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B cTaThe npencraBaeH MeTOR NOZABJEHHS IyMa B BHO-
PAUHOHHBIX CHEHANAX MAIIHH HA OCHOBE IMIMPHHECKOr0
MmeToaa Adekomnossnnu (EMD), nossoasuowero by
dyaxuno uan nboit npon3BoaLHLIll CHIHAN pazienuTh
HA ceMefCTBO CYNIECTBEHHLIX MOJANBHBIX GYHKIUMH
{IMF). IIpennoweHo ypoBeHb 3Heprmu fOenoro myma
komitonexToB IMF npeofiagaoniero noue3Horo curEana
OLEHRBATHL KAK NPoNIBeAeHHe CpelHelH HACTOTH K MWIOT-
HOCTH JHEPrHN.

Knouennie caoba - Marknit nopor, OneHks ypopus ne-
Genoro wyma, CyluecTBeHRBICE MOAARLHLIE (YAKOAH
(IMF), DMnupuvecxkunit meton aexomnoznuun (EMD)

1 BBEAEHHE

PaboTa CNOXHBEX MBIUHH M MEXAHH3MOB B MPOMBIILICH-
HOCTH, HA TPAHCNOPTE H B ILOBCECANCBHOI XKHIHH HEPA3PLIBHO
CBA3AHA ¢ HX BNGpaLmed, HHTeHCHBHOCTE M XAPaKTep KOTOpOit
TPOABNAIOTCA PAIHRIM 00pazoM B 3aBUCHMOCTH OT TEXHHUC-
CKOTO cocTonHui obopyfosanns. OnpegencHne $yHKIMO-
HANLHOTQ COCTOAHMA pafoTel MaltMH no mapamerpaM BHO-
pauMK ABAACTCA CMEHb BawHOR 3augadeit. Oanaxo JYpe3pEl-
4aiiHO CROMNEIH Xapakrep BUOPALHOHHBIX CHITHANOB B 3H3-
MHTENLHBIA CTENEHH 3ATPYAHACT HX aRAAN3.

Boablroe 4UCHO BUOPAUMOHHLIX CHTHAMOB MauMMd Ha ca-
MOM AcNie ABMANOTCA HEAMHEHHRIMU 3 HECTALIHOHAPMEIMI,
TpannunOHHbIE METOAL! HX aHAMH3A B OCHOBHOM Ga3HPYIOTCA
Ha npeobpazopanun Gypre. Oanako >ToT MeToA LR nedu-
HEfHBIX HECTAUMOBAPHHX CUTHAAOB MMeeT OoabwMe OIpa-
HHYCHHA, TAK KAK HE OTPAMHCT UX HaCTOTHO-BpPEMEHHEIE Xa-
paxtepuctikn. C apyroit cropounsl, sefiBaeTHoe npeotpaso-
BaHME TIPCACTaBARET oGO YacTOTHO-BPEMeHHON Meron
avamuza. [pr oM paspelmaomian cnocoGHOCTE aHAH3A RO
BpeMeHHOM 06AaCTH BO3PAcTaeT ¢ POCTOM HacTOTH. B 31oM
JAUCIOYACTCA NPHHLHKIHAABHOS OTAHYHE BeiiBNeT-aHaNM3a OT
npeobpa’obBaHis Dypre Ha KOPOTKHX PEAIH3AUHAX, BPH KO-
T0poM palpellialowas cliocoGHOCTL MO BpeMeHH He 3aBHCHT
OT MaCTOTHE M CBAANA TOJILKQ ¢ Pa3pellalouie CNOCOGHOCTRIO
B HACTOTHOH 00RacTH, aBCONOTHO 3HadeHHe KOTOpoil Takke
He 32BHCHT OT 2acroThl. Tem He MeHee, npn BHGOPE PA3HBIX
GapcHnIx GYHKLME pasnoxeHne {1exOMMO3HUKMA) CHIHAAA
He eanncTeeniios, 13K 4ro ewbop yoaxouswedt OGazuchoit
PYHIMHN BEABNETA COCTABAACT AOCTATOMHO IPYAHYIC MpO-
Guemyl(1, 2].

ITon npeobpasopaunes INunsbepra-Xyaura {Hilbert-Huang
transform — HHT) noHuMaeTca coBOKYMHOCTEL 3Mnapuuc-
CKOTO MeToAa Acxommosuimn (EMD) HenuneiHbIX U HecTa-
LMOHAPHEIX  CHMTHANOB  (IpoleccoB) B npeodpazoBanns
Tunsbepral3, 4). HHT B nenom npeacrassser coboil vae-
TOTHO-BPEMEHHON AKANM3I AAHHBIX (CHTHANOB) H He Tpebyer
anpuopHoTe GYHKUMOHARbHOro Gasuca, @yuxumm Gasmca
NOAYYAWTCA AAANTHBHO HEMOCPERCTBCHHO K3 NAHHKIX LIPO-
uexypaMy orcerpaunn EMD. Kawpmi a3 xomebarennunix
PEKHMOB AEKOMOOIHIUH MOXET GHITh IPEACTARAEH «CYINe-
CTBeHHOH monanebHod ¢ynxkuuei» (IMF). Ilpumenas stor
METOJl, MOKHO mpeoaouers mpobnemy Bufopa GazcHmx
thyuKIMH B BeABNCTHOM NpeoGpazOBAHMK.

Heobxomumoe ycnopie KOpPpEKTHOFO NPEACTABICHAS He-
JMHEHHBIX K HECTALMOHAPHLIX AAHNEX 3AKJHOYAETCH B TOM,
uTe0E HMETH BOIMOKHOCT: (POPMUPOBAHHN ARACTHEHOTO
Daznca pa3noXeHHA CUrHanoB, PYHKIHOHANLHO TABHCHMOTO
OT Cofiepaanng caMHX faHHwx. Takoil Hojaxof H peanuiyercs
B Meroge EMD, xors na ganunit moment 63 Jocrarodio
CTPOIrHX MATCMATHYCCKRX O0OCHOBAHHI.

B obnacth ucoompropamms EMD M npeoGpasoranns
Frmnbepra ama yoaneHus miyMoR NPERNIOKEH METOJ IyMO-
NOAABNEHHA, AHAMOTHMHREIL peiirneTHOMY mopory[5]. ITpn-
MEHEBME ONHHAKCBOIO METOMd BRMMCICHMA NOpOra ANA
LIYMOMICAABNEHHA MPHBOAHT K GONBINMM OTKICHEHUIAM B
kaxmoM somnodente IMF, tak 410 B peKOHCTPYHpPOBAHHERX
cHrHanax OyAayT NpHCYTCTBOBATE SHAYMTENLHLIC HCKMKEHUA.
Kak noxaskiBaloT pexynsTaTHl NMPOBEACHHEIX HCCACAOBAHHIA,
BO MHOTHX Choyyaax aaa Oonee apdexTunHOro nonanrenms
WYMa B PasHRIX Ipymnax xomioHeHTop IMF myunic ncnoms-
30BATH PASMHYHLE METOAL! BHIYHCAEHHA YPOBHA HOPOTA.

Ilenbio npeanaraemoli paGotTnl ABNSETCA YALICHHE IIYMOB
B BUOpAIHOHHLIX CHIHANAX A TOrQ, ST00H MOBMCHTL (-
dexTuBHOCTL HASHTHONKAIMKM HedcnpaBHocTedl B 3afauax
BROPOAHArHOCTHEM MAIMHHOrC 0B0OpYAORaHNS.

2 EMD B IIPEOEPABOBAHHE I'HJIBEEFPTA

OMOMpHYECKAd ACKOMIIOIMIMA CHIHANOB, NPEIOKEHHAA
H.XyanroM, ocHOBaHa Ha [pEANOACKeH#H, 4T0 Mehbic
JaHHLIe COCTONT K3 pazaryHLIX kolebannii {nponeccos) [5). B
moGolt MOMEHT Bpemenu AAHHBIE MOTYT COBEPKaTh pas-
AMYHERE cocymecTayrouine xoncOanns. flobuie nunedimie
HIIK HEAMHEHHEe, CTAIKOHAPHEE MNH HECTAIMOHADHHE KO-
neGaHKA MMEIOT JKCTPEMYMBI H HYNEBHE NEPeceqeHuA.



Kpome Toro, xoneGauna 6ymyT B ompedencHHOH cTereHH
«CHMMETPHYHEDY OTHOCHTENLHO JIOK&IBHOrO CDEAHEro 3Ha-
YeHHA.

Kasaniit 13 2THX KONeGATENLHEIX IPOLECCOB MOXKET GHITh
NPSACTABNION  «CYLIECTROHHOH  MOaaibHON  dyHRuMel»
(intrinsic mode function — IMF), kotopas zomxHa yaoBIE-
TBOPATEL ABYM ychosuam: |). Hucio axkcTpeMyMmos H SHCIO
HYACBEIX [epeceuesuil GyHKIMN SOMKHEl O81Th PaBHEIMHE KN
oTAuuaThCA camoe Gonniee ya 1, 2). B mobolf Touke dymk-
UMH Ccpendee zHadeHMe OrMGaIOILNX, ONpeNerseMblX J10-
KanbHRIMH MAKCHMYMaMH M JIOKATbHBIMH MHUHHMYyMaMH,
ACKHO OblTE HYNEEBIM,

IMF 1mpencrapndter coboi KoneGaTeneHulil TipoUgce, Kak
YacTh ItpOCTOM rapMOHMMEcKON GYHKIUHM, HO BMECTO MO-
CTOSHHOH aMILIHTYAL ¥ 4ACTOTH], KaK B IPOCTOH rapMoHuxe,
y IMF moryr fuTe nepeMeHHas aMINIMTYAR M Y6CTOTE, KdX
dbynxkunu  Bpomend. Jliobyo dysaxumie » mo6oil npous-
BOJIBHBIH CHTHAT MOXKHQ pasASNUTE Ha ceMelicTRO byHxuuit
IMF, 1pUaSpPKHBAACE HATOAEHHON HHKE METO/IHKH,

1) UneHTadHUMpYCM BCE NTOKAIBHEIC IKCTPEMYMSBI (MBK-
CUMYMEE 1 MUHUMYMEL) aHANWIRDYSMOTO [IPOLECCa.

2) Ilo BeIfleNeHHEIM MAKCHMYMAEM 3 MHHHMYMAM BbISHC-
nA¢M BEPXHIOK M HIDKEIW orHbaimmue. Onpegensem
YHKIMIO X CPeAHHX 3HAYeHHH m, (1) .

3) Ucnonrays m, (1) , vaxogum dyuxumio A (1) .
b ()= x(t}—m(t). (1.1)

B uneaine pyuwuus A {f)— sto IMF1,

4) Ecnu A(f) He yOOBNETBOpAET ABYM YCIOBMAM, YKa-
32HHEIM BHLILE, TO A (F) HCAONL3Y®ICA B KAaUECTBE HCXOAHOTO
CHUTH&TA IS NOBTOpPeHMA NYHKFoB (1-3) A0 Tex nop, koraa
dyuxuns By () = by, ()= my (t) Oyaer yxosnereopaTh
ykalaHHOMY yonosuio. B aTom ciyuae dynxumns c, = h, (1)
Gyper seiatsca IMF ] currana x(1).

5) Borauras BhyHKUHIO ¢; U3 X{f), MOTy4HM

xt)=¢, =nle). (1.2)

DYHKUHA #{!) HCHIONBIyeTcs Hanee AR BhITONHEHHS

otanos (1-4), B pesynrTare wero Gyner nonydena GyHKIUA
¢, , kotopas Byner IMF2 curkana x(r).

HOBTOPXH JEHHYHW) OTIepallnky, MOXHO NMONYUHTE M KOM-
fodedt IMF x(2) ;

h=c)=r,
: (L.3)
o =¢,(=r,

Bripaxerua (1.2) # (1.3) no3poagiorT [TONYURTE OeKOMILO-
BHIHIC X(f) B N = IMOHPHYECKOM NpROMIDKEHMM:

Jc(r)=icj +7,, (1.4)

iel

rae r, — nocneaHuit OCTATOK.

Ecniu y JaHHLIX €CTh TpeHZ, NMOCTeNHKEH OCTATOK NOMIKEH
6sITe THHUEH TpeHAa,
Hina xaxaoro xomuorenta IMF ¢, (¢) Haxoaum npeoBpa-
30BaHye I unsbepra
6 {(r)

Hlo]=— [2Zar, (15)

-0l

JTO UPHBOAKT K AHAIMTHUECKOMY CHIHAITY

() =¢,()+ jH[c,(0]= a, (e, (1.6)

rae
a,(t)= -‘/c,z(r) +Hlie,)], 840 = amtanﬁg%gf)—], (1.7

aMILIHTYHA ¥ q)aaa CHTHAaIa COOTBETCTRSHHO.
MrHoBeHHas YacToTa MOXKeT GbITH BRIYUCAEHA IO GopMye

_ 1 d6@
Sil)= et (1.8}

Iocne BrnonHeHus npeobpazoBanua MHAbGEpTE Ha KaX-
JioM xomnoHeRTe IMF meproHavanbHbIe NatHble MOTYT OHITL
BLIPAXKEHBI KaK AeHCTBUTENBHbIE B CASAYIOLTeH dhopMe;

x() = Reia*(t)efﬁ(r) = R’iﬂ; (I)eJ !ﬂw(r)d: . (9)

fm} ia]

Cuextp [unbbepra onpenenserca Tak:

H(w,!) = Rez":a,(r)e’ e 2.0

TOI.",E%I MapryuHallbHBI 7] CTICKTP onpene.lme'rcn Kax.
T
h(w)= [H(w,nds, 2.1)
4

ree T - AIMTeNsHOCTS SHAMHIUPYEMOTo curkana, M (w,f) -

cuekTp I'uneBepra B KOOPAMHATAX «YBCTOTZ — ApemMeny ,
h{ew) - aMIIuTY/THEI CIIeKIp cHTHANA.

3 NIPAMEHEHHE EMD H IPEOBPA3OBAHHUA
F'NJALEEPTA IJIA YIAJEHRAA IUYMQOB

Olymur, composoknawimMe NHONE3HYI0 KH(OPMauLMlo B
CHrHaTe, B HPHHLHMNE, He OTHOCATEA K THILY KonebaTelibHblX B
apaMOM CMBICTe 3Toro Nouxatua. Ho B To e Bpems ouu
TIONHOCTLIC YOOBNETBOPAIOT LIPHBENSHHLIM BhHILIC OUpenc-
peuuam dyuxuuit IMF. 1Tpu pacnpenenesvin 8o scem vac-
TOTHOM JManascHe BXOLHOTO CHTHAMA W BBIIONHEHKK EMD,
OHH B ONpenedeHHOH CTENeHH pACHPEASIAIOTCH N0 BOEM
komnoventam IMF. Tak xak unQopmaius & rnasHom wac-
TOTHOM OMANA30HE UHUCKPETHRIX CHTHANOR OBLIMHO HBASLTCS
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HM3KOHACTOTHOM, TO MYME! «OTCEUBAIOTCAY, B OCHOBHOM, B
BbicOKOuacTOTRbIE (hyHKUHH IMF. Onnaxo B 3T4 KOMIIOHEHThI
MOTYT "IIPOCAYHBATLCA" M BRICOKOYACTOTHHIE COSKTPAILHBIC
CoCTARLAOME HHOPMALMOHHON YacTH CMIHANA B 3aBMCH-
MOCTH OT X JIOMMERMA B THABHOM YacTOTHOM AMAa3oHe,
CootseTcrBenno, Ha Nepeblii NiaH BLIZBMIAETCS 38jaua
(opmupoBaHia OOpemelEHHBIX Kputepier o0T0Opa TONBKO
wymoBsix koMIOHeHTOB IMF (114 Heknrodenus ux mpd no-
CNCAYKILEH PEKOHCTPYKIMH CUIHAA). |

Bee komnonentsl IMFs pengercx #a xommoxents! IMFs
npeobnazaiomere Oenoro myMa u KommoleHrs: IMFs npe-
obnapawnerc NOAEIHOro curiana. 3ateM B Kax /Aol rpynmne
koMioHenrog IMF ucnonesyiorea merog Markore IOpora
EME H meTox OleHKM JHEPTHH Genore yMa Ang yIaleHus
mymoe (11oporekas dunbTpauns). [locne uero poccravaBan-
BAECTCH CHIHA.

4.1 ¥oamenue mWyMOB ¢ HCIMOJL30BAHHEM MAKOTY N0~
pora EMD. Taxnm odpasom, curian x(f) pasficngerci Ha #
CYIIECTBEHHRX MOJANLHEIX koMuodento® (IMFs) 1 anbu-
paeTca MOAXOAAINMA MOpOr ANM Kakzoro komnokenta IMF,
KOTOPHI HCIOMB3YETCK Ui OTCeHBaHAA c;(f) . B peaynbTate
YEr0 MOMYYAIOTCA KOMIOHEHTH C,(f) , 10 KOTOPHM BOCCIa-

HABAMBAETCH CHrHAN X{7):

=Y e@+n0. 2.2)
i=l

Jna yoanensa mymoB HaMH ObIN RPHMGHCH OSHH W3 BO3-
MMHBIX BAPMAHTOB (PHALTPAIMH € MATKHM [IOPOTrOM, KOTO-
puil Onen penonk30BaH B MeTone seianeral3]. Ucnonbiosa-
HH¢ MATKOTO MOPOra HOADA3YMEBAET McpecdeT Koadduin-
eHTOB AcTAanH3alH <;(f) cnexyiommm obpasoM:

£@)= {sfgn(c,(r))qc,m—r,-|), ecim 1c,-(r)|2r,-,’ 23)

0 eciu |c,.(tﬂ<r,..

Korsa mym 7 -oro komnonenta IMF npeanonaraerca rayc-
COBLIM C NACNEPCHER, PaBHOH &;, TO B KAYeCTBE HOPOTa B
(2.3) sRICTYIIACT BEAMYHHA:

7, =G, 2log(n) , (2.4)
e
o, = MAD, [0.67, (2.5)

n — uncao xkomnonentos IMF; MAD, — ¢ yuerom otinone-
pril aBCOMOTHLIX MEAHARHLIX 3HAYEHHI i -OI'0 KOMIIOHEHTA
IMF, onpepenserca TakuM ofpazoM:

MAD, = Median{c (1) - Medianle, (). (2.6)

4.2 Ouenka ypoBra 3nepruu Henoro myma 8 EMD, flns
xomnonentop IMFs npeoGragaloniero nonessoro cHrHana
senonk3osanve GopMmynsl (2.5) ABASETCA HEKOPPEKTHBIM,
JHeprua rayccoBOrO MIyMa MOXKET ObIThL OLEHCHA HENlOCpea-

¢TBEHHO M onpelenneTca Tax[6]:

ET, =const 2.7

rae E, - NIOTHOCTE HEPrHH LIyMAa [ ~0ro Komnoxenta IMF;

f": ~ 3HAYUCHHE CPEeTHEro Nepunia i -oro xomnoxenta IMF.

Jror cpenunit meproa MOWET OLITL NOAYMEH YCPEAHEHHEM
MrHOBOHMOH uacToTHl mpeofpaszopanus I'winbepra nepsoro
womnoneyta IMF, Ha ocHOBaHMM 3RepPrH: 3TOr0 liyMa K
CPENHEro REPHOAE MOMKHO OLEHUTS IHEPTHIO LIyMa TEKYIIEro
IMF

£, =constfT, (2.8)

4 SKCIIEPHMEHTAJIBHOE HCCJIEAOBAHUE

JaHuuil MeToa MCMONB30BAJCE ONA AHANH3A BHOpaLKOH-
HOro CHUTHana, mpejcrabjieHHoro Ha puc. 1. Yacrora awue-
kpetH3anun - 10 kHz, curnan 3apas A2 HHTEPBAAE BPEMEHH ¢
o1 0.1 po 0.17¢.

Ha pue 2, 3 u 1a6nnua | npeactabacHb LIONYyYCHHLIE pe-
3yNbTaThl  O00paboTKM CHrHANE ¢ HCNONLIOBAHMEM RE/H-
seftr-ananns i meron EMD nocne yzaneHma wyma. Kax
BHAHO, nNpHMeHeHne Meroga EMD noasomser nonyumr
HECKONBLKO AYyYUIHE PE3YNLTATDI, YEM BEHRAET-AHAIHI.
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Prc.3. Crraan WyMOnoRaBAeHua ¢ ucnonp3opaiaems EMD,

B Tabsune 1 OTHOLIEHME cursa/iiyM M Ko3hhutHeHT
KOPPETALUE OTIPE/IENFIOTCA TaKHM 05pasoM:

SNR(dB)=1010g10(P, ., [P.ic) » 29
rac P - cpensas MOmMHOCTD.
COV(X Y)
(3.0)
,ID[X 1}
rae COV oboaHauaer kopapmaumio, 2 D — jamenepeuio,

-1<p<l1.

Ilpruem, SNRJ- oTHomeEWe CHrHam/IIyM RO ymaneHMA
myMoB, SNR2 — nocne ynaneHus mymos, a ko3hduuneds
KOPPENauMy ONPEAc/IAeTCS MEXAY CHTHaNaMy Hoche yaane-
HHAYA ITYMOB H HCXOMHBIM CHIHANIOM.

TABIMIA 1
IKCHEPHMEHTAJIBHLIE PEIY ABTATH

Meton myMONORABACHHA ¢ MCTONEIOBAHKEM BERBNETA

SNRI (aF) SNR2(uB)  Keoddpmmmca xoppersuan 0
48690 11.6203 0.9653

Meroa mymononasieHus ¢ ucnoiksopannes EMD

SNR (aF)
48690

SNR2 (aB)
125211

KeodwpuumeRt xoppemorn 02
09717

£ 3AK/TIIOMEHHE

Ha ocnose npeumymiects meromos oOpaboTk nenuuefi-
HEIX HECTALMOHAPHLIX CHIHAIOBR ¢ McnonszosamneM EMD
NPEANOKEHe B xamIol rpyine xoMmnoreHror IMF nux yna.
NeHMA LYMOB HCIORB308aTE MeTOA MarKoro riopora EMD y
METOR CLIEHXH DHepryuH 6enoro mwyma. ITOT NORXOI AB/14CTCA
Hanbonee 3¢dexTHBHEM A4 aHAIM3A CUTHANOB B Bubpa-
UMOHHO# RMarHOCTUKE MALLKH,

Ans noayueHnA JMarHOCTHYECKHX IPU3HAKOS paspaborTano
nporpamMmHoe ofecrneyenye, NO3BOMAOUIEE TOMYHATS CIIEKTD
Cuns6epra, Maprunanessll cneKkTp H cnexTp orubalowei.
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