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Armomauuﬂ. B crarbe TNIPEACTaBJICHBI U OIIUCAHbI BPEMA-4AaCTOTHBIC pACIIPEACIICHUS Kilacca K03Ha, KOTOpPBIC HCJ’ICCOO6paSHO HCIIOJIB30BaTh Kak MarcéMa-

THYECKOE CPECTBO, MO3BOJIsOLICe GOPMUPOBATH YIOOHOE, C TOYKH 3PEHHS HHPOPMATHBHOCTH M CEMAaHTUUYECKOIT SICHOCTH - BU3yaJIbHO-Tpaduye-
CKOE€ 0TOOpakeHHe PabOuMX PEKHUMOB Pa3HOXAPAKTEPHBIX TEXHOIOTHYECKHX IPOLECCOB, B TOM YHCIIE POIECCOB YePHOIT MeTatyprud. OtMede-
HO, 9TO OOBIYHO TPOLIECC PEryITHPOBAHMS PEATH3YETCst €3 CHHXPOHHOTO BU3yaIbHOTO KOHTPOJIS KaXKI0# PEryInpyeMoii CKaspHOii (OZHOMEPHOI)
KOOP/IMHATBI, OIHAKO HAIMYUE TAKOTO MOHUTOPHHIA SIBIISIETCS] BAXKHBIM YCIOBHEM aBTOMATH3HMPOBAHHOTO YIIPABICHHUS TMHAMHKON HECTAllMOHAP-
HBIX TEXHOJIOTHYECKHX MPOIECCOB. sl yCTpaHEHHs 3TOTO HEJOCTATKA MPEII0KCHO BBIMOIHATH CHHXPOHHBI MOHHTOPHHT C MCIOJIb30BAaHHEM
MHOTOMEPHBIX BPEMs-4aCTOTHBIX pacrpeeeHnii kiaacca Kosna, koraa kax/plii H3MEpPUTEIIbHBIIA CKaISPHBINA CUTHAN CrieHU(UYeCKH 0TOOpaXkaeTest
MOCPEICTBOM OJHOTO M3 TaKMX PACIpesesICH N, HampuMep pacipenenenus Burnepa-Busie. [Ipuoautcs BepaxkeHne st 0000IEHHOTO pacpe-
nesenust kinacca Kosna ¢ HanmudueM siapa pacrnpeeiaeHns i QyHKIUU HEOTHO3HAYHOCTH. [ToceqHsisi MO3BOJISET M0TyYaTh U3 MATCPUHCKON (DYHK-
LMK pacmpeaeacHus pasHoro Tumna. [IpuBeneHsl Hanbonee XapakTepHbIC MPEACTABUTEIN BPEMA-4aCTOTHBIX PACTIPEACICHHUI 9TOTO Kilacca ¢ ykasa-
HHEeM HX sizep. JlokazaHa BO3MOKHOCTh BOBHHKHOBEHHS HA KapTe CHIHAIBHOTO PaclpeeeHUs: HHTEP()EPEHIIMOHHBIX YIEMEHTOB, 3aTPYAHSIOIHX
UICHTH(UKALIIO KOHTPOIHPYEMbBIX PEXKUMOB. PaccMoTpeH ciydail HOpMHUPOBaHHMS BUPTYAIbHBIX 3IEMEHTOB B COCTABE pacrpencneHusi Burue-
pa-Buiue, otobpaaroniero AByXKOMIIOHEHTHBINH OHOMEpHbIN cHrHai. [10SCHSIOTCS yCIOBHs BOSHUKHOBEHUS Mapa3UTHBIX JIEMEHTOB Ha KapTe
pacrpeesneHusi, mojiy4aeMoi, HanpuMep, B X0Je peann3alui Npouecca MyIbTHKOMIIOHEHTHOTO JO3MPOBAHUS CHITYYNX HIMXTOBBIX MaTepHalIOB
[pH [IPOU3BOJCTBE JOMEHHOTO ariiomMepara. [1ony4yeHo aHaluTHYEeCKOe BhIpaXKEHUE pactpeseneHus Burnepa, oto0paxkaroniee MHOTOKOMITIOHEHT-
HBIIl CKaJSIPHBIN CUTHAJ U cojepikaliee nHGOPMAIMOHHYO (TTOJIE3HYI0) ¥ BUPTYalbHYO (ITapa3UTHYI0) YaCTH BPEMsI-4aCTOTHOTO PACTIPEACIICHUSI.
VYeTaHOBIICHA CBSA3b MEXK/LY YHCIIOM JI03aTOPOB CHITYYHX MAaTepHANIOB B COCTABE OJIOKA JO3UPYIOIIHX YCTPOHCTB M KOJINYECTBOM IapasuTHBIX (BUP-
TyalbHBIX) 3MIEMEHTOB B pacrpeneneHun Burnepa. Ha npumepe nporuecca 103upoBaHus TPOAEMOHCTPUPOBaH 3Q(EKT pacpoCTpaHEHHUS [IIYMOBBIX
KOMIIOHEHT B pacrnpereieinn Burnepa. [Ipusenen npumep, WUTIOCTPUPYIONINI IPOHUKHOBEHHE LIyMa B paciipe/ieieHie Burnepa n Bo3HUKHOBE-
HHE B HEM BUPTYaJbHOM YaCTH IIPH 0TOOPAKECHNH CUTHATBHON OCILMILUIOrPaMMBbI C HATHYHEM 3aIyMICHHO [ay3bl H ABYX YYaCTKOB C Pa3HBIMH 4ac-
toTtamu. [ToydeHo BbIpaxkeHue [yis pacupesaelieHus Burnepa B Buje peurerdaroil pynkunn. CuenaHo 3akiifoueHie o napamMmeTpax nepuogndHOCTH
pacrpesesIeH s U HeOOXOIMMOHN 4acTOTEe AUCKPETU3ALNH U3MEPHUTEIBHBIX CUTHAJIOB.

Knroueswle cnosa: Bpems-4acToTHBIE pactipenenenus kiacca Kosna, pacnpeznenenne Burnepa-Buite, sapo pacnpenenenust, GyHKINS HEOIHO3HAYHOCTH,

I/IHTep(bepeHLII/IOHHLIC (BI/IpTyaHLHI)IC) DJICMCHTBI pacIipeiCICHUs, TPOLECCHI qepHOfI METAJITYpruu, 103aTOpbl HEIPEPLIBHOTO HeﬁCTBHﬂ, CUT'HAJI
JI03UpPOBAHNS, MyJILTHKOMHOHeHTHLIﬁ CUTHAJI.
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BBEAEHUE

B npoexrtupyembix cucremMax aBTOMaTU3MPOBAHHOIO
YIPABIICHUSI TEXHOJIOTUYECKUMH IPOLECCAMH B KauyeCTBE
YCTPOICTB ynpaBieHUSI OOBIYHO NPEIYCMATPUBAIOTCS aB-
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TOMAaTHYECKUE PETYIIATOPHI, PEATU3YIOLIUE OIIPEIEeICHHbIE
3aKOHBI U aNTOPUTMBI peryaupoBanus. [Ipu sTom mpornece
PETYIMpPOBAaHUS peanu3yeTcs 0e3 CHHXPOHHOTO BH3Yallb-
HOTO KOHTpOJISl KaXKAOHM perymupyemoit ckaispHoil (of-
HOMEpHOH) KOOPIMHATEI, B TO BpeMs KaK HaJIMUUE TaKOTO
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KOHTPOJISI SIBJSICTCSI BAYKHBIM OOCTOSITEILCTBOM, OCOOCHHO
B YCJOBHUSX HECTallMOHAPHOCTU PETyIMPYEMBIX IpPOLEC-
coB [1]. g ycTpaHeHUs 3TOro HeJOCTaTKa MpeisiaraeTcs
BBINOJHATh CHHXPOHHBI MOHUTOPHHT [1] ¢ Hcmoab30Ba-
HHUEM MHOIOMEPHBIX BPEMsS-YaCTOTHBIX pPACIpPENESICHUM
kitacca Koosna [2, 3], xorna kaxaplii M3MEPUTEIbHBIN CKa-
JISIPHBIN CUTHAN CHENU(UUECKH 0TOOpaskaeTcsi MOCPEaCT-
BOM OJIHOT'O M3 TaKUX paclpeieeHui, HalpuMep pacrpe-
nenenust Burnepa-Bue.

BPEMA-YACTOTHbIE PACNPEAENEHUA KNACCA KO3HA

Pacnpenenenue Burnepa-Busie [2 — 10] u ero moau-
¢ukanuu (cM. TaOJMILy) OTHOCSTCS K OWJIMHEHHBIM pac-
npeneneHusM knacca Kosna. B o0mem Buzae pacnpenene-
HUSI 9TOTO THIIA OTIPENIEIISIOTCS BRIPAKCHUEM

+00 +00

Coh,(t.f)= | [ 4,0,1)0(6,7)x

—00 —00

xexp[j27t(9t—tf)]d6dr, )]

rne A4 (0, 1) — dynkuus Heonnosnaunocrtu [4, 11], 3anato-
1ast OTNPeICTICHHBIN TUTI PaclpeNieICHUs] 1 UMEIOIIast BUJT

A,(0,7) = f X (r - %} exp(— jZnGI)x[t + %j dr, ()

—00

®(0, 1) — sapo pacnpenenenwus [3, 11] knacca Kosna, ciy-
JKHUT IJIST MOTU(UKAIINH BUPTYAIbHOU (TTapa3uTHO) 9acTH
pacnpeneneHus; 31ech ¢, T — TeKyI[He MOMEHThI BPEMEHHU;
J — MHHMasi eIUHAIA; f 1 § — MTHOBEHHBIC THHEHHBIC Jac-
TOTHI B CIIEKTPE CUTHAJIA.

[TockonbKy (GyHKITUS HEOTHO3HAYHOCTH (HEOIIpeaesIcH-
HOCTH) MOJIHOCTBIO MOBTOPSIET C TOUHOCTBIO JI0 KOHCTAHTHI
BHJ pactpenenenus Burnepa-Buie

Wi(t, o) =(2r)" j (l——jexp( ](D‘c)x(t-i- jdt 3)

TO sipo nocieanero G0, 1) = 1.

HekoTtopbie U3 MIMPOKO UCHOIB3YEMBIX B MIPAKTUKE 00-
pabOTKU CIIOKHBIX MYJIBTHKOMITOHEHTHBIX TEXHOJIOTHYEC-
KHUX CUTHAJIOB paclpeesieHus IPeICTaBIeHbI B TabIHIIe.

Ha mpaxtuke, B Xozme mporiecca KOMIUICKCHOTO JTO3H-
POBaHUS CHIMYyYUX HIMXTOBBIX MaTe€pHUajoB, KOTIA MPH JO-
3UPOBaHUN PA3HOMMEHHBIX HHTPEANCHTOB Pa3THIHBIMU
JI03aTOpaMH KaK HEMPEPBIBHOTO, TaK U JUCKPETHOTO JIeHCT-
BUSI, 3a9ACTyI0, BOSHUKAIOT TaKUE PEKHUMBI, TIPH KOTOPHIX
MOJIaYM TE€X MM MHBIX KOMIIOHEHTOB €CTECTBEHHBIM 00pa-
30M MEPEMEKAIOTCS C TIay3aMy, MPUIeM IPU 3TOM MOTYT
MEHSTHhCS U YacTOTHI JO3UPOBaHUA. B aToM ciyyae, eciu
HE TIPHHATH COOTBETCTBYIONINX MEp, CBSI3aHHBIX C HICHTHU-
(bukanuel W/MiM ¢ NPUHYIUTENBHBIM TIO/IaBJICHUEM BHp-
TyaJbHBIX 3JIEeMEHTOB [2, 3, 12 — 14] Ha oToOpaXkaroImmx

Bpemsi-uacToTHbIe pacnpesesieHusi M UX siipa B cocrase (1)

Time-frequency distributions and their kernels in composition (1)

Hamveropariite Snpo ©(0, 1) 3anucek pacnpenenenus E(z, o)
pacrpeneneHus
1 .
Burrepa-Bue 1 —Iexp(—jmr)x (, _ E]x[t " EJ dt
2y 2 2
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HU3MEPUTECIIbHBIC CUTHAJIbI PACIIPCACIICHUAX, UHTEPIIPETA-
IS TTOMYYCHHBIX HA MOHHUTOPaX BPEMsA-4aCTOTHBIX M300-
pa>1<eH1/1171 MAaTCPUAJIONOTOKOBBIX CHUTHAJIOB JA03UPOBAHUM
Kak 110 BPEMEHH, TaK M IO 4acToTe OyIeT MpeICTaBIATH
cO00I JTOCTATOYHO CIIOKHYIO ISl IKCILTYaTalliOHHUKOB
3agaqy. CIOKHOCTB 3aKJIFOYaeTCsl B TOM, UTO HYXXHO OymeT
TOCTOAHHO COMOCTABJIATH IMOJYYEHHOC BpPEMA-HaCTOTHOC
otoOpakeHHe (HanmpuMmep, pacrpeneicHne Burnepa) ¢ co-
OTBETCTBYIOIIMM MOPOXKIAIONIMM €r0 MaTepHaionoTOKO-
BBEIM CHTHAJOM. [IpW MWHAMHYHBIX M DOCTATOYHO HECTa-
HUOHAPHBIX TpOoLECCaxX HAO3UPOBAHUA TaKas CUTyalusa
MOYKET IPUBOANTH K ITOTEpe KOHTPOIIS TEKYIIETo porecca,
a mpu un¢ppoBoil nACHTU(UKAIUN TOTYIEHHOTO pacmpese-
JICHUS eIIe U C IENBbI0 peaan3auuyl QYHKIIH YIPaBICHHS
9TO MOXKET BBI3BaTh HEKOPPEKTHOE (POPMHUPOBAHUE yIPaB-
JUTFOTIMX BO3IEHCTBUI P MX TTOade Ha HCIIOTHUTEIHHEIC
MEXaHU3MBI 103aTopoB. [locnenHee 00CTOATENBECTBO HEO-
ITyCTHMO, a B psijie ciy4daeB — (aranpHo. [Ipumep Tomy —
MIPUTOTOBJICHNE LIMXTOBOW CMECH MPHU MPOU3BOJCTBE JO-
MEHHOTO arjioMepara.

Taxoke, HapuMmep, B cdepe 3aucu U pacrio3HaBaHUS
peueBbIX KOMaH]l Ba)XKHbI MHTEPBaJbl MOTYaHUS, (POPMHU-
pYIOIINE ONpPENeNCHHYI0 CEMAaHTHKY aHAIN3UPyeMOTo
CUTHaJIa, HO Tapa3WTHBIC AIIEMEHTHI pacrpenencHus Bur-
Hepa MacKUpYIOT UX. DTHU Napa3uTHbE pparMeHTbl MOTYT
OBITH yHOANCHBl MyTeM CIVaKUBaHUS ((QIIBTpPALUH), HO
CINIAXKUBAHUC YHUYTOKACT HCKOTOPLIC APYrue XKEjaarciib-
HbIe CBOMCTBA pacnpeaenenus Burnepa. K Tomy xe Takas
(GuIBTpanns MOKET BIPSIMYIO «3aTHpaTh» Ha KapTe Bur-
HEpa OIpeJeICHHbIE BPEMSA-4aCTOTHBIC SJIEMEHTHI, 4TO,
B CBOIO 0Yepelib, CIOCOOCTBYET HEBEPHOW MHTEPIIPETALlUN
BHYTPECHHEH CTPYKTYPHI aHATN3UPYEMBIX CHTHAJIOB.

Hanuune BuUpTyanpHBIX 3JIEMEHTOB Ha KapTe Bur-
Hepa-Buine (To ecTb mapasuTHbIX, HHTEPPEPEHIMOH-
HBIX [2, 3, 14], uleHOB B cOCTaBe pacnpeaesieHus) TOSCHUM
AQHAJIMTUYECKHU, JUISl YETO PACCMOTPUM JIBYXKOMIIOHEHTHBIH
curnan Buga s(f) = ag(f) + Pe(?), tae g(¢) u c(¢) — cocras-
JSIFOIIME CUTHAJA; o0 U B — MaciuTaOHble KOA(PPHUIIMESHTHI.
Pacnipenenenue Burnepa, orobpaskaroiiee 3TOT CUTHAN, Ha
OCHOBaHMHM BbIpaxkeHus (3) mpeobpasyercs Tak:

_ o (s exp( o=
W(t,®)=(2m) Is(t 2jexp( ](M)s(t+2jdr

—00

:(271)_11: (xg(t+%)+ﬁc£t+%j x
X a*g*(t—%)+ﬁ*c*(t—%j exp(—jot)dt =
:(zn)*lj |oc|2g(t+%)g(t—%j exp(—jot)dt +

+(2n)™! |B| (t+%jc[t—%j exp(—jot)dt +

+(2m) j{as g( jc*(t—%j +
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+| o'Bg” [l—%jc*(l‘-i-%] exp(—jot)dt =

=|af W, (t,0) +|B[ W, (t,0) + (2m) ' x

XI aB*g(Z+%]c*(t—%)+a*[3g*(t—%jx
¢ (t+%j exp(—jot)dt.

OTcroma BUAHO, YTO B COCTaB MTOTOBOTO paciipeiesie-
HUS BXOJAT pacnpeaeseHus i cocTaBisomux g(f) u c(f)
curHana s(¢f), a TakKe WHTErpajbHOE paclpeeseHne,
oTOOpaXkaroliee MPOSBICHUEC MApPa3UTHOU CBA3UM MEXKIY
KOMITOHEHTAMH CHTHAJIA, YTO BBIPAKAETCS B MOSBICHHN
BUPTYaJIbHBIX JIEMCHTOB Ha Kapte (pacmpenesieHun) Bur-
uepa [11, 15-19].

BPEMA-YACTOTHbIE PACMPEAENEHUA
MHOTOKOMMNOHEHTHbIX CUTHANNOB

[Ipy JABYXKOMIOHEHTHOM TapMOHHUYECKOM CHUTHAJEe
B pacmpenieNiecHnd BurHepa BO3HHKAOT KOHIICHTPAIHH
sHepruu [1, 2] Ha IBYX OCHOBHBIX YacToTax ((hakTH4eckoe
pacripeneneHne SHEPTUH) W Ha IOTyCyMMapHOW dYacTo-
Te [2, 15] (BUpTyasibHOE pacrpeeieHue SHEPTUH).

B o0mem citydae nipu Cl10)kHOM N-KOMITOHEHTHOM CHT-
HaJje BUaa

N
s(t)= 2 8;(0)

BPEMsI-4aCTOTHOE PACIIPEHCICHUE BBIIVISIIUT CIICTYFOIIHM
obpazom:

N N

W (1) =Y Wy (t,0)+ D W, (t,0),
1 1
k=1, k,l=1N,

TJIe TIepBasi «CUTMa) O3HAYaeT CyMMY pacIpeieiIeHuH s
KQXKJI0H k-OW KOMIIOHEHTHI s,(f) B coCTaBe curHana s(t),
a BTOpas — CyMMY paclpeneicHuii BUPTYaTbHBIX dJIeMEH-
TOB.

[lpn wcmonb30BaHUM B COCTaBe OJNOKa JO3UPYIOLINX
YCTPOMCTB J103aTOPOB HEIPEPHIBHOTO THIIA — IIHEKOBBIX
u(WIN) CIIUpANbHBIX — B pacmpeneneHny Burnepa Bo3HU-
KalOT BUPTYaJIbHBIC KOHIIEHTPAIIUU JHEPTHU Ha MOIYCYM-
MapHBIX YacTOTaX — IMPH OMPENESIICHUN CPEIHEH YacTOTHI
TOOBIX JBYX 103aTopoB. ClienoBaTenbHO, 11t N 103aTOpOB
HEeNpephIBHOTO JieiicTBUs moirydaeM 1/2N(N — 1) nmokanu-
30BaHHBIX KOHIICHTPAIMH BUPTYaIbHON SHEPTHH.

[Ipu pacuere BpeMs-4aCTOTHBIX PacCHpenesICHH MYyIb-
TUKOMITIOHGHTHBIX ~CHUTHAJOB TIOCJICAHUC BBIPAKAIOTCS
B BHUJIC TUCKPETHBIX PEIICTYATHIX (DYHKITHIH.

Hinke mpuBEIEHO KOJNUYESCTBO JIOKAJTM30BAHHBIX BHP-
TyaJIbHBIX KOHIICHTPAIHI, TIOPOXKIaEMOe OIIOKOM JI03aTOPOB:
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Uwucno no3aropos, NN, B cocTaBe Oiroka
JIO3UPYIOUINX YCTPOUCTB . . o v v e e e e 2,3,4,5

KonuaecTBo mapa3uTHBIX 2JIEMEHTOB B COCTaBE
pacnpenenenust Burnepa . .. ... ... ... 1,3,6,10

B »TOM cnyuae, B COOTBETCTBUU C TEOpPEMOW OTCUe-
TOB [2, 20], pacnpenenenne Burnepa onpenensieTcs: Kak

W(t,®) = T > 5T (t—kT)s(t+kT)exp(—j20kT), (4)
k=00

rae 1/7—4gacrora TMCKpPEeTU3alliH, BEIOUPAETCS U3 COOTHO-

i
meauss I <——, o
2m

max

max MaKCHuMaJibHas 4acToTa B CIICKT-

pe curHana.

Kax BugHO 13 BeIpaskeHus (4), AUCKPETHOE pacrpesie-
neHne Buraepa — nepuoguyHO ¢ TMEPHOIOM T (TIOCKONBKY
4acTOTa MHMMOM 3KCIIOHEHTHI paBHa 2(), a HE 2W — Kak
B ClTyyae HEMpephIBHOTO curHana. CremxoBaTebHO, 4acTo-
Ta IMCKPETH3ALMH O JIOJDKHA OBITh B JIBa pasa OoIbIIe Ya-
crorel HalikBucra o, [2, 11], To ectsh

o, >20,=40_ .

ITpu pemerdatoil popmMe curHama pacxojaa MaTepHano-
MOTOKA, TMCKPETU3UPOBAHHOIO MO BPEMEHHU U 33JaHHOTO
B dopme x(f) = Z x(nT)d(T —nT) u HEeNpEpbIBHOH Yac-

n=0,00
TOTE © TIONy4aeM IUCKPETHYIO BEPCHIO PACHPEACICHHUS
Burnepa:

W(no) =Y s [(n—2k)T]s(kT)exp[-jo(2k —n)T).

k=0,00

JlaHHOE BBIpa’KCHNE COOTBETCTBYET YCIOBUIO O€3yTpat-
HOTO, B MH(OPMAIIMOHHOM CMBICIIC, BOCCTAHOBJICHHS He-
MPEPHIBHOTO OTHOMEPHOTO MAaTEPHUATOTIOTOKOBOTO CUTHANA
U3 €r0 AUCKPETHOTO PaCTIpENeIeHHs.

[ NPUMEP NPOHVUKHOBEHUA LIYMA
B PACMPEAENEHWE BUrHEPA

IIpu peanmuzanuy 4YUCICHHBIX METOJAOB pacdera pac-
npenesieHnii Burnepa peanbHBIX MaTepUAIONOTOKOBBIX
CUTHAJIOB OTMEYACTCsA, YTO BO MHOTUX CllydasaX pacliipe-
JIeJIeHHsI OKa3bIBalOTCS 3alllyMJIEHHBIMM KakK 110 BPEMEH-
HOMY, TaK ¥ YaCTOTHOMY Juana3oHaMm. B oOmewm ciyuae,
€CJIM HEKOTOPBIN LIYM JEHWCTBYET HA ONMPEAEIECHHOM Bpe-
MCEHHOM HHTEpBAJIC, TO 3TOT LIYM 6yz1eT MMPOABIATHCA U
Ha JIPYTHX HHTEpBajax, a €CIH CUTHaJd — OCCKOHEUHOW
JJIUTCIIbHOCTHU (TO €CThb ABJIACTCSA HEJIOKAJIU30BaHHBIM BO
BpEMEHH), TO MyM OyneT oToOpakaTrhCs Ha BCEM BPEMEH-
HOM MHTEpBAJIe PErUCTPAIlMU CUTHANA. DTOT HETaTUBHBIH
¢ ekt sBiseTCs OONMM CBOWCTBOM pacHpeeICHHS
Burnepa, K0Topoe 00BACHSAETCS CyIIECTBEHHON aJI0Kab-
HOCTBIO [TOCJIETHETO.

Yacmoma

IIpumep, WILTIOCTPUPYIONIHI TPOHUKHOBEHHUE IITyMa
B pacmpeenenue Burnepa

An example illustrating noise penetration into the Wigner distribution

OTO CBOMCTBO NMPOAEMOHCTPUPOBAHO HA PUCYHKE, IIE
mmokasaH 1D-CHrHajI KOHEYHOW UTUTEIBHOCTU ¢ HATHIHEM
IyMa B IManasoue (%, , Z,), ¥ COOTBETCTBYIOLIEE STOMY CHUT-
Hay pacnpeneneHne Burnepa. lllym Ha pacmpeneneHun
MOSBIIICTCS BO BPEMEHHOM HMAaNa30He MEXIY CTpPEIKaMu
a W 6 Ha PUCYHKE, XOTS JUTUTEIBHOCTD IIyMa KOPOUYe ITO-
TO MHTEpBAJIA. KpOMe TOT'0, OH NPOABIACTCA U B 4aCTOT-
HOM JHamna3oHe, IIMPHHA KOTOPOTO OOINbIIe IHama3oHa
(0, ®,). 31€Ch YaCTOTA (, COOTBETCTBYET HMKHEH YacTH
OCLMJLIOrpaMMBI (OT HyJIsl [0 £,), @ 4acToTa ®, — BEPXHEH
(), ), 0,> .

[k BUPTyanbHON SHEPrUM B AUanasoHe (f,, t,) Nposs-
JA€TCS Ha ToycymMmapHo# vactore (1/2)(o, + 0,). Eciu
OBl CUTHAIT IMeNT OECKOHEYHYIO UTUTEIBHOCTD, TO IIIYM IT0-
SIBJISICS. Obl HA BCEM BPEMEHHOM HHTEpBaje B pacipejie-
JIeHuu BurHepa, XOTS OH MMEN KOHEYHYIO IUTATCIHHOCTD
B CHUT'HAJIC.

[ BoiBOADI

B wmccnemoBaHmMM TIpoaHANMM3WPOBAHBI HENOCTATKH,
a TaKkXKe MPOJCMOHCTPUPOBAHBI BO3MOKHOCTH BpPEMsI-4ac-
TOTHBIX pactipeneneHuil kimacca Kosna (ma mpumepe pac-
npezeneHust Burnepa) oro0paxarh OHOMEPHBIC CHUTHAIIBI
apamMeTpoB TEXHOJIOTHYSCKUX IPOIECCOB B YyIOOHOM,
C OKCIUTYyaTalMOHHON TOYKU 3PEHUs, BPEMsI-4aCTOTHOM
npoctpancTie. [logo0HbIe Tpeodpa3zoBaHus 1enecoodpas-
HO UCIIOJIb30BaTh B aBTOMATH3HPOBAHHBIX CHCTEMaX YIIpaB-
JICHHS KaK MaTeMaTWIeCKUi armapar, o3BOJISIFOIIUi (op-
MHUpOBaTh KOM(OpPTHOE (C MO3UIMHA WH()OPMATHBHOCTU
Y CEMaHTHYECKOW  SICHOCTH)  BH3yallbHO-Tpauueckoe
OTOOpakeHHEe PaboYNX PEKUMOB PA3HOXAPAKTEPHBIX TEX-
HOJIOTHIECKUX MPOIIECCOB.
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COHEN’S CLASS TIME-FREQUENCY DISTRIBUTIONS FOR MEASUREMENT SIGNALS
AS A MEANS OF MONITORING TECHNOLOGICAL PROCESSES
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Abstract. The article presents and describes Cohen’s class time-frequency dis-
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tributions which are expedient to use as a mathematical tool that allows
to create a convenient — in terms of information content and semantic
clarity — visual-graphical representation of the operating modes of vari-
ous technological processes including processes of ferrous metallurgy.
It was noted that a controlling process is usually implemented without
simultaneous visual monitoring of each scalar (one-dimensional) coor-
dinate that is under control, but the presence of such monitoring is an
important condition for the computer-aided controlling of the dynamics
of non-stationary technological processes. To eliminate this drawback,
it was proposed to perform synchronous monitoring using the multidi-
mensional Cohen’s class time-frequency distributions, when each mea-
surement scalar signal is specifically represented through one of these
distributions, for example, the Wigner-Ville distribution. An expression is
given for the generalized distribution of Cohen’s class with a distribution
kernel and an ambiguity function. This function allows receiving distribu-
tions of various types from the maternal function. The most typical rep-
resentatives of time-frequency distributions forming this class are given
with their available kernels. The possibility of appearance of interference
elements, which make it difficult to identify the controlled modes, on a

signal distribution map is proved. Case of the formation of virtual ele-
ments within the Wigner-Ville distribution representing a two-component
one-dimensional signal is considered. The conditions are explained for
the emergence of parasitic elements on the distribution map, obtained,
for example, during realizing the process of multi-component feeding the
bulk blast furnace charge materials in the production of sintering mixture.
An analytical expression is obtained for the Wigner distribution, which
displays a multi-component scalar signal and contains the information
(useful) and virtual (parasitic) parts of the time-frequency distribution. A
link between the number of bulk material feeders available in the feeding
devices unit and the number of parasitic (virtual) elements in the Wigner
distribution was determined. Using the dosing process as an example, the
effect of the noise components propagation in the Wigner distribution is
demonstrated. An example is given to illustrate the penetration of noise
into the Wigner distribution and appearance of the virtual concentration
in it when displaying a signal waveform with a noisy pause and two sec-
tions with different frequencies. An expression for the Wigner distribu-
tion in the form of a comb function is obtained. The conclusion was made
about the parameters of the distribution periodicity and the required sam-
pling frequency of measurement signals.

Keywords: Cohen’s class distributions, Wigner-Ville distribution, distri-

bution kernel, interference elements, distribution virtual elements,
ferrous metallurgy processes, ambiguity function, multicomponent
signal, feeding signal.

DOI: 10.17073/0368-0797-2019-4-324-329

1.

REFERENCES

Fedosenkov B.A. Nauchno-tekhnicheskie osnovy sozdaniya i mo-
delirovaniya avtomatizirovannykh sistem upravleniya nepreryvnymi



MH®OPMAIIMOHHBIE TEXHOJOTUNU U ABTOMATHU3AIIMS B YEPHOU METAJIIYPTUM

10.

11.

12.

13.

smeseprigotovitel 'nymi protsessami. avtoref. dis... doktora tekh.
nauk. [Scientific and technical basis of design and simulation of
automated control systems for continuous mixing preparation. Ex-
tended Abstract of Dr. Sci. Eng.]. Moscow, 2005, 55 p. (In Russ.).
Cohen L. Time-frequency distributions — A Review. Proceedings of
the IEEE. 1989, vol. 77, no. 7, pp. 941-981.

Cohen L. Time-frequency analysis. Englewood Cliffs: Prentice Hall,
1995, 299 p.

Hlawatsch F. A note on Wigner distribution for finite duration or
band-limited signals and limiting cases. IEEE Trans. Acoust.,
Speech, Signal Processing. 1988, vol. ASSP-36, pp. 927-929.
Ferrando S.E., Doolittle E.J., Bernal A.J., Bernal L.J. Probabilistic
matching pursuit with Gabor dictionaries. Signal Processing. 2000,
vol. 80, pp. 2099-2120.

Cohen L. On a fundamental property of the Wigner distribution.
IEEE Trans. Acoust., Speech, Signal Processing. 1987, vol. ASSP-35,
pp. 559-561.

Cohen L., Posch T. Positive Time—Frequency Distribution Func-
tions. [EEE Trans. Acoust., Speech, Signal Processing. 1985,
vol. ASSP-33, pp. 31-38.

Cohen L. Wigner distribution for finite duration or band-limited
signals and limiting cases. /[EEE Trans. Acoust., Speech, Signal Pro-
cessing. 1987, vol. ASSP-35, no. 6, pp. 796-806.

Debnath L. Recent development in the Wigner-Ville distribution
and time-frequency signal analysis. PINSA. 2002, 68 A, no. 1,
pp. 35-56.

Debnath L. Wavelet transforms and their applications. Birkhauser,
Boston, 2002, 565 p.

Mallat St. 4 wavelet tour of signal processing. Academic Press, 2nd
Ed., Ecole Politechnique, Paris. Reprinted, 2001. 637 p.

Auger F., Chassande-Mottin E. Quadratic time-frequency analysis I:
Cohen’s class. In: Time-frequency analysis: concepts and methods.
ISTE. 2008 (January), pp. 131-163.

Choi H.L., Williams W.J. Improved time-frequency representation
of multicomponent signals using exponential kernels. /[EEE Trans.
Acoust., Speech, Signal Processing. 1989, vol. ASSP-37, p. 862—871.

14.

15.

16.

17.

18.

19.

20.

Martuganova E.R. Model’ web-servisa po spetsializirovannoi ob-
rabotke dannykh na osnove zhadnykh algoritmov [Model of web-
service for specialized data processing based on greedy algorithms].
Moscow: MGU im. M.V. Lomonosova, 2014, 86 p. (In Russ.).
Davis G.M., Mallat S.G., Zhang Z. Adaptive time-frequency de-
composition with matching pursuit. In: Proc. SPIE 2242, Wavelet
Applications, 402, 1994, pp. 402-413.

Mallat S., Zhang Z. Matching pursuit with time- frequency dic-
tionaries. /[EEE Transactions on Signal Processing. 1993, vol. 41,
no. 12, pp. 3397-3414.

Townsend S., Lee B., Jr. Sparse. Approximation and atomic decom-
position: considering atom interactions in evaluating and building
signal representations. A Dissertation. March 2009, 260 p.
Gribonval R., Depalle P., Rodet X., Bacry E., Mallat S. Sound
signals decomposition using a high resolution matching pursuit.
In: Proc. Int. Computer Music Conf. (ICMC’96). August 1996,
pp. 293-296.

Boashash B., Touati S., Auger F., Flandrin P., Chassande-Mottin E.
etc. Measures, performance assessment and enhancement TFDs. In:
Time-frequency signal analysis and processing: a comprehensive
reference. Academic Press, 2016, January, pp. 387-452.

Sergienko A.B. Tsifrovaya obrabotka signalov [Digital signal pro-
cessing]. St. Petersburg: Piter, 2006, 751 p. (In Russ.).

Information about the authors:

D.B. Fedosenkov, Cand. Sci. (Eng.), Assist. Professor, Head of Asset
Management Department (rafwavelet@ngs.ru)

A.A. Simikova, Postgraduate of the Chair “Automation of Production
Processes and ACS” (simikovaanna@mail.ru)

S.M. Kulakov, Dr. Sci. (Eng.), Professor of the Chair “Automation and
Information Systems” (kulakov-ais@mail.ru)

B.A. Fedosenkov, Dr. Sci. (Eng.), Professor of the Chair “Information
and Automated Production Systems”’

Received November 12, 2018
Revised December 26, 2018
Accepted December 26, 2018

329



