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AnHoramusi. OfHMM W3 TJaBHBIX BOIIPOCOB IPH pEHICHHH 3aJadll KJIAcCH(OUKAUH
BPEMEHHBIX PSJIOB SIBJISETCS BHIOOP MEPHI CXOACTBA PsANOB. B maHHOM cTaThe MpeacTaBieH
CPaBHUTENBHBIN aHAIIH3 MEPBI CXO/ICTBA BPEMEHHBIX PS/I0B, OCHOBAaHHOM Ha MpeoOpa3oBaHUN
ckonp3smux anmpokcumarmi (CAIT tpanchopm), ¢ 1ByMsS ApyruMy HanOoliee H3BECTHBIMU
Mepamu: AnropurmoM Jlunamudeckoil Tpanchopmanuu u EBKINMmoBEIM paccTosHEEM IS
3ama4n Kiaccudukanuu. Kpome Toro, mpemioxkeH anropuT™, yrydIIaroniuid TOYHOCTh MEPhI
CAII TpaHCcdopM I BPEeMCHHBIX PSAOB, MMEIONIMX CXOXHE 3HAUCHHUS, HO CIBHHYTHIX
OTHOCHUTEJBHO APYT APYTa 10 ocu X, I'ie KOOpAUHATA Ha OCH X MPEACTaBIsAET CO00 euHUILY
BPEMCHHU.
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1. BeedeHue

B cBa3m c HempekpamamomuMcs POCTOM HAaHHBIX, IPEICTABICHHBIX B BHIC
BPEMEHHBIX PS/IOB, BO3pacTaeT WHTEPEC K aHANN3Yy BPEMEHHBIX PSIOB C IEINBIO
W3BIICYCHMSI HOBOH TOJIE3HON WMH(popMaIuu. BpeMeHHOH psi npeacTaBiseT co0oit
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YIOPSIOYEHHYIO TIOCJIEIOBATEILHOCTh JTAHHBIX, COOpPaHHBIX B Pa3HbIE MOMEHTHI
BpeMeHU. BpeMmeHHble psiibl BeTpedaroTcss B 00acTH (PMHAHCOB, METEOPOJIOTHH,
9KOHOMUKH, HedrenoObiue, Meaunuue u T.0. I[lpuMmepamMm BpeMeHHOTO psiia
SIBJISIIOTCSI TIOKA3aTeNI KypCOB BAJIIOT, B3STHIC 32 ONPEJCICHHBIN NEPUO] BPEMEHH,
KapIuorpaMMa 4elioBeKa, 3HAYCHUS TeMIIEpaTyphl BO3IyXa OKPYXKaromeil cpensl B
TEYEHUH CYTOK.

OCHOBHOW 3ajauell aHaiM3a BPEMEHHBIX DPSIOB SIBIISICTCS BBISIBICHHE CTPYKTYPBI
psAga IS TPOTHO3WPOBAHMS €ro JNajbHEWIMuX 3HaueHWHd. [IporHo3 Oymymmx
3HAYEHWH UCTIONB3YETCS IS IPUHSITHS PEIICHUH 10 JallbHEHTIIeH paboTe CUCTEMBI.
Hanpuwmep, onpenenenue ganpHeie TMHaMUKA [IEH Ha aKIIMU KOMITAHUM MOKET
MIOMOYb B PEIICHUH O MOKYIIKE WIIM MPOJake aKIiid KOMIIaHNH.

OmHPAM W3 METOJOB aHANM3a BPEMEHHBIX PSJIOB SBIISIETCS METOM KJIaCCH()HUKAIIUH.
Krnaccudukamnus BpeMEHHBIX PSAAOB IO3BOJISIET ONPENENHUTh TPYMIBI CXOXKHX IO
3HAYCHHIO PAIOB C IOMOIIBIO PA3IUYHBIX Mep CXOACTBAa. B momoOHBIX 3amadax
BBIOOp MEpHI CXOJCTBAa BPEMEHHBIX PSAIOB BIMSAET HA TOYHOCTh KIACCH(PHUKAINN B
OoJbIIIeH CTETIeHH, YeM BBIOOP MeToIa KJIaCCU(PUKAINN, YTO A0Ka3aHO Ha TIpUMepe
Mmeps! Anroput™a nHamunueckoid Tpanchopmaruu [1]. B cBsi3u ¢ aTiM, npoBoasTCs
uccieoBaHusi 10 S(PQGEKTHBHOCTH MeEp CXOACTBA BPEMEHHBIX [UIS 3aJa4yd
kiaccudukanmu psgos [2, 3].

B pabote [4] Obi1a mpezcTaBiieHa HOBasi MEpa CXOACTBAa BPeMEHHBIX psinoB - CAIL
tpaHcdopm. JlaHHAs Mepa NpuMeHsuIach B 00JIaCTH METEOPOJIOTUH ISl BBISIBICHUS
B3aUMOCBSI3H MEX]Ly 3arpsi3HEHHEM BO3/lyXa U METEOPOJIOTMYECKIMH ITOKA3aTeNSIMH
[5], a Taxke B oOsacti HepTeOOBIYM JUTS 33/1a41 KJIaCTEepU3alMU HEQTSHBIX BBIIICK
[6]. Onnako, He u3BecTHHI paboThl 0 cpaBHeHnU Mepbl CAIl ¢ npounMu MepaMu Ha
CYIIECTBYIOIINX HaOOpaxX BPEMEHHBIX PAIOB, a TakKe HE MPEI0KEHBI CIIOCOOBI IO
yiydmeHuto TouyHocty knaccudukarym mepsl CAIT tpanchopm. B cBsizu ¢ aTuM
IETbI0 JAaHHOH paboTHI sIBIISIETCS cpaBHUTENbHBIN aHanmmu3 Mepbl CAIl Tpanchopm ¢
JIpYTHMH Hamboliee pacIpoCTpPaHEHHBIMH MEpaMH CXOJCTBA BPEMEHHBIX DPSIOB, a
TakKe MPETOKEH OAMH M3 crmoco6oB Momupukamuu mepbl CAIT Tpanchopm st
YITy4IIeHUS] TOYHOCTH.

B paborte mpexacraBieHBl pe3yiabTAaThl aHANIHM3a TOYHOCTH TPEX MEp CXOJICTBA
BPEMEHHBIX PS/IOB Ha 337a4e KilacCH(pUKanu:

e  ANTopuTM TMHAMUYECKOW TpaHchopmaiuu BpeMeHHou mkasl (AJ[T).
e  EBKIMIOBO paccTOsIHUE.

e [IpeobOpaszoBanue ckonp3samux annpokcumanuii (CAII Tpanchopm) B aByx
BapHalMsIX: BBIYMCICHHYIO Ul BCEX pPa3MEpOB CKOJB3SLIMX OKOH U C
Moau(dUKaIeH, MPeIIoKEHHOM B ATOM padoTe.

B cnenyromem paszaerne npeacTaBieHo 000CHOBaHME BEIOOpa NaHHBIX Mep. B paznene
3 onricanbl GOPMYIIBI JIs pacyeTa Mep 1 MCIIOJIb3yEeMbIi B JaHHOW padoTe allrOPUTM
KiIaccuuKaluu BpeMEHHBIX psiioB. Paszjgen 4  omUChIBaeT MNPOBECHHbBIE
IKCIEPUMEHTHl U HAOOPBI BPEMEHHBIX PSIOB HA KOTOPBIX OHM IMPOBOAMIKCH. B
pasjene 5 nmpeacTaBlieHbl Pe3yJIbTaThl IIPOBEACHHOTO UCCIICI0BAHNSI.
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2. Bbi6bop mep cxodcmea Onsi aHanu3a

B pabore [2] nmpeacTaBieHbl pe3yabTaThl OMEHKH d(H(HEKTHBHOCTH KIacCH(PUKAITTN
49 mep Ha Habope BpeMeHHBIX psagoB w3 koswiekiuum UCR [7]. CormacHo
MOJMYYCHHBIM pe3yiabTaTaM, HamOoiee TOYHON okasamach mepa AJ[T ¢ ee
mogupukaumsmu. Mepa A/IT [8] npumensiercst B pacro3HaBaHUU PEYH, KECTOB,
PYKOITUCHOTO TEKCTa, POOOTOTEXHUKE, MeEOuInHe, OuomHpopmaruke [9-12].
IIpeuMyiiecTBOM JaHHONW MEphI SBISCTCS CHOCOOHOCTh PACHO3HABATH CXOXKUC
BPEMEHHBIC PSIIIBI IaXKe €CIU EPUOJIbI PSAIOB CABHHYTHI OTHOCHUTEIILHO APYT ApPyra
mo ocu. OmHako, MaHHAsS Mepa WMeEeT pPsI HEJOCTaTKoB. B dacTHOCTH, Mepa
TIOKA3bIBACT HETOUHBIC PE3YJBTATHl I BPEMEHHBIX PSAIOB, CXOKUX MEXKAY COOO,
HO MMEIOIIUX OOJIBITYIO0 Pa3HUITy MAKCUMAIbHBIX 1 MUHIUMAJIBHBIX 3HaYeHUH [13].
TTocie mepsr AJIT Hanbosee TOUHOM MEPO CpaBHEHHU ST BpEMEHHBIX PAJ0B 0Ka3JI0Ch
EBknmmoBo pacctosiHue ¢ ero mpeoOpa3zoBaHMAMH. EBKIMIOBO pacCTOSHHE - 3TO
XOpOIIIO U3BECTHAs U HanboJjee MpocTast s BerauciaeHust mepa [14]. OCHOBHBIM ee
MPEUMYIIIECTBOM SIBISICTCS MalleHbKas BBIYHCIHTENBHAS CIIOKHOCTh, Kak IIO
Bpemenu (O(n)), tak u o mamaru (O(1)). Omaaxo, oHa ycrymaet mepe AT mo
TOYHOCTH Kiaccudukanuu [2].

Mepa CAII TpanchopMm OCHOBaHAa Ha 3HAYCHHH YTJIOB HAKJIOHA KacaTeIbHBIX K
rpadukamM BpeMEHHBIX PSAIOB B BBIOpaHHOH Touke. [IpenMyIecTBOM TaHHOW Mephl
SIBIISICTCS €€ BO3MOXKHOCTH OIPEICIATh KaK IOJO0KHUTCIBHBIC 3aBUCHMOCTH, KOTIa
BPEMEHHBIC PsIbl OJTHOBPEMEHHO YBEIHMYUBAIOT WM YMCHBIIAIOT 3HAYCHHUS, TaK H
OTPHIIATEIILHBIC 3aBUCHMOCTH, KOT/Ia 3HAYCHHSI OJTHOTO BPEMEHHOTO psijia YOBIBAOT,
a JIpyroro BO3pacTarT U Ha00OpOT.

3. Memo0d knaccughukayuu epemMeHHbIX psidoes

3ajaua knaccupuKanuy BPEMEHHBIX PAIOB CBA3AHA C ONPEICIEHHEM TPYIIT OITU3KUX
N0 3HAYEHHIO BPEMEHHBIX PAIOB. BIM30CTH BPEMEHHBIX PSJIOB OIPEAEIICTCS
pPasIMYHBIMM MEpPaMH CXOJICTBA. B JaHHOM pasjeiie TpencTaBieHbl (HOPMYJIbI
BBIYMCIIEHUS BHIOPAHHBIX IS aHAIHW3a MEP CXOJCTBA JUIS BPEMEHHBIX PANOB X =
(%1, %), ¥ = (Y1, - Vi) ¥l AITOPUTM KITACCHUDUKATIAHL.

3.1 EBKNUA0OBO paccTosiHme

EBKmIoBO paccTosHue IpeACTaBIAeT U3 cedsl CYMMY PacCTOSHUN MEXIY TOUKaMHU
BPEMEHHOT'O psia ¥ BEIYUCISAETCS 10 hopMyIIe:
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3.2 AAT

B nmanHoOl cTatbe BhMMHCIsUIAch kinaccumueckas mepa AJIT 6e3 momudukanuii. Ha
MIEPBOM dTarle MOJCYUTHIBAIACH MATPHIIA PACCTOSHHIMA:

dij = |x,: _y]|,l = 1, ...,m,j = 1, e, m
Ha ocHOBe NoIy4eHHOW MAaTPUIIBI BEIYHCIISIACH MATPHUIIA JeQOpMaLuii:
Dyj = dyj + min(D;_1 j-1,Di—1,, Di j-1)
ITo maTpurie nedpopmanmii CTpomscs BEKTop Tpanchopmaruu W:
Wo = Dmm
Wy = min(Di_lrj_l, Di—l,j' Dl',j—l)' k= 1, e, m
Hrorosas mepa AT BeraucIsIIach 1Mo Gopmylie:

m
r =3

= — W.

ANT m i
i=1

3.3 CAn

Mepa CAII Bbruncisuiach o opmyiiam, onucanusM B [4]. [l noacyera nanHoM
Mepbl CHauana BbIYUCISUIOCHh 3HAUEHUE JIOKAIbHOTO TPeHIa ;!

W= 62520(2j — k + Dy
' hk(k? —1) ’
rze k - pazmep BbIOpaHHOTO OKHA, h - BpeMeHHO# uHTepBal (B HameM ciydae h=1).
[ocne sToro mojcuMTHIBajIach Mepa acCOLUMALMKA Ul JOKAIBHBIX TPEHIOB IO
tbopmyre:

m .
D=1 Ay * Ayi

m 2 ,ym 2
\/Zizl ayi j=1 axj
DTO0 3HAYCHHE MOJICYUTHIBATIOCH TSl BceX k = 2, ..., m. CpegHee cpeu MoTydeHHBIX

3HaueHu# sBisiercs mepoit CAIT tpancdopm:
m—-1

1
AM(X,Y) = mz coss,(X,Y)
k=1

coss(X,Y) =

OnHako, TOYHOCTh 0a30BOr0 ajJropuTMa MoJcyYeTa AAHHOI Mepbl BapbUPYETCs B
3aBUCHMOCTH OT pa3Mepa BbIOPAHHOTO OKHA K M XapaKTepUCTUK BPEMEHHBIX PSIIOB.
CoxkparieHne KOJIMIecTBa M BEIOOP HanOoJjiee ONTHMAIbHBIX 3HAUCHHH TapaMeTpa k,
a TaKke MOANGUKALUKN AITOPUTMA MO3BOJIMIN YIYYIIHTh TOYHOCTh Mepbl. BbIOOp
ONTUMAJILHOTO 3HAauYeHHs mapamerpa k u mpeoOpa3oBaHHE aNroOpuUTMa OMUCAHBEI B
CJIC/TyIOLIEM pa3zele.
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3.4 CAIl c¢c puHamnyeckom TpaHchopmaumen noKasbHbIX
TpeHaoB

B 6azoBom Bapuante CAII mMepa cunraeTcsi o BceM BO3MOXKHBIM pa3MepaM OKHa,
0JTHaKO, COKpAILCHNE NX KOJIMYECTBA U BHIOOP ONTHMAJIbHBIX Pa3MEpOB MO3BOJIMIH
yIAy4IIUTh TOYHOCTH Mepbl. Kpome toro, mepa CAIl ne npucnocoOneHa mist
BBISIBIICHUSI CXOACTBA MEXIY BPEMEHHBIMU DSOaMH, 3HAYCHHS KOTOPBIX HMEIOT
CXOXXYI0 IWHAMHKY, OJHAKO, CIBUHYTHl OTHOCHTENFHO ApyT apyra mo ocu X. C
[ENIBI0 YIIYYIICHNS TOYHOCTH Ha TMOJOOHBIX BPEMEHHBIX PsiiaX ObUTH MPOU3BEACHBI
Moaudukarm 6a3oBoit Mmepel CAIl TpaHcdopM, ormMcaHHBIE B 3TOM paszele.

Jnst mog6opa 3HadeHni K BpeMeHHbIE psiibl B oOydatomeM (aiiie ObUTH pa3aeieHbl
Ha JIBa IMOJIMHOYKECTBA CIy4ailHBIM 00pa30oM C OIWHAKOBBIM KOJMYECTBOM PSIOB B
KaxaoM u3 HuX. OJZHO MOIMHOXECTBO MPUHUMAJIOCH 32 KOHTPOJIBHYIO BBIOOPKY,
Ipyroe - 3a o0y4Jaromiee. Jlanee i kaxaoro 3HaueHns okHa k <= 30 MbI IpOBOIMITH
KIaccH(UKAIMI0 O0YyJaromero MHOXKECTBa IO alTOPUTMY, OIMCAHHOMY HIDKE.
Pasmep okHa k, Ui KOTOpPOro TOYHOCTh MMeENa MaKCHMaJIbHOE 3HAYCHHE,
UCIIOJIb30BAJICSL NPH TOCTPOSHMM MAaTpHUIbl KOCHHYCOB JUISl  KJIacCU(HMKALUH
OCHOBHOT'O TECTOBOTO MHO)KECTBA BPEMEHHBIX PSII0B.

Jis modydeHHOro Ha INpebIAyLIEM OSTare 3HA4eHHS K BBIYMCISUIMCH BEKTOpa
JIOKAIBHOTO TPEHAA Ay U Ay. J[Is BBIMMCIEHHBIX BEKTOPOB CTPOMJIACH MATPHIA
KOCHHYCOB:

m-max{p,q}+ 1
Zi:l aYi+q axi+p

COSSp 4 (ax, ay) = = =
m—q . \m-p
\/Zizl Ayirq Yy Cxirp
Ilo wmatpune kocuHycoB aHanormdyHo Mepe AJ[T BbIUMCISIICS — BEKTOP
TpaHchopMaIHK:
Wy = COSSmm
Wi = Wg_1 + min(COSSi_l‘j_l, COSSL'_L]', COSSL"]'_]_), k= 1, ., m
HroroBoe 3HaUYECHNE MEPHI BRIYUCIISIIIOCH IO popmydie:

m
dCAl‘I+[[T = Z w;
i=1

OnucaHHyl0 B JJaHHOM pa3lesie Mepy B JanbHedmem Oyznem HasbiBath CAII c
JMHAMHYeCcKoH TpaHchopmaryei JokanbHbIX TpeHaoB (CAIT+H/T).
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3.5 AnropuTtm Knaccudukauum

Bxoanble 1anHbie: T — TecTOBBIN HA0OP BPEMEHHBIX PSIOB, S —
oOyuaromuii Habop MaHHBIX, M — Mepa CXO0/CTBa
Pe3ynbTaT: k — KOMMUYECTBO BEPHO KIIACCH(DUIIUPOBAHHBIX PSIOB
k<0
Jns xaxxgorot € T

Haxopurcs s € S Takoi, yto M (t,s) — MHUHHMaJIbHA
Ecnm HOMEpa KI1accoB S U t COBIAIAIOT:

ke k+1

Anzopumm 1. Aneopumm noocuema Koau4ecmea 8epHO KiacCuuyupo8antvix psaooe ol
3a0anHot mepvl M.

Algorithm 1. The algorithm for counting the number of correctly classified time series for a
given measure M.

Knaccudukanus BpeMEHHBIX PSIOB MPOXOAMIA MO METOAY OJrpkaiiero cocena.
Knacc BpemMeHHOro psiia BbIOMpAJCsS CICAYIOIIUM 00pa3oM: Uil  KaXIOoro
BPEMEHHOTO psifia M3 TecToBOro (aiiya mombupancs psn u3 obydaromiero ¢aima
TaKOW, 4YTO HCHOJNb3yeMasi Mepa Uil BbIOpDAHHBIX BPEMEHHBIX psIOB Oblia
MHHUMaJbHA. Eciin HoMepa Ki1accoB BBIOPAHHBIX PSJIOB COBIAAAIH, CUMTAIOCH, YTO
psa knaccupUIIpPOBaH BEPHO.

4. dkcnepumMeHmMsbI

Jis OLEHKM TOYHOCTH MeEp CXOJACTBA BPEMEHHBIX pSIOB OBIIa TpOBEAEHA
KJaccu(UKaIis BpEMEHHBIX PSAIOB, TI€ B KaUeCTBE KPUTEPHUS ISl CPABHEHHUS PAIOB
NMPUMEHTNCh BEIOpaHHBIE MEpHI CXOJACTBAa. B maHHOM pasnene ommcaHsl HaOOpHI
JIAHHBIX M KPUTEPHUH IO KOTOPHIM MPOBOAMJIACH OLEHKA TOYHOCTH MEpP CXOJCTBa
BPEMEHHBIX PSIOB.

4.1 Habop paHHbIX

MBI HCTIOTB30BAIH BpEMEHHBIE PsIbl U3 43 HabopoB naHHBIX U3 Koywiekiuu UCR [7].
Kouexuust copepkut B cebe Kak peanbHble JaHHbIE, MOJyYEHHBIE B PE3YJbTaTe
M3MEpEHUil, TaKk U CUHTeTHYecKkue. Harpumep, BpeMeHHbIe psiibl B HA0OpE JaHHBIX
GUN_POINT sBasitoTcss pe3ylbTaTOM H3MEpPEHHs] TPAEKTOPUU JBUKEHUS LEHTpa
JaJJOHU PYKH YEJIOBEKa, KOTJa OH JJOCTAeT MUCTOJIET U3 KOOYpHI Ha Oepe, LenuTcs B
MHIICHb U KJIAAET MUcToJieT oOpaTtHo. Bpemennoii psn Synthetic Control nosyyen
TEHEPHPOBAHNEM pA3IMYHOTO BHAA TPapUKOB (IUKIMYECKUX, BO3PACTAIOIINX,
yOBIBAIOIIUX H T.JI.).

B Tabn. 1 mpencraBieHa craTucThka Mo Habopam, KOTOPBIE MCIOJIB30BAaHBI B
JarbHEeHIeM Uil KOJIMYeCTBeHHOTo aHaiu3a Mep. [loapoOHas ctaTuCTHKA 10 JUTHHE
BPEMEHHBIX PSJIOB, KOJWYECTBY KJIACCOB W BPEMEHHBIX psmoB B 43 Habopax
npencrasieHa B [7]. Kaxmpiii Habop AaHHBIX COIACPKUT OOYYAIOMIUNA M TECTOBBIM
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¢aiinel. B xaxxnom u3 QaityioB 3anucaHsl BpeMEHHBIE PSAIbl C HOMEPOM Kiacca K
KOTOPOMY OHU NpHHAJIEXKAT.

Tabn. 1. Cmamucmuxa no nekomopuvim Habopam epemennbix ps0os uz xoniexyuu UCR.

Table 1. Statistics for some sets of time series of UCR collection.

HazBanue Komuuectso | Kon-Bo Kon-Bo Jnuna
KJIacCOB psIOB B psIOB B psinoB

oOyuaromieM | TeCTOBOM

daiine daiine
50Words 50 450 455 270
Car 4 60 60 577
ECGFiveDays 2 23 861 136
FaceFour 4 24 88 350
FacesUCR 14 200 2050 131
Gun_Point 2 50 150 150
MoteStrain 2 20 1252 84
SonyAIBORobotSurface | 2 20 601 70
SonyAIBORobotSurfacell | 2 27 953 65
Symbols 6 25 995 398
Trace 4 100 100 275
TwoLeadECG 2 23 1139 82
uWaveGestureLibrary X | 8 896 3582 315
WordsSynonyms 25 267 638 270

4.2 KayecTBeHHbIN aHanu3 knaccudukauum

Tounocts (Acc) xnaccudukamuu Mepbl i1 Habopa JaHHBIX
MOJICUUTHIBAIAchk 1o Gopmyse u3 [13]:
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Acc = —,
[T|

rae k - KomudyecTBO BEpHO KiaccU(PHUIIMPOBAHHBIX psnoB, [T| -
KOJIMYECTBO PS/IOB B TECTOBOM Ha0OpE JaHHBIX.

ITocne storo IMOACYUTBIBAJIOCHE CPECAHEC 3HAUCHUEC TOYHOCTH IIO BCEM
Ha6opaM JaHHBbIX. HOHY‘IGHHOG YUCJIO CHUTAIIOCH TOYHOCTHIO MCPHI.

Jns  cratucTH4ecko  OmeHKH S((PEKTHBHOCTH  MPOBEICHHBIX
momudukammii s Mepel  CAIl Tpancdopm ObIT  HCIIOJIB30BaH
Kputepuil Buikokcona.

5. Pe3ysiibmamabi

5.1 OueHka TOYHOCTU Mep cXoAacTBa

B Tabn. 2 mpencTaBieHbl MaKpO YCPEIHEHHbBIE OIIEHKH TOYHOCTH BBIOPAHHBIX MEpP
accolManuii BpeMEHHBIX PSOB, MOJCYUTAHHBIC B JaHHOW pabore Ha 43 Habopax
kouteknnu UCR. Haunmydmve pe3ynbraTel corsiacHo Tabd. 2 mokazamu mepa AT u
EBximnnoBo paccrosiaue, cinegaom uayt CAIT + T u CAIL

Hecmotpst Ha 1O, uto B menom mepbl CAII TpancdopMm ycTymaroT 1O TOYHOCTH
EBximnnoBy paccrosauio u AJIT Mepe, npemiokeHHbIe MOAU(DHUKAIIMHN TSI MEPhI
CAII no3BoJHiIM yIy4lIUTh TOYHOCTH JAHHOW Mephl Ha 14 HaOopax AaHHBIX U3 43-X
Ha KOTOPBIX MPOBOJMIHNCH TecThl. Kpome Toro, Ha 4 Habopax JaHHBIX U3 3TUX 14-TH
mepa CAII+JT nokaseiBaer Oonbliryiro TouHOCTh, yeM Mepa AIT m EBkimnmoBo
paccrosinue. Pe3ynbrarhl a1st HA0OPOB AAaHHBIX MpezcTaBieHbl B Tabm. 3. JKupHbeim
mpudToM B Tabi. 3 BbIIEICHB MaKCHMaJIbHbIE TOKA3aTeIN TOYHOCTH ISl KXKJO0TO
Ha0bOpa JaHHbIX.

Tabn.2. Tounocmov paccmampugaemvix mep no 6cem Habopam KOANeKYUU, NOIYYeHHOe MAKPO
ycpeonenuem.

Table 2. The average accuracies of the measures for all sets of the collection.

Mepa TouyHoCTH
ANT 0,91
EBKimmoBo paccrosiHue 0,9
CAIT+ 1T 0,88
CAIl 0,86
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Jnst ananm3a BkJaga npeioxennoit moaudukarmu, mepbl CAIT+T u CAII 6pu1m
nofacuuTansl ynyumieHuss TouHoctd Mepbl CAII+AT nmo ortnomenuro k CAII B
npoueHrax. B Tabn. 3 monyueHHble 3HaYeHHs yKa3aHbl B CKOOKax B CTOJOLE JUIs
mepsl CAII+/IT. CornacHo nosy4eHHbIM 3Ha4E€HUsIM, MPOBEICHHbIC MOAN(DUKALNH
st mepbl CAIl ymydmmnm ee TO9HOCTE B cpeHeM Ha 9% s 14 HabopoB JaHHBIX,
Ha KoTopbix Mepa CAIT+/IT npesbrmaet o Tounoctu mMepy CAIL

Tabn. 3. 3nauenus mounocmu paccmampugaemvix mep 01 HAOOPO8 OAHHBIX O BPEMEHHBIX
poos u3 koanexyuu UCR.

Table 3. The values of accuracy of the described measures for the data sets, on time series
from UCR repository.
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OSULeaf 1 1 1 1(0%)
Plane 1 1 1 1(0%)
SwedishLeaf 1 1 1 1(0%)
Herring 1 1 1 1(0%)
InsectWingbeatSound 1 1 1 1(0%)
BeetleFly 1 1 1 1(0%)
BirdChicken 1 1 1 1(0%)
PhalangesOutlineCorrect | 1 1 1 1(0%)
ShapeletSim 1 1 1 1(0%)
ToeSegmentationl 1 1 1 1(0%)
ToeSegmentation2 1 1 1 1(0%)
Lighting2 1 1 1 1(0%)
wafer 1 1 1 1(0%)
FaceAll 0,78 0,77 0,74 0,74(0%)
ItalyPowerDemand 0,99 0,93 0,95 0,95(0%)
Adiac 0,99 0,59 0,45 0,31(-14%)
CBF 0,88 1 0,94 0,89(-5%)
DiatomSizeReduction 0,96 0,96 0,97 0,86(-11%)
Lighting7 0,6 0,8 0,53 0,49(-4%)
synthetic_control 0,94 0,98 0,88 0,87(-1%)
Two_Patterns 0,92 1 0,96 0,9(-6%)

Ha6op nanHbIX Esximunoso | AAT CAIl CAIl+ AT
paccrosiHue

50Words 0,8 0,71 0,65 0,67 (+3%)
Car 0,8 0,73 0,65 0,67(+2%)
ECGFiveDays 0,81 0,77 0,68 0,97 (+29%)
FaceFour 0,78 0,84 0,82 0,84 (+2%)
FacesUCR 0,85 0,94 0,78 0,87 (+9%)
Gun_Point 0,93 0,87 0,84 0,94 (+10%)
MoteStrain 0,88 0,89 0,83 0,86 (+3%)
SonyAIBORobotSurface 0,71 0,72 0,72 0,78 (+6%)
SonyAIBORobotSurfacell | 0,87 0,85 0,85 0,88 (+3%)
Symbols 0,9 0,95 0,88 0,94 (+6%)
Trace 0,8 0,98 0,71 0,95 (+24%)
TwoLeadECG 0,84 0,97 0,76 0,92 (+16%)
uWaveGestureLibrary X 0,79 0,72 0,66 0,71(+5%)
WordsSynonyms 0,72 0,68 0,59 0,63(+4%)
Beef 1 1 1 1(0%)
Coffee 1 1 1 1(0%)
Cricket X 1 1 1 1(0%)
Cricket Y 1 1 1 1(0%)
Cricket Z 1 1 1 1(0%)
ECG200 1 1 1 1(0%)

FISH 1 1 1 1(0%)
OliveOil 1 1 1 1(0%)
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Jis aHanmu3a HaOOPOB MaHHBIX, HA KOTOPBIX Mepa CAIl ymydmmiia TOYHOCTh, s
Ka)XXIIOT0 U3 HUX OBUIM MOCTPOCHBI rpaduku. Ha kaxaoM U3 HHUX OTOOpakaiuch
JTAaHHBIC IBYX BPEMCHHBIX PSIIOB, MPUHAJICKAIIMX OJHOMY KIIAcCy U3 00YYaroIIero
Y TECTOBOTO HAOOPOB JIaHHBIX.

Ha puc 1, 2 u 3 mpencraBiceHbl rpad)UKd BPEMCHHBIX PSIOB, MPHHAICIKAIINX
OTHOMY KJjaccy, W3 O0Oydaromero W TeCTOBOro HabopoB nanHeix Gun Point,
ECGFiveDays u Symbols cooTBeTCTBEHHO.
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Puc. 1. I'paghuk obyuarowezo u mecmosoeo pemennvix psioos u3 nabopa oannvix Gun_Point,

onucselearouyeco nojiodicenue pyKu npu eblcmpeile.

Fig. 1. The charts of the training and test sets of time series of GunPoint dataset describing

the hand position in shooting.
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= Q06yyatowwmit ECGFiveDays

——TecToBblli ECGFiveDays

CepAaeyHbI pUTM

Puc. 2. I'paghuk o6yuaiowezo u mecmogo2o pemennbix psdos u3 Habopa OAHHbIX

ECGFiveDays, describing cepOoeunviii pumm.

Fig. 2. The charts of the training and test sets of time series of ECGFiveDays dataset

describing heart rate.
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Puc. 3. I'paghux o6yuaiowezo u mecmogozo epemennvix psdoe uz Habopa oannvix Symbols,
onucwigaiowjezo Koopouramy X 0ns pUcyHKa CumMeod.

Fig. 3. The charts of the training and test sets of time series of ECGFiveDays dataset
describing the X-Axis motion in drawing the shape.

Ha puc. 1, 2 u 3 BugHO, 4TO TpaduKH TECTOBOTO M 00YJAOMIET0 BPEMEHHBIX PSIIOB
HIMEIOT CXOXKYI0 (OpMy, OJTHAKO, COABHHYTHl OTHOCHTENIBHO APYT Jpyra 1O OcH X.
TToxoxwue 3aKOHOMEPHOCTH HAOMIOAAIOTCS sl OCcTalbHBIX 10-TH HAOOPOB MaHHBIX
n3 14-tu, B Tabs. 3 OHU BBIJEJICHBI KypCHBOM. [l MPOBEPKH TMIIOTE3BI O TOM, YTO
mepa CAII+/T yiyumaer TOYHOCTb, ObIIIM BBIOpaHbI JOHOIHUTENBHO 10 psitoB st
KOTOPBIX HaOJIIOAAETCs CIBUT 10 OcH X OTHOCHUTEIBHO ApYr apyra. B Tabin. 3 oHun
TaK k€ BBIIEJIEHBI KypcUBOM. JIMIIb HA OJHOM W3 BBIOpaHHBIX HAOOPOB 3HaUCHHE
Mephbl yxyammiocsk. Takum obpazom, mepa CAII+T moxer ObITh IPUMEHHMA TIPU
KJIacCUPUKAMK PSIOB, Ui KOTOPBHIX 3apaHee W3BECTHO, YTO MpHHAUIEXKAIINe K
OJTHOMY KJIACCy PSIbl IMEIOT CABUT OTHOCHTEIIBHO JIPYT Jpyra Mo ocH X.

5.2 Ctatuctnyeckas oueHka adpcpektuBHoctu mepobl CAM+AT

st mpoBepku runotessl o ToM, yto Mepa CAII+/IT umeer Gosiee BEICOKYIO TOYHOCTD
KIIaCCU(HKAMM BPEMEHHBIX PSIOB, OblIa TOCYMTAaHA T CTATHCTHKA KPHUTEPUS
Bunikokcona st 3Hadennii Tounoctu mep CAIT u CAIT+/IT. HaGopb! JaHHBIX, TS
KOTOPBIX Pa3HOCTh 3HA4YEHMH TOYHOCTH paBHa 0, ObIIM 3apaHee HCKIIOUCHBI W3
paccmotpenust. Takum o0pa3oM, CTaTUCTHKA CUATANACh A1t 20 oOcTaBITUXCSI HAOOPOB
NaHHbIX. B pesyinbrate BbIMUCICHUH, ObLIO MOTy4eHO Tyep = 35, npu Ty = 43
s p = 0.01. Tockonbky Toen < Tipur, THIotTesa o tom, 4to Mepa CAI+HAT
MOKa3bIBaeT 0oJiee BBICOKYIO TOYHOCTb, SBIISIETCs jaocTtoBepHoi. Mcxoms wu3
MOJYYEHHBIX PE3yIbTaTOB, MOXKHO CAENATh BBIBOJ, YTO JUISA 33Aa4H KIacCH(UKAINU
BPEMEHHBIX psoB myuie moaxoauT mepa CAII+AT, gem mepa CAIL.

5.3 OueHka npoM3BOAUTENTLHOCTU anropuTMoB

B Tabn. 4 mpuBeneHBI 3HAYCHHS BBIYUCIUTEIBHON CIO0XKHOCTU aNTOPUTMOB IS
BBIYHCIICHHS MEDP CXOJICTBA, PAaCCMAaTPUBAEMBIX B IaHHOM cTaThe. Hanboee ObICTpoOit
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JUTSL BRIYHCIICHUS siBIsieTcss EBKITMIoBo paccrosiaue. HecMOTps Ha TO, 9TO OCTaIbHBIC
MEpbl MMEIOT OJMHAKOBBIC OIICHKU CIIOKHOCTH Bce ke mepa CAII Berumcnsiercs
JIOJIbIIIE, TOCKOJBKY Ha KaXIOM IIare ajJroputMa HEOOXOIMM MPOXOJd IO
MOJIIOCIIEIOBATEILHOCTH JUTHHBI K. Hanbomnee moiras mo BpeMeHH Ui BBIYUCICHUN
mepa CAIT+/IT, Tak KaKk Ui Hee HCOOXOIUMBI TOMOJHUTEIBHBIC BHIUNCICHHUS IS
mo100pa ONTUMATBHOTO 3HAYSHWMSI JUTMHBI OKHa K.

Tabn.4. Oyenxu npouze00UmMenbHOCMU AI20PUMMO8 011 bIYUCTEHUS PACCMAMPUBAEMBIX MeD
cx00cmea 0.1 8peMeHH020 pAda OUHbL M.

Table 4. The estimates of productivity of the algorithms for calculating similarity measures
for the time series of length m.

Mepa CJ10KHOCTH

EBxnmnoBo paccrosiHue o(m)

AT 0(m?)

CAIl 0(m?)

CAIl+ T 0(m?) (ana pukcup.
3HaueHMs okHa k)

6. 3aknro4yeHue

B nanHOI cTaThe NpOBENEH CpaBHUTENbHbIN aHamu3 TouyHOcTH Mepbl CAII
tpancdopm ¢ mepamu AIT u EBkiauoBoii Ha 3ajade KiacCU(UKAMU BPEMEHHBIX
psnoB. [ToMumo 3TOTO, MpEIOKEH OJUH M3 CIIOCOOOB IO YIYYIIECHHIO TOYHOCTH
Mmepsl CAIT mist kimaccupukannu psaoB CXOKUX 10 3HAYEHUTO, OJTHAKO CMEIICHHBIX
OTHOCHUTEIILHO JIPYT IpyTa Mo OCH X, TJIe KOOPAMHATA Ha OCU X TPEICTABIISIET OO0
eIWHUIly BpeMeHH. PesynpTaThl ucciemoBaHHMs Tmokaszaiw, 4To Mepel CAIl u
CAIT+JIT ycrymaror mo TtouyHocTH EBximmoBorr u AJIT mepam Ha Habopax
BPEMEHHBIX PSJIOB PA3IMYHBIX MPEeAMETHBIX obnactei. OmHako, Jis HaOOPOB
BPEMEHHBIX PSAINOB, y KOTOPBIX SIBHO TIPOCJTICKMUBACTCA CIOBUT 3HAYCHHUU
otHocutenbHO ocu X Mepa CAII+T npes3omina 3HaueHus TouHoctu Mepel CAIL a
Uit 4-x Ha0opoB HaHHBIX 3HadeHUs TouHoctH Mepsl CAII+IT mpeBocxomut
3HA4YEeHUsI TOYHOCTHU BCEX PACCMATPUBAEMBIX B cTaThe Mep. Mcxoasd U3 3Toro, MOXKHO
clenaTtb BBIBOJ, YTO ISl KiaccH(UKAlUM BPEMEHHBIX PsI0B, 00Jaaromux

HOIL06HBIM CBOﬁCTBOM, B Ka4YC€CTBC aJbTCPHATUBBI MOXKXHO pacCMaTpuBaATb MEpPY
CAII+/IT.
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Abstract. One of the major issues dealing with time-series classification problem is the choice
of similarity measure. This article presents a comparative analysis of the similarity measure for
time series based on moving approximations transform (MAP transforms) with other two most
useful measures: Algorithm Dynamic Transformation and Euclidean distance for classification
task. In addition, algorithm, that improves the precision of the measure for time series, that
have similar values, but shifted relative to each other on the axis X, where coordinate on the X
axis represents the time unit, is proposed.
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