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TIOJIATOK A

CIIMCOK KJIACIB JOPOKHIX 3HAKIB JIJIs1 HABYAHHSA MO/EJII

Tabmums A.1 — Circok kiaciB JOPOXKHIX 3HAKIB 3 HaBUAIBHOI BUOIPKU

Homep Ha3zga
1 2
1 Speed limit (20km/h)
2 Speed limit (30km/h)
3 Speed limit (50km/h)
4 Speed limit (60km/h)
5 Speed limit (70km/h)
6 Speed limit (80km/h)
7 End of speed limit (80km/h)
8 Speed limit (100km/h)
9 Speed limit (120km/h)
10 No passing
11 No passing veh over 3.5 tons
12 Right-of-way at intersection
13 Priority road
14 Yield
15 Stop
16 No vehicles
17 Veh > 3.5 tons prohibited
18 No entry
19 General caution
20 Dangerous curve left
21 Dangerous curve right
22 Double curve
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1 2

23 Bumpy road

24 Slippery road

25 Road narrows on the right
26 Road work

27 Traffic signals

28 Pedestrians

29 Children crossing

30 Bicycles crossing

31 Beware of ice/snow
32 Wild animals crossing
33 End speed + passing limits
34 Turn right ahead

35 Turn left ahead

36 Ahead only

37 Go straight or right

38 Go straight or left

39 Keep right

40 Keep left

41 Roundabout mandatory
42 End of no passing

43 End no passing veh > 3.5 tons
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DEVELOPMENT OF A ROAD SIGN RECOGNITION SYSTEM IN
UKRAINE
Temchur K.O.
Kharkiv National University of Radio Electronics, Kharkiv

Road signs are an important part of the road environment. They are designed to
regulate the flow of vehicles, provide specific information to road users, or warn
against unexpected road conditions. Detection and rapid recognition of traffic signs are
crucial for driver safety. Currently, road signs in Ukraine are divided into eight groups:
warning signs, priority signs, prohibition signs, regulatory signs, special signs,
information indexes, service signs, and signs of additional information. Ukraine was
one of the countries that signed the Vienna Convention on Road Signs and Signals in
1968, so Ukrainian road signs are included in the group of European signs, although
they have some differences in color, the thickness of lines, and sometimes details of
the picture. Therefore, in order to start development, it will be necessary to create a
new dataset, which will consist of parts of datasets of European signs but selected for
the current appearance of signs in Ukraine.

Currently, there are many approaches to solving the problem of road sign
recognition [1-4], but most researchers prefer the use of neural networks and deep
learning. The Tensor Flow library was chosen to work with the neural network. ReLu
Is selected as the activation function or transfer function for the second layer, and the
softmax function is selected for the classification layer. The Adam algorithm was
chosen to optimize learning. Adam is one of the most efficient optimization algorithms
in training neural networks. It combines the ideas of RMSProp and the momentum
optimizer. Instead of adapting the learning rate of the parameters based on the mean of
the first moment (mean) as in RMSProp, Adam also uses the mean of the second
moments of the gradients. The categorical cross-entropy loss function is chosen as the
summary loss function.

Thus, the system can give a fairly high accuracy in the pictures, but for real-time
recognition, some improvements will need to be made, which will be the subject of
further research on the issue.
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AHAJII3 ICHYIOUUX METOAIB PO3ITII3HABAHHA
JOPOKHIX 3HAKIB

Temuyp Kapuna,
Marictp 3 iHbOopMaTUKU
XapKiBCbKUI HallIOHAIIBHUN YHIBEPCUTET PaAi0CICKTPOHIKU

JIopokH1 3HAaKM € HEBII'€MHOI0O YaCTUHOIO JOPOXHBOIO cepeaoBHina. Bonu
NpU3HAYEH] JJI1 PEryJIlOBaHHS MOTOKY TPAHCHIOPTHUX 3ac001B, HaJlaHHSI KOHKPETHOI
iHpopMmarii ydacHHKaM pyxy ab0 3acTepeKeHHs BiJ HECHOAIBaHUX JOPOXKHIX
oOctaBuH. CIpUNHATTS Ta MIBUAKE TIYMAdyeHHs JOPOXKHIX 3HAKIB Ma€ BUPIIIAIbHE
3Ha4YCHHS 17151 Oe3neka Bois [1-8].

KomyHaubH1 city»K0u, BIJITIOBIIAJIbHI 32 yTPUMaHHS 1HPPACTPYKTYpHU JOPOKHBOTO
PYXY, BCTAHOBJIIOIOTh 3HaKH Ha CTOBIAX Ha y3014usiX, HaJl CMyraMH aBToMarictpal Ta
B IHIIMX MICIIX TaKUM YUHOM, 1100 1X OYJIO JIETKO MOMITUTH, HE BiJIBOJIIKAIOYH yBary
BOJI15 B1Jl KEpyBaHHS TPAHCIIOPTHUM 3aCO00M.

VYci 10pokHI 3HaKW PO3pPOOJIEHI, BUTOTOBJIEHI Ta BCTAHOBJEHI BIANOBIAHO 0
KOPCTKHUX JEPKABHUX HOPM. 30KpEMa, PErJaMeHTYy€eThCs Kouip 1 (hopma JOPOKHBOTO
3HaKy. [likTrorpaMu 3HakiB po3poOJieHl Ta CTaHAAPTU30BaH1 BIAMOBIIHO 10 MpPaBUIIA
MaKCHMaJbHOI MPOCTOTH Ta BiAMiHHOCTI. OjHak, meBHI oOctaBuam [9-17],
HaIPUKJIaJ, CUJIbHI BI3yallbHI NEPEIIKOJIM, HECHPUSTIUBE OCBITIEHHS ab0 MOrasi
MOTOJIHI YMOBH, MOKYTh 3HAUHO MOTIPIIUTH CIIPUIHSATTS JOPOKHIX 3HAKIB.

Binomo, 1o cyTo ¢izionoriuni pakTopu, Takl K XBUIIOBAaHHS, pO3paTyBaHHs a0o
BTOMa, 1€ OuIbllIe 3HWKYIOTh 30pPOBY KOHIICHTPAIUIO JIIOJUHHU 1, OTXKE, MOXKYTb
MOCTABUTH I1]] 3arpo3y KUTTS BOJ1sL, OCOOIMBO, IMiJ] Yac 13711 HA BUCOKUX IIBUIKOCTSIX.

3 HaBeJleHUX BHILE IPUYUH aBTOMAaTHU3allisd MPOLIECY BUSBJICHHS, PO3MI3HABAHHS
Ta Kiacudikaiii T0poXKHIX 3HaKIB OyJia BU3HAHA OJIHUM 3 HAWBaKIUBIIIUX HAMPSMIB,
0CcO0JIMBO B Hall Yac, KoM Oe33anepeyHa OUIbIIICTh BUPOOHUKIB MAILIMH MParHyTh
BUITYCTUTH HA PUHOK CBIH «PO3yMHUN aBTOMOOLIIbY.

VY poboti nochignukiB Kancaiicbkoro yHiBepcutery [l] po3riisiHyTO MeTon
nerekuii SIFT — mamraOHO-1HBapiaHTHE NEPETBOPEHHS O3HAaK. BUKOpUCTOBYrHOYM
MEBHY KUIBKICTh €TalOHHUX 300paxeHb, SIFT kiato4oBi TOYkM 00’€KTIB CHOYATKY
BHUBOJIATHCS, a MOTIM 30epiratoTbed B 0a3l gaHuX. MeToja BUSBICHHS 300paKE€HHI
MOJISITa€ B aHaJI131 KOXKHOI oro (GyHKIIi 3 TUMU, 10 MICTATHCA B 0a31 JaHUX, a MOTIM
MONIYKY KaHJAHMATiB HA OCHOBI TXHIX €BKJIIJOBUX BifcTaHeil BekTopiB [18—20]. ITicus
B3SATTS HaOOpy eKBIBAJICHTHUX JBIMHUKIB IIJIMHOKHHA KIFOYOBUX TOYOK, SKi
30IraroThCs Ta MalOTh CXOXKICTh HAa 00’€KTI Ta MOro MiClEe3HaXOMKEHHs, MacIuTad 1
BITUYTTS HANPSMKY Ha HOBOMY 300paK€HH1, TO3HAYAIOTHCS JIsl BUSIBICHHS XOPOLINX
30iriB. [lanuii migxiag MOPIBHSIHO MPOCTHM B peatizallii, aje 3yCTpidyaeThCs TOBOJI
piIKO Ta Ma€e MeHIy e()eKTHUBHICTh 3a 1HIIII METOH.

[TonbchbKUMU  AOCHIAHUKAMHU PO3TJIsIHyTa poOOTa CHCTEMH PO3Mi3HABaHHS
JIOPOXKHIX 3HAKiB HA MOOUTBHHUX MPUCTPOSX [2]. Y cBOEMY JOCHTIKEHHS TOCTITHUKI
BUKOpucTanu TexHiky Template/Pattern Matching abo mopiBHsiHHS mabmnoHiB. [s
TEXHIKa JI03BOJISIE 3HAXOJUTH HEBEJIWKI YAaCTUHM 300pakKeHHs, 110 BIAMOBIIAIOTH
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300pakeHHIO-11abony. Llelt Meron € mpocTimuM, HDK MIIXOAH 4Yepe3 HEUpOHHY
Mepexy, Ta J00pe MiIXOAUTh Ha BIANpPALIOBaHHI HA MOOUIBHUX MPUCTPOSX, 1€
notyxHictb GPU 3HauHO MeHIIA.

Y po6oTi iTamWChKUX MOCTIAHKKIB [3] OLIBIN JETATbHO PO3TISAAETHCS TAXI]
Template/Pattern Matching. Y nocmimkeHHI BUPINIEHO MUTAHHS OOpaHHS MPOCTOPY
KOJILOPIB JIJI1 TIPOBENCHHS CETMEHTAIlli 3a KOJIhOpaMHU. BIBIIICTE METOMIB IS
CerMEeHTaIlli 32 KOJILOPOM MpaIooTh 3 mpoctopomM HSV/HSI, ane MoxnuBo 3anexxHo
BiJl BXIJIHMX JJaHUX Ta MoTped cuctemu BukopuctoByBatu Takoxk CIECAM97, RGB
a6o YUV. 3 npaBriibHUM BUOOPOM KOJIBOPOBOTO MPOCTOPY MOKHA 3a0LIAJAUTH JIEAKY
YaCTUHY OOYMCIIOBAIBHOTO Yacy, HI0 € KPUTUYHUM IIOKa3HUKOM IS CHUCTEM
pO3Mi3HABaHHS JOPOXKHIX 3HAKIB, 0COOJIMBO THX, IO MPAIIOIOTh Y pekuMi real-time.

VYV mxepeni [3] Takok IOCTIKYETHCS MUTaHHS OCOOJMBOCTEH JTOPOXKHIX 3HAKIB,
TaKl SIK MepeBaKaHHS YEPBOHOTO KOJIBOPY Ta OKPYIIICTh POpMHU y Oaratbox 3 HUX.
Toxx mepuodeproBoro 3a1a4uero € BUIUICHHS 30H YEPBOHOTO KOMbopy. JlocmigHuku
3a3Ha4yaroTh, 10 BUKOpUCTaHHS Mozenl RGB y nanoMy BuUnajky He € TOUIBHUM, 00
MOIIYK YEPBOHOI'O MPUITYCKA€E aHaI3 yCIX TPbOX cKiiaoBux. Kpim Toro, 3mina R Oyne
BIUTMBATH HA 3HAYCHHS 1HIMHUX CKiIamoBux. Came TOMy IS TONIYKY Ha 300paKeHHI
00’€KTIB 32 KOJIbOPOM Ta SICKPABICTIO BUKOPUCTOBYETHCS y OUIBIIOCTI BUITAJIKIB CaMe
moxens HSV/HSI.

VY po0OoTi 1TamiicbKuid JOCHITHUKIB [4 ] NpUIIIsS€ThCA Oarato yBaru KOJIb0pOBOMY
npoctopy HSV/HIS. ¥V moaem HSV-vue BiaTiHOK Mae HailOUIbIy CHITY PO3Pi3HEHHS
cepeln IHIMX KOOpJauHAT. JIOCHITHUKM BUKOPHUCTAIM CETMEHTALII0 300pa’KeHHS,
BPaxOBYIOUM HAJIEKHUM YMHOM BH3HAa4Y€HI 00J1acTi B KOJIbOpPOBOMY mpoctopi HSV,
1100 OTPUMATH CTIMKICTh A0 3MIH 30BHIIIHBOTO OCBITICHHS. ABTOPH 3a3HAYAIOTh, 10
X04a BIITIHOK 1 € HAUKOPUCHIIINM aTpuOyTOM, ICHY€ TP OCHOBHI IIPOOIEMH TIi]] 4ac
MOro BUKOPUCTAHHS:

— BIITIHOK HE MA€ CEHCY, KOJIM IHTEHCUBHICTh JYy>K€ HU3bKa a00 TyKe BUCOKA;

— BIITIHOK HE MA€ CEHCY, KOJIU HACUUEHICTh JYy’KE€ HU3bKA;

— BIITIHOK HECTAOUTbHMM, KOJIM HACUYEHICTh HMXKUE MOPOTOBOTO 3HAYEHHSI.

[Ipobiiemu 00poOJEHHS, pPO3Mi3HABaHHS Ta Kiacudikaiii JOPOKHIX 3HAKIB
HaWMEepCIEeKTUBHINIE BUPIIIYBAaTH 3a JIOMIOMOIOK) METOIB, 3aCHOBAaHUX Ha
MaIIMHHOMY Ta IITMOOKOMY HaBUYaHHI.

Tak, nanpukiazn, gocuigauku 3 Mitsubishi mokmanu B ocHOBY cBo€l podoTH [5]
moaudikarito anroputmy AdaBoost Ta po3poOunu HOBUII METON TiJ Ha3BOIO
SimBoost. CtBopeHuit aiaroputm OyJI0 OIIIHEHO B pSAl EKCIEPUMEHTIB, IO
BKJIIOYAIOTh CTaTHYHI 300pa)K€HHS JOPOXKHIX 3HAKIB, CHHTETHYHI IOCIITOBHOCTI
300pakeHb 1 peajibHe BiJc0, 3HATE 3 KaMEepH, BCTAHOBJICHOT B aBTOMOOLJII.

Y mpoBeneHOMy TECTyBaHHI METOJy 3arajbHa TOXuOKa Kiacudikaropa He
nepeBunryBana 15%. TlommnkoBa kimacu@ikailis B OCHOBHOMY Oyjia CIpUYMHEHA
PO3MHUTTSIM Yy PYyCi, IO CTHUpA€ BIAMOBIIHI TPaai€HTH 300pa)KCHHs, a TaKOXK
HAKOIMMYEHUMHU TIOMHJIKAMHM PEKOHCTPYKIIT Tpekepa. L{i mOMHUIKM 4acTKOBO MOKHA
OyJi0 mosicHuTu pparmeHTamMu (PoHy, sIKi 3a0pyAHIOIOTH KyTH 00J1acTeil 300pakeHHSI.

Hocnigauku 3 HoBoi 3enmanaii y cBoii poOoTi [6] BUBYMIM €(PEKTHUBHICTH
BUKOPHCTAHHS TJWOOKOTO HAaBYaHHS JMJIA BUPIIICHHS 3aBIaHHSA pO3Ii3HABAHHS
nopoxHix 3HakiB. Buminmeno CNN-mepexi, SK OIWH 13 MIAXOIIB 3 BUCOKHUMH
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MOKa3HWKaMHU TOYHOCTI JeTeK1ii Ta kiaacudikarii. [luainserscs yBara moaensm Single
Shot MultiBox Detector (SSD) ta You Only Look Once (YOLOVSs).

Y poOOTI KHUTaWChKHX JOCHITHUKIB [7] TakoX NPOMOHYETHCS BUKOPHCTAHHS
3ropTKoBUX HeWpoHHMX Mepek CNN s BHpimeHHsS 3aaadi po3Mi3HaBaHHS Ta
kinacudikamii AOpoKHIX 3HaKiB. 30KkpeMa, Oyma oOpaHa OJHA 3 HAWBIIOMINIUX
mozeneir CNN — R-CNN. ®yHkitiero akTuBaiii adbo nepenaBaabHO0 QYHKITE IS
npyroro mapy oopana ReLu, qys mapy kinacudikarii oopana gpyHkiis softmax.

SIMOHCBKI AOCHIIHUKKA y CBOIH poOoTi [8] mpoBenaw MOCTITKEHHS Ha TPhOX
HavnomnysapHimux Moaensax CNN, a came: R-CNN, SSD ta YOLO. Binznadaerscs,
110 11€ HAMBUCOKOTOYHIII METO/IU BUSBJICHHS 00’ €KTIB 3 BUKOPUCTAHHSAM TTIHOOKOTO
HaBYaHHS, K1 OyJIM 3aIpOIIOHOBaHI Ha ChOTOIHIIIHIN JICHb.

TakuM 4YMHOM, MOKHA CTBEPJIKYBaTH, IO MUTaHHS JETEKIlii, pO3Mi3HABaHHS Ta
Kkiacudikalii JOpOoKHIX 3HAKIB € OJTHUM 3 HAMBKIUBIIIKMX y cepl KOMIT IOTEPHOTO
30py. ChOTOAHI BOHO BBAXKAETHCS KPUTUYHUM 3aBIAAHHAM y CYYaCHHUX CHCTEMax
MIATPUMKHU BOJIA. Y JaHii cdepi BKe ICHYIOTh J00pe 3apeKOMEHI0BaH1 MIXOAH, SIK1
BUKOPHUCTOBYIOTHCS TOCTITHUKAMU y CBOiX poboTax [18-20], ane mpu 1nibomy Bce 1Ie
3QIMIIAETHCS BEJIMKUAW MPOCTIPp [JIs1 BAOCKOHAJCHHS MIAXOIIB BUPIIIECHHS i€l
npoOIemMu.
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