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Y cmammi nposedeno amaniz cucmem asmomamuyHoi ioenmughikayii pyxomozo ckaaoy
3ani3HUYL Ni0 Yac pyxy, 6UOLIEHO nepegacu ma HeOONIKU MAKUX cucmem, NPUOiIeHO Y8azy
ONMUYHOMY MemoOy PO3NI3HABAHHS [HEEHMAPHUX HOMepi8 6a2oHi8. JlocniodceHo ocodaugocmi
3aCMOCY8AHHA WMYYHUX HEUPOHHUX Mepedic Ol ONMUYHO20 MemoOy DO3NIZHABAHHS HOMEPHUX
HAanucié Ha Ky306ax 8a20Hi8, OOIPYHMOBAHO CMPYKMYPY ma no6y008aHO HEUpOHHY Mmepexcy O/
3a680aHHS PO3NI3SHAHHA HOMEPA 6A20HA, PO3POOIeHUll ANCOPUMM HABYAHHS HEUPOHHOI Mmepedxci y
cepeoosuwyi Matlab.

Knrwuoei cnosa: cucmemu asmomamuunoi ioenmugpikayii, onmudnuii Memoo, po3nisHaeauHs.
00pas3ie, Wmy4Ha HeupoOHHA Mepedcd, ANeOPUMM HABUAHHSL.

The article analyzes the systems of automatic identification of rolling stock during movement.
In recent decades, both in Ukraine and in CIS countries, much attention has been paid to the
development of systems for the automatic reading of information from moving units using special
sensors that attach to the body of the railway cars. The most common of these sensors are passive
radio tags or RFID tags. The implementation of such systems on the railways of several countries
allows to solve many problems of automation of processes of control and management on railway
transport. In the article the advantages and disadvantages of such systems are highlighted, the
optical method of recognition of inventory numbers of railway carsis given attention. Such systems
for Ukrainian railways have been insufficiently vandal -protected, as indicated by the collapse of the
SAl RS project, after systematic damage to the sensors located on the railway cars. Recently, there
has been a tendency in Ukraine and abroad for the use of the optical method and machine vision
systems for tracking the movement and identification of moving railway units. The advantage of this
method is that there is no need for rolling stock sensors and the ability to constantly improve the
machine vision system software. At the same time, the main difficulty of using this method in
railway operations is damage to the railway car number. The peculiarities of the use of artificial
neural networks for optical method of the number plate recognition on the bodies of railway cars
are investigated, the structure of neural network is grounded and the neural network is built for the
problem of recognizing the railway car number, and the algorithm of learning of the neural
network in the Matlab environment is developed. A direct error propagation method was used to
directly train the neural network to minimize the error of the multilayer neuron. The idea behind
this method is to propagate the error signals from the network outputs to its inputs in the direction
opposite to the direct propagation of the signals in normal mode. The neural network recognized
the number of the test image. Thus, even on a highly simplified neural network with three hidden
layers, we were able to programmatically achieve the generalization effect.

Keywords. automatic identification systems, optical method, pattern recognition, artificial
neural network, training algorithm.
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Beryn. CtBopeHHs €pEKTUBHUX CHUCTEM
KOHTPOJIIO PYXOMOTO CKJIaAy 1 JUCTAHI[IHHOTO
KepyBaHHS 3aTi3HUYHUMU [E€PEBE3CHHSIMU
BaHT@XKIB € BaXIUBUM 3aBIaHHAM, SIK
Jep>KaBHOTO, TaK 1 raJry3eBOro piBHiB.

OmHUM 3 OCHOBHHMX  3aBIaHb  3i
CTBOPEHHS Ta PO3BUTKY cHCTEM
ABTOMATU30BAHOTO YIPABIIHHS 3aJI3HUYHUMHI
MEePEeBE3CHHSIMU BAHTAXIB € aBTOMATH3aIlis
MpoIiecy KOHTPOJIIO TIEPEeCYBaHHS O0'€KTIB
PYXOMOTO CKJIaay 3aJli3HUYHOTO TPaHCIOPTY,
BKJTFOYAIOYH 1X 1IEHTH(IKAIIIIO.

Ha 3aJTi3HULI i IIPOMHUCIIOBUX
miANpueMCTBAX B JaHWW  9Yac  JUIA
imeHTH]iKaIii BaHTA)XHUX BaroHiB 1 IHUCTEPH
BUKOPHUCTOBYETHCS, SIK  TPaBWIO, pYYHE
Bi3yaJlbHE CIIMCYBaHHS peecTpaniiHux
HOMEPIB TPAHCIIOPTHUX 3aC00IB, 5Kl SBISIIOTH
co00I0 MITKM Yy BHIJISIII BOCBMU3HAYHOI
nudpoBoi  mocmigoBHOcTi. [Ipm  Takomy
croco0i CIHCYBaHHS oreparop Ha
KOHTPOJIBHIN IJSHIN 3aTi3HMIN TIeperiisiiae
HOMEpH BaroHiB CKJIy, IO MPOXOANTh, 1 IpU
HEOOXITHOCTI TOPIBHIOE 1X 3 HATYP-JIUCTOM.
[Tpu BUABNEHHI HEBIAOBITHOCTI IPOBOJUTHCS

KOpDUTYBaHHS ~ HaTyp-iucTa, (HOpMYIOThCS
YIpaBIiHCHKI pilIeHHs. Henomniku
PO3TIISTHYTOTO croco0y imenTudikarii

OYEBHJHI: HEOOXIOHICTh MOCTIHHOI yBaru
oreparopa, BUCOKAa TPYAOMICTKICTh TPOLECY
KOHTPOJIIO, HEJ0CTaTHS JIOCTOBIPHICTb
iHdopmarrii. Kpim Toro, pyxomuii ckiai, 1o
MPOXOIUTh  TOB3  TOCTH  CHUCYBaHHS,
HEOOXITHO TOBHICTIO 3yMHHUTH a00 3HAYHO
3HH3UTH MIBUAKICTH, IO CYTTEBO OOMEXYE

MPOIMYCKHY  CIIPOMOXHICTh ~ KOHTPOJIBHOTO
mocta abo CTaHIIII.

AHaJi3 oCTaHHIX JocaigkeHbL 1
nyoJikaniii. B nanuii yac Ha TpaHCHOpTi 1 B
MTPOMHCIIOBOCTI 3aCTOCOBYETHCS KUTbKa
CUCTEM inmerTudikarii 00’ €KTIB, i (o)
BHUKOPHCTOBYIOTh ~ pI3HI  TexHojiorii 1

PO3PI3HSAIOTHCS 3a MPUHIMIIOM poboTH [1, 2].

IcaytoTh CUCTEMHU imeHTudikaii
PYXOMHX OJUHHIb, SKIi BHKOPHUCTOBYIOTH
3aco0M 3ali3HMYHOI aBTOMATHUKU (TOYKOBI
KOMNIMHI JaT4WKH, PEHKOBI Koja Ta iH.),
BCTAQHOBJICHI Ha 3aJi3HUYHOMY TMOJOTHI, 1

YTBOPIOIOTh KOHTPOJBbHY JuIAHKY. IlomiOwi
CUCTEeMH JO3BOJISIIOTH BHM3HAUUTU KUIBKICTh
ocel, BICHICTh 1 KUTbKICTh PyXOMHX OJIMHUIIb,
BIJICTaHI MK OCSAMH PYXOMHX OJMHHIIb 1, SIK
pEe3yNbTaT, TUI PYXOMOTO CKiany. Pesynbpratu
imeHTrdIKaIlli TAKUX CUCTEM CHIIBHO 3aJiekKaTh
BiJl Oarathox (paKTOpiB, TAKUX SK IIBHJIKICTH 1
MPUCKOPEHHS PYXy, TOYHICTH (hikcarlii kojeca
JaTYUKOM 1 T. ., O Y CBOKO YEPry BILIUBAE
Ha IX JOCTOBIpHICTb. TOMy Taki CHCTEMH
MaroTh 0OMEXEHE KOJIO 3acTocyBaHHs [3-5].

B ocranni nmecatumiTrsA, SK B YKpaiHi,
Tak 1 B KpaiHax OJIMKHBOTO 3apyOiXKKS,
Oaratro yBarm OyJ0 TPHUIIJICHO PO3BUTKY
CUCTEM ABTOMATUYHOTO 3YNUTYBaHHS
iHpopmarii 3 pyxoMHX  OJAMHHIBL 3
BUKOPUCTAHHSM CHEIIaIbHUX JaTYdKiB, IO
KPITUIATHCS Ha KY30BI. HaiiGimpim
PO3MOBCIOKEHI 3 TaKWX JATYUKIB € MacHBHI
paioOMIiTKH abo RFID-tags [6, 7].
BripoBaykeHHST TaKUX CHUCTEM Ha 3alli3HHIISX
psAny KpaiH J03BOJIsiE BHpINIyBaTH Oe3mid
3aBJIaHb aBTOMAaTH3allii MPOIECIB KOHTPOIIO 1
YOpaBIiHHSA Ha 3aJ1I3HUYHOMY TpPaHCIOPTI.
OpHak moxiOHI cHCTEMH JUIS  3ali3HULD
VYkpainn BUSIBUJIUCS HEIOCTaTHBO
BaHJAJIIO3aXUIICHUMH, Ha [0  BKa3ye
sropragHs  npoekty CAI  PC  micns
CUCTEeMAaTUYHOTO TIONIKO/KEHHS  JIaTYHKIB,
pO3TaIIOBaHUX Ha BaroHax.

B Takux ymoBax OUIBII NOIUTBHUM €
BUKOPUCTAHHS ONTUYHOTO METOAY Ta CHUCTEM
MAIIMHHOTO 30py AJs i1eHTH]IKaLii pyXxoMHux
OJTMHHIIb 3aJTI3HUYHOTO TPaHCIOPTY.
[lepeBaroro nmaHoro miAXOAy € BIJCYTHICTb
HEOOXIHOCTI y JaTYMKaX Ha PYXOMOMY
cKJyaji Ta MOKJIABICTD IIOCTIIHO
BJIOCKOHAITIOBATH TpOrpamMHe 3a0e3reyeHHs
CUCTeMH  MAaIlMHHOTO  30py. BomgHouac
OCHOBHOIO CKJIAJHICTIO 3aCTOCYBaHHS JaHOTO
METOAY B eKCIulyaTalii Ha 3ali3HHULSAX €
MOIIIKO/KCHHS HAIMCY HOMEpa BaroHa.

Bu3zHayeHHsi MeTM Ta 3aB/JaHHS
pocaimkenHsi. MeToro maHoi myOmikamii €
JOCITIDKEHHST  OCOOJMBOCTEH  3aCTOCYBAaHHS
MTYYHUX HEUPOHHUX MEPEeX I ONTHYHOTO
METOAy pO3Ii3HABaHHSI HOMEPHHX HAIKCIB Ha
Ky30Bax BaroHiB, OOTPYHTYBaHHSI CTPYKTYpHU
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Ta 1MoOyaoBa HEMPOHHOI MeEpexi, po3podKa
ATOPUTMY HABUYaHHS HEUPOHHOI MeEpexi y
cepenosuiii Matlab.

OcHOBHA  4YaCcTHHA  JIOCJiIZKEHHS.
MeTo ONTHYHOTO pO3Mi3HABAaHHS HOMEPIB
BaroHiB 13  3aCTOCYBaHHSAM  IITYyYHUX
HEHPOHHUX MEpPeX € OJHUM 13 HaWOLIBII
MEePCIEKTUBHUX METOJIB 3aBASKH MPOCTOTI,
THYYKOCTI Ta JACIIEBU3HI BIPOBAKECHHS.

SIk  JomaTtkoBy — TepeBary  METOJ
OINTOETICKTPOHHOTO ~ KOHTPOJIO  J03BOJISE
BKIIOYMTH B KOHTYpP VIPABIIHHS IPOLECOM
imenTudikamii moauHY — omepartopa. lLle
3a0e31mevdye MOXKJIUBICTh MTPAKTUYHO MMOBHICTIO
BUKIIFOUUTH MOXKITUBI MMOMWIKH iAeHTH]IKAIT
3aBASKH 3aJy4eHHIO OIeparopa 10 0OpoOKU
CUTYyaIlild, KOIM IITYYHUU IHTEIEKT CHUCTEMH
«CYMHIBAETBCSA» B OCTAaTOYHOMY pillIeHHI abo
HE MOXE HOro HpUMHATH. 3 ypaXyBaHHSIM

-—-'_-. 7 1
S
kg

-

=

5

OCTaHHBOL 0COOJIMBOCTI cucrema
pO3Ii3HABaHHS HOMEPIB BaroHiB 0€3 1CTOTHUX
BUJI03MIH MOXe OyTH JOTOBHEHA ()YHKIIISIMU
KOMEPIIIMHOTO OTJIsiTy BaroHiB 1 BaHTaXIB, 110
MEPEeBO3ATHCS, a TAKOXK BHUPINIYBATH PsT
3aBJIaHb OXOPOHHOTO BIiJICOCIIOCTEPEKEHHS B
30H1 KOHTPOJIIO.

OCHOBHUM HEIIOJIIKOM OIITUYHOTO
MeTony  imeHTu(ikamii €  3aJekKHICTh
JIOCTOBIPHOCTI Pe3yJbTaTy Bia 3a0pyIHEHOCTI
HOMEpa BaroHa, MEXaHIYHUX TOIIKO/KEHb Ta
MOTOJHUX YMOB. B Xomi mocmimkeHHs Oynu
BUSIBIICHI PI3HOBUAM TOMIKO/PKCHHS 3HAKIB 1
HanuciB Ha BaroHax (puc. 1). IligBumuru
JIOCTOBIPHICTH PO3IMi3HABAHHS MOIIKOKEHOTO
HAalmUCy HOMEpa BaroHa MOXIJIMBO 32
JIOIIOMOT 00 3aCTOCYBaHHS HITYYHUX
HEUPOHHHUX MEPEK.

i

Puc.1. PizHOBHUAM NOLIKOMKEHHS 3HAKIB 1 HAIIUCIB HA BarOHaX:
1 —3abpyaHeHHS BiJ BaHTaxy; 2 —aedopmariisi OOIIMBKY Ky30Ba;
3 —Kopo3is MeTaly

Hetiponna mepexa — 11e 004MCIIIoBaIbHa
MOJieTb, IIapyBaTa CTPYKTypa SKOi Haragye
MEpEXKEBY CTPYKTYpPy HEHPOHIB y MO3KY, 13
mapaMyd  TOB'A3aHUX  By3miB.  HelipoHHa
Mepeka MOKE BUUTHCS Ha OCHOBI JJAHUX, TOMY
BOHAa MOXe OyTH HaBYeHa pO3Mi3HABATH
ra0JIoOHH, kiacudikyBaTu na”i Ta

Koxna
(IITHM)

MPOTHO3YBAaTH  MaWOyTHI  TOii.
LITY4YHA HEHpOHHA  Mepexka
CKJIAZIAETHCS 13 HEUPOHIB.

bionoriuamii HEHWpPOH IMITyeTbCA Y
Mepeki  dYepe3  aKTUBallMHY  (YHKIIIO.
I'padiuno curmoinna ¢yHKLig 300pakeHa Ha
puc. 2.
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Puc. 2.T'padiune 300pakeHHs] CHTMOiTHOT (QYHKIIIT

Jns  posmi3HaBaHHS — JAPYKOBAaHUX 1
PYKOIIMCHUX  CHUMBOJIB  OUTbII 32  BCE
MiIXOAUTh 3TOPTKOBA HEHPOHHA MEpexka, II0
HABYAETHCS 32 JIOTIOMOTOIO METOIY
3BOPOTHOTO PO3MOBCIOKEeHHs moxubku (back
propagation) [8].

Hamu Oyna 3MopenboBaHa HeWpOHHA
Mepexka JUIsl  po3mi3HaBaHHA IUpp Ha
300paxeHHsX. HacripaBai 11e 1OCUTh CKilagHa
3ajaya, ska NMoTpedye 3HAYHUX TOTYKHOCTEH
rpacdiunoro GPU Ta myxe Benukoi KiJIbKOCTI
naHuxX (THCS4i 300paXKeHb) IS HaBYAHHS
MoOjieTli, TOMy BOHa Oyna Jemo crpoineHa i
MPUAHATI TaKi OOMEKEHHS .

1. Bynu po3smi3HaHi TUTBKH 4YOPHO-O1Ii

uudpu.

2.lludppu  cxmagamucs 3
TiKceniB, po3mipoM 5x5.

3. PosmiznaBatn IIIHM Oyna HaBueHa
TUTBKH IIUGPH BiJl OTHOTO 0 IT’ ATH.

Y nmaHiii Mepexi OIMH S-eleMEHT
BimnoBigae kokHoMy mikcemo (puc. 3). s
bOTO0 HaM 3HajgoOwiocs 25 ceHcopis,
OCKLIBKH KOXKHE BXI/IHE 300pakeHHS
CKIamaeThcs i3 25 mikcenmiB. Matpuns i3 S
eneMeHTiB ¢opmye Bxiguui map [THM, mis
OPUKAHATTS BXiAHUX JaHUX. YopHuUil Koiip

YOpPHHUX

BIAMOBiae 3a  30yMKEHHS  S-ememeHTa
(3HaueHHs ~ curHANYy, IO  TEPEIAETHCH,
Bignosimae 0). bimmit komip — BHBIX

BIAIMOBIAHOIO S-einemMenTa, Bianosigae 1.
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Puc. 3. CtpykTypa po3po0i1eHoi HEHpOHHOT MEPEXKi:
WO —Bxinnuit map; W1-W3 —npuxosani mapu; W4 —BuxigHuii map
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Hactrynni mapu HIHM e npuxoBaHumMu
Ta HE € YaCTMHOI HI BXOIy, HI BHXOIY.
HeiiponHni Mepexxi MOXYyTb MaTH JEKiIbKa
MPUXOBAaHUX IMapiB, y JaHid Moxem Oyio
BUKOPUCTaHO TpH mapu. KinbKicTe HEWpOHIB
MPUXOBAHOTO IIapy Mae cTaHOBUTH Bix 70 10
90 % Bix po3Mipy BXifHOro mapy. 3 Orjsiay
Ha BHILE3a3HAa4eHe OyJI0 BCTAHOBJIEHO IIO

W, w4 x,w, + b

ne W, —4iCI0Bl 3HAYCHHS Bary,
b —Bara eremeHnTa 3MilIEeHHS.

Baru motpiOHi, Tak SK BOHU €
3HAYCHHSIMH, SKI 3MIHIOIOTBCS  TPOTITOM
mpolecy HaBYaHHA. 3MIiHIOYHM  'Bary"

3MilieHHS D, MOXKHA 3MIHIOBATH Yac 3aIycKy
By3Ja. 3MIIIIEHHS € AYXKE BaXJIUBUM y TAHOMY
BHUIMAJIKy, OCOOJMBO  KOJM  IMITyBaJHCs
B3a€MO3B’ SI3KM MK HEHpOHaMHU.

st 6esnocepennroro HaByanHs [ITHM
HaMu OyB BUKOPHCTAHUN METOJ 3BOPOTHOTO

MOIMPEeHHsT TOMWIKU. llel iTepatuBHUM
TPaJi€eHTHUNA aITrOPUTM MH BHUKOPHCTAIU 3
METOIO MiHIMI3amii  TOMUJIKH  POOOTH

OararomapoBoro HeipoHa.

Anroputm HaByanHa [IIHM wmeromom
3BOPOTHOTO MOIIUPECHHS MOMHIJTKH
CKJIAJIA€THCS 3 TAKKX CTalliB:

1. [mirmamizaris Baru BUMAAKOBUM YHHOM.
Byno B34TO0 HOpMalBbHHI  pO3MOAIT 3
HYJIbOBUM MAaTE€MaTHMYHUM OUIKYBaHHIM 1
OJTMHUYHUM CepeTHbOKBAAPATHIYHIM
BIIXWICHHSIM.

2. Ha Bxigawmii map Oysio mojgaHo BEKTOP
1 3HalIeHO 3HAueHHS HEHpPOHIB Ha IHIIUX
rapax:

Q(Z].w,-xj):“exp(_lzjwixj) )

3. [l BUXITHUX HEHpPOHIB BHUpPaxyBaHO
BEJINYNHY TIOMMIIKH:

5=-a(1-a)(%-a) @

20By3miB, U1 KOXHOTO IIapy. Yci BY3IH
KOXKHOTO IIapy MaloTh 3B'SI30K 31 BciMa
By3JamMu cycigHporo. KoxeH 3 IUX 3B'SI3KIB
Mae€ BiJIMTOBIJIHY Bary.

3a Bary Oynu B3sTi uncna (He OiHapHi),
SKI B TIOJNAJBIIOMY MHOXaThCsS Ha BXOMl 1
CYMYIOTbCS y BY3JIi:

(D

4. ]Iy BHYTPIIIHIX MIapiB:

9 =-a(1-a )kakxjk (4)
5. 3MiHEeHO 3HAYEHHS:
w=w-ndab =w-7d,, (5

ae | — IHIeKC MePBUHHOTO IIapy.

Pe3ynpraTi TecTyBaHHS 3MOJIENBOBAHOI
IITYy4YHOI HEHPOHHOI Mepexi 300pakeHo Ha
puc. 4.

Ak BHAHO 31 CKPUHIIOTY TpadidHOrO
obuncioBaua Matlab, HelipoHHOIO Mepekero
Oyno posmizHaHo 1M(PY 2, TakoXK B XOIi
TECTyBaHHs OyJI0 MPaBHIIBHO 11€HTH(])IKOBAHO

pemrty 1udp. Tum camum, HaBiTh Ha
rpannuHo cmpomenii IIIHM 3 Tproma
NPUXOBAHUMH  IApaMH, MW  3MOIJIH

MIPOrPaMHO JIOMOTTHUCS €PEeKTy y3arajJbHEHHS.

BucnoBku. TexHomoris 1 3acobu
aBTOMATUYHOI imeHTudikarii BaroHiB
pPO3BHBAIOTHCS 1 HAOYyBalOTh BCE OUIBIIOTO
NOIIMPEHHs] ~ NpH  BUpIIIEHHI  3aBAaHb

KOHTPOJIIO TEpEeCyBaHHA OO0'€KTIB PyXOMOIo
CKJIaJly Ha TEpUTOpPIi BEIMKUX MPOMHUCIOBUX
T IITPUEMCTB, KOMEPIIIITHOTO 00Ky
CUPOBUHU 1 TPOAYKIIii, IO MEPEeMIlIyIOThCS
3II3HUYHUM TPAHCTIOPTOM.

B mamiit  poGoti Oyno mOCHiIKEHO
0COOIMBOCTI 3aCTOCYBaHHS MTYYHUX
HEHPOHHUX MEpeX I ONTUYHOTO METOAY
pO3Ii3HABaHHS HOMEPHHUX HAIKCIB Ha Ky30Bax
BaroHiB,  OOIPYHTOBAaHO  CTPYKTYpy Ta
no0y0BaHO HEMPOHHY MEPEKY, po3poOIeHU
QITOPUTM HAaBYaHHSI HEHPOHHOI Mepexi Yy
cepenosuini Matlab.
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Deeplearning.m RelU.m Softmax.m TrainingNetwork.m TestDeeplearning.m
1- load ('DeepNeuralNetwork.matc');
2
3 = input_Image = [0 0 0 0 1; I
4 1 1110;
5 1000 1; MaTpuuda uMdpu "2" Ha
3 0111 1; BXOLi HEMPOHHOI Mepexi
7 0000O0O:;
8 1:
5
10 - input_Image = reshape (input_Image, 25, 1):;
11
12 - input_of_ hidden_ layerl = wil*input_Image;
13 - output_of hidden layerl = ReLU(input_of hidden layerl):

14

Command Window

New to MATLAB? See resources for Getting Started.
>> TestDeeplLearning

final output =

0.0000
pesynbTaT po3nisHaBaHHs
0.0000 uncpu "2"
0.0000
0.0000

fx 5>

Puc. 4. ®parmenT poboTH HEelipoHHOT Mepexi y cepenopunii Matlab
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