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Ha 3aii3HHYHMX KOJiSIX Y BCbOMY CBiTI Bece OljIbIe MOi3/iB, AIKI KYpCYIOTh Ha BUIIMX
IIBHAKOCTAX, MepeBO3ATh Oliblle macaxupiB Ta MalOTh Oilblle HABAHTAa:KeHHS Ha BicCh,
Hi’k Oyab-koaum padime. IloeqHanHss HMX (aKTOpPiB CHPHYMHUIO 3HAYHHH THCK Ha
iHppacTpyKTYpy, 110 NMPU3BOAUTH /10 3POCTAHHA BHMOT MiJl Yac NMPOBeJAeHHS TEXHIYHOrO
OorJisiy Ta OOCJYroByBaHHs 3aidi3HUYHMX peiiok [1]. ChoroaHi peiikm cucTeMaTHYHO
nepeBipsAlOT Ha HasABHICTb BHYTPINIHIX Ta mNOBepXHeBUX /e(eKTiB 3a JA0NOMOIOI0
pi3HOMaHiTHHX MeToAiB HepyiiHiBHOro koHtpojw (HK), nHaidTunoBimmmmMm 3 SIKHX €
yJIAbTPa3BYKOBUH Ta MarHitogunamiunuii meromun (MIM). IlpoanaiizoBano nedekro-
CKONiYHI CUTHAJIM, OTPUMAHIi MarHiTHUM BaroHoM-aedexktockonoM JIbBiBchbKkoi 3amizHMII
MIM — (Magnetic Flux Leakage Rail Inspection — MFL), 3a nonomorow HemnepepBHOro
BeiiBieT-nepersopennsi (HBII) mporpamu M atlab wavelet toolbox.
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Rail networks across the world are getting busier with trains travelling at higher
speeds and carrying more passengers and heavier axle loads than ever before. The
combination of these factors has put considerable pressure on the existing infrastructure,
leading to increased demands in inspection and maintenance of rail assets [1]. Nowadays,
rails are systematically inspected for internal and surface defects using various non-
destructive evaluation (NDE) techniques. The most common of which are ultrasonic and
magnetic flux leakage (MFL) methods. The article is focused on the analysis of
defectoscopic signals received using the magnetic wagon-defectoscope of Lviv Railway
(MFL method) by the continuous wavelet transform (CWT).

The most important question in all methods NDE - is selection of infor mation about
defects from defectoscopic signals received during the checking railway (defectogram). At
present, wagon-defectoscope operator’'s experience is essential for making the correct
decision about technical condition of rails. To improve the operator’'s work efficiency,
which is mainly based on expert visual assessments, it is necessary to automate the analysis



of recorded signals. That is why we turned to the powerful tool of digital signal processing
such as wavelet transform (WT). The main WT applications - analysis and processing
signals, non-stationary in time (such as defectoscopic signals) when the analysis should
include not only the signal frequency char acteristics, but also infor mation about some local
coor dinates, which reveal themselvesin one or other frequency components.

WT divides into continuous (CWT) and discrete (DWT). DWT focuses on speed (by
sampling values of scale (frequency) and time (samples)) and the possibility of a complete
reconstruction of the signal after analysis (by orthogonal wavelet functions), which led to its
use, mostly for denoising and compression of signals. Asfor CWT, it requires only one wavelet
function - mother, whose creation is not problematical (unlike DWT) and allows to identify
those signalsthat are similar to the mother wavelet.

Key words: Keywords: rail, defect, fracture, CWT.

Beryn. HaiiBaxymBimmM nuTanHsM Bcix Meromie HK e Buminenns indgopmamii npo nedextu 3
1 EeKTOCKOMIYHOr0 CUTHAILY, OTPUMAHOrO B MPOIECi KOHTPOIIO AUTSHKU Koimii (medexrorpamu). ChoromHi
JIOCBIJI orepaTopa BaroHa-ie(ekTocKora i 4ac po3iudpyBaHss aedexTorpaMy € OCHOBHUM TSI IPAHHSTTS
MPaBUJIBHOTO PIlICHHS MPO TEXHIYHUHN cTaH peliku. s migBuIneHHs: epeKTHBHOCTI POOOTH OrepaTopa, siKa
MEPEBAYKHO TIPYHTYETHCSA HA Bi3yaJbHUX CGKCIIEPTHHUX OIIHKAX, HEOOXITHO MaKCHMMAaJIbHO aBTOMATH3yBaTH
aHai3 3amucaHux curHaiiB. Came 3 Ii€I0 METOI0 MU 3BEPHYIHCH JI0 TAKOrO MOTYKHOTO 3aco0y mugpoBoi
00pobOKu curHamiB, SK BefBaer-nepersopennst (BIT). OcuoBha chepa 3acrocyBannst BIT — aHamiz i 06poOka
CUTHAJIIB, HECTALlIOHAPHUX Yy Yaci (a 1e)eKTOCKOMIUHI CHIHAIM CaMe TakKi), KoK pe3yJbTaTH aHali3y MOBHHHI
MICTHTH HE TUTbKH YacTOTHY XapaKTEpPUCTHKY CHTHAITY, aJie 1 BIIOMOCTI PO MEBHI JIOKAIbHI KOOPAWHATH, Ha
SIKUX TIPOSIBIIIOTH cede Ti abo iHIIII IPYIH YaCTOTHHUX CKIIAJIOBHX.

BIT moxna po3mimutu Ha HerepepBHe (HBII) Ta muckperne (IBIT). IBIT poOuth akiieHT Ha
MPUCKOPEHHS OMPAIFOBaHHs CHTHATY (3a paXyHOK AMCKpeTH3allil BeMUuuH Macmrady (4acTtoTH) Ta dacy
(BimTiKiB)) Ta MOXKJIMBOCTI MOBHOI PEKOHCTPYKINI CHTHAMy Micis aHamizy (3a paxyHOK OpTOrOHaJIbHUX
BeiiBeT-QyHKIIIH), MmO # 3yMOBMJIO HOr0 BHKOPHCTaHHS, B OCHOBHOMY JUIS 3MEHIIEHHS IIyMiB Ta
kommnpecii curnamis. 1o x crocyerbess HBII, To BoHO BUMarae HasBHOCTI JIMIIE O/HIET BeHBIET- G yHKINT —
MaTepUHCHKOI, CTBOPEHHS SIKOI HE BUKIMKAae >KoAHMX mpoOiem (Ha Bimminy Bim JBII) i mo3Bomsie 3
BHCOKOIO TOYHICTIO BUJIUISATH Ti CUTHAJH, sIKi cX0ki Ha Hei. CaMe TOMy BapTo 30CEPEAUTUCH HA PO3TIISi
moxnuBoctei HBII mis BusiBneHHst curHaiiB Bif nedekriB y nedexrorpami.

Auani3 curnajiis 3a gomomororw HBII. Jlocmimkenns 3aificneno mporpamoro Wavelet Toolbox
cucremu komi forepaoi matematnku MATLAB. Wavelet Toolbox 3abesneduye (hyHKIiT Ta Z0MaTKH IS
PO3pOOIICHHS AITOPUTMIB HA OCHOBI BEHBIIETIB [UIsl aHAJ3y, CHHTE3Y, OYMIIEHHS Bi/l IIyMy Ta KOMIpecii
CHUTHAIB Ta 300pakeHsb [2].

[porec anamizy CKJIAAA€THCS 3 TAKUX KPOKIB:

1. 3anyck incrpymenty Continuous Wavelet 1-D. V Biakputomy rojgoBHomy MeHio Wavelet

Toolbox Bubepith mynkt mento Continuous Wavelet 1-D. B pe3ynbTati 3'sIBUTBCS IHCTPYMEHT
JUTS aHaJIi3y OMHOBHMIPHUX CHTHAIB 3a qormomoroio HBII (puc. 1).

2. 3aBanTaxkenHsi curnaimy. /lns nporo HeoOximHO B Mento “Fil€” BuOpatnm mynkt mento “Load
Signal” i B mianoroBoMy BikHI BHOpaTH cUrHaji uisi aHamizy. OO’ €KT TOCHiIKeHHS — (pparMeHT
NeeKTOCKOMIYHOrO CUTHAITY, B SKOMY HAasBHUU 0o0pa3 CHUTHANYy BiJ MOIMEPEYHOI TPIIIMHUA B
roJIOBII peiiku (puc. 2 Ta BepxHs 4yacthHa puc. 1). Llell ¢parmMeHT oTpuMaHO mia yac 3ai3may
BaroHa-gedexrockonma Ha gimaHii komil JIeBiB-Csauku-Uom, 06.11.2009 (km: 36, miker: 6,
mBMIKICTE: 47 kM/rox). Ha #ioro KiHIfX 300paykeHO CHTHAIIM BiJ PEHKOBHX CTHKIB, a B3IOBK
BCi€i JIOBKMHU — CUTHAITH BiJl PEHKOBUX MiaKIaI0K (CX0Ki Ha (DOHOBHIL IIIyM).



Puc.1. Incmpymenm naxema \Wavelet Toolbox ons ananizy oonosumipnux cuenanie
3a donomozoio HBII i3 3aeanmasicenum ma npoananizo8anum 0eh)eKmocKoniuHUM CUSHALIOM

Puc. 2. @pazmenm dehexmockoniuno2o CUeHALY 3 HAAGHUM Y HbOMY CUSHAIOM 8i0 NONEPeuHoi
mpiwuny 6 pelyi, ompumanuil nio uyac 3aiz0y Jlveie — Canxu — Yon, 06.11.2009 p.
(rm: 36, nikem: 6,usuoxicms: 47 kml200)

3. HanamrtyBanns mapamerpiB HBII. JIns BuOopy BIiANOBINHHUX HajalITyBaHb IpHU3HAYCHA
naHenb, ska 300pakeHa B mpaBid uactuHi puc. 1. Haspa 3aBaHTaXEHOTrO CHTHAIY
BimoOpaxkaeTbest B mosi Data (Size). B moni Wavelet Bubuparots Tun BeiiBiery mus HBII
(MaTepuHCchKa BedBIET-QYHKININ), IKAH MOBUHEH OyTHM MaKCHMAlbHO MOMIOHMM 10 CHTHAIIB,
AKi Hac WiKaBJsATh, ocKiibkun HBII € kopensmiero Mixk MaTepUHCHKAM BEWBJIETOM Ha Pi3HHX
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MacmTabax i curaanom [3]. SKmio sKojaeH i3 cTaHIapTHUX BEHBIETIB, AKi nmpomonye Matlab, e
MiIXOAUTE, TO € MOYJIHMBICTH CTBOPHUTH BIACHHUI, HATHCHYBIIH B TOJOBHOMY MeHto \Wavelet
Toolbox wa xmomky “New Wavdet for CWT” i gami moTpuMyBaTHCh pPeKOMEHIAIld 3
odimifinoro caiita Matlab [4, 5]. Sk MaTepMHCBKWil BeWBIET IS HAIIOTO JTOCIIKEHHS
BUKOPHUCTAHO BEHBJET, aJalNTOBaHWM 10 BHUSABIEHHS CHTHAJIB BiJ IMOIEPEYHOlI TPIIIHHHA B
ronogiti periku — Cr21 (puc. 3). [Ipoiec iforo cTBOpeHHs onucaHo B [6].

VY momi Sampling Period cmig Bkazatu mepion TUCKpeTH3allil
curHany. Jlis BuOpaHoro QparmMeHTa IIBUAKICTH PyXY
BaroHa-ae()eKTOCKOIa I yac #oro 3amucy 6yma 47 km/rox,
a UCKPETHICTD, 3 AK0I0 Opasuchk Bimtiku, — 100 BimmikiB/M.
IlepeMHOKHUBIIM 1[I  BEJIMYHHHM, OTPUMAEMO YacTOTY
JTUCKpeTu3alii, 1mo npubmusHo gopisuioe 1306 I'u, 1 Tomi
mepiof, SIK BEIMYMHA, OOCPHEHA JO YacTOTH, JOPIBHIOE
0,000766 c.

VY rpyni HanmamTyBaHb Scale Settings morpiOHO BHOpaTH
pexuM 3Mminn MmacmTaby. Bubpano Step by Step Mode, B
AKOMy 3amaeTbcs MiHiMansHe (1), makcumanehe (40)

Relative amplitude

3HaYeHHs MacmTaby Ta Kpok ioro 3minu (1). e
4. Buxomanmns HBII. [[ns Toro, mo0 po3paxyBaTH Puc. 3. Betisnem, adanmosaruii 00
Koe(illi€HTH BEHBIET-TIEPETBOPEHHSI, HEOOX1THO HATUCHYTH BUAGNEHIS CUSHATI6 610 NIONEPEUNO

Ha kHomky Anayze. Pesynsrar HBII 300pakenuii Ha MNPHHIIL 6 0T06YE peurtt

ckeiymorpami (2-# 3Bepxy Ha puc. 1). Ckeitorpama — Ii¢ Bi3yadbHHMI METOJ BiZ0OpaskeHHs
BeiBIIeT-TIepeTBOPeHHs. BOHA CKiIagaeThesi 3 TPhOX OCEH Ui MpeicTaBiieHHs 4acy (BiIUTIKIB),
Mmaciitaly Ta 3HaueHb BeiBner-koedimieHTiB [7]. Takok MokHa BimoOpasuTh JiHIT BEWBIET-
koediienTiB (rpadik koedilieHTIB Ha KOHKpeTHOMY Macmrtadi — 3-if 3Bepxy Ha puc. 1) Ta
JIOKaJIbHI MaKCUMyMH (rpadik JOKaIbHUX MAKCHMYMIB Ha KOXKHI JTiHIT KoedilieHTiB — 4-if 3BepXy
Ha puc. 1), Bimsunaumsim Coefficients Line Ta Maxima Lines sinmosigmo. Komip BigmoOpaskeHHs
Koe(illiEHTIB CKeiiorpaMy MOXXKHA BHOpaTH 3a JIOTIOMOTOI0 IHCTPYMEHTIB, BKa3aHUX Yy MPaBOMY
HWKHBOMY KyTi puc. 1.

Otpumani pe3yabtaTu. 3HaucHHs BeliBier-koedimieHTiB Ha puc. 1 300paxkeHO0 piZHUMH
BiJITIHKaMU ciporo konbopy. 1o Oinbini BoHH, TO TEMHIIIMM KOJIBOPOM BimoOpaxkeHi Ha ckelnorpami. B
MicIli, e € nedekT, HasBHA BEpPTHUKAJbHA JIIHIA YOPHOTO KOJIbOPY, SKa BKa3ye Ha Te, mo ¢opma ioro
CUTHAJIy JIy’K€ CX0’Ka Ha aJallTOBAHUM BEWBJIET.

Ockinbkn 00pa3 CHTHaNly BiJi TIONEPEYHOI TPIIMHU B (parMeHTi JeeKTOCKOMIYHOrO CHUTHATY
JIOCTATHBO BEJIHMKOI aMIUTITYnu (HOro BUSBICHHS HE CTAaHOBUTHME JKOTHHMX IMpoOJieM IJis oreparopa
BaroHa-zeeKTocKormna), HeoOXiHO 3MEHIINTH HOro 10 piBHs BHUSIBICHHS 1[bOro nedekty (3 aMrutiTyan
CUTHAITy BiJl MIMaJbHUX MiAKIaIoK (3-a,)) 3 Meroro nepeBipku dyrtiuBocti HBII, Tam, ne omeparop Moxe
MTOMUJIATHUCH.

Bimpizok medexTorpamMu 3i 3MEHIIEHOIO aMIUNTYAOI0 CHUTHay Bix aebhekty (Akuii (akTHIHO
MacCKy€eThCsl 32 (DOHOBMMH CHUTHAJaMM BiJl MiAKJIAIO0K) MOKa3aHWW y BepXHbOMY BikHI puc. 4. ITicus
smiticienns HBII Hanm 1mum curHaiom Oyna oTpuMaHa CKeijorpaMa, HaBeAeHa B HW)KHbOMY BIiKHI
puc. 4.

Sk BuaHO, koedimientn HBIT y miciti momepeunoi Tpimunau (2172 Bimtiku) 100pe BUAUIAIOTECS Ha
Manux Macirabdax (BHCOKHX YacTOTax), IO CBIAUHTH PO MOXKIHBICTD BHSBIICHHS CIaO0PO3BHHEHHX
e eKTiB.
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Puc. 4. Pesynomam ananizy 3a donomoeoro HBII ¢ppaemenma degpexmockoniunozo cuenany
3 06pazom depexmy nonepeurol mpiwgunu petiku manoi avniimyou (3:a,)

Ha puc. 5 mnokazana 3alexHICTh 3Ha4YeHb BeiBIeT-KoedilieHTIB Bi Macmraly B TOYI
pO3TalllyBaHHS MOMNEPEUHOI TPilMHK. BeliBieT-koedillieHTH MalTh MaKCUMaJIbHE 3HAYCHHS B JIiara3oHi
MacmTabiB Big 8 mo 21 i Gaxano, mo0 pileHHs Tpo HasBHICTH AedekTy Oyno 3pobieHe Ha OCHOBI
MeHIIoro Macmraby (BiAMOBiza€ BHCOKMM YacTOTaM), IO JacTh 3MOTY TOYHIIleé BHU3HAYMTH WHOTO
posramyBanHs. Maciirabu Bigx 5 1o 8 Takok MOXXKHAa BUKOPHCTATH JUIA Ii€T METH, BCE 3aJICKHUTHh Bij
MiHIMaJIbHOT aMIUTITYJIH CUTHAY, Ky MU TIOBUHHI iICHTH(IKYBaTH.

04 T T T T T T

0.35

0.3

0.25

‘Wavelet coefficients value

Puc. 5. 3anexcuicmo setienem-koeghiyienmie 6i0 macuimady 6 micyi po3mauty8anHs
cuenany 610 nonepeunoi mpiwunu (2172 ionix)

3 BUIIECKA3aHOTO MOXKHA C(HOPMYIIOBATH OCHOBHI KpUTEpii SKiCHOTO BHSBICHHS JiepeKTiB 3a
nonomororo HBIT:
1. Bpammii Bubip maTepuHchKkoro BeriBnera aius HBII.
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2. Bubip onTUMasbHOI KUTbKOCTI MacIuTabiB (17151 morepedHol TPIMHN TPOIIOHYEThCS B MeXax Bix 8
1o 21 macitalby — TUB. puc. 5), 3riHO 3 SKUMHU MH 3MOKEMO POOMTH BHCHOBKH IPO HAsIBHICTH 200
BIZICYTHICTh JIe()EKTY 3 BUCOKOIO iIMOBIPHICTIO.

3. OnTumanpHH# BHOIp mopora 3a 3Ha4YCHHSM BeHBJIET-KOS(DIIEHTIB IS KOXHOT'O BHUIIIE3raJaHOro
MacIiTady, 1110 BUOMPAETHCS 3aJI€KHO BiJl MiHIMAJIBHOI'O PIBHS CUTHAITY, IKHI HEOOX1THO BUSBHUTH.

BucHoBku

1. MATLAB Wavee Toolbox € nyxe 3py4HUM iHCTPYMEHTOM JUIs aHalli3y TaKUX CHTHAJIB, SK
e eKTOCKOIIYHI.

2. CdopmynboBaHO OCHOBHI KpUTepii sKiCHOro BuUsBIcHHS nedekriB 3a momomororo HBII. Lli
KpHUTEpii MOXHA 3aCTOCOBYBATH JIO BCIX TUIMIB JIeeKTiB, sIKi BUIBISAIOTECS MJIM.

3. Bwusnaueno, mo HBII 103Bosi€ BUSABIATH CUTHAIM BiJl MOMEPEUHUX TPIIIMH PSHKH Ha MOYATKOBHX
eranax po3BHUTKY, TOOTO KOJH iX aMIUTITyJa MPUOIU3HO NOPIBHIOE 3°a, 1 i Yac aHaNi3y OnepaTop
MOX€ MPOIYCTUTH JIeeKTOrPaMH.
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