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AHHOTANUA

PaccmarpuBaloTcsi METOB! aHAJIM3a CUHTYJISIPHOTO crieKTpa (SSA)
u Monte Carlo SSA (MC-SSA) ans pelieHust 3a1a4 0OHapy KeHUs U
BBIJIEJICHUS] CUTHAJIOB BO BpEMEHHBIX psax. [IpensioxkeHs! Tpy Moa-
XO071a K BOCCTAHOBJICHUIO CUTHAJIA: a/JalITUBHBIM, 10JTyaJalTUBHbINA U
MeToz ¢ (PUKCUPOBAHHOM Npoekuueil. [I1s1 oleHKH 4acTOThI CUTHA-
na ucnonedyetcs merog MC-SSA. IIpoBeeH YuCIeHHbIA SKCepu-
MEHT, CPAaBHUBAIOIIUIA TOYHOCTb BOCCTAHOBJIEHUSA TIPH Pa3JIMUHbIX
YPOBHSIX IIIyMa, TUIIaX CUTHAJIA ¥ 3HAUEHHUsIX Napamerpa J, orpe-
JeJISA0IEro JUIMHY YaCTOTHOTO HHTepBaJla IPU 0OTOOPE KOMIIOHEHT.
PesynbTaThl MOKA3BIBAIOT, YTO MOJTyaJalTUBHBIA BAPUAHT SIBJIAETCSA
YHHUBEPCAIBHBIM BHIOOPOM, HanboJIee yCTOWYMBBIM K HAUTMIHUIO YMe-
PEHHOU aMIUIMTYAHON MOIYJIALINN.

BBegenne

Paccmotpum creayomyo moaens: X = S + R, rne X — Habmonaemeiii Bpe-
MEHHOM psif, S — curHai, R — mrym, T.e. peanu3anusi HBKOTOPOTo CTallIOHAPHO-
ro nporiecca. B padote paccmartprBaetcs Be HpoOieMsl: pobieMa 0OHapY KeHUS
curHaia S ¥ npodieMa BblJIeJIeHHs] CUTHAJIA TP €T0 HAJIMYHH.

Ins pemieHusi nepBoii npobaemsl ucnosbdyercs: metox Monte Carlo SSA
(MC-SSA) [[1]], mposepsitoruii runiote3y Hg : S = 0, a 1uist pelieHust BTOpoit —
METOJl aHaJIM3a CUHTYJSAPHOTO crekTpa (singular spectrum analysis, SSA) [2, 3].
OnuH 13 maroB SSA nogpazyMeBaeT BU3yalbHBIN aHAIN3 [IsI ONIPE/IeNICHNsT KOM-
MOHEHT CUTHaJIA, TO3TOMY BO3HHMKAET NOTPEOHOCTh B ABTOMATU3ALMH TOTO IIIara,
3TOM 1podJIeMe MOCBSIIIEHbI, Harpumep, padoTsl [, 5, 0, [7]. Lleabio paGoThl sBs-
€TCsl OIpe/iesIeHHe MOAXO0/I0B K aBTOMAaTUYECKOMY BBIICJIEHHIO CJIA0bIX CUTHAJIOB,
obHapyxkuBaeMbIx KpurepueM MC-SSA, 1 ux cpaBHEeHUE 110 TOUHOCTH MX BbIIE-
JICHUSL.
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Meton SSA

ba3zoevtil anzopumm

[Mycts X = (x1,...,2N), T; € R, — BpemenHoii psu ayunst N . 3adukcupy-
emnapameTp L, 1 < L < N, Ha3bIBaeMbIil JUIMHOI OKHA U TTOCTPOXM TaK Ha3bIBae-
MyIo TpaekTopHyto Marpuiy X = [X7 : ... : Xk, cocrosmyous K = N—L+1
BeKTOpPOB BlOKeHus X; = (74,...,7i1r1)" € RE.

Crieayromuii mar — pas3jioKeHue B CyMMY MaTpHll eIMHUYHOrO paHra X =
Z?:l X;. B 6a3oBoM SSA ucrons3yeTcst CHHTYJISIPHOE pa3JiokeHne MaTpuibl X,
rae cTonoupl X; COCTOAT U3 MPOEKIMI CTOJIOIOB MaTpUIIbl X Ha MOPOXJaeMble
€10 CaMoi1 JIeBble CUHTYJISIpHbIE BEKTOPBL.

Jlaee KOMITOHEHTHI IOy YEHHOTO MaTPUYHOTO Pa3JIokKeHNUsI T PYIIIHUPYIOTCS Ha
OCHOBE CBOWCTB JIEBBIX CHHTYJISIPHBIX BEKTOPOB, 1 KaXAasl CrpyNIHIPOBaHHAsI MaT-
pu1a npeodpasyercs Bo BpeMeHHOi psl. Takum oOpa3oMm, pe3yabTaToM SSA sB-
JIieTCs Pa3JIoKEHUE BPEMEHHOTO psijia.

SSA ¢ npoekuueii

Merton SSA UCIONb3yeT aJanTUBHBIA 6a3KC, HO CYIIECTBYET BO3MOKHOCTD 3a-
(bMKCHpPOBATH HEKOTOPHIE KOMITOHEHTHI pasjioxkenud. ITycts D € REX™ — mar-
pHIIa, MPOSKIMIO Ha CTONOLBI KOTOPO Mbl XOTHM 3a(pUKCUPOBATh B Pa3JIOKEHUH
X. Toraa SSA c npoekupeii OTIMYaeTcs OT 6a30BOr0 AIrOPUTMA TOJIBKO LIAroM
PpasIoKeHHUS:

1. B cayuae, ecim cton6us! MaTpuisl D He oproHOpMupoBaHHbL, D npuBoauT-
s K Hy>KHOMY BUIY IyTeM opToroHanusauuu I pamma-IImuara.

2. Buiuncnserca matpuna C = DDTX.
3. Berumcnsercs matpuma X* = X — C.

4. Marpura X* pacKkjIaJpIBaeTCsl B CyMMY MaTpHIl paHra 1.

Metoa Monte Carlo SSA

PaccMoTpuM 3ajavy MOMCKa CHTHAla BO BPEMEHHOM psiae. Mojiesnb BpeMeH-
HOTO psijia UMEET BUJT
X=S+E¢,
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e S — curHani, £ — CTalMOHAPHBIN MPOLIECC C HYIEBbIM cpeTHUM. Tora HyneBast
runore3a Hy : S = 0 u anprepratuBa Hy : S # 0.

adukcupyeM IIMHY OKHa L 11 0003HAYMM TPAEKTOPHYIO MaTpHIly psiga &€ Kak
E. Paccmotpum Bektop W € R eunnunoii 1muHb1, HazbiBaeMblii IPOEKIIMOH-
HBIM BEKTOpOM. BBenem Besmunny

— 2
p= H:.TWH .
CTaTHCTI/IKOﬁ KpI/ITepI/IH SABJISACTCA BEJIMYNHA
—~ 2
p=[xX"W|".

PacripenesneHue CTaTUCTUKYA KPUTEPUsI OLIEHUBAETCS C IOMOIIIBIO MOJIETMPOBAHUSI
COIIACHO HyJIEBOi rMIIOTe3e, OTCI0[A U Ha3BaHUEe METOMA.

Ecnu Bektop W — cuHycouia ¢ 4acToTOi w, TO P OTPaX)aeT BKJIA/ YacTo-
Tl W B UCXOIHBIA psiA. Tak Kak 4acToTa OXHIAEMOTO CHUTHajla HEM3BECTHA, TO
HEeO0OXOIMMO paccMaTpUBaTh HECKOJBKO BekTopoB Wi, k = 1,..., H. Peienue
BO3HHKAIOIIEH ITPY STOM IPOOJIeMbl MHOKECTBEHHOTO TECTUPOBAHUS PACCMATPH-
BaeTcs B [8]. ['umore3a 06 OTCYTCTBUM CHI'HAJIa OTBEPraeTcsi, €CJIM XOTsI Obl st
oxHoro Bektopa W = W), 3HaueHue D OKa3bIBAETCS 3HAYUMBIM.

Basxnoii yactsio MeToga MC-SSA sBasiercst crioco6 Beioopa BekTopos Wy, B
JaHHOH paboTe B KauecTBe BEKTOPOB JJIsl IPOSKUUH OepyTCsl KOCUHYCHI C PaBHO-
OTCTOSIIMMH YacToTamu wy, = k/(2L), k = 1,..., L. B 3T0M Cily4ae MOXHO
TOBOPUTH O 3HAYUMBIX YaCTOTAX, IIPUCYTCTBYIONIUX B CUTHAJIE.

IToaxoapl K BBIAEJIEHHIO CHI'HAJIA

Hns psna X gmuabl N 1 0 < wy < we < 0.5 onpepenum mepy, caenys [4]

T(X;wl,m):ﬁ S I/,

kw1 <k/N<wsa

rae Iy — nepuomorpamma psiga X. Bemmmunny 7'(X, wi, wg) MOXHO paccMaTpu-
BaTh KaK JIOMI0 BKJIA/Ia YaCTOT, COAEPKAIIErocst B MHTEpBae (w1, wa).
B nmanHOil pabGore OyaeM cuMTaTh, UTO CHIHAJI IpEICTaBiseT U3 ceds
SKCHOHEHIIUAIbHO-MOYJIMPOBAHHYI0 [APMOHUKY:
S = {Ae™" cos(2mwn)}

n=1"
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e w € (0,0.5). Iycrb @ — onenka w. O6o3HaAYNM

cos(2mwl) sin(27d1)
Dy = , Dy = € RF.
cos(2nwl) sin(27rwL)

PaCCMOTpI/IM CJICAYIOIINE BAPUAHTBI BBIACJICHUA CUTHAIA S 1o yacrore W:

1.

«adaptive»: npumeHuTh SSA U BHIOpaTh MEpBbIE JBE KOMIIOHEHTHI pa3Jio-
JKeHHs1, y KOTOphiX Mepa T’ Ha mHTepBane [w — §,& + 0], § > 0, Gobiie
HekoToporo nopora 1y € [0, 1];

«semi-adaptive»: mpumennTs SSA ¢ npoeknueii c D = D; € REX! u Bo-
6paThb, MOMUMO KOMIIOHEHTBI, COOTBETCTBYIOLIEl BeKTOpY D1, IEpBYIO KOM-
IOHEHTY Pa3NIokeHus, y Kotopoii Mepa T' Ha mHTepBae [0 —0, o+4],d > 0,
Gosbiite HekoToporo nopora Tp € [0, 1];

«fixed»: npumenuTs SSA ¢ npoekuueii c D = [D; : Dy] € REX2 upriGpars
KOMITOHEHTHI Pa3JIokeHHs, COOTBETCBYoIMe BekTopam D1, Do.

OneHuBaTth YacToTy w Oyaem ¢ nomoinsio MC-SSA:

1.

Haiiti unpekc HauGosiee 3HAYMMOiT 4acToThl, T.e. k = argmax,(p; — ¢;),
[l ¢; — BEPXHSIsl TPAHMUIIA IOBEPUTENLHOTO HHTEPBANIA IS D ;

BbIYKCIIUTh 3HAYEHHUE (U KAK B3BELIEHHOE CPEHEE YACTOT W1, Wh, W41
¢ Becamut w; = max(0,p; — ¢;);

Takoii crioco6 OLEHKH TO3BOJISIET TOJIYYUTh GOJiee TOUHYIO OLEHKY w B CIlydae,
KOI/1a OHa He romnaaaet B pewetky k/(2L).

Yucaennoe cpasHeHue no0xo008

[TpoBeneM YHMCIICHHBI SKCIIEPUMEHT C LeJIbI0 TIOHSATh, KaKOW U3 MpeJIoKeH-
HBIX CIIOCOOOB BOCCTAHOBJICHUS CUIHasla Haubonee ToueH. [lycte N = 99, mpo-
necc & — monenb AR(1) ¢ mapamerpamu ¢ = 0.7, 02 € {0.2,0.4,0.6,0.8,1}.
Hns SSA L = 50, nna MC-SSA L = L =40 (BBIBOZIBI YCTOWYMBBI K BBIOODY
JUTMHBI OKHa). B BapuaHTax «adaptive» u «semi-adaptive» 6 = 0.025 u T = 0.5.
Paccmotpum /Ba THIa curHaia S, OMH U3 KOTOPBIX SIBJISIETCS YaCTHBIM CITydaeM
JpYyroro:

1.

a =0, A =1— rapMoHHKa C IOCTOSTHHOM aMILTUTYOM.
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2. a = 0.05, A = 0.025 — 9KCMOHEHIIMAILHO-MO/YIMPOBAHHAsI TAPMOHHKA.

BosbmeMm w = 0.115. 3ameTM, 9TO IpU TAKOM IE!)IGOpe YaCTOTH cUrHaa Lw He
1eJI0e, & 3HAUNT w He ToMaaeT B peweTky k/(2L).

Ha puc. [l| n3o6paxkena 3apucumocts MSE BoccTaHOBJIEHWS CHTHATA OT JUC-
nepcuu Gestoro myma o2, Tlo rpadpukam BUAHO, YTO B CJlydae TMOCTOSHHON aM-
sutyasl (o = 0) BHIMTpBIBaeT BapuaHT «fixed», OHAKO B cllyyae HENOCTOSIHHOMN
aMILUTUTY/Ibl (PUKCUPOBAHHBII Oa3Kc OKasbiBaeTcst HauxyaumM. [TonyananTuBHbIA
6a3uc, sIBIASCH HEKUM KOMIIPOMICCOM MEX/y aJalTUBHBIM M (PUKCHPOBAHHBIM
6a3ncamMy, OKa3bIBAETCsI BTOPHIM MO0 TOYHOCTH B cilyyae @ = () U CPaBHUMBIM C
a[IAlITUBHBIM B PaCCMOTpeHHOM ciydae « # 0. Ilpu yBenmdyenuu ||, HauuHast ¢
KaKOro-TO MOMEHTa, (PMKCHPOBaHHas MTOJIOBMHA Oa3uca yXyAllaeT BOCCTaHOBJIe-
HHE CUTHaJa.

Teneps nocMOTpUM, Kak OyayT U3MEHATHCA OIMOKHM TPHM yMEHbLICHUH/yBe-
nmuennn & ansa dukcupopanHoro L. Ha puc. P 6 ymenvmena, a na puc. § ysem-
yeHa B 1Ba pasa (§ = 0.0125 u 0.05 coorBeTcTBeHHO). VI3 3THX rpadvKoB BUI-
HO, YTO CJIMIIKOM MaJleHbKOe § MPUBOAUT K YXYIIIEHHIO TOYHOCTH aalTHBHOIO
Y TOJTyaJanTUBHOTO BapUaHTOB B ciy4yae o # (0. CBsSI3aHO 3TO C TeM, YTO ya-
CTOTa 9KCMOHEHIMAIBHO-MOAYIMPOBAHHOM FAPMOHUKHY, B OTJIMYME OT FApMOHUKU
C MOCTOSIHHOW aMIUIMTYJOM, BCEIzia pacTeKaeTcs Mo CHEeKTpY U 4eM Oouiblie abd-
COJIIOTHOE 3HAYEHHE MOKa3aTessi SKCIOHEHTH! (v, TEM CHJIbHEe 3TO pacTeKaHHe.
VBenmueHue § B Ba pa3a He NPHUBEJIO K 3HAYUTEILHOMY M3MEHEHHIO TOYHOCTU
METOJIOB, OfIHAKO, €CJIM U Jajibllle YBEINUUBaTh §, OIIMOKY, KaK U B CTy4yae CIIILI-
KOM MaJIeHbKOT'O §, OISITh BO3PACTYT.

a=0 az0

0.15 03

MSE

0.05 01

02 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

adaptive - semi-adaptive fixed

Puc. 1: MSE BoccranoBnenus curtana (0 = 0.025)
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a=0 a#z0

0.15 0.3
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0.05 0.1

02 04 06 08 10 02 04 06 08 10

o? o
adaptive e~ semi-adaptive fixed

Puc. 2: MSE BoccraHoBienusi curaaia (0 = 0.0125)

a=0 az0

0.15 03

MSE

02 04 06 08 10 02 04 06 08 10

o o
adaptive ~s- semi-adaptive = fixed

Puc. 3: MSE BoccraHosienus curnaia (0 = 0.05)

3akaodyeHue

B cTathe paccMOTpeHBI TP MO/IX0/1a K aBTOMAaTHYECKOMY BBIICJIEHHUIO CUTHAA
BO BPEMEHHBIX psJax ¢ UCHoNb30BaHueM kpurepusa MC-SSA u Metona aHamm3a
CHHTYJISIPHOTO crieKkTpa. MccienoBanne moKasao, YTo NMoTyaJanTUBHBIA BApHAHT
MOJKET OBITh HICTIOIF30BAH B KauyecTBe 0A30BOT0 B CUTYALMH, KOT]a HEN3BECTHO Ha-
JIMYHE WA OTCYTCTBUE aMIUTUTYAHON MOIYJISLMHA, IPU TOM MOIYJISALMSA HE OYeHb
cuibHas. [ BeIOOpa napaMeTpa § HysKHO JieJlaTh IPEAIOJNIOKEHUSA O CUJIe MOLLY-
JISAIMU. 3aMEeTUM, 4TO NIpH BeiOope JUIMHBI OKHa 1t MC-SSA HyXHO y4YHUTHIBaTh
coYeTaHue MOIHOCTH KPUTEPHS U TOYHOCTH OLIEHUBAHMS YacTOTHI.
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