SUHWUDaAaLY,|
2pHNL YOS H |
Test 3 KA596CJ Da b . Nema
SUHWUDaAaLY,|
2PHNLYDQR X
Test 4 ZG2808AA Da . Nema
SUHWUDaAaLY,|
2PHNLYDQR X
Test5 ZG5715AK Da . Nema
SUHWUDaAaLY,
2PpHNLYDQR
Test 6 0S672MD Ne P © . Q Nema
SUHWUDaAaLY,|
2PpHNLYDQR
Test7 ZG234HS Ne P © . Q Nema
SUHWUDaAaLY,|
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Test 8

2G623JZ

Ne

2PHNLYDQR Q
SUHWUDA&LY

Nema

Test9

OS5532HP

Ne

2PHNLYDQR Q
SUHWUDA&LY|

Nema

Test 10

0S231MS

Ne

2PHNLYDQR Q

SUHWUDALY,

Nema

THVWLUDQMH mRdeRiatjaBanib(Ndvljenim korisnicima

koji koriste aplikaciju za detekciju i prepoznavanje registarskih tablica vozila

8 VYUKX WHVWLUDQMD RPRJXuDYDQMD UHFHQ]JLUDQMD V!

aplikaciju za detekciju i prepoznavanje ey WDUVNLK WDEOLFD YR]LOD

istom profilu YR]DpD SRPRiUX SUHWUDALYDpD WH QDNRQ WRJD
prepoznavanje registarskih tablica vozilRULVWHUL

VOLND LVWH ndHJLVWD
U D] O LupaljgnbsBma 3 R Q D 4 D QiplikhcfeHiEl VH XVSRUHGLWL V REANLYDQL

WHVWLUDQMH SRQDabQMD ZHE DSOLNDFLMH ]D SULVWXS SU
prepoznavanje registarskintabld YR]L O D N Rl&ktity Skripti&¥SKrigta\sibhulira rad sustava

u stvarnom vremenu na temeljuahije spomenutih slikéslika 5.2., slika 5.3., slika 5.3, slika

5.3, slika 5.%.). Na slici 5.37. prikazan jBythonkod spomenute skripte.

Slka5.2 3UYD VOLND NRULSRG@RQDD DM  HARELDSQIMNDFLMH ]D SUI
SRPRUX DSOLNDFLMH ]JD GHWHNFLMX L SUHSR]QDYDQM
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Slka5.3 'UXJD VOLND NRULAWHQD ]D WHVWLUDQMH SRQDA&aDQ
YR]DpD SRPRuUX DSOLNDFLMH ]D GHWHNFLMX L SUHSR]QD"

Slka5.3 7UHUD VOLND NRULAWHQD ]D WHVWLUDQMH SRQDAaADQM
SRPRUX DSOLNDFLMH ]JD GHWHNFLMX L ®UHSR]QDYDQM}
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Slika5.% yHWYUWD VOLND NRULAWHQD ]D WHVWLUDQMH SRQD;
YR]DpD SRPRuUX DSOLNDFLMH ]D GHWHNFLMX L SUHSR]QD"

Slika5.%3 3HWD VOLND NRUL&AWHQD ]D WHVIWISUD W K SS B QR BADBOXMY
SRPRUX DSOLNDFLMH ]JD GHWHNFLMX L SUHSR]QDYDQM}
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60OLND 6NULSWD ]|D WHVWLUDQMH SRQD&abQMD ZHE DSOL

aplikacije za detekciju i prepoznavanje registarskih tablicala
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Na slici 5.38. prikazan je rezultat poziva skripte sa slike 58RMD VH L]YU&ALOD ]
prethodno navedenih slika za testiranje (slika 5.33., slika 5.34., slika 5.35., slika 5.36., slika 5.37.)
Vidljivo je da je za sliku 5.33.egistarskaablicavozila detektiranaali prepoznat je samo prazan
string, za sliku 5.34. prepozna@ R]QDND UHJLVWDUVNH WDEOLFH YR]JLOD V
za sliku VOLNX L V Qelpiepznata o2vakar€pRtarske tablice vozila.

60LND 5H]XOWDW SR]JLYD VNULSWH ]D WHVWLUDQMH SR
YR]DpD SRPRUX DSOLNDFLMH |]D GHWHNFLMX L SUHSR]JQDYC

prethodno navedenih slika #astiranje

Naslici53 SULND]DQ MH SULPMHU SULVWXSD SURILOX YR]DJ
RQHPRJIJXUHQR UHFHQ#QUBQMNMD]IDD WAHHLEBULPMHU SULVWXSD S
aplikacije za detekciju i prepoznavang@ HJLVWDUVNLK WDEOLFD YR]JLOD SU

recenziranje.

Slka5.3 3ULPMHU SULVWXSD SURILOX YR]DpD SRPRUX SUHWU

recenziranje
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Slika540. 3SULPMHU SULVWXSD SURILOX YR]DpD SRPRj@X DSOLND
UHJLVWDUVNLK WDEOLFD YR]JLOD SUL pHPX MH RPRJ

7TDEOLFD SULND]XMH UHIHUHQWQH R]J]QDNH UHJLVWDU\
YR]DpD SUHSR]QDWH R]QDNH UHSRQWBADYMDKZWPE EDS G DNDR LI
tediranjem. 2pHNLYDQR SRQDAaADQMH ZWHE XSSOURDFRAONMMRPODpD NRULYV
preusmjeravanje naRGJRYD WDMXRDIFLFX SURILOD YR]DpD X] RQHPRJ
2PHNLYDQR SRHEDEBQMMDFLMH ]D SULVWX ¥%aSju Ralde@bkcijlYiR]DpD N
prepoznavanje registarskih tablica vo&kda je oznaka registarske tablice vozila prepozeata
preusmjeravanje NR GJRYDV /MO FX SXRIRP®RJIXRHIPD UHAHLIYDQOR MH
SRQDabQMH ZHE DSOLNIMDR WHR] P DS WIRMUL XY 8V HUIWLROSOLNDFL
prepoznavanje registarskih tablica vozila kada je registarska tablica vozila detektirana ali je
prepoznat prazastring je mirovanje, odnosno ne otvara¥&WUDQLFD SURILOD YR]DpD
tablica vozilanije prepoznata 3aUYR PRJXUH RGVW XEBoppMzd dbdkcidd DGD D
prepoznavanje registarskih tablica voz#aR & BQCHWHR p Q Xedrsi@dRe\tablice vozilpa se
otvori VWUDQLFD SURILODUQHBR FPRQR I H RI®WVW X HEgQaethbdvoH ND GD
QHWRPpQR SUH S&jj<iaiske thbiR¢Qdzikld LG X UHP WORPOM ZEUHSR]QDWH
QRYL SUR]JRU ]D VWUDQGNROISNRILMBD X WEID MO XpDMD R]JQDND U
ELOD WRpPpQR SUHSR]QDWD VHRRREL |IPWYNRWHRLVE SR RMHBGDQYRBR]L
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7TDEOLFD 5HIHUHQWQH R]QDNH UHJLVWDUVNLK WDEOLFD
prepoznate oznake registarskih tablica voZi@RQDabDQMD ZHE DSOLNDFLMH SUR)

3RQDADQM

Referentna oznaka

registarske tablice

1DpLQ SUL
SURILOX Y

Prepoznata oznaka
registarske tablice

aplikacije

provjereno

Odstupanje

vozila vozila o
testiranjem

2PHNLYD( Nema
2pPHNLYD( Nema
2pPHNLYD( Nema
2pPHNLYD( Nema
2pPHNLYD( Nema

Test1 KA596CJ

Test 2 ZG2661AJ
Test 3 OS543FD
Test 4 ZG2808AA
Test5 ZG5715AK

3UHWUDaAa /
3UHWUDaAa /
3UHWUDa /
/
/

3UHWUDaAa
3UHWUDa

Aplikacija za
detekciju i
Test 6 ZGORMARIO prepoznavanje 2pHNLYD( Nema
registarskih tablica

vozila

Aplikacija za

detekciju i
3UYR PRJX

odstupanje

Test7 ZGORMARIO prepoznavanje ZGORHARIO 1IHRpPpHNLY

registarskih tablica

vozila

Aplikacija za

detekciju i
'"UXJR PRJX

odstupanje

Test8 ZGORMARIO prepoznavanje ZGORMARIO 1IHRpPpHNLY

registarskih tablica

vozila

Aplikacija za
detekciju i
Test9 ZGORMARIO prepoznavanje ZGORMARIO 2PbHNLYDQ( Nema
registarskih tablica

vozila

Aplikacija za
detekciju i
Test 10 ZGORMARIO prepoznavanje ZGORMARIO 2pHNLYD( Nema
registarskih tablica

vozila

=D VOXpDMHYH QHWREWOQRUHIUMNEFBRIUINNH WDEOLFH YR]LOD
bi se moglo unaprijediti implementacijom trajanja sejib VYDNX SRMHGLQDpPQX VW
RPRIJXUXMH UHFHQJLUDQMH WH RPRJXULWL MNdgeWwon@remeX GD RC
natemeMX QHWRpPpQRJ SUHSR]QDYDQMD UHJLVWDUVNH WDEOLFH
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EL VH NRULVWLWL NRG NRML VH L]YRGL SDUDOHOQR 7UHQX
VHVLMD DOL VDPR VHNYHQFLMDOQR awR]OQRpHWID NN NEH
SUHWKRGQD ]DYUALOD LOL LGXuUD VHRuhKddamest R N B N VB R PRYI U
NUX4aQRJ VSUHPQLND YHOLpPLQH RIQDND UHJLVWDUVNLK WI
samo ako jeod 10 zadnjih uzastopnih spLFD EDUHP LOL YLAH SXWD SUHS
UHJLVWDUVNH WDEOLFH YR]JLOD EL WDNRYHU ELOD MHGQR R
registarske tablice vozila.

5.8.6. Testiranje funkcionalnosti recenziranjai L]UDPpX QD VSWOMMR/NVH.INLHK
recenzija

Testiranjefunkcionalnosti recenziranjal |lJUDp XQD VWDWLVWLNH SRVWRMHI
VH UX{HEFDOQ SURILO YR]DpD UH ELWL RFLMHQMHQ RG VWUDC
VWDWLVWLND H ELWL UXPpQR L]UDPpXQDWD apliKait RDRI EWORD V F
je ranije spomenuto, statistika na wablikaciji se prikazuje tako d& H L]JUDpXQD SRVWRW
VYDNH RG PRJIJXULK RSFLMD UHFHQ]L U D Qv jaetljeDscvtavl ByxkiN D W H J |
XGLR NDRHXOHPHQDWD aLULQH za svdRi kKategOMUIMVAVDRM XMW LINHR Y M
tako da se dohvatitmlkod za svakod iscrtanihdiv elemenatditmlkodai S R P RPyitKonskripte

vidljive na slici5.41. zbroji koliko je kojihdiv elemenatdntml koda

Slika54L SNULSWD |]D DRMOQDSRMHDYOMLYDQMD VYDNRJ SRMHGL
koda
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Na slikama 52., 543, 544., 545., 546., 547., 548., 549., 550, 551 prikazana je
promjena iscrta8 VWDWLVWLNH UHFHQ]LMD QDNRQ GRGDYDQMH UHI
UDpXQD NRULAWHQLK ]D RYR WHVWLUDQMH

Slika 542 Prikaz iscrtane statistike recenziaNeRQ GRGDYDQMD UHFHQ]JLMH SUY
UDpXQD

Slika543 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]JLMD QDNRQ C
UDpXQD
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Slika544 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]LMD QDNRQ ¢
UDpXQD

Slika545 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]LMD QDNRQ G
UDpXQD
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Slika546 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]JLMD QDNRQ ¢
UDpXQD

Slika 547. Prikaz iscrtane statistike recenzi@dDNRQ GRGDYDQMD UHFHQ]JLMH aH
UDpXQD
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Slika548 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]JLMD QDNRQ G
UDpXQD

Slika549 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]JLMD QDNRQ ¢
UDRXQ
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Slika550 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]JLMD QDNRQ C
UDpXQD

Slika551 3ULND] LVFUWDQH VWDWLVWLNH UHFHQ]JLMD QDNRQ G
UDpXQD

Na slici 552. prikazan je primjehtml NRGD NRML 0HPW#hondkRoBILSH EliMé L X
541 |D UDpXQDQMH EURMD SRMD YodemErdinmvikKody &M Bliel 3.58.RMHG L C
SULND]DQL VX UH]XPykidn$kriptd. ] YRYHQMD LVWH
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Slika 552. Primjer himl kodaiscrtane statistike recenzija za jednu kategoriju

Slika553 5H]XOWDWL L]YRYHQMD 3\WKRQ VNULSWH ]D UDpXQI
SRMHGLQDpPpQRJ GLY HOHPHQWD KWPO NRGD

U tablici 56. prikazam su odabrane opcije recenziranja svake kategasjesvaki
NRULVQLPpNL UDpXQ UHIHUHQWQD UXDpQ Rrdcéhkzipprikazanava VW D W L
webaplikaciji ,] SULORAHQRJ MH YLGOMLYR GD QHPD RGVWXSDQMI
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Tablica56 2GDEUDQH RSFLMH UHFHQ]JLUDQMD VYBRHLNDWHJIR
XVSRUHGED UXpQR LJUDpXQDWH VWDWLVWLNH GpliaejQ]LMD L

Driving speed Traffic lights Traffic signs Cutting off Signal lights Crosswalks

Korisnik 1 Normal Obeys Obeys No Uses Stops
Korisnik 2 Slow Disobeys Disobeys Yes Doesn't use Doesn't stop
Korisnik 3 Over the limit Disobeys Obeys Yes Uses Doesn't stop
Korisnik 4 Normal Disobeys Disobeys Yes Doesn't use Doesn't stop
Korisnik 5 Slow Obeys Obeys No Uses Stops
Korisnik 6 Normal Disobeys Disobeys No Uses Stops
Korisnik 7 Over the limit Obeys Disobeys Yes Doesn't use Doesn't stop
Korisnik 8 Over the limit Disobeys Disobeys No Uses Stops
Korisnik 9 Normal Obeys Disobeys Yes Doesn't use Stops
Korisnik 10 Normal Disobeys Obeys Yes Uses Doesn't stop
Referentna
statistika Normal: Slow: . )

- o Obeys Disobeys| Obeys Disobeys Uses: Doesn't Stops Doesn't
recenzija Over the limit= No:Yes=4:6

=4:6 =4:6 use=6:4 stop=5:5
UXPpQR 5:2:3
LIUDpXQDYV
Statistika
recenzija 50:20:30=5:
) 40:60=4:6 40:60=4:6 40:60=4:6 60:40=6:4 50:50=5:5

prikazana na 2:3
web aplikaciji
Odstupanje Nema Nema Nema Nema Nema Nema

5.8.7. Komentar na cjelokupno testiranje web aplikacije

5HIXOWDWL WHVWLUDQMD UHJLVWUDFLMH NRULVQLND Sl
YODVWLWRJ NRULVQLpPpNRJ UDpXQD SUHWUDALYDQMD SURILO
VWDWLVWLNH SRVWRMHULK UHFHQBOLIN BRINN\DHD@H R & VGADX S B (F
SRQDaAaDbDQMD GHILQLUDQRJ IXQNFLRQDOQLP ]DKWMHYLPD ZH
IXQNFLRQDOQRVWL RPR 3atiopNdviiemihDkdddhiEimakdi Wansehyikaciju
za detekciju i prepoznavanje reirskih tablica vozilaX W'Y U y H QuRolikb HaplEdzija za
GHWHNFLMX L SUHSR]QDYDQMH UHJLVWDUVNLK WDEOLFD YR]
YR]LOD SRQDabDQMH ZHE DSOLNDFLMH RGVWXSD RG RpPpHNLY
zahteYLPD ZHE DSOLNDFLMH =D SURQDYVHQR RGVWXSDQMH QDY
XpHVWDORVW RGVWXSDQMD LOL JD SRWSXQR XNORQLOD
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=$./-8y%.

8 SRVOMHGQMHP GHVHWOMHuUX XEU]DQ QDSUHGDN UDpX
UD]OLpL e ds@bi@ane itdrhobilsku industriju. Ovaj diplomski rad imao je za cilj razviti
SURJUDPVNR UMH&@HQMH VXVWDYD ]D SULND] SRGDWDND R S
temeljenog na detekciji i prepoznavanju registarskih tablica vozila. Sast@astoji odlvije
aplikacile xaplikacija za detekciju registarskih tablie@zilai prepoznavanjegnakovana njima,
te web aplikacg za prikaz podataka profilu L UHFHQ]JLUDQMH YR]DpD

,VWUDBWKHQSRVWRMHUH SULPMHQH UMHAHQMD ]D GHWHNI
prepoznavanjgnakovaQD QMLPD 7DNYH SULPMHQH XNOMXpXMX DXWEF
FHVWDULQH XSUDYOMDQMH SDUNLUDOL&AWLPD SUR&RYHQME
znakova na registarskim tablicamaozila XNOMXpXMH NOMXpQH ]J]DGDWNH C
prepoznavanjgnakova NRML VH REDYOMDMX NRULAWHQMHP WHKQLN
SRVHEQR NRQYROXFLMVNLK L UBMWYWHE®YR LMHIOQSHBrsRI) \NL K |
QDMSULNODGQLML 1D VOQpudanMe 8/B \Woabeld +& detélRiju tadis@iBkih
WDEOLFD YR]JLOD WH RGDELU L SRGHa4ADYDQMH DOJRULWPD
tablicama. Prema rezultatinestiranjaodabran je YOLOvSmallmodeluz prag pouzdanosti 0.5
za detekciju,s ostvarenim rezultatima preciznosti 0.9905, odziva 0.9811 i F1 mjere 0.9858.
SULOLNRP WHVWLUDQMD ]D EUlhteliRY Cote(TRY HARFEIY @PD @ URFHVF
1.80GHz1.99 GHZRPRJXUDYD REUPIGH X VHDXQGL X pHPX JD QDGPD
jedino YOLOv7tiny PRGHO X] SUDJ SRX]GDQRVWL V UH]XOWDWRP
Odnajmodernih UMHaHQMD R \daYpRepbEnavRrjetdi@diabranje PaddleOCRkao
QDMWZReteiLDQH JUDQLPQH RNYLUH U&UWY&HR G VIN XK QWDXEOKLM
120 piksela procijenjene maksimalne udaljenoStU L E ®K42 @dara pri rezoluciji slike
1920x1080 SLNVHOD RV W 38388 M+D WRINYRWPYWOQX XGDOMHRRVW QL
sustav prepoznavati registarske tablice vozila odabraralje) LQD GHWHNWLUDQLK JU
registarskih tablica vozilaY HUD RG L XNOMXpXMXUL SLNVHOD SURFLMH
S U L E 813a@tRra pri rezoluciji slikd920x108pikselg gdje je nakon testiranjgaddleOCR
RVWYDULR WRQgsBV$W UD]YRM ZHE DSOLNDFLMH NRMDbDb RPRJXI
proflu L UHFHQ]JLUDQMH YR]DpD 2YD ZHE DjggdokvidddaMavadi ]JUD Yy H:
pozadinskih funkcionalndisi implementirana eQD MDY QL V HAnyakEodwed RIUBAIX

Heroku platforme Testiranjem funkcionalnosti web aplikacije registracije korisnika, prijave i
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RGMDYH NRULVQLND XUHyYLYDQMD LQIRUPDFLMD YODWIWLWRJ
L UHFHQ]JLUDQMD WH LJ]UDpXQD VWDWLVWLNH SRVWRMHULK U
QH RGVWXSDMX RG RPHNLYDQLK SRQDaDQMD RGQRVQR SR
zahtjeva web aplikacijeNakon testiranja RPRJXUDYDQM [a gamd- idriapliddibn Q
korisnicima koji koriste aplikaciju za detekciju i prepoznavanje registarskih tablica ,\vozila
XWYUYyHQR MH GD XNROLNR MH SUHSR]QDYDQMH UHJLVWDUYV
QHWRPQRJ YR]DpD

U sklopu ovog diplomskog rdd XVSMHAaAQR MURUDDMAWN-HRORMHAHQMH
SULND] SRGDWDND R SURILOX YR]DpD YR]LOD WHPHOMHQRJ
WDEOLFD YR]JLOD 2GDELU QDMSRJRGQLMLK DOJRULWDPD ]D
]D XpLQRVRW MXVWDYD D ZHE DSOLN DffdgddpodataRa KoM H N R U L \
UHFHQ]JLUDQMSBUYHRGDNDX NRULAWHQMX WHKQRORJLMH |]D GHWH
QRYLK PHWRGD RWYDUD PRJXUQRVWL ]D 8sBwWR@QMADIGQMH VXV
SUHSR]QDYDQMH ]QDNRYD QD VOLNDPD YHUH UH]JROXFLMH EL
za WUHQXWQL VXVWDY 3ULPMHULFH ]JD UH]JROXFLMX [
SUHSR]QDYDQMD UHJLVW D U Vidaljghostintamego z®reYdRutjuOLB20QID8Y H U L P
piksela. 1HPRJXUQRVW SUHSR]QDYDQMD KUYDWVNLK GLMDNULW
GRGDWQLP WUHQLUDQMHP SRVWRMHULK PRGHOD DOJRULWD
vlastitog algoritma za prepoznayarznakova. Idealni skup podataka za testiranje algoritma za
SUHSR]QDYDQMH JQDNRYD SUL UD]JOLpLWLP XGDOMHQRVWLPI
VDGUAL ]D VYDNX UHJLVWDUVNX WDEOLFX YR]JLOD RQROLNR
udaljenosti testra=D VOXpDMHYH QHWRpPQRJ SUHSR]QDYDQMD UHJLV\
DSOLNDFLMH EL VH PRJOR XQDSULMHGLWL LPSOHPHQWDFLMR
NRMD RPRJXUXMH UHFHQ]JLUDQMH ¥irBhide R&Rrécenirdnje KojR 8UL V QL N
RWYRUHQH QD WHPHOMX QHWRpPQRJ SUHSR]QDYDQMD UHJLVW
morao bi se Kkoristiti kod koji se izvodi paralelnd XQNFLRQDOQRVW NRMD X] SR
VSUHPQLND YHOL p LU®dKih tabiRdaQy@zNadtvdrd dttavicu za recenziranje samo ako
MH QD X]DVWRSQLK VOLpLFD EDUHP LOL YLa&H SXWD SUHS
EL WDNRyHU ELOD MHGQR RG UMHAHQMD ]D SUREOIBP QHWRDC
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6%a(79%.

8 RYRP GLSORPVNRP UDGX UD]J]YLMHQR MH SURJUDPVNR L
SURILOX YR]DpD YR]JLOD LVSUHG YODVWLWRJ YR]JLOD WHPHO
tablica vozila.Sustav se sastoji od dvije aplikacijeaplikacija za detekciju registarskih tablica
vozila i prepoznavanje znakova na njima, te web aplikacija za prikaz podataka o profilu i
UHFHQ]LUDQWVAUNRHIGB OLpLWH SULPMH QH disMHablic@wila]D GHW
i prepoznavanjenakovana njima, a YOLO algoritam odabran je kao najprikladniji za detekciju.
YOLOvV5 smallmodel za detekcijuz prag pouzdanosti 0j& odabran kao najprikladniji za ovaj
VOXpDM X sRWMrehihEétultatima mienosti 0.9905, odziva 0.981E1 mjere 0.9858
269 REUDYHQLK VOLpPLFD X V H NaXppoGelsorS Uhtel)R) IC&&TM) 550U U D Q M D
CPU @ 1.80GHz 1.99 GHZD SUHSR]QDYDQMH ]J]QDNRY DPaid<@BRRp QLML
algoritam Za maksimalnu udai®@ RVW QD NRMRM UH NRQDpPQL VXVWDY SUH
YR]LOD RGDEUDQD MH aLULQD GHWHNWLUDQLK JUDQLpPQLK
XNOMXpXMXiL SLNVHOD SURFLMHQHEGIZHRMA NVEeRAD@IQH XGD
dike 1920x108(piksela gdje je nakon testiranfpaddleOCRRVW Y D U LR W RRagvieNaN
je Django web aplikaciik NRMD R P RikdiipoNathkao profilu L UHFHQ]JLUDQMH YR
THVWLUDQMHP IXQNFLRQDOQRVWL ZHE D Bliacii Dd-ddstupapd WY U y H «
RG RPHNLYDQLK SRQDabQMD RVLP DNR MH SUHSR]QDYDQMH
VH RWYDUD VWUDQLFD SURB\DHDG M WRILQRWHNRHDMPOHKQRORJ
SUHSR]QDYDQMH LOL L]IXP QR BHRBEROWADD WRIXXQWBWD SUHG
radu. 8] WR SUHSR]QDYDQMH ]J]QDNRYD QD VOLNDPD YHUH UH]R
prepoznavanja za trenutni sustaVHPRJXUQRVW SUHSR]QDYDQMD KUYDWVN
PRJOR EL ELWILDWIOLRAWQR QAR®EQMHP SRVWRMHULK PRGHOD
znakova ili razvitkom vlastitog algoritma za prepoznavanje znakolealni skup podataka za
WHVWLUDQMH DOJRULWPD ]D SUHSR]QDYDQMH JQDNRYD SUL
vozLOD EL ELR RQDM NRML VDGUAL ]D VYDNX UHJLVWDUVNX
udaljenostima za koliko se udaljenosti testiFankcionalnost odbijanja stranice za recenziranje
NRMD MH RWYRUHQD QD WHPHOMX Q Hi&/WwpilQ R fun&dibhb8$estQD Y D Q N
koja otvara stranicu za recenziranje samo ak§je SRPRU NUXaQRa ULOUHWPICAIHNBOLp
SUHSR]QDWD LVWD R]J]QDND VX PRJXUD SREROMAaADQMD VXVW

registarske tablice vozila.
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.OMXpQH VGUMBRIQDYDQMH UHIJLVWDUVNH WDEOLFH YR]LOIL
PaddleOCR, web aplikacija
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SYSTEM FOR DISPLAYING INFORMATION ABOUT THE PROFILE OF
THE DRIVER OF THE VEHICLE IN FRONT OF THE EGO -VEHICLE
BASED ON THE VEHICLE LICENSE PLATE DETECTION AND
RECOGNITION

ABSTRACT

In this master's thesis, a software solution for a system for displaying driver profile data of
vehicles in front of the driver's own vehicle, based on the detection and recognition of vehicle
license plates, is developethe system consists of two applicatioten application for detecting
vehiclelicense plates and recognizicbaracter®n them, and a web application for displaying
profile data and reviewing driver Various implementations of solutions for detectliognse
plates and recognizingharacter®n them have been investigated, and the YOLO algorithm was
selected as the most suitable for detection. The YOLOvV5 small model for detection with a
confidence threshold of 0.5 was selected as the most suitatiiesfose case, with achieved results
of precision 0.9905, recall 0.9811, F1 measure 0.9858, and 2.69 processed images per second when
testing on an Intel(R) Core(TM)-48550U CPU @ 1.80GHz 1.99 GHz processor. The PaddleOCR
algorithm proved to be the mostcarate for character recognition. For the maximum distance at
which the final system will recognize license plates, the width of the detected bounding boxes of
license plates greater than or equal to 80 pixels of the estimated maximum distance of
approximately 8.13 meters at a resolution of 1920x1080 pixels was selected, where after testing
PaddleOCR achieved an accuracy of 77.08%. A Django web application has been developed that
enables the display of profile data and driver reviels testing the funatinality of the web
application, it was found that the behavior of the web application does not deviate from the
expected behavior, except if the recognition of the license plate is incorrect, after which the page
of the incorrect driver is opened. Progrgsthe technology used for detection and recognition or
the invention of a new one opens up possibilities for improving the system presented in this paper.
In addition, recognizing characters on images with higher resolution would result in higher
recogniion accuracy for the current system. The inability to recognize Croatian diacritics could
be solved by additional training of existing models of character recognition algorithms or by
developing a proprietary character recognition algoritihhre ideal daset for testing a license

plate recognition algorithm at various distances from vehicle license plates would be one that
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contains as many images as there are distances being tested for each licefi$e flatetionality

of rejecting the review page thia opened based on the incorrect recognition of the license plate
or the functionality that opens the review page only if the same tag is recognized with the help of
a circular buffer on 5 or more images are possible improvements to the system fobtammf
incorrect recognition of the license plate.

Keywords: recognition of vehicle license plates, driver review®LO, PaddleOCR, web
application
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PRILOZI
Xx P3.1L.6NXS VOLND NRUL&GAWHQ ]D WUHQLUDRWIEHradp/2 PRGHOD

x P.3.2.Slike ostvarenih rezultata u obliku grafa metrika preciznosti, odziva, mAP@0.5,
MAP@0.5:95 fitnessa uz epohe za trenirane modele YOLGwall YOLOV5 medium
YOLOV5 extra large YOLOV7 tiny, YOLOV7 defaulti YOLOV7W6 SULORAHQR QD '9°
u uz rad)
x P.33. 6NXS VOLND NR U Lvéagttd tgeniianiWriodéla ly O IDD@Evidt, YOLOvV5
medium YOLOV5 extra large YOLOvV7 tiny, YOLOvV7 defaulti YOLOvV7 W6 za metrike
preciznosti, odziva i F1 mjereSUL O R A H QUiRu) &) ' 9"
X P34 O9LGHR]DSLV NRULAaWstiQ tiehiraihH addla) YOROVBmall
YOLOvV5 medium YOLOVS5 extra large YOLOvV7 tiny, YOLOV7 defaulti YOLOvV7 W6
]D EUILQX L MRYRAMHIRUA#)' 9"
X P41 6NXS VOLND L R]QDND NOOR lafdvitdrpekasiCRE&SYOEZR UD QM H
Pytesseract PaddleOCR SULOR aH QuRuzQ4da)'9"
x P4.2. Videozapigezolucije1920xX1080pikselaNRULAWHQ ]|D RGUHVYLYDQMH X
ALUGRWHNWLUDQRJ UHDQLWORY RMYW.LDEBPOLFH-wWWRdIPD SUL(
x P.4.3.Videozapigezolucije3840x2160pikselaNRULAWHQ ]D RGUHVLYDQMH X
ALUGRWHNWLUDQRJ UHDQLWORY RMYW.LDEBPOLFH-WWRdPD SULC(
x P4.4. .R QD p Q Litotj HySiRatije za detekciju i prepoznavanje znakova registarskih
tablica vozila SULOR&H QRuQd)'9"
X 3 .RQDpQL UHSR]JLWRULM ZHE ®@diluN DALV ] DUDULMID YT
ispred vlastitog vozila SU L O R aH QURuzQda) ' 9"
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