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Ha 3aii3HHYHHMX KOJiSIX Y BCbOMY CBiTi Bece OljIbIe MOi3/iB, AIKI KYpCYIOTh Ha BUIIHMX
IIBHAKOCTAX, MepeBO3ATh Oliblle MacakupiB Ta MalOTh Oilbllle HABAHTAa’KeHHS Ha BicCh,
Hi’k Oyab-koaum padime. IloeqHanHss HMX (aKTOPiB CHPUYMHUIO 3HAYHMH THCK Ha
iHppacTpyKTYypy, 110 NMPU3BOAUTH /10 3POCTAHHA BHMOI MiJ 4ac NMpPOBeJAeHHS TEXHIYHOIO
OrJisiy Ta OOCJYroByBaHHs 3aidi3HUYHMX peiiok [1]. ChoroaHi peiikm cucTeMaTHYHO
nepeBipsAlOTh Ha HasBHICTb BHYTPINIHIX Ta mNoOBepXHeBUX /e(eKTiB 3a JA0NOMOIOI0
pi3HOMaHiTHHX MeToAiB HepyiiHiBHOro koHtpojw (HK), nHaidTunoBimiumm 3 SIKHX €
yJIAbTPa3BYKOBUH Ta MarHitogunamiunuii meromun (MIM). IlpoanasizoBano nedekro-
CKOMiYHI CUTHAJIM, OTPUMAHIi MarHiTHUM BaroHoM-aedexktockonoM JIbBiBchbkoi 3amizHMII
MIM — (Magnetic Flux Leakage Rail Inspection — MFL), 3a nonomorowo 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 power ful 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 nutanHsMm Bcix Meromie HK e Buminenns indgopmamii npo nedextu 3
N EeKTOCKOMIYHOr0 CUTHAILY, OTPUMAHOrO B MPOIECi KOHTPOIIO AUTSHKU Koiii (medekrorpamu). ChoromHi
JIOCBIJI orepaTopa BaroHa-ie(ekTocKora i 4ac po3idpyBaHss gedekTorpaMy € OCHOBHUM TSI IPAHHSITTS
MPaBUJIBHOTO PIlICHHS MPO TEXHIYHUHN cTaH peliku. s migBuIneHHs: epeKTHBHOCTI POOOTH OrepaTopa, siKa
MEPEBAYKHO TIPYHTYETHCSA HA Bi3yaJbHUX CEKCIIEPTHHUX OIIHKAX, HEOOXITHO MaKCHMMAaJIbHO aBTOMATH3yBaTH
aHai3 3amucaHux curHaiiB. Came 3 II€I0 METOI0 MU 3BEPHYIHCH JI0 TaKOrO MOTYKHOTO 3aco0y mugppoBoi
00pobOKu curHamiB, K BefiBaer-nepersopennst (BIT). OcuoBHa chepa 3acrocyBanns BIT — aHamiz i 06poOka
CUTHAJIIB, HECTALlIOHAPHUX Y Yaci (a 1e)eKTOCKOMIUHI CHIHAIM CaMe TakKi), KoK pe3ybTaTH aHali3y MOBHHHI
MICTHTH HE TUTbKH YacCTOTHY XapaKTEpPUCTHKY CHTHAITY, aJie 1 BIIOMOCTI PO MEBHI JIOKAIbHI KOOPAWHATH, Ha
SIKUX TIPOSIBISIIOTH ceOe Ti abo 1HIIII IPYIH YaCTOTHHUX CKIIAJIOBHX.

BIT moxna po3miiutu Ha HemepepBHe (HBII) Ta muckperne (IBII). ABIT poOuth akieHT Ha
MPUCKOPEHHS OMPAIFOBaHHs CHTHATY (3a paXyHOK JAMCKpeTH3allii BeMUuuH Macmrady (4acTtoTH) Ta dacy
(BimTiKiB)) Ta MOXKJIMBOCTI MOBHOI PEKOHCTPYKINI CHTHAIy Micisi aHamizy (3a paxyHOK OpTOrOHaJIbHUX
BeiiBeT-QyHKIIIH), M0 # 3yMOBMJIO HOr0 BHKOPHCTaHHS, B OCHOBHOMY JUIS 3MEHIIEHHS IIyMiB Ta
kommnpecii curnaiis. 1o x crocyerbess HBII, To BoHO BUMarae HasBHOCTI JIMIIE O/HIET BeHBIET- G yHKINT —
MaTepUHCHKOI, CTBOPEHHsS SIKOI HE BUKIMKAae >KOoAHMX mpoOiem (Ha Bimgminy Bim JIBII) i mo3Bomsie 3
BHCOKOIO TOYHICTIO BUJIUIATH Ti CUTHAJH, sIKi cX0XKi Ha Hei. CaMe TOMy BapTO 30CEPEAUTUCH HA PO3TIIS
moxnuBoctei HBII s BusiBnenHst curHaiiB Bif nedekriB y nedexrorpami.

Anani3 curnajiis 3a gomomororw HBII. J{ocmimkenns 3aificieno mporpamoro Wavelet Toolbox
cucremu komi torepaoi matematku MATLAB. Wavelet Toolbox 3abesneuye (hyHKIiT Ta 0MaTKA IS
PO3pOOIICHHS AITOPUTMIB HA OCHOBI BEHBIICTIB [UIsl aHAI3y, CHHTE3Y, OYMIIEHHS Bi/l IIyMy Ta KOMIpecii
CHUTHAIB Ta 300pakeHsb [2].

[Iporec anamizy CKJIAIA€THCS 3 TAKUX KPOKIB:

1. 3anyck incrpymenty Continuous Wavelet 1-D. V Biakputomy roigoBHomy Menio Wavelet

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

2. 3aBanTaxkenHsi curnamy. /lns nporo HeoOximHo B Mento “Fil€” BuOpatn mynkt mento “Load
Signal” i B mianoroBoMy BikHI BHOpaTH cUrHaji i aHamizy. OO’ €KT TOCHiIKeHHS — (parMeHT
NeeKTOCKOIMIYHOrO CUTHAITY, B SKOMY HAasBHUU 0o0pa3 CHUTHANYy BiJ MOIMEPEYHOI TPIIIMHUA B
roJIoBI peiiku (puc. 2 Ta BepxHs 4yacthHa puc. 1). Llell ¢parmMeHT oTpuMaHO mia yac 3ai3my
BaroHa-gedexrockonma Ha gimaHii komil JIeBiB-Csauku-Uom, 06.11.2009 (km: 36, miker: 6,
mBHMIKICTE: 47 kM/rox). Ha iioro KiHIAX 300payKeHO CHTHAIIM BiJ PEHKOBHMX CTHKIB, a B3IOBK
BCi€i JIOBKMHU — CUTHAITH BiJl PEHKOBUX MiaKIaI0K (CX0Ki Ha (DOHOBHIL IIIyM).
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Puc.1. Incmpymenm naxema \Wavelet Toolbox ons ananizy oonosumipnux cuenanie

3a donomozoro HBII i3 3aeanmadicenum ma npoananizoeanum 0egheKmocKoniuHuM CUSHALIOM

CHIrHAJIH Bi peliKOBHX NiAKIAT0K

CHrHAJH BiI peiiKOBHX CTHKIB

CHrHaJI Big nonepednol
TPIMAAA B TOT0BNI PeHKHA

Puc. 2. ®pacmenm depexmockoniuno2o cueHany 3 HAA6HUM Y HbOMY CUSHATIOM 8I0 NONEPey Ol

mpiwuny 6 pelyi, ompumanuil nio uyac 3aiz0y Jlveie — Canxu — Yon, 06.11.2009 p.

(rm: 36, nikem: 6,usuoxicms: 47 kml200)

3. HanamrtyBanus mapamerpiB HBII. JIns BuOopy BIiAMOBINHHUX HajalITyBaHb IpHU3HAYCHA

nmaHenb, sika 300pakeHa B mpaBid dactuHi puc. 1. Ha3pa 3aBaHTaXEHOTrO CHTHAIY

BimoOpaxkaeTbest B mosi Data (Size). B moni Wavelet subuparots Tun BeiiBiery mus HBII

(MaTepuHCchKa BelBIET-QYHKINIA), IKAH MOBUHEH OyTHM MaKCHMAallbHO MOMIOHMM 10 CHTHAIIB,

AKi Hac WiKaBJsATh, ocKiibkun HBII € kopensmiero Mixk MaTepUHCHKAM BEWBIIETOM Ha Pi3HHX
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MacmTabax i curaaigom [3]. SKmio jKomeH i3 cTaHIapTHUX BEHBIETIB, AKi nmpomonye Matlab, e
MiIXOAUTE, TO € MOYJIHMBICTH CTBOPHUTH BIACHHUI, HATHCHYBIIHK B TOJIOBHOMY MeHto Wavelet
Toolbox wa xmomky “New Wavdet for CWT” i gami moTpuMyBaTHCh pPeKOMEHIAIlH 3
odimifinoro caidita Matlab [4, 5]. Sk MaTepWHCBKWil BeWBIET I HAIIOTO JTOCHIIKEHHS
BUKOPHUCTAHO BEHBJIET, agalTOBAHWHM 10 BHUSABIEHHS CHTHAJIB BiJ IMOIEPEYHOlI TPIIIHHHA B
ronogiti periku — Cr21 (puc. 3). [Ipoiiec iforo cTBOpeHHs onucaHo B [6].

VY momi Sampling Period cmig Bkazatu mepioa QUCKpeTH3aIlil
curHany. Jlns BuOpaHoro QparmMeHTra IIBUAKICT PyXY
BaroHa-ae()eKTOCKOIa I yac #oro 3amucy 6yma 47 km/rox,
a UCKPETHICTD, 3 K00 Opauchk Bimtiku, — 100 BimmikiB/M.
IlepeMHOXKHUBIIM 1[I  BEJIMYHHHM, OTPUMAEMO YacTOTY
JTUCKpeTu3alii, mo npubmusHo gopisuioe 1306 I'u, 1 Tomi
nepiof, 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 3amaeTbcss 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(illieHTH BEHBIET-TIEPETBOPEHHSI, HEOOX1THO HATUCHYTH BUAGNEHHS CUSHATI6 610 NIONEPEUNO

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

ckeiymorpami (2-i 3Bepxy Ha puc. 1). Ckeitmorpama — ¢ Bi3yadbHHMI METOJ BiZOOpaskeHHs
BeBIIEeT-TIepeTBOPEHHS. BOHA CKiIagaeThes 3 TPhOX OCEH Ui MpeAcTaBiieHHs 4acy (BiIUTIKIB),
maciitaly Ta 3HaueHb BeiBner-koedimieHTiB [7]. Takok MokHa BimoOpasuTh JiHIT BEWBIET-
koedirienTiB (rpadik KoedilieHTIB Ha KOHKpeTHOMY Macmrtabi — 3-if 3Bepxy Ha puc. 1) Ta
JIOKaJIbHI MakCUMyMH (rpadik JOKaIbHUX MAKCHMYyMIB Ha KOXKHIi JTiHIT KoedilieHTiB — 4-if 3BepXy
Ha puc. 1), Bimsunaumsim Coefficients Line Ta Maxima Lines sinmosigmo. Komip BigmoOpaskeHHs
Koe(iliEHTIB CKeiorpaMi MOXXKHA BHOpaTH 3a JIONIOMOTOI0 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 ckelorpami. B
MicIli, e € nedekT, HasBHAa BEepPTHUKAJbHA JIIHIA YOPHOTO KOJIbOPY, SKa BKa3ye Ha Te, mo ¢opma ioro
CUTHAJIy 1y’K€ CX0’Ka Ha aJallTOBAHUM BEHBJIET.

Ockinbkn 00pa3 CHrHaNly BiJi TIONMEPEYHOI TPIIMHU B (parMeHTi AeeKTOCKOMIYHOrO CHUTHATY
JIOCTATHBO BEJIHMKOI aMIUTITYnu (HOro BUSBIICHHS HE CTAaHOBHUTHME JKOTHHMX IMpoOJieM IJis oreparopa
BaroHa-zeeKTocKormna), HeoOXiTHO 3MEHIINTH HOro 10 piBHs BHUSIBICHHS 1[bOro nedekty (3 aMrutiTyan
CUTHAITy BiJl MIMajbHUX MiAKIanoK (3-a,)) 3 Meroro nepeBipku dyrtiuBocti HBII, tam, ne omeparop Moxe
MTOMUJIATHUCH.

Bimpizok medexTorpamMu 3i 3MEHIINEHOIO aMILNTYAOI0 CHUTHaIy Bim aebhekty (Akuii (akTHIHO
MacCKy€eThCsl 32 (DOHOBMMH CHUTHAJaMM BiJ MiJKJIAIO0K) MOKa3aHWH y BepXHbOMY BikHI puc. 4. ITicus
smiticienns HBII Hanm 1mum curHaiiom Oyna oTpuMaHa CKeijorpaMa, HaBeAcHa B HW)KHbOMY BIiKHI
puc. 4.

Sk BuaHO, koedimientn HBII y miciii momepeunoi Tpimunu (2172 Bimtiku) 1o00pe BUAUIAIOTECS Ha
Manux Macirabdax (BHCOKHX YacTOTax), IO CBIAYHTH PO MOXKIHBICTD BHSBIICHHS CIaO0PO3BHHEHHX
e eKTiB.
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3 BHIIECKAa3aHOTO MOXKHA C(HOPMYIIOBATH OCHOBHI KpUTEpii SKiCHOTO BHSBICHHS JiepeKTiB 3a

noromororo HBII:

1. Bpanmii Bubip maTepuHchKkoro BeriBnera aius HBII.
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5. 3anexcuicmo setienem-koehiyicnmie 6i0 macuimady 6 mMicyi po3mauty8anHs
cuenany 610 nonepeunoi mpiwunu (2172 ionix)



2. Bubip onTuMasbHOI KUTbKOCTI MacIuTabiB (17151 monepevHol TPIMHN TPOIIOHYEThCS B MeXax Bix 8
1o 21 macitalby — TUB. puc. 5), 3riHO 3 SKUMHU MH 3MOKEMO POOMTH BHCHOBKH MPO HAsIBHICTH 400
BIJICYTHICTh JIe()eKTY 3 BUCOKOIO iIMOBIPHICTIO.

3. OnTtumanbpHH# BHOIp mopora 3a 3HA4YCHHSM BeHBJIET-KOC(DIIEHTIB IS KOXHOT'O BHUIIE3raJaHOro
MacIiTady, 1110 BUOMPAETHCS 3aJI€KHO BiJl MiHIMAJIBHOI'O PIBHS CUTHAITY, IKMIA HEOOX1THO BUSBHTH.

BucHoBkH

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 MM Yac aHaNi3y onepaTop
MOXE MPOIYCTUTH JIeeKTOrPaMHU.
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