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Beeoenue. CraThsi TOCBAIICHA 3amadye aBTOMATHYECKOTO OOHApY)KEHHS W PAcIIO3HABAHUS aBTOMOOWJIBHBIX HOMEPOB,
pelIeHre KOTOpOoil IMeeT MHOXKECTBO IMOTCHIINABHBIX TPUMEHECHUH, HAUWHAS OT 00ecredeHIs 0e30MacCHOCTH U 3aKaHIHUBas
yhpaBjieHHeM TpapukoM Ha jgoporax. Llenbio maHHON pabOTHI SBISIACh pPa3pabOTKa HHTEIUICKTYaJbHON CHCTEMBI
HaXOXJICHUSI U PacIio3HaBaHHs aBTOMOOMJIBHBIX HOMEPOB, OCHOBAHHOW Ha MPUMEHEHHH alrOPUTMOB TIIyOOKOTro 00ydeHHs
U CBEPTOYHBIX HEHPOHHBIX CETEeH, YUMTHIBAIOMIEH pa3iIHIHbIC PETHOHANBHBIE CTAaHAAPTHI aBTOMOOMIBHBIX HOMEPOB, U
yCTOﬁHHBOﬁ K pa3jiIn4HbIM PACIIOJIOXKCHUAM KaMEpPhbl, KAYECTBY BHUJICO, OCBCIICHUIO, IOI'OJHBIM YCJIOBUSAM U ,He(bOpMaHI/IHM
HOMEPHBIX 3HAKOB.

Mamepuaner u memoOsi. llpennoxeH KOMIUIEKCHBIH TOAXON K pEIICHUIO 3aJadi, OCHOBAHHBIA Ha TNPUMEHEHHH
CBEPTOYHBIX HEHpOHHBIX ceTeil. [IpoBeneH HSKCIEPHMEHTAIBHBIA aHANIN3 HEHPOCETEeBBIX MoJeNeH, OOYYEHHBIX MOA
TpeOoBaHUS 3aJa4ll YHHBEPCAILHOTO PAacHO3HaBaHWS HOMEpPHOro 3Haka. Ha ero ocHoBaHuM ObLIM BBHIOpaHBI MOJIEINH,
MTOKa3BIBAIOIINE JIyUIlIee COOTHOIICHUE KadecTBa W ObICTpoeiicTBUsA. KadecTBO cucTeMBbl obecrieunBaeTCs ONTUMH3ANEH
pa3MuHBIX MOJENel C pa3IM4YHbIMH MOAU(UKAUUsIMU. B dYacTHOCTH, CBEpPTOYHBIE HEHPOHHBIE CETH OOYYaJHCh C
UCIIOJIb30BaHHEM HM300pa)KEHUH U3 HECKOJBKMX HaOOpOB JaHHBIX. KpoMme TOro, [is MojydeHHs HawlydllnX pe3yJbTaToB
HCTIONBb3YeMBbIe MOAETH OBUTH MPe00YyICHBI Ha CIIEIAIbHO CTEHEPHPOBAHHOM CHHTETHIECKOM JIaTaceTe.

Peszyromamer ucciedosanusi. B cratbe IpuUBEACHBI YHCICHHBIE YKCIIEPIMEHTHI, Pe3yIIbTaThl KOTOPBIX CBUAETENBCTBYIOT O
MIPEBOCXOJICTBE Pa3pabOTAHHOTO aNropuTMa Haj KomMmepueckuM maketomM OpenALPR Ha nmyOmuuHbix HaOopax JaHHBIX. B
gacTHOCTH, Ha Habope maHHBIX 2017-IWT4S-HDR LP-dataset TouHOCTH pacro3HaBaHHS HOMEPHBIX 3HAKOB COCTaBHiIa 94
TIpoIIeHTa, a Ha Habope maHHBIX Application-Oriented License Plate 86 mporierToB.

Obcyarcoenue u 3axmodenust. 11omydeHHBIH anropuT™M MOXET OBITH MCIOJIB30BAaH JUISi aBTOMAaTHYECKOTO OOHApyXEHUs M
pacro3HaBaHHs aBTOMOOWIBHBIX HOMEPOB. [IpoBeieHHbIC IKCIIEPUMEHTHI TIOKA3aJIH, YTO Ka4eCTBO allTOPUTMa HE YCTyTaeT
KadecTBy KomMmepdeckoro makera OpenALPR. KadecTBo pa3pabGoTaHHOTO anropuTMa MOXKHO YBEIHYMBATH 32 CUET

YBEJIMYEHUs TPEHUPOBOYHOTO JaTaceTa, YTo He TpeOyeT yyacTus pa3paboTduka.

Knroueswvie cnosa: 06Hapy>1<eHHe 1 paclio3HaBaHUC O6’beKTOB, CBCPTOYHBIC HeﬁpOHHHe CCTH, I'CHEpalysd U ayrMCHTAlUA

JAAHHBIX, PACIIO3HABAHUC HOMCPHBIX 3HAKOB.

Oébpasey ona yumupoeanusn: IlonraBckuii, A. B. ABToMaTndeckoe pacro3HaBaHHE aBTOMOOWMJIBHBIX HOMEPHBIX 3HAKOB /
A. B. ITomraBckuit, T.T. FOpymkuna, M. B. IOpymkur // BecTHuk [IOHCKOTO ToOCyIapCTBEHHOTO TEXHHYECKOTO
ynusepcurera. — 2020. — T.20, Nel. — C. 94—100. https://doi.org/10.23947/1992-5980-2020-20-1-93-99
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Automatic license-plate recognition

A. V. Poltavskii', T. G. Yurushkina’®, M. V. Yurushkin®
'3 Southern Federal University (Rostov-on-Don, Russian Federation)
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Introduction. The problem of automatic license plate recognition is considered. Its solution has many potential applications
from safety to traffic control. The work objective was to develop an intelligent recognition system based on the application
of deep learning algorithms, such as convolution neural networks that consider automotive standards for license plates in
various countries and continents, and are tolerant to camera locations and quality of input images, as well as to changing
lighting, weather conditions, and license plate deformations.

Materials and Methods. An integrated approach for the problem solution based on the application of convolution neural
network composition is proposed. An experimental analysis of neural network models trained to meet the requirements of
the universal license plate recognition task was conducted. Based on it, models that showed the best ratio of quality and
speed were selected. Quality of the system is provided through the optimization of various models with different
modifications. In particular, convolution neural networks were trained using images from several datasets. In addition, to
obtain the best results, the models used were pre-trained on a specially generated synthetic dataset.

Results. The paper presents numerical experiments, the results of which imply the superiority of the developed algorithm
over the commercial OpenALPR package on public datasets. In particular, on the 2017-IWT4S-HDR_LP-dataset, license
plate recognition accuracy was 94 percent, and on the Application-Oriented License Plate dataset, 86 percent.

Discussion and Conclusions. The resulting algorithm can be used to automatically detect and recognize license plates. The
experiments show that the algorithm quality meets or exceeds quality of the commercial OpenALPR package. The
developed algorithm quality can be improved through increasing the training dataset, which does not require the
participation of the developer.

Keywords: object detection and recognition, convolution neural networks, data generation and augmentation, license plate
recognition

For citation: A.V. Poltavskii, T.G. Yurushkina, M.V. Yurushkin. Automatic license-plate recognition. Vestnik of DSTU,
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Beenenne. CucreMbl aBTOMaTH4ecKOro pacro3HaBaHusi HoMepoB (ALPR) mcmone3yroTcst Amst aBTOMaTHYECKOTO
KOHTPOJISI CKOPOCTH JBIDKCHHSI, WACHTH()HUKAINN YITHAHHBIX TPAHCIOPTHBIX CPEACTB, KOHTPOJIS JOCTYIA TPAHCIOPTHHIX
CpPEICTB B YACTHBIX IOMEUICHUSX W B3MMaHUS IUIaThl 3a Hpoesxz[1 [1,2,3]. OgHako OONBIIMHCTBO CYIIECTBYFOIIIX
aJ'IFOpI/ITMOBZ’ 3 paboTarT TONBKO A KOHKPETHOrO MmabjoHa HOMEPHOTO 3HAKa WM CO CIOXHBIMH CHCTEMaMH 3aXBaTa
n300pakeHmid, TpeOOBATEIBHEI K YCIIOBHUSIM OCBEIICHUS M TUIIAM TPAaHCIIOPTHBIX CPENCTB [4, 5, 6].

Brnaromapss OBICTpOMY pPa3BUTHIO TIYOMHHOrO0 OOYYCHHMS W €ro IPWIOKEHHA B OOJIACTH KOMIIBIOTEPHOTO
3peHus [7] cTamo BO3MOXHBIM co3maHue cuctembl ALPR, cmocoOHON pacrio3HaBaTh MHOTOYHCICHHBIC IMAOIOHBI

9] 45,6
HOMCPHBIX 3HAKOB B IIPOM3BOJIBHOM Cpeaec ™’

[8]. OcHOBHBIMU TPYIHOCTSIMH TIPU PACNO3HABAHUM HOMEPHBIX 3HAKOB
ABJISIFOTCSI OCOOCHHOCTH YCIIOBHH CHEMKH — HAIWYHME OIS, CHETa WM IUIOXO€ OCBENICHWE. 3agada paclio3HaBaHUS
CTaHOBUTCA 0o0Jiee CIIOKHOW, eclI HOMEPHOH 3HaK MMEeT HEeTPUBHAIBHBIC IUIOIAAb W COOTHOIICHHWE CTOPOH, IBET (oHa,
(opMy, KOJTHIECTBO JIMHHUMN, pa3zMep MpUPTa, paCCTOSHIE MEXy CHMBOJIAMH H T. 1.

Lenpto maHHOW paboThl SBISIACH pa3pabOTKa CHUCTEMBI PACO3HABAHHUS AaBTOMOOWIIBHBIX HOMEPOB,
no;mep)KHBaromeﬁ pas3IndYHbIC PETUOHAIBHBIC CTAHAAPTHEI HOMEPHBIX 3HAKOB, U HE 38.BI/IC${HICI71 oT yCJ'[OBI/Iﬁ BUJICOCHEMKHU

aBTOMO6PIJI€I>'I, TAaKUX KaK I'psA3b Ha HOMEpax, MOroAHbIC YCJIOBUA U T.A.

! Lotufo RA, Morgan AD, Johnson AS. Automatic number-plate recognition. IEEE Colloquium on Image Analysis for Transport Applications. Feb., 1990.
P. 1-6.

2 Du S, et al. Automatic license plate recognition (ALPR): A state-of-the-art review. IEEE Transactions on Circuits and Systems for Video Technology.
2013;23(2):311-325.

* Gou C., et al. Vehicle license plate recognition based on extremal regions and restricted Boltzmann machines. IEEE Transactions on Intelligent
Transportation Systems. 2016;17(4):1096-1107.

4 Hsu G., Chen J., Chung Y. Application-oriented license plate recognition. IEEE Trans. Veh. Technol. 2013;62(2):552-561.

* Li H., Shen C. Reading car license plates using deep convolutional neural networks and Istms. 2016. arXiv preprint arXiv:1601.05610.

®Yuan Y., et al. A robust and efficient approach to license plate detection. IEEE Transactions on Image Processing. 2017;26(3):1102—1114.
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Martepuansl ¥ METOABI. ABTOMAaTHYCCKas CHUCTEMa JCTCKIMM U PAClO3HABaHUS aBTOMOOWIBHBIX HOMEpOB. B
paMKax ZaHHOTO pa3jeia JaeTcs OMHMCAHHE NMPOrpaMMHON peam3alliiil CHCTEMbI OOHapYKEeHHSI TPAHCIIOPTHOTO CPEICTBa
Ha ¢oTorpaduu, HAXOKIECHUSI B HEM HOMEPHOTO 3HaKa U €0 pacro3HaBaHMsI.

IIpennaraemas cuctema COCTOUT U3 KOMITO3UIIMKM HECKOJIBKUX HEHPOCeTeBbIX Moienel. nes KoMIo3uiuu
3aKJII0YAeTCs B TOM, YTO Ha BXOJI CIIEAYIOIIEH MOAETH MTOACTCS PE3yNIbTaT BBITIOIHEHNS MTPEIBIAYIIEH, a BECh IIPOIECC
aHanm3a pa3ouBaeTcs Ha dTanbl. CXeMaTHUeCKH MTPUHIIAI PAOOTHl CUCTEMBI TIPEICTABJICH Ha puC. 1:

OOHapyXeHHE TPAHCTIOPTHOTO OOHapy)xeHrne HOMEPHOTO 3HaKa / PacnosHaBagHe CHUMBOJIOB HOMEPHOTO
Cpencrta / Vehicle detection Licensee plane detection 3Haka / License plate recognition

Puc. 1. TpexatanHblii HOAX0 B 331a4e 0OHAPYKEHUS U pacIIO3HABAHMSI HOMEPHBIX 3HAKOB

IlepBsIit 3Tanm paboOTH aNrOpUTMa 3aKJII0YaeTcs B OOHAPY)KEHHM TPAHCIIOPTHOTO cpencTsa. s pereHus 3Tou
3aja4l HCIIoNMb30Batack Moxenb SSD Resnet!, oGyuennas ma HaGope mammsix COCO (Common Objects in Context)’.
PesynpraToM paboThl HaHHON MOZIETH SBISIOTCA (PparMEHTHl BXOAHOTO H300paKEHHS, KOTOPHIE BKJIIOYAIOT B ceOs
TPaHCIIOPTHBIE cpelicTBa. Ha BTOpoM 3Tane nosyueHHbIe parMeHThl ITOAI0TCsl Ha BXOJ pa3pabOTaHHON MOJIENH JIETEKLIUH
aBTOMOOWJIBHBIX HOMEpPOB, KOTOpas BO3BpamlacT (parMeHThl H300pa’keHHs, BKIIOYAIONINE TOJNBKO aBTOMOOWIIBHBIC
HoMepa. Ha 3akiounTenbHOM dTarie IPOU3BOAMTCS paclio3HaBaHUE CUMBOJIOB, 00Pa3yIOIMX aBTOMOOMIIBHBIN HOMED, H UX
ckieiika. [TonpoOHoe onmcanne pa3paboTaHHBIX MOJIEIICH, NCTIONB3YEMBIX BO BTOPOM M TPEThEM 3Tare padoThl aJropuTMa,
MPUBEJICHO B COOTBETCTBYIOIINX Pa3ziesiax CTaThH.

BriOpanHbIi T01X01 001a/1aeT CIEeIYIOMNME PEUMYIIECTBAMU:

OTcekaroTcsi 00BEKTBI, KOTOPbIE MOTYT BOCIPHHUMATHCA KaK HOMEPHOH 3HAaK: BHIBECKM HA BUTPHUHAX MAara3wHOB,
OKHaX WM OTPaXXJCHUSIX;

CTaHOBHUTCSI BO3MOXHBIM YCTAaHOBHTh B3aUMOCBSI3b MEXIYy HOMEPOM U COOTBETCTBYIOIIUM TPAHCIIOPTHBIM
CPEACTBOM, NpeIyCMaTpUBasl PacIlUpeHUE CHCTEMBI B CTOPOHY PAclIO3HABaHMs JIPYTHMX XapaKTEPUCTHK, TAKHX KaK BHI,
MapKa M MOZENb TPAHCIIOPTHOTO CPECTBA, IIBET M HAIIPABJICHHUE ABMKEHHS, OTCICKUBAHIE B BUJEOIIOTOKE;

CoxpaHsieTcst MOJYJIFHOCTb CHCTEMBI, COCTOSIIIEH U3 HE3aBUCHMBIX MOJEJel, CHeNUaIN3UPYIOINXCS B PELICHUN
KOHKPETHOH 3aJa4il Ha BEICOKOM YPOBHE.

Mopgenb neTekunu HoMepoB. HadanbHblit HaOOp MaHHBIX IS TPEHUPOBKH MOJEIH NpencTaBisia u3 ceds 1700
N300paKeHUH MHIUHCKUX aBTOMOOWIEH, CHATBIX IO OIpeAeieHHbIM yriaoM. OOydueHHas HAa JaHHOM Habope MOJelb He
SABIISIACH BAPHATHBHOM K PAa3HBIM YCJIOBHSM, TO3TOMY ObLT TPHMEHEH METOJ ICEBIOJEHOIMHTa’ LI Hepa3sMeYeHHBIX
Ha0OpOB JaHHBIX (M300pakKeHW C TPAHCTIOPTHBIMHU CpeacTBaMu). Takum 00pa3oMm, W3HAYalNbHBIA HAOOp MAHHBIX IS
TpeHHpOBKHU ObL1 yBenuueH 10 400 Teicsu n3o0pakeHnit. Pasmep Habopa HaHHBIX JUIs BaJMIAMU paBeH 5% oT Habopa i
TpeHHPOBKU. M300pakeHNs BBIOMPAINCH CIydailHO M NPOBEPSUTNCH HA IPABUIBHOCTh Pa3sMETKH KOOPAHHAT HOMEPHOTO
3HaKa.

s omieHKH KadecTBa Mojenu ucnoib3oBanuck MeTpuku loU (Intersection over Untion), mAP (mean Average
Precision) u AR (Average Recall)*:

'DetectionBoxes_Precision/mAP": To4HOCTB KJIacCOB, ycpeJHEHHAas MO MOpOroBbIM 3HaueHHsM loU B nuanasoHe
ot 0,5 10 0,95 ¢ marom 0,05;

'Tensorflow detection model zoo. Available at: http://download.tensorflow.org/models/object _

detection/ssd_resnet50 vl fpn shared box_predictor 640x640_cocol4 sync 2018 07_03.tar.gz (accessed: 03.11.2019).

2 COCO — Common Objects in Context. Available at: http://cocodataset.org/#home (accessed: 03.11.2019).

? Pseudo-Labeling and Confirmation Bias in Deep Semi-Supervised Learning / E. Arazo [et al.]. 2019. 8 Aug. // arXiv preprint arXiv:1908.02983.
* mAP (mean Average Precision) for Object Detection. Available at: https:/medium.com/@jonathan_hui/map-mean-average-precision-for-object-
detection-45¢121a31173 (accessed: 30.10.2019).
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DetectionBoxes Precision/mAP@.50I0U'": cpennss TOYHOCTH KiaccoB 1o 3HaueHuto loU paBHOMYy 0,5;
'DetectionBoxes Precision/mAP (small)': cpenHsisi TOU4HOCTH KITaCCOB ISl MaJICHBKHX 00BEKTOB (TUIOImaap < 3272

TTHKCETIs);
'DetectionBoxes Precision/mAP (medium)': cpeiHss TOUHOCTh KIAcCOB it 00BeKTOB (322 muKcens < IUIoIaab

< 962 muKcens);
'DetectionBoxes Precision/mAP (large)': cpenHsss TOYHOCTh KJIACCOB JUIsl OONBIINX 00BEKTOB (9672 mukcems <

miomans < 1000072 nmukcens).

Tabauna 1
Pesynprar mAP Ha BanuIanMOHHBIX JaHHBIX
M / mAP
3azaua / task ORI mAP | mAP@.5010U mAP@.7510U| mAP (small)| ' |mAP (large)
model (medium)
O0HapyxeHne SSD
HOMEpHBIX 3HaKoB /  [MobileNet vl|  0,8292 0,9843 0,9739 0,7199 0,8197 0,8544

License plate detection FPN

[Momy4yeHHas MOJENs YCTOHYHBA K pa3Mepy BXOIHOTO M300paxkeHus (Tabmuia 1), o0Hapy)uBaeT HOMEpHBIC 3HAKU
0] HAKIIOHOM, a TaK)Ke ¢ HCTPHUBHAJIBHBIM COOTHOIIICHHEM CTOPOH.

Mogens pacro3HaBaHHS HOMEpPOB. 3ajjada paclio3HaBaHHWS HOMEPHOTO 3HAaKa CBOMUTCA K 3a/adye JCTEKI[UH
00BeKTOB 36 Ki1accoB: 26 OyKB JIATHHCKOTO ajipaBuTa BepxHero peructpa u 10 uudp.

HavanpHpIi HAOOp HaHHBIX I OOYYeHUS MOAENH MpencTaBisn u3 ceds 1700 wm300pakeHU HHIMACKAX
apromMoOunei. Bammpmarust mnpoucxonuna Ha 10% or HavanpHOro Habopa, COCTOSIIIMX IPEHUMYIIECTBEHHO W3
TPYAHOYUTAEMBIX H300paKCHUH, pa3MEUCHHBIX BPYYHYIO.

3a OTCYTCTBHEM B JOCTATOYHOM KOJIMYECTBE Pa3MEUCHHBIX HAOOPOB JAHHBIX, YAOBIETBOPSIONIUM TPEeOOBAHMIM
00yUYeHHsS MOJIETH PACIIO3HABAHHS HOMEpPOB, OBLUIO NMPHHATO PENICHHUEC CTCHEPUPOBATH CHHTECTHUYCCKUIM HAaOOp AaHHBIX. B
KauecTBE ayrMEHTAIlMi WCIOJB30BaJMCh TaKWEe MPeoOpa3oBaHWs KaK ITOBOPOT, pPa3MBITHE W 3aTeMHEHHE, a TaKKe
pa3MYHBIC pa3Mephl M I[BETOBBIC PACKPACKH HOMEPHOTO 3HAKa, HauepTaHUs IMIPU(TOB, PACCTOSHHS MEXIY CHMBOJIAMHU

(puc. 2).

Puc. 2. [Ipumeps! reHepUpYEeMbIX H300pakeHHHA

Mogens o0Oydanach Ha CHHTETHYECKOM HaOope naHHbIX, BkmodatomeMm 300 Toicsd wm3o0paxeHwid. Jlms
MOBBIIIEHUS] TOYHOCTH W KOJHMYECTBA pEaJbHBIX MAaHHBIX Ui OOy4eHHs MOAeNH OblJa MpPUMEHEHa TEXHHUKA
TICeBJOJICHONMHTA, YBEIMYMBIIAs HA0Op peasbHbIX MaHHBIX 10 250 Thicsty. TOYHOCTH pacrio3HaBaHUS HA BaJHJALMOHHOM
Habope JaHHBIX BbIpocna Ha 15%, nocturnyB otmeTku B 63% (puc. 4). DTOT pocT 00yCIIOBIEH IPUCYTCTBUEM B PEaIbHBIX

1/1306pa>KeH1/15{x apTe(I)aKTOB, HEAOCTYIIHBIX IPU I'CHEpAlIUU.
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Puc. 3. Pesynprarel mAP Monenu 1o u mocie 100aBlIeHHs pealbHBIX HAOOPOB JaHHBIX

Tab6muma 2
CpaBHeHue mAP Mozeneil Ha BaTMAALMOHHBIX TaHHBIX
mAP
3amaya / task | Mogens / model mAP mAP@,5010U mAP@,75I0U | mAP (small) (medium) mAP (large)
Faster R-CNN 0,4783 0,9372 0,3578 0,4689 0,5251 0,5543
Pacno3HaBaHne Resnet-101
0,6332 0,9503 0,7228 0,6009 0,6397 0,7051
HOMEPHBIX 3HAKOB
/ License plate Faster 0,5567 0,9534 0,6113 0,5569 0,6094 0,6493
recognition R-CNN
Inception v2 0,5784 0,9652 0,6184 0,5583 0,6157 0,6676

Pesynbratsl uccnenoBanus. B momyueHHON KOMOMHAIIMM HEHPOCETEBBIX MoOJENel KaXIbli U3 KIacCu(pUKATOPOB
HE3aBHCUMO 00ydJaics C NCIOIb30BaHUEM H300paskeHNi N3 HECKOJIbKIX HAOOPOB JaHHBIX, BKIIOUAIOIINX B c€0s HOMEPHBIE
3HAaKM CTpaH BCeX KOHTMHEHTOB M METOJAOB YBEIHUYCHHS 3THUX HAOOPOB AJS AOCTHKECHUS YCTOMYMBOCTH B Pa3IHYHBIX
yenoBusx ',

Jnst omeHKH pe3ynbTaToB OOHAPYKEHHS HOMEpHBIX 3HAKOB HcHoib3oBajack Merpuka loU. [lng 3amaum
pacro3HaBaHHUsA CHMBOJIOB HOMEPHOTO 3HaKa INPaBIJIBHO Pa3MEYEHHBIM CUYHMTAIIOCh TO HM300pakeHHEM, B KOTOPOM BCe
CHMBOJIBI B HOMEPHOM 3HaKe ObUTH pacro3HaHbl KOPPEKTHO. JIMIIHIHA, OTCYTCTBYIOMNN MM HEKOPPEKTHO PACIO3HAHHBIN
CHMBOJI CYMTAJIMCh OLIMOKOH Ha BCEM HOMEpeE.

CpaBHeHHE pe3yJIbTaTOB MPOBOIWIOCH C TIOCIEAHEH 00JauHON Bepcreil KOMMEpPYEeCKOro maKeTa OpenALPR3 ucC
YIOMSIHYTHIM BbIIIe HecienoBanneM 2016 roma’. Tectuposanue mpoBoamnocs Ha Habope nanueix 2017-IWT4S-HDR_LP-
dataset (taGmuma 3), mpenocTaBieHHOM B uccienoBanmm® u Application-Oriented License Plate (AOLP) (tabmuua 4),
NPEIOCTABICHHOM B HCCJIEIOBAHHH', BKIIOUAONMMM B cebs 2049 m300pakeHuii ¢ TailBAHLCKMMH HOMEPHBIMH 3HAKAMH.
OHH moIpa3AeIsUTNCh Ha TPU TIOAMHOMKECTBA C PA3IMYHBIM YPOBHEM CIIOKHOCTH M YCIIOBHAMH (oTorpadupoBanus: Access
Control (AC), Law Enforcement (LE) u Road Patrol (RP).

' Pseudo-Labeling and Confirmation Bias in Deep Semi-Supervised Learning.

? Nowruzi FE, et al. How much real data do we actually need: Analyzing object detection performance using synthetic and real data. 2019. arXiv preprint
arXiv:1907.07061.

* OpenALPR Cloud API. Available at: https:/api.openalpr.com/v2/ (accessed: 02.11.2019).

4 Li H., Shen C. Op. cit.

* Hsu G., Chen J., Chung Y. Op. cit.

®Li H., Shen C. Op. cit.
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Tabmuuna 3

UwcneHHBIN SKCTIEPIMEHT Ha ITyonmaHoM Habope gaHHbX 2017-IWT4S-HDR L P-dataset

Metpuxu / metrics ours OpenALPR
Konm4ecTBo KOPPEKTHO PACIIO3HAHHBIX HOMEPHBIX 3HAKOB /
Number of correct license plate recognitions 619 /653 377/ 653
[TporeHT KOPPEKTHO PAaCcCIO3HAaHHBIX HOMEPHBIX 3HAKOB / Percent of 94.79 5773
correct license plate recognitions ’ ’

Tabnuua 4

YuncneHHbIH SKCIEPUMEHT Ha IyOIMIHOM HaOOpe JaHHBIX

. [Mpumensiembie pemennsi / | [TonmuoxxectBo AC / | IlogmuoxkectBo LE / | [TonmuoxkecTBO RP /
Mertpuku / metrics

Applied solutions Subset AC (%) Subset LE (%) Subset RP (%)
ours 95,58 93,97 94,29
OpenALPR 91,80 86,89 90,84
[12] 1st approach(with CNN I) 93,53 89,83 86,58
[12] 1st approach(with CNN II) 93,25 90,62 86,74

IoU o6HapyxeHus

Homeproro 3uaka / | [12] 1st approach(with CNN I 93.97 92.87 87.73
plate detection & 1)
12]2 h(with global
[12] 2st approach(with globa 90,50 91.15 83.98
features only)
12]2 h(with both
[12] 2st approach(with bot 94.85 94,19 $8.38
local and global features)
Konnuectso
KOPPEKTHO
PacCIO3HAHHBIX ours 88,75 83,94 85,40
HOMEPHBIX 3HaKOB /
number of correct
letter recognitions:
OpenALPR 86,04 77,98 85,71

OO0cyskneHne U 3aKI0YeHUs. BEIIM OCTpOeHBI MOAETH Al OOHAPY)KEHUS M PAcIIO3HABAHNSA HOMEPHBIX 3HAKOB
TPAHCHOPTHBIX cpelcTB. COrmacHO YMCIIEHHBIM SKCIEPHUMEHTaM, MOJENb IS OOHAPYKEHHS HOMEPOB OKa3ajlach TOYHEE
pemennii, monyuenneix B 2016 m 2019 romax'” Ha maGope maHHEIX, omyGiukoBaHHEIX B 2013 romy’. Mozens
pacro3HaBaHus aBTOMOOHIILHEIX HOMEPOB OKasamack Tounee peurenus 2019 roga’ Ha Habope JaHHBIX, MOMyYeHHBIX B 2017
roxy [8]. Jlna yBenndeHHs TOYHOCTH MoOJeNiedl OBUIM HCIOIB30BAaHBI METOABI TEHEPAIMH CHHTETUUECKHX [IaHHBIX H

' Li H., Shen C. Op. cit.

2 OpenALPR Cloud APL

*Hsu G., Chen J., Chung Y. Op. cit.
4 OpenALPR Cloud APL
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Poltavskii A. V., et al. Automatic license-plate recognition

niceBaosei0auara. [lonydeHHass cucTeMa OKa3ajlach YCTOWYHMBOW K pasMepy BXOJHOTO H300pakeHHs U O0COOEHHOCTSIM
Cpe/IbL.
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