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Traffic sign recognition is an important task in modern intelligent
transportation systems and autonomous vehicles. Accurate detection and
classification of road signs allow vehicles to correctly interpret traffic rules and
improve road safety. This paper considers computer vision methods used for
solving the problem of traffic sign recognition. The general pipeline of such
systems includes image acquisition, preprocessing, sign detection, feature
extraction and classification. Traditional approaches based on color and shape
analysis are widely used for detecting candidate regions of road signs. Feature
extraction methods allow systems to describe visual characteristics of detected
objects. Machine learning algorithms are then applied for classification of traffic
signs. Recently, deep learning approaches, especially convolutional neural
networks, have significantly improved recognition accuracy. These methods
allow systems to work reliably even in complex real-world conditions.

ABTOMAaTHYHE PO3Mi3HABaHHS JOPOXKHIX 3HAKIB € KIIOYOBOKO (DYHKITIEO 1H-
TEJNEKTyaJbHUX TPAHCIOPTHUX CHUCTEM Ta CUCTEM AaKTHUBHOI O€3MeKH BOMIS
(ADAS — Advanced Driver Assistance Systems). KopekTHa ineHTrudikaris 3Ha-
KIB OOMEXEHHSI IIBUIKOCTI, 3a00POHHHX 1 MONEPEHKYBAIBHUX 3HAKIB JO3BOJISIE
TPaHCIOPTHOMY 3ac00y a/anTyBaTy MOBEIIHKY B peajlbHOMY Haci, 1o Oe3noce-
PEAHBO BIUIMBAE HA 3HMXKEHHSI aBapiiHOCTI. MeToro poOOTH € OrIsij 1 MOPIBHAHHS
METO/11B KOMII I0TEPHOT0 30pY JJIsi BUPILIEHHS 1I€T 3a/1a4i.

VY3araibHEeHa CHCTeMa BKIIOYA€ YOTHPHU €TallW: 3aXOIUICHHS 300paskeHHs
KaMeporo, monepeaHs 00poOka, BUSBICHHS 00JlacTe-KaHIU/IaTIB Ta Kiacudika-
1is 3HaKa. Ha etami monepenuboi 00poOKH 3aCTOCOBY€EThCA (PiIbTpallisd MIyMy Ta
nepeTBOpeHHs y Kosbopowuii npoctip HSV (Hue-Saturation-Value — ton, Hacu-
YEHICTh, ICKPaBICTh), CTIMKIIINH /10 3MiH OCBiTJIeHHs nopiBHSAHO 3 RGB [1]. V3a-
raJlbHEHy CTPYKTYPY CUCTEMH HaBEJECHO Ha PUCYHKY 1.
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Pucynox 1 — biiok-cxema cucTeMu po3Mi3HaBaHHS TOPOKHIX 3HAKIB
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OnHuM 13 HAUMIOMIMPEHIITUX KJIACUYHUX MIAXOJIIB € MOEIHAHHS JCCKPHUII-
topa HOG (Histogram of Oriented Gradients — ricrorpama opi€HTOBaHUX T'pa/li-
€HTIB) 3 KJIacu(PiKaTOpOM Ha OCHOBI METOIy OMOpHUX BeKTOPiB (SVM — Support
Vector Machine). 300paskeHHs1 p030MBaETHCS HA KIITUHKU PO3MipoM 8X8 mikce-
1B, Y KOXKHIH 3 IKUX OOUHCIIIOIOTHCA TPAJAIEHTH SICKPABOCTI Ta Oy y€ThCs T1iCTO-
rpama ix opieHTamid 3 9 6inamu B gianazoni 0°—180°. Marunityaa Ta opieHTaIlis
rpaJiieHTa BUBHAYAETHCS Tak [2]:

G
|G| = /G,? + G7,0 = arctan (G—y)
X

pe: Gy =I1x+1,y)—I(x—1,y),6,=1(x,y +1) —I(x,y — 1)

Otpumanuii Bektop HOG-o3Hak nepenaerbes y kiacudikarop SVM 3 RBF-
anpoMm. Merton aemoHcTpye TouHicTh 95-97% Ha maraceri GTSRB (German
Traffic Sign Recognition Benchmark) npu nomipaux oOuuciroBaIbHUX BUTpa-
Tax, 0 pOOUTH HOr0 MPUAATHUM JJisi BOYJOBAHUX CUCTEM 3 OOMEXEHUMU PECY-
pcamu [1].

CydJacHi cucTeMu po3Mi3HaHHS JOPOXKHIX 3HAKIB BUKOPUCTOBYIOTH 3TOPT-
koBi HeilponHi Mepexi (CNN — Convolutional Neural Networks), siki aBTomaTu-
YHO HABYAIOTHCSI BUAULATH 1€papXidHi O3HAKH 0€3 PYyYHOro MPOEKTYBAHHS Jie-
ckpuntopiB. bazoBa oneparrist 3ropTku BU3HaYa€eThCs 5K [3]:

S@i,j) = ZZI(i+m,j+n)*K(m,n)

[Ticist KOKHOTO 3TOPTKOBOTO IIAPY 3aCTOCOBYETHCS (DYHKINS aKTHBAIll
ReLU (Rectified Linear Unit) ta map nigsubipku (max pooling), mo 3mMeHIye
PO3MIPHICTD 1 MiJIBUILYE THBAPIAHTHICTh 10 3CyBIB 00’e€kTa. [y BUSBICHHS Ta
kJacu@ikalli B peaibHOMY 4acy 3acTocoByeThes apxitekTypu Tuny YOLO (You
Only Look Once), siki 00po0JIsIIOTh 300paskeHHSI 32 0JIHE TIPOXOJKEHHS MEPExKi
31 mBukicTio 30-100 kanapiB Ha cexynny. Ha nataceti GTSRB CNN-mozneni no-
cATaroTh TOYHOCTI 98-99% mepeBHIyI0UN KIACHYHI MiIX01, OCOOIUBO B YMO-
Bax MOTAHOTO OCBITJICHHS Ta YACTKOBOTO MepekpuTTs 3HaKiB [3]. [Ipuxman apxi-
TekTypu CNN HaBeJ€HO Ha PUCYHKY 2.

Bxin Conv Conv Flatten MosHo-

32x32x3 +RelU +RelU ety P

(RGB) 32 dhinsTp 64 dineTpu Q3HaK L
Ix3 %3 128 Henp.

Pucynok 2 — Apxitektypa CNN mist kinacudikarii 1opoxKHIX 3HaKiB
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[TopiBHSIHHSL PO3TISIHYTUX METOJMIB TMOKa3zye, M0 MiAXiJT Ha OCHOBI
HOG+SVM 3a6e3neuye TouHicTh 95-97% mipu nmoMipHUX anapaTHUX BUMOTAX 1
€ npuaaTHUM 15 BOynoBaHux npuctpoiB. CNN-apxitekTypu, 30kpema YOLO,
J0CSATar0Th TOYHOCTI 98-99% 3 00p0OKOI0 B pealibHOMY Yaci, OJJHaK MOTPeOyIOTh
3HaYHO OUTBIIMX OOYMCIIIOBAIBHUX pecypciB. HalmpocTimmii miaxig Ha OCHOBI
aHai3y Koapopy Ta ¢hopmu y mpoctopi HSV nocrymnaerscs o06om meToaam 3a To-
YHICTIO (~85%), mpOoTe 3aMUIIAETHCS AKTYATbHUM JIJISI CUCTEM 13 JKOPCTKUMHU 00-
MEXKEHHSIMU 3a MOTYKHICTIO.

Takum uHOM, BUO1Ip METO1y BU3HAYAETHCS BUMOTAMH KOHKPETHOT CUCTEMHU
111010 OaTaHCy M1 TOYHICTIO, IITBUJIKOJIIEI0 Ta allapaTHUMH OOMeKeHHsIMH. Me-
tox HOG+SVM 3anummaerhbcsi akTyaabHUM JUTsl BOYIOBaHUX MPUCTPOIB, TOI SK
CNN-apxiTeKkTypu € MpIOPUTETHUM BUOOPOM JIJIsI CUCTEM, JI€¢ KPUTHUYHA MAKCH-
MajbHa TOYHICTh pO3Mi3HaBaHHA. [IepCHEKTUBHUM HAMpPSAMOM € ONTHMI3allis
CNN-moneneit 1ist posropTaHHs Ha nepudepiiiHuX NPUCTPOSIX y CKIIaal 1HTeTe-
KTyaJIbHUX TPAHCTIOPTHUX CHUCTEM.
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