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AHoTars

bakanaBpcrka kBamidikariiina podora Ha 3100yTTa CTyneHs OakaiaBp 3a crelia-
abpHICTIO 151 ABTOMaTH3allis Ta KOMIT IOTEPHO — IHTErpOBaHi TEXHONIOTii Ha TeMy Bripo-
BaJKEHHSI 1HHOBALIIM IS TIOKpAIIEHHS CUCTEMU aBTOMATUYHO1 1/IeHTU(IKAIlT PyXOMOTO
CKJIaay. YKpaiHChKUN JAep)KaBHHM YHIBEPCHUTET 3ai3HUYHOTO TPAHCHOPTY, Kadenpa
«ABTOMAaTHKa Ta KOMIT FOTEPHE TEJICKEPYBaHHS pyxoM Toi3aiBy — Xapkie, 2025 pik, 75
CTOPIHOK TOSICHIOBAJIbHOI 3aITUCKU, MICTUTh 3 TAaOMUIl Ta 23 PUCYHKH, CIIUCOK BUKOPH-
CTaHMX JKEpes MICTHTD 3 21 HaliMeHyBaHHS.

bakanaBpchka kBamidikaliiina poboTa MPUCBSUEHA NOCTIHKEHHIO Ta PO3pooili
CUCTEM aBTOMATHYHOI 1J€HTU(IKAIll pyXOMOrO CKJIaay 13 3aCTOCYBaHHSIM CYYaCHUX
TEXHOJIOT1H. Y poOOTI MPOBEACHO aHai3 ICHYIOUMX METOIB 1IeHTU(iKallli, po3rissHyTO
PI3HOBUIM aBTOMAaTH30BAHUX CHCTEM Ta iXHI OCHOBHI 3aBAaHHs. OcoOnuBy yBary mpHu-
JJIEHO TEXHOJIOTIAM BIAEOCHOCTEPEKEHHs Ta paaiodacToTHoi ineHtudikauii (RFID), a
Takox crienudir 3acrocyBanHs TexHonoriii Amtech, Dynicom ta cucremu «Ilambmay.

Hpyruii po3aia NpUCBIYEHUN MPOEKTYBAHHIO MIKPOIIPOLIECOPHOI CUCTEMHU aBTO-
MaTUYHOI 1eHTU(IKaIli pyxoMoro ckiany. Po3missHyTo mpuHUunu poOoTH, opraHiza-
I[II0 CUCTEMH, JIOTIKY Ta €Tanu BUKOHAHHS aJrOpUTMY 1AeHTHU(IKAIll. 3anponoHOBaHO
aJTOPUTM MIAPAXyHKY KUJIBKOCTI BaroHIB Ta aHali3 (PyHKLUIOHYBaHHS JAaTYMKIB TPOXOILY
komcHuX map JITJ] — 01.

VY TpeThoMy po3aisi PO3MIAIAE€THCS PO3POOKA MIACUCTEMH ONTUYHOT 11eHTU(DIKA-
11i Ha OCHOBI HEUPOHHUX Mepexk. J[OCHIIPKEHO CTPYKTYpy Ta MeXaHi3M (DyHKI[IOHYBaH-
HSl, aJITOPUTMU PO3MI3HABAHHS HOMEPIB PYXOMHUX OJMHHUIb, a TAKOXK BUKOPUCTAHHS
HITYYHOTO 1HTENEKTY. BUBUEHO 0COOIMBOCTI HABYAHHS HEMPOHHUX MEPEXK, IXHIO TOMO-
JIOT1IO Ta ONTUMI3arin. BUKOHAHO TEXHIYHE MOIEIIOBAHHS CUCTEMHU OIITUYHOI 1I€HTH-
dikarmii. OTpuMaHi pe3yIbTaTH MOXKYTh OyTH BHUKOPUCTAHI JIJISl TMiJIBUICHHS €()EKTUB-
HOCTI aBTOMaTHu3aIlii 1IeHTU(IKaIlii pyXoMOro CKJIaay Ha 3aJliI3HUYHOMY TPaHCIIOPTI.

KJIFOUOBI CJIOBA: ABTOMATHWYHA [IJJEHTU®IKALIS;, PYXOMUM
CKJIA L, BIHEOCITOCTEPEXEHHS; PAIIOYACTOTHA IIEHTUDIKALILIA (RFID);
AMTECH; DYNICOM; HEMPOHHI MEPEXI; IIITYYHUU THTEJIEKT; JATUMKU
[MTPOXOY KOJICHUX TTAP (JII1/]— 01); OITUYHA [JJEHTUDIKAILIIA.




Abstracts

Bachelor's qualification work for the degree of bachelor in specialty 151 Automa-
tion and computer — integrated technologies on the topic Implementation of innovations
to improve the system of automatic identification of rolling stock. Ukrainian State
University of Railway Transport, Department of Automation and Computerized Train
Control — Kharkiv, 2025, 75 pages of explanatory note, contains 3 tables and 23 figures,
the list of references includes 21 titles.

The bachelor's thesis is devoted to the research and development of automatic rolling
stock identification systems using modern technologies. The work analyzes existing identi-
fication methods, considers the types of automated systems and their main tasks. Particular
attention is paid to video surveillance and radio frequency identification (RFID) technolo-
gies, as well as the specifics of using Amtech, Dynicom, and the Palm system.

The second section is devoted to the design of a microprocessor — based system
for automatic identification of rolling stock. The principles of operation, organization of
the system, logic, and stages of the identification algorithm are considered. An algo-
rithm for counting the number of cars and an analysis of the functioning of the DPD —
Olwheel set passage sensors are proposed.

The third section considers the development of an optical identification subsys-
tem based on neural networks. The structure and mechanism of functioning, algorithms
for recognizing the numbers of rolling stock, as well as the use of artificial intelligence
are investigated. The features of neural network training, their topology and optimiza-
tion are studied. The technical modeling of the optical identification system was per-
formed. The obtained results can be used to improve the efficiency of automation of
rolling stock identification in railway transport.

KEYWORDS: AUTOMATIC IDENTIFICATION; ROLLING STOCK; VIDEO
SURVEILLANCE; RADIO FREQUENCY IDENTIFICATION (RFID); AMTECH,;
DYNICOM; NEURAL NETWORKS; ARTIFICIAL INTELLIGENCE; WHEEL PAIR
PASSAGE SENSORS (DPD —01); OPTICAL IDENTIFICATION.
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Beryn

TexHoorii po3ni3HaBaHHS PyXOMOTO CKJIaAy J03BOJSIOTh aBTOMAaTUYHO 3YMTYBa-
TH 1 00pOOJATH JaH1 PO HOMEPU BArOHIB. 3aBJISKHU X BIPOBAKEHHIO 3HAYHO TOKpa-
IIY€THCS TOUHICTH 1 MIBUJKICTH 300py 1H(OpMalii Mpo CTaH JTOKOMOTUBHOTO Ta BaroH-
Horo mapky. Lle cnpusie onTuMizaliii poObo4rX MpPOIECiB, CKOPOUCHHIO MOTPEOU B MEp-
COHAJII Ta TIepexoay Ha MUQPOBI METOAN OOMIHY JaHUMHU O€3 BUKOPHUCTAHHS MAepOBUX
HOCIiB. ¥ 1iil poOOTI pO3MIATAETHCS PO3POOKA KOMIUIEKCHOI CUCTEMU aBTOMATHU30BaHOT
iIeHTUIKAIT Ta TEXHIYHOTO MOHITOPUHTY PYyXOMOTO ckiany [6].

CrpykTypa cucteMu Mae OaraTopiBHEBY oprasizauito. Ha moyarkoBomy piBHi ¢y-
HKI[IOHYIOTh KOJIOBI JaT4MKH, BCTAHOBJIEHI Ha KOKHOMY BaroHi. Hactymuuii piBeHb
BKJIIOYA€ TYHKTH 3YUTYBaHH 1H(POpMallli, OCHAIIEH] JOAATKOBUMHU 3aC00aMU KOHTPOITIO
— KaMepaMmu JJIsl BU3HAUCHHS TeMIepaTypu OyKCOBHX BY3JiB Ta I’ €30€JICKTPUUYHUMHU
ceHcopaMu, 10 (PiKCyroTh MOXKINBI JedekTr Komic. [laHi, oTpruMaHi Bl 3UUTYBaJIbHUX
MYHKTIB, NEPEAIOThCA A0 1HPOPMALIMHUX BY3JIIB JIIHITHOTO Ta MaricTpajbHOTO PIBHIB,
a TIOTIM CHIPSIMOBYIOThCS Y HeHTpanbHui aHamitTuaHui nentp ['TOL] V3, sxuii Buctynae
BUIIOIO JIAHKOIO CUCTEMH YIIPaBIiHHS.

Po3rnsigaeThes Kibka MOXKIIMBHX KOH(Irypamiii cuctemu. Ha mouarkoBomy erarti
JIOIITHBHO 3aCTOCOBYBATH TEXHOJIOTII0 ONTUYHOTO PO3Mi3HABAHHS, sIKa HE MOTpedye 10-
JTATKOBOTO OOJIaIHAHHA HA BaroHax. ¥ MOAalbIIOMY, 3 IHTETPALIEI0 KOAOBUX OOPTOBHUX
JATYMKIB, CTAaHE MOXKJIMBOIO OUIBIN HaJiiHA 11eHTU(DIKAIlIS 3a JOIIOMOTOI0 PajiodacTo-
THUX TeXHOJOTiH. OMHAK MMOBHE OCHAICHHS BCHOTO MapKy PYyXOMOTO CKJIaay TaKUMU
JaTYMKaMH € TPUBAIUM POIIECOM, 110 TOTpeOy€e 3HAYHUX PECYypCiB Ta yacy.

VY 1el nepexigHuil mepioa € MOKIIMBICTh BUKOPUCTAHHS KOMOIHOBAHOI CHCTEMH,
sKa MOEJHY€E ONTUYHY Ta PajloyacTOTHY 1IeHTU]IKali0. Y Mexkax i€l poOOTH TaKOX
Oysia po3poOJieHa HEHPOHHA Mepexka, 3/1aTHa POo3Ii3HaBaTU HOMEPU BaroHiB Ha (HOTOT-
padisx. JlocmiKeHHS MOKa3aid, 1Mo 11 Mepexa e(EeKTUBHO BU3HAUYa€ HOMEPHU HaBITh

32 YMOB OOMEXCHOT BUIMMOCTI Ta 3a0pyIHCHHS MOBEPXHi BaroxHa [6].

Apk.
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BucHoBku

CucreMu aBTOMaTHYHOI 1JIeHTH(IKAIllT pPyXOMOTO CKJIay 3/1aTHI aBTOMAaTUYHO 34H-
TyBaTH HOMEpPHM BaroHiB Ta OIEpaTUBHO oOpoOsaTH OoTpuMaHy iHdopmarliio. Brpona-
JDKEHHS TaKMX 1HHOBALIIMHUX TEXHOJIOT1H 3a0e3Meuye 3HaYHe MOKpaIIeHHs B poOoTi 3aJi-
3HMYHUX NepeBe3eHb. OJJHUM 13 OCHOBHMX MepeBar € MiABUIIECHHS TOYHOCTI Ta IIBUIKO-
CTi 300py 1 00pOOKH TaHUX I[OJI0 CTaHy BAarOHHUX 1 IOKOMOTHUBHUX MAPKiB, IO JI03BOJISE
3M1ACHIOBATH O1IBII ONEPATUBHY 3BITHICTH. KpiM TOrO, 3aBIAsSKH 3MEHIICHHIO OTPEOU B
JIIOICBKOMY PECYypCl Il py4HOTO 300py JaHUX, MOXKHA 3HAYHO CKOPOTHUTH IITAT MpalliB-
HUKiB. BogHouac, cuctema cripusie BIpOBaKEHHIO 0€3 nanepoBux iHGOpMAaIIMHUX TeX-
HOJIOT1#, 1[0 POOUTH MPOIECH OUIBII 3pYYHUMHU, 3MEHIIIYE BUTPATU HA JOKYMEHTOOOIT 1
N1JBUILY€E €PEKTUBHICTD YIIPABIIHHS.

[IponoHy€eThCSI BUKOPUCTOBYBAaTH KOMOIHOBAaHY CUCTEMY, SIKa MOEAHYE JIBI TEXHO-
Jorii ieHTudikaiii: oNTHYHY Ta pajiodacToTHy. PamiouactoTHa imeHTudikaiis mae Oi-
JIBIIY TOYHICTB 1 JO3BOJIAE€ €(PEKTUBHO MPALIOBAaTH B YMOBAX, JI€ ONITUYHE PO3MI3HABAHHS
Moxke OyTH ycknagHeHe. [Ipore, nis Baronis, mo He ocHamieHi RFID — tpancnionnepamu,
BUKOPHCTOBYBAaTUMETHCS CHCTEMa ONTHUYHOTO po3mizHaBaHHs. s peamizamii imiei Tex-
HOJIOT1i OyJIM po3p00IeHI ONTUMI30BaH1 AITOPUTMH 00poOKH 300paxeHsb. [IpononoBanuit
METO]] Ha OCHOBI HEMPOHHUX MEPEXK 3a0e3euye BUCOKY TOUHICTD 1 MIBUAKICTh PO3ITi3HA-
BaHHA HOMEpIB BaroHiB 300pakeHHsMHU. Lleil miaxia J03BoOJIs€ aBTOMATU3yBaTH MpPOLEC
imeHTUdIKarii, 3HaYHO 3HUKYIOUM WMOBIPHICTH TOMMJIOK, XapaKTEPHUX ISl TPAIHUIliii-
HUX METOJIB. AJITOPUTM HEHPOHHOT Mepexi 31aTeH e(eKTUBHO OOPOOISITH BEITUKI 00CsI-
I JaHuX, 3a0e3Meuyrour OIMepaTUBHE PO3Mi3HABAaHHS HOMEPIB y peaIbHOMY dYaci, IO
KPUTUYHO BaXKJIUBO JJIs1 1HPPACTPYKTYpH TpaHCHOPTY. Pe3ynsrati MopentoBaHHS MOKa-
3yI0Th, II0 CHUCTEMa Mpaloe CTA0UILHO B PI3HOMAHITHUX YMOBAaX, HaBITh 3a 3MIHHUX
OCBITJIIOBAJIbHUX Ta MOTOAHUX YMOB. Lle 103BosIsie 3aCTOCOBYBATH 1i B IIUPOKOMY CIIEKTpI1

pealbHHX 3a/1a4, J¢ MOTpiOHA BUCOKA HAIMHICTD 1 IIBUIKICTH 0OPOOKH.
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