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AHHOTALHUA

Bgenenne. [TocTOSHHO BO3HHUKAIOMIAS TOTPEOHOCTH yBeNNIeHHUs 3()(HEKTUBHOCTH PELIeHHs 3a/1a4 KiIacCU(pUKanuy 1
IIpeIcKa3aHusl OBEACHHST 0OBEKTOB HAOIIOAEHNS BBI3bIBAET HEOOXOANMOCTh COBEPIICHCTBOBAHNS METOZIOB 00pabOTKI
JaHHBIX. B pabote npesyaraercst METO MOBBIIIEHHS ITOKa3aTelell kadecTBa MOJIeNIeH MAaIIMHHOTO 00ydeHNs B 3a1a4ax
perpeccuu u npornosupoBanus. Meroa. I[IpeninoxenHas o6padoTka HHYOPMAIIMOHHBIX MOCIEA0BATEIbHOCTEH
MpeJIrnosaraeT IPUMEHEHHE CETMEHTAIMU BXOIHBIX JaHHBIX. B pe3ynbTare pasaeneHus JaHHBIX 00pa3yoTCsl CETMEHTBI
C Pa3IUYHBIMU CBOMCTBAMH 00bEKTOB HabmoneHus. HoBu3Ha MeToza 3aKitoqaeTcs B pasie/IeHu! MOCIeI0BaTeIbHOCTH
Ha CETMEHTHI C UCIIONB30BaHNEM (PYHKIIMOHATIA Ka9eCTBA MOJIENei 00padOTKH Ha MOABBIOOPKAX TaHHBIX. JTO MO3BOJISIET
TIPUMEHSTH JIyqIINe 110 Ka4eCTBEHHBIM IT0Ka3aTeNsIM MOJEIN Ha Pa3HbIX CeTMEHTaX JaHHbIX. [loydeHHbIe CerMEHTHI
SIBISTIOTCS OTAEIEHBIMHA ITOABBIOOPKAaMH, Ha KOTOPBIE HA3HAYAIOTCSI JIyUIIIHE 110 Ka9€CTBEHHBIM MOKa3aTelsIM MOIENHU 1
QIITOPUTMBI MAIIIMHHOTO 00ydeHHs. OCHOBHbIE Pe3yJIbTaThI. J[JIs OIIEHKH KadecTBa IIpeyIaraéMoro pelIeHNsI BHITOIHEH
9KCHEPUMEHT C MCIIOJIb30BaHHEM MOJEIBHBIX JaHHBIX U MHOKECTBEHHOH perpeccuu. PaccunTaHHble 3HaYCHUS
nokasaresisi kauectBa Root Mean Squared Error (RMSE) 151 BEIOpaHHBIX aIrOpUTMOB Ha SKCIIEPUMEHTAIBHON BEIOOPKE
1 TIPU PA3IMYHOM KOJIUUECTBE CETMEHTOB MPOJIEMOHCTPUPOBAIHN MOBBIIIEHHE KaUeCTBEHHBIX NTOKA3aTeel OTAeIbHBIX
QJITOPUTMOB TIPY YBENNYEHNH KOJIMYIecTBa cerMeHToB. [Ipennaraemplii MeTO O3BOMSET MOBBICUTH MTOKa3zaTenn RMSE
B cpeiHeM Ha 7 % 3a cueT CerMeHTaluH ¥ Ha3HAuYeHHs MOZeNIel, KOTOpbIe MMEIOT HaMITydITHe TTOKAa3aTe B OTAETbHBIX
cermenTax. O6cyxaenue. Pe3ynsraTsl MeTO1a MOTYT IPUMEHSTECS OTIONHUTENIBHO NP pa3paboTKe MOJeTel 1 MEeTOI0B
06paboTkn naHHBIX. [IpencTaBieHHOE penieHne HalpaBiIeHO Ha JalbHelIee yCOBEpPIICHCTBOBAHIE H pacHINpeHHe
ancaMOIIeBBIX MeTo10B. DopMHpOBaHIE MHOTOYPOBHEBBIX MOZCIBHBIX CTPYKTYP, OCYIIECTBITIONIMX 00paboTKy, aHaIIH3
MOCTYTIAIOIIMX HH(POPMAIMOHHBIX TIOTOKOB U Ha3HAa4Ye€HHE HanOoJee IMOIXOAAIIed MOMCTH Ul PeIleH s TeKyIen
3a/1a4y, MO3BOJISIET YMEHBIIUTh CIOKHOCTh M PECYPCOEMKOCTh KJIACCHUECKHX aHCaMOJIEBBIX METOOB. B pesynmbrare
YMEHBIICHO BJIMSHHUE MPOOJIeMbI IepeoOyUyeHH s, CHIKCHA 3aBUCHMOCTD PE3YJIbTaTOB 00pabOTKU OT GA30BbIX MOZEICH,
TOBBIIIIEHA ONEPATHBHOCTb HACTPOHKH 0a30BBIX AJTOPUTMOB B CiIydae TpaHC(HOPMAIMU CBOWCTB AaHHBIX U YIIy4IlIeHa
HHTEPIPETUPYEMOCTh PE3yIIBTaTOB.

KiwueBble ciioBa
MHPOPMALMOHHAS TTOCIIEIOBATENFHOCTh JaHHBIX, MHOTOYPOBHEBAs MOZIENb OOPaOOTKH JaHHBIX, CETMEHTALUS JaHHBIX,
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Abstract

The constantly emerging need to increase the efficiency of solving classification problems and predicting the behavior
of objects under observation necessitates improving data processing methods. This article proposes a method for
improving the quality indicators of machine learning models in regression and forecasting problems. The proposed
processing of information sequences involves the use of input data segmentation. As a result of data division, segments
with different properties of observation objects are formed. The novelty of the method lies in dividing the sequence
into segments using the quality functional of processing models on data subsamples. This allows you to apply the best
quality models on various data segments. The segments obtained in this way are separate subsamples to which the
best quality models and machine learning algorithms are assigned. To assess the quality of the proposed solution, an
experiment was performed using model data and multiple regression. The obtained values of the quality indicator RMSE
for various algorithms on an experimental sample and with a different number of segments demonstrated an increase in
the quality indicators of individual algorithms with an increase in the number of segments. The proposed method can
improve RMSE performance by an average of 7 % by segmenting and assigning models that have the best performance
in individual segments. The results obtained can be additionally used in the development of models and data processing
methods. The proposed solution is aimed at further improving and expanding ensemble methods. The formation of
multi-level model structures that process, analyze incoming information flows and assign the most suitable model for
solving the current problem makes it possible to reduce the complexity and resource intensity of classical ensemble
methods. The impact of the overfitting problem is reduced, the dependence of processing results on the basic models is
reduced, the efficiency of setting up basic algorithms in the event of transformation of data properties is increased, and

the interpretability of the results is improved.
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BBenenue

[ToBeIIEHNE KAaYECTBEHHBIX MTOKA3aTeIEN MOAEIEH 00-
pabOTKM HaHHBIX MPH PEIICHUH 3a7ad KIacCH(pUKAINH,
perpeccuu U npeicKa3aHus HOBEICHUS CHCTEMBI SIBIISIETCS
OIIHUM U3 (PyHIAMEHTATbHBIX BOIIPOCOB PA3BUTHSI METOIOB
MalIMHHOTO 00y4eHHs. DPHEKTUBHOCTH AITOPUTMOB 3aBH-
CHT HE TOJIKO OT BBIOpPaHHBIX CIIOCOO0OB 00paOOTKH, HO U
OT KauecTBa caMMX JaHHbIX. Hannune ommboK, IryMOBBIX
COCTaBJISIIOLINX, BEIOPOCOB, TOSIBIICHUE M30BITOUHBIX H 3a-
BHCHMBIX EPEMEHHBIX B BBIOOPKAX IPUBOISIT K CHHYKEHUIO
KaueCTBEHHBIX MTOKa3aTesell 00paboTKH MpH 3a1adax Ipo-
THO3RWMPOBAHMUS, perpeccun u knaccudukarmn [1]. B utore
BO3HHUKAET 3371a4a ()OPMUPOBAHMS ONTUMAIIBHBIX BEIOOPOK
JAHHBIX JUIs1 O0y4YEeHUS] MOJENICH 1 MX TIOCIIETYIOIIEro Hc-
TI0JTb30BAHUSL.

C apyroil cTOpOHBI, HE MEHEe Ba)XKHBIM JUISl JOCTH-
J)K€HMS BBICOKHX KaueCTBEHHBIX IOKa3aTeJIed SBISETCS
UCIOJIb30BaHKEe 3G(EKTUBHONW MOEIH 00paOOTKH JaH-
HbeIX. B COBPEMCEHHBIX UCCIICAOBAHUAX JI €€ ITIOCTPOCHUA
MIPUMEHSIOTCS KaK 0a30BbIe QJITOPUTMBI, TaK U pa3lInuHbIe
HelpoceTeBble M aHcaMOIeBble CTPYKTYpHL. JlocTikenue
3aJJaHHBIX MIOKa3aTelel B 3TUX MEeTo/ax B OOJIBIION cTe-
TICHU 3aBHCUT OT CBOMCTB BHIOOPKHM JTAHHBIX, TAKUX KaK
pactpesieneHue, pa3MepHOCTb, YaCTOTA TTOSIBICHHUS 00b-
exToB HaOmoaenus [2]. Kpome Toro, B 3aBUCHMOCTH OT
MIPEAMETHON 00IaCTH HAa MOJICITN HaKJIQABIBAIOTCS Pa3HbIC
OTPaHUYEHMUSI, CBSI3aHHBIE C OBICTPOAEHCTBUEM M PECyp-

COEMKOCTbBIO, BO3MOKHOCTBIO a/IallTAllUX NIPU BO3HUKHO-
BEHHUH TpaHC(HOPMAIIUHN CBOUCTB JaHHBIX [3]. Pazmuunbie
MOJIEJT! MOT'YT OBITh ONTUMHU3UPOBAHBI TIO]T OJIHU CBOHCTBA
JTAHHBIX, HO TE€PSITh CBOIO aJEKBaTHOCTh IIPU U3MEHEHUHU
BXOJIHBIX TAPaMETPOB aHAIU3UPYEMO MOCIIeI0BaTENbHO-
cTu. B cBsI3M ¢ 5TNM B HacTosIIEH paboTe paccMaTpUBaeTCst
METOJI, UCTIOJIBb3YIOIIUI pa3/ieieHue BXOAHOM nocae0Ba-
TEIBHOCTH IAHHBIX ¥ Ha3HAYCHNE Ha OT/EIbHBIC CETMEHTBI
Mozeneil 00paboTKH, UMEIOMNX JTyYIINe KaueCTBCHHbIC
MIOKA3aTeNH ISl TOJyYSHHBIX MIPU CErMEHTAlNH IOJBBI-
OOpOK TaHHBIX.

CyuiecTByI0IIMe MOAXO0AbI

[Ipouiecch! onTHMHU3aLMK METOIOB M MoJieseii 00paboT-
KU JJAHHBIX [TPOUCXOIAT 10 JABYM OCHOBHBIM HAlPaBJICHHU-
sM. Bo-IIepBBIX, OCYIICCTBISIOTCS TIPOLECCHI «ITOBBILICHHUS
KayecTBa» 00pabaThIBAEMBIX IAHHBIX, 3 BO-BTOPBIX, BBI-
TIONHSETCS MOCTpoeHHE YPPEKTHBHON Monmean 00padoT-
ku [4].

K nepBomy HammpaBIIeHUIO OTHOCSTCSI METOBI (hOPMHU-
POBaHHUsI POCTPAHCTBA NMPU3HAKOB. Cpein HUX MOXKHO
BBIJCIIUTD IMOJAXOJblI HA OCHOBC KJIaCTCpHU3allnun, IMOUCKA
TOYEK pa3JiaJIKh BPEMEHHBIX PsiI0B, OOHApYKEeHUs «apeiida
KOHIIENITa» IpH TpaHchopmay CBOWCTB JaHHBIX. B Ma-
IMIMHHOM OOYYECHHMHU TaKWe MOJXOJbl HCIIOJIB3YIOTCS JUIS
pelIeHus paja 3a1a4d pas/eseHus MoCIea0BaTelIbHOCTEH,
ABTOMATHYECKOM reHEepaLiy JOTOTHUTEIBHBIX [IAPAMETPOB
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MeTopn popmMmnpoBaHmnsa CEFMEHTOB MHPOPMALMOHHOM NOCNea0BaTENIbHOCTMU. ..

QITOPUTMOB MAIIMHHOTO O0YYEHUS], BHISIBICHUS HESIBHBIX
MHPOPMALMOHHBIX CTPYKTYP.

OcHoBormonararoiue padoTs! [5—7] onpeaenuiau psija
rapaMeTPUUECKIX METOOB ITONCKA TOYEK, I7IC U3MEHSIOT-
cs cBoiicTBa. HecMOTpsl Ha TOBOJIHO JIUTEIBHOE BPEMs
CYIIECTBOBAHUS, TAKHE METOIIBI IIPOIOIDKAIOT Pa3BUBATHCS.
Hanpuwmep, B [8, 9] npemiokeHs! 0alieCOBCKIE MOIXOIBI
JUTSL peTPeCcCHii TT0 ToYKaM nm3MeHeHust. OJJHako OHH UMEIOT
BBICOKYIO BBIYHCIIUTENBHYIO CIOKHOCTD U TPeOYyIOT O0IIb-
1I0€ KOJIMYECTBO UTEPALIUHI.

st yckopeHus: 00paOOTKH JaHHBIX, IPHU OOJBIIOM
pasmepe NMpoCTpaHCTBa MPU3HAKOB, JUJISl CETMEHTAIMH B
[10—12] npennoxeHbl 2BOJAIOIUOHHBIE anropuTMbl. B [13]
paccMOTpEH METOJI, UCTIONB3YIOIIHH POy Py pacTylie-
T'O OKHA U IOCJIE0BATEIHLHOI0 CPABHEHUS CBOMCTB Cer-
MeHToB. B [14] npeacraBieHo penieHre, 0OCHOBAHHOE Ha
OLICHMBAHWNH XapaKTEPUCTHK U CBOMCTB WH(POPMAITHOHHBIX
MTOCIIEIOBATEIEHOCTEH.

CerMeHTHpOBaHNE JAHHBIX — YaCTO MCIIONB3YEMBIH
METOJ JUTs oCcTenyromero ananmmsa. B pabore [15] Boime-
JIEH psAJl PEIICHUH ISl METOJIOB pa3/IesIeHHs: HacTpOoHKa
CYLIECTBYIOIUX TPAJAULHUOHHBIX aJrOPUTMOB Ha CBOW-
cTBa 00BEKTOB HAONIOJCHHUS, IPEOOPa30BAHNE JAHHBIX
BPEMEHHBIX PSIJIOB B CTATUYECKUE BHIOOPKH JUIS J1ajlb-
Heiield 00padOTKH aNropuTMaMK MAIIMHHOTO 00y4YeHusI,
HCIIONIb30BAaHKE MTATTEPHOB Ha OCHOBE ()OPMBI, IPU3HAKOB
1 Moyiesield, ¢ mocrneyronei nx o00paboTKoN alNropuTMamMu.

OCHOBHOH LIETBIO STHUX METOAOB SIBIISICTCS CO3/IAaHHE
CETMEHTOB HH(OPMAIIOHHOM TTOCIICIOBATEIIHHOCTH U BpE-
MEHHOTO pPs/ia B IeTSIX YMEHBIICHHUS CIOKHOCTH 00paboT-
k1 1 aHanm3a. OHAKO TaKue TMOAXOIBI IMEIOT TIPOOIIEMBI C
MacImTabuPyeMOCTBIO, & HX IPOM3BOAUTEIIFHOCTD 3aBUCHT
OT CBOMCTB 0OBEKTOB HAOIIOACHHUS BHYTPH CETMEHTOB.

B ciydae OTHOCHTENIBHO «IPOCTBIX» JaHHBIX CETMEH-
TUPOBAHHE YaCTO CTAHOBUTCS OJHUM M3 OCHOBHBIX pellie-
HUIA, HAIIPaBJICHHBIX Ha ONTUMH3ALUIO HH()OPMAITHOHHBIX
rocneioBareNbHoCTel. Paznenenne BBIOOPKH Ha CErMEHTEI
I03BOJISIET ONPEJIENUTh BHYTPEHHIOIO CTPYKTYPY JaHHBIX
JUISL TaJTbHEHINeTo aHam3a u 00paboTKH, HCCIeJoBaTh Be-
POSITHBIE CBSI3U MEX1y oObekTamMu HadmroneHui [16, 17].
B HacTosmiee BpeMsi CeTMEHTUPOBAHUE CTAHOBUTCS BaXK-
HBIM HHCTPYMCHTOM JIJISl PEIICHUS Psia MPAKTHICCKUX
3a/1ad MoMCKa 3HaHWH, OOHapyXeHus1 cO0eB W aHOMATNH
[18, 19]. B MeTomax MammHHOTO OOYYEHHST CETMEHTHI MO-
TYT UCTIOIB30BaThCS I (POPMUPOBAHUS METOK HH(DOP-
MalliH, CO/IepKaIIelcsl B HEeMapKHPOBaHHBIX 00pa3lax,
MOJIBBIOOPOK JaHHBIX, O0BCIMHEHHS CXOKUX 00BEKTOB
HaOJoeHus, Bbioopa o0obexros [20, 21].

Bropoe HamnpaBieHne CBsI3aHO C MOMCKOM HauboJee
a¢ ¢ exkTUBHOM MoaeTu 00pabOTKH MOCIICA0BATCILHOCTH.
B npocreiimmx cirydasix MpUMEHSIOTCsT 0a30BbIE allTOPHT-
MBI, HallpUMep: HaUBHBII OaliecoBCKMI KiaccuduraTop
(NB), muneitnabrii muckpumuHaHT (LD), MeTon omopHBIX
BekTopoB (SVM), nepers pernenuii (DT). Jocturaemsie
MU 3HAYCHUS TTOKa3aTeseil KadecTBa 00pabOTKH 3aBHUCAT
OT CBOMCTB 00pabaThiBaeMbIX JaHHBIX. JIMHEHHBIE MOAeTH
6oree yCTOWYMBHI K ITyMy, JIydIIe pabOTalOT Ha KPaTKoO-
CPOYHBIX TIEPHOJAX, HO B CIydae HEJIMHEHHOCTH JIaHHBIX
HEMPUTOAHBI JUIsI TOJITOCPOYHBIX MPOTHO30B [22]. SVM
MIOKa3bIBaCT IJIOXHME PE3YJITaThl IPU HAJTMYMU BEIOPOCOB U
urymoB [23]. LD uyBcTBHUTENEH K pacTpeAeiIeHUIO JaHHbIX.

NB ucnonb3yer He BCerja KOPPeKTHOE MPENONIOKEHIE
0 HezaBucUMOCTU npu3HakoB [24]. DT noasep:keHbl He-
KOHTPOJIUPYEMOMY POCTY B Cydae HAJIWYUsS OOJBIIOTO
KOJIMUECTBa BapuaHTOB [25, 26]. B uensx npeogoiaeHus
0003HAaYCHHBIX MPOOIEMHBIX BOIIPOCOB UCIIOIB3YETCS
MHOTOMOJICITEHBIN TTOIXO/I, HallPpaBJICHHBIN Ha (GopMupo-
BaHHE aHCAMOIs MOJeleld U alTOPUTMOB, COYCTAONTHI
HECKOJIBKO METOZOB MAaIlIMHHOTO 0o0y4eHus. [Ipnmenenne
aHcamO1ell aJrTOpUTMOB HAIPaBICHO HA MOBBIIICHUE Ka-
YECTBEHHBIX TTOKa3aTeneil 00pabOTKH BO MHOTHX 3aadax
aHanu3a JaHHeIX. OHO OCHOBAHO HA OIIEHKE PE3yJIbTAaTOB
Pa3IUYHBIX METOJIOB 00paOOTKH, YTO 1aeT BO3MOXKHOCTh
C0371aTh 00JIee TOUYHYIO MOJICIIb, ATPETHPYIOILYEO BHIXOITHBIC
PE3YNBTaThl. DTO MMO3BOJISIET YIIYUIIUTh PE3yNbTaT MpeJicKa-
3aHUSl U1 YMEHBIIUTh 3aBUCUMOCTb MOJEIN OT KOHKPETHOTO
HaOopa maHHbIX [21]. B HacTosmee BpeMs TakoMy TIOIXOIY
yaesnsieTcss OONbIIOe BHUMAaHUE B HAyYHBIX padoTax I1o
TTOBBITIICHUIO Ka4eCTBa 00PaOOTKU TTOCIEI0BATEIEHOCTH.
AHcamO0JeBBIe METOBI NCTIONB3YIOT Pa3HOPOIHBIE MOJIE-
I, Pa3IMYHOE TIPEICTABICHUE TaHHBIX, IIOIPOCTPAHCTB,
MOABBIOOPOK, AaIMPOKCUMAIINI TApaMETPOB, UTO TaeT BO3-
MOXHOCTb TOOMBATHCS TIOBBIIICHUSI KAY€CTBEHHBIX TO-
KasareJyiell MOJIHOTBI U TOYHOCTH 00padoTku. Mojenu u
AJITOPUTMBI, 00bEAMHCHHBIC B TPYIIIIBI, JICTKO pacrapasuie-
JIUBAIOTCS, YTO MO3BOJISIET UX UCIIOIB30BATH B BBICOKOIPO-
W3BOJIUTENILHBIX BEIUMCIICHUSIX. A Mapajurma ux npuMeHe-
HUS COYCTACT MPOCTHIC 3apPECKOMCHIOBABIIHE CEOsl MOICITH
¢ OoJjiee CIOKHBIMH MOJICIISIMH TITyOOKHX HEHPOHHBIX Ce-
Tell. Bce 3T MeTO/IBI B TOM MM MHOM CTENEHU yJy4dlIatoT
OT/ICNTbHBIC Ka9eCTBEHHBIC TIOKA3aTeNH, OJJHAKO OCHOBHBIMHU
WX HEJTOCTATKaMHU SBISIOTCS CIOKHOCTH (POPMHUPOBAHUS
BEIOOPKH [t oOy4eHms. Kpome Toro, 9acTo BO3HHUKAIOT
CUTYyaIliH, KOT/Ia HePaBUIBHO MOAOOPaHHBIC MOJACTH U
CIOCOOBI arperamuy uX pe3yabTaToB YXYIIIAT 00N
MPOrHo3. A B ciy4yae TpaHC(HOpMAIK CBOHCTB JaHHBIX
MOTYT OBITh 3aTPYAHEHBI Ipoliecchl 00ydeHus [27].

Takum 00pa3oM, cerMeHTaIus HHPOPMAIIHOHHBIX I10-
CJIeI0BaTeIbHOCTEN U PA3BUTHE METOJI0B, YUUTHIBAIOLIUX
JIOKQJIbHBIC CBOWCTBA JAHHBIX, SBIISIOTCS aKTyaJIbHBIMU
MPOOIEMHBIMU BOIIPOCAMH JIJISI METOIOB MAIIMHHOTO 00-
YYCHUS.

ITocTanoBKka 3a1a4un

dopmupoBaHue BpeMEHHBIX PSI0B U MH(POPMAIHOH-
HBIX TIOCJIEZIOBATEIBLHOCTEH OCYIECTBISIOTCS B LEISX
OIICHKH, KOHTPOJISI COCTOSIHUSI, PE)KUMOB paOOTHI U Xa-
PaKTEpUCTHK CUCTEMBI. [Ipy BO3HUKHOBEHUH PA3IMIHBIX
BO3/ICICTBHUII Ha aHATN3UPYEMBbIii OOBEKT B OLPEIICIICHHBIC
MOMEHTBI BPEMEHH BO3MOKHO PE3KOE M3MECHEHHE 3HAYCHU
OTCIIeKHMBAEMBIX MTapamMeTpoB. OOHApY)KEHUE TAKIX TOUCK
JaeT BO3MOXKHOCTB BBIJICJIUTH CETMEHTHI. J{JIs pereHus
9TOH 3a1a4M MOTYT OBITH HCIIONB30BAHBI PA3IMYHbIE METO-
JbI KJTaCTEpU3allu, CCTMCHTAlUN U Pa3ACIICHUA BI)I60pKI/I.

Pe3yJ'[I)TaTI)I TaKUX METOAOB 3aBUCAT OT HACTPOCK, MEC-
TPUK PaCCTOSAHUA, TOUYHOCTHU BBIYUCIICHUA TOYCK pas3ia K1
B ITOCIIE/IOBATENBHOCTSIX. I3MeHeHne OTAeNbHBIX TapamMe-
TPOB MPHUBOJUT K pa3HbIM pe3yasraram. Kpome Toro, Bo3-
HHUKAIOT TPOOJIEMBI OIIPE/ICTICHHUS KOJIMUECTBA CETMEHTOB.
CBoiicTBa 00BEKTOB HAOIIOACHNS B CETMEHTAX OTIMYAIOT-
Csl, YTO TIPUBOJUT K TOMY, YTO Pa3IMYHbIC MOJIETIH 00paboT-

476

Hay4yHOo-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHONOMMIA, MeXaHUKN 1 onTukn, 2024, Tom 24, N2 3
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 3



[.40. TuxoHos, N.C. Jlebenes

KM MOTYT UMCTh Pa3HbIC 3HAYCHUS TIOKa3aTelci KadyecTBa
Ha CEerMCHTAaX, a YCPCIHCHHBIC 3HAYCHUS CYLICCTBEHHO
OTJIUYATHCS B 3aBUCUMOCTHU OT IIPUMCHICMBIX MCTOIOB
pa30ueHNUs U KOJTHYCCTBA CETMCHTOB.

B cBsI31 ¢ 5TUM BO3MOXKHO HCIOJIb30BAHHE TTOKA3ATEIIsI
KavyecTBa Moeneid 00paboTKH It BEIOOpa crmocoda cer-
MEHTHUPOBAHHS U KOJIMYECTBA CETMEHTOB.

dopManbHYO OCTAHOBKY 3a/1a4H [IPEICTABUM CIICY-
FOIIUM 00pa3oM.

Nmeercs nHpopManmoHHasi MOCIEA0BATEIbHOCTD
00bekToB HabmomaeHus X. OnpenesneHbl Moaean odpa-
6otku {aj, ..., ay} € A ¥ METOIbI CETMEHTALIUHU JAHHBIX
{Mla te HL} €.

Ienbro sBAsSETCS MOMCK METONA [W* U €ro xapakre-
PHUCTHUK pas,ueneHI/m MTOCJICIOBATCIILHOCTH Ha CErMCHTHI
XM= (X1, mm} MIpH KOTOpOM (DyHKIIMOHA Kade-
CTBa KaXJ0U MO,I[CJ'II/I 00paboTkH a; € A, Ha3HAYEHHOI
Ha onpe;[eneHHLIﬁ CEerMeHT, UMEeT Jyulliee 3HaYeHUE

O(afx), X [H*) —  max
a;€A4, p*ep

B pesynbrare Bo3HHMKaeT 3aja4a pa3zpabOTKH METoJa
(hopMHpOBaHUS CErMEHTOB MH()OPMAIIMOHHO MOCIe10-
BaTEeIbHOCTH. METO/| JOIDKEH OTIMYATHCSI OT M3BECTHBIX
HCIIONIb30BaHNEM (DyHKIIMOHAJA KadecTBa Mojeiei 00-
paboTK! Ha MONBHIOOPKAX MaHHBIX, YTO TTO3BONHUT cop-
MHUPOBaTh arperaiMoHHY0 MOAEIb, OCYIIECTBISIONLYIO
Ha3HA4YEHHE JIy4IINX [0 KaUE€CTBEHHBIM [TOKA3aTeNIsIM MO-
JleJIed Ha CETMEHTHI.

IlpennaraeMslii MeTOq

B xadecTBe Mozenel MOTYT BBICTyHaTh 6a30BbIE alro-
PUTMBI 00PaOOTKH JaHHBIX, HAIIPUMED: JIMHEHHasI perpec-
CHsl, JICPEBbsl PELICHUI MM MallnHa ONOPHBIX BEKTOPOB.
MeTozbl CerMEeHTAIMU ONPEICIISIOTCS UCXO/Sl U3 CBOWCTB
ToCJIeI0BaTeNIbHOCTE! TaHHBIX. [lIst pemenus perpeccu-
OHHBIX 3a/1a4 MOTYT OBITh, HAIIPUMED, AITOPUTMBI KJlacTe-
PpH3aLIK WM TIOMCKa ToYeK pasianku. Beibop merona pas-
OVeHNST OTPAaHWINBACTCS BBIYNCIUTEILHON CIIOKHOCTBIO U
PECYpPCOEMKOCTEIO.

TTocnenoBaTenpbHOCTH OOBEKTOB HAOIIOLEHUS CET-
MEHTHpPYETCsl MeTogamMu {W, ..., i} € 1. Bce momenn
{ay, ..., ay} € A, obyuarorcs Ha Bcex cerMeHTax. Ha xax-
JbIi CErMEHT Ha3Ha4aeTcs MOENb d;, KOTOpas UMeeT JIyd-
HIMe 3HAUYEHUs! BHIOPAHHOTO MoKa3arens kadectsa. s
HOJYYEHHOTO pa30ueHusi BHIOOPKH CTPOUTCS arperupo-
BaHHAsl MOJIeTb 00pabOTKH, COCTOSIIAsT U3 aJITOPUTMOB
{ay, ..., ay} € A, B KOTOpOIl anropuT™ a; € A BeIOUpaeTCs
1 Ha3HA4YaeTcsl Ha TOT CEIMEHT, KOTOPBIH MMEeT JIydIine
3HAUECHUS [T0KA3aTeNsI KaYeCcTBa [0 CPABHEHHIO C IPYTHMHU
anroput™Mamu. B nanpHeiimem a; 06pabaTbiBaeT TONBKO
JIaHHBIC, IPUHAIC)KAINE STOMY CETMEHTY.

Peanunzamust MeTona pennonaraeT BBIMOIHEHNE Clle-
JYIOIIUX IIIaroB.

[ar 1. ®opmupyercs TPEHUPOBOYHBIN AaTaceT X, co-
JIeprKaluil 00ydaroIiyto MOCIe10BaTeIbHOCTb.

llar 2. Onpenensercs L MmeTons! {Wy, ..., i} € WL pas-
OueHust BHIOOpKHU X.
Hlar 3. Onpenensterca N monen {ay, ..., ay} € A 00-

pabOTKH JaHHBIX BBIOOPKH X.
[ar 4. 3amaercs ¢pynkunonan kagectsa Q(a(x), X).

[ar 5. Onpenensiercs: M MakCUMalbHOE KOJIMYECTBO
CErMEeHTOB.
[ar 6. BermonHseTcs MUK iepedopa METOI0B pa3ou-

eHus Be1oopku /=1, ..., L.
[ar 7. BeinonHseTcs LMK, YBEIMYUBAIOLIMNA KOJIHYe-
CTBO CETMEHTOB Ha KaxkjoM mare m =1, ..., M.

[ar 8. Brrdopka X oOpabaTeiBaeTCsi METOIOM pazOu-
CHUS L.

Ilar 9. ®opmupyrotes cermentsr (X b X/ill

X, t } € X" s Texymero MeTona pa36HeHH51 L; ¥ KOJIH-
qecha CETMEHTOB /1.

[ar 10. BemmonHseTCs MUK mepedopa CErMEHTOB
j=1,...,m.
[ar 11.
i=1,

[Mar 12. Bemmonzsercst 00yueHne MOAEIH a; Ha Cer-
MeHTe X o

“ey

BeimmonHseTcs nuka mepebopa Moaenei

[Tar 13 OxuiaHre OKOHUaHMS ITUKIIa Tiepedopa Mojie-
nel (eci HeT OKOHYAHHUS IUKJIA, TO Mepexof k mary 11).

[Iar 14. Ha cermenTe X Y ompenensercs dydmas u3
mozenei {ay, ..., ay} € 4 10 $HAYCHHIO [I0KA3ATENs Kade-
cTBa a’w = arg maxQ(al.(x X Hi ).

a;€A

[ar 15. Oxumanue OKOHYAHUS IUKJIA Tiepedopa cer-
MCHTOB (GCJ'[I/I HET OKOHYaHUA IUKJIA, TO IEPEXOoA K 1Iary
10).

[Iar 16.
— {Xl XMW

T

W _
Onpenenserca BbOOpKa X,

[ar 17. ®opmupyercst MOLEIb U3 MOAEIEH, onpeie-
JICHHBIX Ha mare 14 {alw, , @"w} € A, mOoKa3pIBaroOIas
Jy4Iiie pe3yNbTaThl 0 3HAYCHHIO TIOKA3aTellsl KadecTBa,
roce 00pabOTKH METOJIOM L; M COAEPIKALIAst 711 CETMEHTOB
Ha BbIOOpKe X MY

alu(x, Xf;‘l), xeX{!
at(x, XV
am(x, X, ,S:lll), xeX r;l:l]

[ar 18. Oxuganne OKOHYAHUS ITUKJIA YBEIHICHUS
KOJTMYECTBAa CETMEHTOB (€CIM HEeT OKOHYAHUS IHKIIA, TO
Mepexo K mary 7).

[Tar 19. OnpenensieTcsi KOIUIECTBO CETMEHTOB TP
pa30ueHn METOZIOM L, HAa KOTOPOM OBUI JJOCTUIHYT JTyd-
IMii MoKa3aresb KauecTsa m* = ar{glmax} O(ah (x, X11).

meql,...

Iar 20. Onpenensiercst BeiGopka X i, = {X i/, ..

X Hz}

[ar 21. OmpenenseTcst MOACITH P Pa30UCHUH METO-
):[OM L, KOTOpast JOCTUTAET JIy4IlEero MoKa3aTess KadecTBa

e W
=(x, mw) =arg maxQ(a,, (x, X, ')).
aed
m

[ar 22. OxunaHre OKOHYAHUS IHKIIA ITepedopa METo-
JTOB pa30HeHuUs BEIOOPKU (eCIi HeT OKOHYAaHUS ITUKIIA, TO
mepexo K mary 6).

[ar 23. Berbupaercss MeTon pa3OueHUs BHIOOPKH,
TZie JOCTUTAETCS MaKCHMAaJIbHBIN MOKa3aTelb KauyecTBa
l’l' arg maxQ(amu,(x mHz))

WER

[ar 24. OmnpenensieTcss KOJIUYECTBO CETMEHTOB

*
mt = arg max Q(amw(x mH/))

me{l,...M}

ml/ll
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Hlar. 25. Omnpenensorcs CerMeHTHl BHIOOP-
KM, 00paboTaHHOW BBIOPAHHBIM METOIOM pa30MEeHUs
o w
X=X, o X

[ar. 26. @opmupyercs Moaeas 00padoTKH
aﬁl;*(x, Xﬁ;), XE€E X‘Lﬁ
aw(x, Xw) =

ab(x, XM, x e XM

[IpencraBneHHas alTOPUTMHYCCKAS MTOCIICIOBATEIh-
HOCTP ICHCTBUH JTaeT BOSMOXKHOCTE ONPEICITUTD Ty
13 3apaHee BRIOPAHHBIX METOJ] CETMEHTAINN W KOJTHIECTBO
CEerMeHTOB, C(OPMHPOBATH MOJIENTb 00pabOTKH, TAe HA
K&Kl CETMEHT Ha3HAYaeTCs CBOM aJITOPUTM, IOKa3bl-
BAIOIIMK B Mpoliecce o0ydeHus Jy4dIIuid pe3yabTaT Ha
JTAHHOM CETMEHTE.

BKCHepHMeHTaJI])HOG HCCJICI0BaAHME METOAA

Llestb mpoBeieHUs HKCIIEPUMEHTa COCTOsIa B OLICH-
K€ TIOBBINICHUS KaUeCTBCHHBIX IMOKa3areneit o0paboTku
MH()OPMAIMOHHBIX MOCIIEI0OBATEILHOCTEH IPU MPUMEHe-
HHUM paccMaTpHBaeMoro mMerona. Tak Kak OH MCHOJIB3YeT
CEIrMCHTAIlUIO BBI60pKI/I JAaHHBIX, TO OBLIH PaCCMOTPECHBI
JBa OCHOBHBIX IMOAXOAA K pa3ACICHUIO. HpI/I TMICPBOM I1OA-
XO0JI€ TIOCJIE/I0BATEIBHOCTh 00padaThiBaliach allrOPUTMOM
knacrepuzanuu k-ommkaiinmx coceneit (KNN), rpanuiibt
CErMeHTa OIpeNesUINCh PUHAJICKHOCTBIO KIIACTEpYy.
Bo BTOpOM — TIpUMEHEH MOIX0[, Pa3AesIONIi moce-
JIOBAaTeNIbHOCTh Ha PaBHBIC 10 KOJIMYCCTBY HAOMIOICHUIH
CETMCHTHI.

3HaueHUs MOKa3aTels KadecTBa 00paboTKU JaHHBIX
ompenemsuuch MeTpukoil Root Mean Squared Error
(RMSE):

Ln
—2 0= (D

ni=1

I7ie y; — pealbHOE 3HAYEHHE; J; — MPEACKa3aHHOE 3Haye-
HHE; 11 — KOJIMYECTBO 0OBLEKTOB HAOIIONEHHUS.

Jnst 00paboTKH AaHHBIX BBHITIOJIHSIIOCH pa3/ieieHHe Ha
[OCJIE0BAaTeILHOCTH Ha 711 YacTed 000MMHU MOAXOJaMU.
Ha kakJJoM cerMeHTe BBINOIHSUIOCH 00yYeHNE aIropuT™Ma
nuHelHo# perpeccun. Ilocne 3Toro Ans BXoAHON mocie-
JIOBaTEJILHOCTH ONpE/eNsulach MPHHA/IEKHOCTh 00beKTa
HaOMIONEHUS U 3HAYEHUE J; IPeICKa3bIBAJIOCh aITOPUTMOM,
Ha3HAYEHHBIM HA CETMEHT.

Ha puc. 1 nokasansl MOAeIbHBIE JAHHBIE SKCIIEPUMEH-
Ta: 3aBHCHUMOCTbH JUIsl BCeW BBIOOPKH; pa3OMeHNe HA TPH
PaBHBIX 110 KOJMUYECTBY 0OBEKTa HAOJNIONEHUSI CErMEHTa
U CEerMeHThl, onpeaeseHuble anroputMoM KNN ¢ tpemst
3aJaHHBIMH KJIaCTEPAMHU.

Ha puc. 2 npencrasnena quarpamma 3HaueHUH (yHK-
uu oteps (1) st Beelt Beibopku nienukom (RMSE all) u
TIPY JIeJICHUU Ha TPH cerMenTa nByMs nojaxonamu (RMSE
seg, RMSE knn). BerancneHnusie 3Ha4CHHS BBIPAKCHUS
(1) moka3pIBAIOT MPEMMYIIIECTBO MCIIOIB30BAHUS METOIOB

pazzeneHus Nocie0BaTeNbHOCTH JaHHbIX. [Ipryem pazou-
€HMe Ha PaBHBIE YACTH JJIsl PACCMaTPUBAEMOT0 ClTydasi OKa-
3aJ10Ch MIPEANOUTUTENbHEE UCTIONb30BaHus MeToga KNN.

BeImonHuM yBenMueHue m 9uciia CErMEHTOB BYMs BbI-
OpanubIMu noztxoiamu. Ha puc. 3 npuBeneHa 3aBUCHMOCTD
3HaueHnil RMSE nuHelHoil perpeccuu 0T KoJIM4ecTBa cer-
MEHTOB, TOJYYEHHBIX IPH JICICHAH TTOCIIEI0BATEIEHOCTH
Ha pPaBHbIE YAaCTHU U NpH Ucnonb3oBaHuu KNN.

W3 puc. 3 BUIHO, 9TO 3Ha4eHUS (QYHKIUH TOTEPH
YMEHBIIAIOTCS MIPH YBETUYCHUN KOITNYECTBA CETMEHTOB.
[Iprdem Ha TpeaCTaBICHHBIX AAHHBIX pa3[eieHHe cer-
MEHTOB Ha paBHbIC YaCTH MPHU MaJbIX 3HAYCHUIX YHUCTIA
CErMEHTOB 71 TI03BOJISIET MOJMYYUTh 3HAYCHHS (DYHKIHH
noreps Jyuine, yeM metogoM KNN. B nanbHeiiem mpu
YMEHBIICHNH pa3Mepa Kilactepa BIOOp METoa IOYTH He
BJIMSET HA PE3yIbTaT.

Janee 1u1st poBeAEHNUS SKCIIEPUMEHTA ObLIT BHIOpAH
HabOp JaHHBIX, MO3BOJSIOMIMN pelaTh 3aJadd MHOXe-
CTBEHHOMH perpeccuu. B xauecTBe 6a30BBIX aJITOPUTMOB
ompeneneHs! TuHelHas perpeccus (LR), perpeccus rayc-
coBa miporiecca (GR), mammHa onopHbIX BekTopoB (SVM),
nepesbs pemrenuii (DT).

Ha puc. 4 npencrasnens! rpadguku RMSE (m) Beipaxe-
Hus (1) ans anroputmoB LR, GR, SVM, DT.

I'padpuxu puc. 4 moOKa3pIBAIOT, YTO B psiJe CIydacs,
Hanpumep ans anroputmoB LR, SVM, GR ymensbiienue
pa3mepa cerMenTa 0e3 ydera CBOMCTB cojepikalieiics B
HeM nHpopManuy (HanpasieHHne TpeHaa, pa3dpoc TaHHbIX )
MOKET ITPUBOUTS K YITYUIIEHHIO KaYeCTBEHHBIX ITOKa3aTe-
neit 00paboTKH.

HecmoTpst Ha oTydeHHBIE BHICOKHE PE3YIBTAThI IS
Pa3INYHBIX JaTaceToB, I7I€ MPUMEHEHNE NIPEJIaraeMoro
METO/Ia MO3BOJISIET TIOBBICUTH KaueCTBEHHBIE MTOKA3aTEIH
OTACTHHBIX AJTOPUTMOB U YMEHBIIUTH BBIYUCIUTEIBHYIO
CIIO)KHOCTb, JUIS €T0 MCIIONB30BaHNS HEOOXOINM Tpe/iBa-
PUTENBHBIN aHANN3 JaHHBIX, HAMIPABICHHBII HA OLICHKY
peInpe3eHTaTUBHOCTH, OJJHOPOJHOCTU U aJ€KBaTHOCTHU
BbIOOpKH. OTMETUM, 4TO HE JJISl BCEX MOJENE! IpeJyio-
JKEHHBII MeTo/l MOXKeT ObITh 3 dekTuBen. Hanpumep, Ha
anroput™ DT ymMmeHblIeHne pa3Mepa KiaacTepa MOUYTH HE
OKa3bIBaeT BIMSHUS, a 3HaUeHue rnokazarenss RMSE nis
HETro OCTAeTCs Ha OJJHOM YPOBHE.

Jlpyrast 0cOOEHHOCTh MTPEATIATaeéMOT0 METOIa COCTOUT
B BO3MOXKHOCTH ITOCTPOEHUS arperaliioHHON (DyHKINH
MPUMEHEHHUS Pa3INYHBIX aITOPUTMOB Ha Pa3HbIX CETMEH-
Tax. B pamkax skcriepuMeHTa Ha BBIOPaHHOM JiaTaceTe Mpu
pa3nenenun Ha 10 paBHBIX 1O pa3Mepy CETMEHTOB — Ha
Ka)KJIOM CETMEHTE BBIOPAHHBIC aITOPUTMBI IOCTUTAIOT pa3-
HBIX pe3ynbTatoB. Ha puc. 5 npuBenens! 3HaueHns RMSE
aJIropuTMOB Ha KaxaoM u3 10 cermentos. [Ipu ananuse
TUCTOTpaMM BHUJAHO, uTo anroput™m GR nemoncTpupyer
Jy4Illue 3HaueHus, HO Ha cerMeHTax Ne 3 u Ne 7 jryumiue
3HaueHMs NokKasbiBaeT anroput™ LR, a Ha cermente Ne 9 —
SVM.

3aMeTHuM, 94TO MOXKET OBITH IIeNIecO00pa3Ho B CiIydae
OTIPEJICJICHNS CBOMCTB AAHHBIX BHYTPH CETMEHTOB pe-
IICHNE 33/1a41 110 Ha3HAYCHMIO JIYYIIETO alropuT™Ma Ha
CETrMEHT, TJI¢ OH MOKAa3bIBACT JIYUIINe 3HAUYCHHS.
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Puc. 1. HazHaueHne MOJIeTIC HA CETMEHTBI: BCSI ITOCIICIOBATEIIEHOCTD LIEIUKOM (); pa3/ielicHHIE TOCIIEA0BaTEIFHOCTH Ha PABHBIC
qacti (b—d) u merogom KNN (e—g)

Fig. 1. Assignment of models to segments: the entire sequence (a); sequence division into equal parts (b—d) and KNN method (e—g)
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Puc. 2. dynkmms norepr RMSE Ha Bceit Beibopke (RMSE all)
U TIPH JICJICHUH Ha TPH CErMEHTA PABHBIM KOJIUYECTBOM
o6bexroB HaOmoneHust (RMSE seg) n metomom KNN
(RMSE knn)

Fig. 2. Loss function RMSE on the entire sample (RMSE all)
and when divided into three segments by an equal number of
observation objects (RMSE seg) and the KNN method (RMSE
knn)
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Puc. 3. 3aBucumocts 3HaueHnit RMSE ot xonudecTsa
CErMEHTOB 7 JJIsl JINHEHHON perpeccuu Mpu pas3ieaeHuu Ha
paBHBIC YacTH MO KonudecTBy 00bekToB (LR seg) u meTomom
KNN (LR knn)

Fig. 3. Dependence of RMSE values vs. the number of segments
m for linear regression when divided into equal parts by the
number of objects (LR seg) and the KNN method (LR knn)
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Puc. 4. 3aBucumocts 3Hauennit RMSE pa3innuHbIX aJropuTMOB OT KOJIMUECTBA CETMEHTOB M JUIsi MHOXKECTBEHHOM perpeccuu
IIPU CeTMEHTHUPOBAHMH JIeJIeHHEM Ha paBHbIe oTpe3kH (a) 1 Metorom KNN (b)

Fig. 4. RMSE values dependence of various algorithms vs. the m segments number for multiple regression when segmented by
division into equal segments (a) and the KNN method (b)
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Fig. 5. RMSE values of LR, SVM, GR algorithms for different segments

3akJ/ouenne

[IpemuToyKeHHBII METO TI03BOJISICT COBEPIIICHCTBOBATh
arcamOreBbie MeTonbl. OH HaIPaBIICH HA YITyUIICHHE MTOKa-
3aresneil kadecTBa 00pabOTKH HHPOPMAIIMOHHBIX TTOTOKOB
1 BBIOOPOK JIAHHBIX [TPU OTpaHUYIeHHH pecypcoB. HoBu3Ha
METO/Ia 3aKJIF0YAETCs B UCIIOIb30BaHNH (DYHKIMOHANA Ka-
4ecTBa MoJieie 00pabOTKH MpHU cerMeHTaIui HHPOopMa-
[HOHHBIX MOCIICI0BATEIBHOCTEH, YTO TTO3BOJIACT (POPMHPO-
BaTh arperaloHHYI0 MOJIENb, MCIIONB3YIOIYI0 Ha3HAYCHHE
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used in remote sensing applications // Applied Sciences. 2022. V. 12.
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JYYIIUX MO0 KaYCCTBCHHBIM ITOKA3aTCJiAM aJIlTOPUTMOB Ha
cermeHThl. Ha KaXXaA0M CEIMCHTE MO OTACIBHOCTH IIPO-
UCXOAUT 00y4eHue, a 3aTeM BbIOMPAETCsl U Ha3HauyaeTCs
QJITOPUTM C JIy4IIMMHU KaueCTBEHHBIMH MOKA3aTEIISIMH JIJIS
JTAaHHOTO CErMEHTA.

[Iprmenenne MeToa MO3BOJISIET UCTIOIB30BaTh MEHEE
pecypcoeMKHe Mosies 00pabOTKH JaHHBIX, YTO JaeT BO3-
MO)KHOCTb CHU3HUTh BBIYUCIIUTENIBHbIC 3aTPaThl Ha Iepeoo-
YUYCHHUE B CITy4ae H3MCHEHUS CBOMCTB JaHHBIX.

References

1. Marques H.O., Swersky L., Sander J., Campello R., Zimek A. On the
evaluation of outlier detection and one-class classification: a
comparative study of algorithms, model selection, and ensembles.
Data Mining and Knowledge Discovery, 2023, vol. 37, no. 4,
pp. 1473-1517. https://doi.org/10.1007/s10618-023-0093 1-x

2. Mishra S., Shaw K., Mishra D., Patil S., Kotecha K., Kumar S.,
Bajaj S. Improving the accuracy of ensemble machine learning
classification models using a novel bit-fusion algorithm for healthcare
Al systems. Frontiers in Public Health, 2022, vol. 10, pp. 1-17.
https://doi.org/10.3389/fpubh.2022.858282

3. Ren ., Tapert S., Fan C.C., Thompson W.K. A semi-parametric
Bayesian model for semi-continuous longitudinal data. Statistics in
Medicine, 2022, vol. 41, no. 13, pp. 2354-2374. https://doi.
org/10.1002/sim.9359

4. ZhangY., LiuJ., Shen W. A review of ensemble learning algorithms
used in remote sensing applications. Applied Sciences, 2022, vol. 12,
no. 17, pp. 8654. https://doi.org/10.3390/app12178654

480

Hay4HO-TeXHNYeCKnin BECTHUK MHPOPMALNOHHbBIX TEXHONOMMIA, MEXaHWUKKN 1 oNTuKK, 2024, Tom 24, N2 3
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 3


https://doi.org/10.1007/s10618-023-00931-x
https://doi.org/10.3389/fpubh.2022.858282
https://doi.org/10.3389/fpubh.2022.858282
https://doi.org/10.1002/sim.9359
https://doi.org/10.1002/sim.9359
https://doi.org/10.3390/app12178654
https://doi.org/10.1007/s10618-023-00931-x
https://doi.org/10.3389/fpubh.2022.858282
https://doi.org/10.1002/sim.9359
https://doi.org/10.1002/sim.9359
https://doi.org/10.3390/app12178654

[.40. TuxoHos, N.C. Jlebenes

10.

12.

15.

20.

21.

22.

23.

Bellman R. On the approximation of curves by line segments using
dynamic programming / Communications of the ACM. 1961. V. 4.
N 6. P. 284-301. https://doi.org/10.1145/366573.366611

Page E. A test for a change in a parameter occurring at an unknown
point // Biometrika. 1955. V. 42. N 3/4. P. 523-527. https://doi.
org/10.2307/2333401

Fisher W.D. On grouping for maximum homogeneity // Journal of the
American Statistical Association. 1958. V. 53. N 284. P. 789-798.
https://doi.org/10.1080/01621459.1958.10501479

Melnyk 1., Banerjee A. A spectral algorithm for inference in hidden
semi-Markov models // Journal of Machine Learning Research. 2017.
V. 18. N 35. P. 1-39.

Bardwell L., Fearnhead P. Bayesian detection of abnormal segments
in multiple time series / Bayesian Analysis. 2017. V. 12. N 1. P. 193—
218. https://doi.org/10.1214/16-ba998

Chung F.-L., Fu T.-C., Ng V., Luk R.W.P. An evolutionary approach
to pattern-based time series segmentation // IEEE Transactions on
Evolutionary Computation. 2004. V. 8. N 5. P. 471-489. https://doi.
org/10.1109/tevec.2004.832863

. Levchenko O., Kolev B., Yagoubi D.E., Akbarinia R., Masseglia F.,

Palpanas T., Shasha D., Valduriez P. BestNeighbor: efficient
evaluation of kNN queries on large time series databases //
Knowledge and Information Systems. 2020. V. 63. N 2. P. 349-378.
https://doi.org/10.1007/s10115-020-01518-4

Nikolaou A., Gutiérrez P.A., Duran A., Dicaire 1., Fernandez-
Navarro F., Hervas-Martinez C. Detection of early warning signals in
paleoclimate data using a genetic time series segmentation algorithm
/I Climate Dynamics. 2015. V. 44. N 7. P. 1919-1933. https://doi.
org/10.1007/s00382-014-2405-0

. Liu N., Zhao J. Streaming data classification based on hierarchical

concept drift and online ensemble / IEEE Access. 2023. V. 11.
P. 126040-126051. https://doi.org/10.1109/access.2023.3327637

. Zhong G., Shu T., Huang G., Yan X. Multi-view spectral clustering

by simultaneous consensus graph learning and discretization //
Knowledge-Based Systems. 2022. V. 235. P. 107632. https://doi.
org/10.1016/j.knosys.2021.107632

Liakos P., Papakonstantinopoulou K., Kotidis Y. Chimp: efficient
lossless floating point compression for time series databases //
Proceedings of the VLDB Endowment. 2022. V. 15. N 11. P. 3058-
3070. https://doi.org/10.14778/3551793.3551852

. Jlebenes U.C. CermMeHTHpOBaHHE MHOXKECTBA IAHHBIX C YUYETOM MH-

¢dopmanuu Bo3xelcTBylomux ¢akropos // MudpopmannoHHO-
ynpasisitonue cucreMsl. 2021, Ne 3(112). C. 29-38. https://doi.
org/10.31799/1684-8853-2021-3-29-38

. Mansues I"H., SIxumos B.JI. IToxxoxn k ¢popMupoBaHmIo 0000IIEHHBIX

apaMeTpoB TEXHUYECKOTO COCTOSTHUS CIIOKHBIX TEXHHYECKUX CH-
CTEM C MCIOJIb30BAaHUEM HEHpoceTeBhIX cTpyKTyp // Hayuno-
TeXHHYECKUH BECTHUK HH()OPMAIIHOHHBIX TEXHOJIOTHIl, MEXaHHKHU U
orrrukd. 2023. T. 23. Ne 4. C. 828—835. https://doi.org/10.17586/2226-
1494-2023-23-4-828-835

. Shili H. Clustering in big data analytics: a systematic review and

comparative analysis (review article) / HayuHo-TexHHYeCKHI BeCT-
HUK MH(QOPMAIMOHHBIX TEXHOJIOIMH, MEXaHUKU U onTuKU. 2023.
T. 23. Ne 5. C. 967-979. https://doi.org/10.17586/2226-1494-2023-
23-5-967-979

. Lebedev L.S., Sukhoparov M.E. Adaptive Learning and integrated use

of information flow forecasting methods // Emerging Science Journal.
2023.V.7.N 3. P. 704-723. https://doi.org/10.28991/esj-2023-07-03-
03

Tong W., Wang Y., Liu D. An adaptive clustering algorithm based on
local-density peaks for imbalanced data without parameters // IEEE
Transactions on Knowledge and Data Engineering. 2023. V. 35. N 4.
P. 3419-3432. https://doi.org/10.1109/tkde.2021.3138962

Silva R.P., Zarpelao B.B., Cano A., Junior S.B. Time series
segmentation based on stationarity analysis to improve new samples
prediction // Sensors. 2021. V. 21. N 21. P. 7333. https://doi.
org/10.3390/s21217333

Barzegar V., Laflamme S., Hu C., Dodson J. Multi-time resolution
ensemble LSTMs for enhanced feature extraction in high-rate time
series // Sensors. 2021. V. 21. N 6. P. 1954. https://doi.org/10.3390/
s21061954

Huang W., Ding N. Privacy-preserving support vector machines with
flexible deployment and error correction // Lecture Notes in Computer
Science. 2021. V. 13107. P. 242-262. https://doi.org/10.1007/978-3-
030-93206-0_15

11.

13.

14.

16.

17.

19.

20.

21.

22.

23.

Bellman R. On the approximation of curves by line segments using
dynamic programming. Communications of the ACM, 1961, vol. 4,
no. 6, pp. 284-301. https://doi.org/10.1145/366573.366611

Page E. A test for a change in a parameter occurring at an unknown
point. Biometrika, 1955, vol. 42, no. 3/4, pp. 523-527. https://doi.
org/10.2307/2333401

Fisher W.D. On grouping for maximum homogeneity. Journal of the
American Statistical Association, 1958, vol. 53, no. 284, pp. 789-798.
https://doi.org/10.1080/01621459.1958.10501479

Melnyk I., Banerjee A. A spectral algorithm for inference in hidden
semi-Markov models. Journal of Machine Learning Research, 2017,
vol. 18, no. 35, pp. 1-39.

Bardwell L., Fearnhead P. Bayesian detection of abnormal segments
in multiple time series. Bayesian Analysis, 2017, vol. 12, no. 1,
pp. 193-218. https://doi.org/10.1214/16-ba998

. Chung F.-L., Fu T.-C., Ng V., Luk R.W.P. An evolutionary approach

to pattern-based time series segmentation. /EEE Transactions on
Evolutionary Computation, 2004, vol. 8, no. 5, pp. 471-489. https://
doi.org/10.1109/teve.2004.832863

Levchenko O., Kolev B., Yagoubi D.E., Akbarinia R., Masseglia F.,
Palpanas T., Shasha D., Valduriez P. BestNeighbor: efficient
evaluation of kNN queries on large time series databases. Knowledge
and Information Systems, 2020, vol. 63, no. 2, pp. 349-378. https://
doi.org/10.1007/s10115-020-01518-4

. Nikolaou A., Gutiérrez P.A., Duran A., Dicaire I., Fernandez-

Navarro F., Hervas-Martinez C. Detection of early warning signals in
paleoclimate data using a genetic time series segmentation algorithm.
Climate Dynamics, 2015, vol. 44, no. 7, pp. 1919-1933. https://doi.
org/10.1007/s00382-014-2405-0

Liu N., Zhao J. Streaming data classification based on hierarchical
concept drift and online ensemble. /EEE Access, 2023, vol. 11,
pp. 126040—126051. https://doi.org/10.1109/access.2023.3327637
Zhong G., Shu T., Huang G., Yan X. Multi-view spectral clustering
by simultaneous consensus graph learning and discretization.
Knowledge-Based Systems, 2022, vol. 235, pp. 107632. https://doi.
org/10.1016/j.knosys.2021.107632

. Liakos P., Papakonstantinopoulou K., Kotidis Y. Chimp: efficient

lossless floating point compression for time series databases.
Proceedings of the VLDB Endowment, 2022, vol. 15, no. 11,
pp. 3058-3070. https://doi.org/10.14778/3551793.3551852
Lebedev 1. Dataset segmentation considering the information about
impact factors. Information and Control Systems, 2021, no. 3(112),
pp- 29-38. (in Russian). https://doi.org/10.31799/1684-8853-2021-3-
29-38

Maltsev G.N., Yakimov V.L. Approach to the generalized parameters
formation of the complex technical systems technical condition using
neural network structures. Scientific and Technical Journal of
Information Technologies, Mechanics and Optics, 2023, vol. 23,
no. 4, pp. 828-835. (in Russian). https://doi.org/10.17586/2226-
1494-2023-23-4-828-835

. Shili H. Clustering in big data analytics: a systematic review and

comparative analysis (review article). Scientific and Technical
Journal of Information Technologies, Mechanics and Optics, 2023,
vol. 23, no. 5, pp. 967-979. https://doi.org/10.17586/2226-1494-
2023-23-5-967-979

Lebedev 1.S., Sukhoparov M.E. Adaptive Learning and integrated use
of information flow forecasting methods. Emerging Science Journal,
2023, vol. 7, no. 3, pp. 704-723. https://doi.org/10.28991/esj-2023-
07-03-03

Tong W., Wang Y., Liu D. An adaptive clustering algorithm based on
local-density peaks for imbalanced data without parameters. /EEE
Transactions on Knowledge and Data Engineering, 2023, vol. 35,
no. 4, pp. 3419-3432. https://doi.org/10.1109/tkde.2021.3138962
Silva R.P., Zarpeldao B.B., Cano A., Junior S.B. Time series
segmentation based on stationarity analysis to improve new samples
prediction. Sensors, 2021, vol. 21, no. 21, pp. 7333. https://doi.
org/10.3390/521217333

Barzegar V., Laflamme S., Hu C., Dodson J. Multi-time resolution
ensemble LSTMs for enhanced feature extraction in high-rate time
series. Sensors, 2021, vol. 21, no. 6, pp. 1954. https://doi.org/10.3390/
s21061954

Huang W., Ding N. Privacy-preserving support vector machines with
flexible deployment and error correction. Lecture Notes in Computer
Science, 2021, vol. 13107, pp. 242-262. https://doi.org/10.1007/978-
3-030-93206-0_15

Hay4HO-TexXHU4eCcKuit BECTHUK MHDOPMALIMOHHbLIX TEXHONOM A, MEXaHUKK 1 onTukun, 2024, Tom 24, N2 3
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 3

481


https://doi.org/10.1145/366573.366611
https://doi.org/10.2307/2333401
https://doi.org/10.2307/2333401
https://doi.org/10.1080/01621459.1958.10501479
https://doi.org/10.1214/16-ba998
https://doi.org/10.1109/tevc.2004.832863
https://doi.org/10.1109/tevc.2004.832863
https://doi.org/10.1007/s10115-020-01518-4
https://doi.org/10.1007/s00382-014-2405-0
https://doi.org/10.1007/s00382-014-2405-0
https://doi.org/10.1109/access.2023.3327637
https://doi.org/10.1016/j.knosys.2021.107632
https://doi.org/10.1016/j.knosys.2021.107632
https://doi.org/10.14778/3551793.3551852
https://doi.org/10.31799/1684-8853-2021-3-29-38
https://doi.org/10.31799/1684-8853-2021-3-29-38
https://doi.org/10.17586/2226-1494-2023-23-4-828-835
https://doi.org/10.17586/2226-1494-2023-23-4-828-835
https://doi.org/10.17586/2226-1494-2023-23-5-967-979
https://doi.org/10.17586/2226-1494-2023-23-5-967-979
https://doi.org/10.28991/esj-2023-07-03-03
https://doi.org/10.28991/esj-2023-07-03-03
https://doi.org/10.1109/tkde.2021.3138962
https://doi.org/10.3390/s21217333
https://doi.org/10.3390/s21217333
https://doi.org/10.3390/s21061954
https://doi.org/10.3390/s21061954
https://doi.org/10.1007/978-3-030-93206-0_15
https://doi.org/10.1007/978-3-030-93206-0_15
https://doi.org/10.1145/366573.366611
https://doi.org/10.2307/2333401
https://doi.org/10.2307/2333401
https://doi.org/10.1080/01621459.1958.10501479
https://doi.org/10.1214/16-ba998
https://doi.org/10.1109/tevc.2004.832863
https://doi.org/10.1109/tevc.2004.832863
https://doi.org/10.1007/s10115-020-01518-4
https://doi.org/10.1007/s10115-020-01518-4
https://doi.org/10.1007/s00382-014-2405-0
https://doi.org/10.1007/s00382-014-2405-0
https://doi.org/10.1109/access.2023.3327637
https://doi.org/10.1016/j.knosys.2021.107632
https://doi.org/10.1016/j.knosys.2021.107632
https://doi.org/10.14778/3551793.3551852
https://doi.org/10.31799/1684-8853-2021-3-29-38
https://doi.org/10.31799/1684-8853-2021-3-29-38
https://doi.org/10.17586/2226-1494-2023-23-4-828-835
https://doi.org/10.17586/2226-1494-2023-23-4-828-835
https://doi.org/10.17586/2226-1494-2023-23-5-967-979
https://doi.org/10.17586/2226-1494-2023-23-5-967-979
https://doi.org/10.28991/esj-2023-07-03-03
https://doi.org/10.28991/esj-2023-07-03-03
https://doi.org/10.1109/tkde.2021.3138962
https://doi.org/10.3390/s21217333
https://doi.org/10.3390/s21217333
https://doi.org/10.3390/s21061954
https://doi.org/10.3390/s21061954
https://doi.org/10.1007/978-3-030-93206-0_15
https://doi.org/10.1007/978-3-030-93206-0_15

MeTopn popmMmnpoBaHmnsa CEFMEHTOB MHPOPMALMOHHOM NOCNea0BaTENIbHOCTMU. ..

24. Zhang X., Wang M. Weighted random forest algorithm based on
Bayesian algorithm // Journal of Physics: Conference Series. 2021.
V. 1924. P. 012006. https://doi.org/10.1088/1742-6596/1924/1/012006

25. Di Franco G., Santurro M. Machine learning, artificial neural
networks and social research // Quality & Quantity. 2021. V. 55. N 3.
P. 1007-1025. https://doi.org/10.1007/s11135-020-01037-y

26. Si S., Zhao J., Cai Z., Dui H. Recent advances in system reliability
optimization driven by importance measures // Frontiers of
Engineering Management. 2020. V. 7. N 3. P. 335-358. https://doi.
org/10.1007/s42524-020-0112-6

27. Xu S., Song Y., Hao X. A comparative study of shallow machine
learning models and deep learning models for landslide susceptibility
assessment based on imbalanced data // Forests. 2022. V. 13. N 11.
P. 1908. https://doi.org/10.3390/f13111908

ABTOpBI

Tuxonos Januuia IMHUTPpHEBUY — aCIHUPAHT, HHKEHEP-TIPOTpaM-
muct, Cankr-IlerepOyprekuit denepaabHbIil HCCIEIOBATENILCKUH EHTP
Poccwiickoii akagemun Hayk, Cankt-IletepOypr, 199178, Poccuiickast
Denepannsi, https://orcid.org/0009-0008-0128-4144, tikhonovdanil@
gmail.com

JledeneB Uibsi CepreeBuY — JOKTOP TEXHHYECKHX HayK, mpodeccop,
3aBeytomuit jadboparopueii, Cankr-IlerepOyprekuii denepanbHblii uc-
crenoBaTenbekuii eHTp Poceniickoil akanemun Hayk, CankT-IleTepOypr,
199178, Poccwuiickas Denepanys, s¢l 56321781100, https://orcid.org/0000-
0001-6753-2181, isl_box@mail.ru

Cmamwst nocmynuna 6 pedakyuio 16.02.2024
Ooobpena nocne peyenzuposanus 19.04.2024
Ipunama k newamu 19.05.2024

©Noe

24. Zhang X., Wang M. Weighted random forest algorithm based on
Bayesian algorithm. Journal of Physics: Conference Series, 2021,
vol. 1924, pp. 012006. https://doi.org/10.1088/1742-
6596/1924/1/012006

25. Di Franco G., Santurro M. Machine learning, artificial neural
networks and social research. Quality & Quantity, 2021, vol. 55,
no. 3, pp. 1007-1025. https://doi.org/10.1007/s11135-020-01037-y

26. Si S., Zhao J., Cai Z., Dui H. Recent advances in system reliability
optimization driven by importance measures. Frontiers of
Engineering Management, 2020, vol. 7, no. 3, pp. 335-358. https:/
doi.org/10.1007/s42524-020-0112-6

27. Xu S., Song Y., Hao X. A comparative study of shallow machine
learning models and deep learning models for landslide susceptibility
assessment based on imbalanced data. Forests, 2022, vol. 13, no. 11,
pp. 1908. https://doi.org/10.3390/f13111908

Authors

Daniil D. Tikhonov — PhD Student, Programmer, St. Petersburg Federal
Research Center of the Russian Academy of Sciences, Saint Petersburg,
199178, Russian Federation, https://orcid.org/0009-0008-0128-4144,
tikhonovdanil@gmail.com

Ilya S. Lebedev — D.Sc., Professor, Head of Laboratory, St. Petersburg
Federal Research Center of the Russian Academy of Sciences, Saint
Petersburg, 199178, Russian Federation, s¢ 56321781100, https://orcid.
org/0000-0001-6753-2181, isl_box@mail.ru

Received 16.02.2024
Approved after reviewing 19.04.2024
Accepted 19.05.2024

PaboTta nocTynHa no nuueH3unm
Creative Commons
«Attribution-NonCommercial»

482

Hay4yHOo-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHONOMMIA, MeXaHUKN 1 onTukn, 2024, Tom 24, N2 3
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 3


https://doi.org/10.1088/1742-6596/1924/1/012006
https://doi.org/10.1007/s11135-020-01037-y
https://doi.org/10.1007/s42524-020-0112-6
https://doi.org/10.1007/s42524-020-0112-6
https://doi.org/10.3390/f13111908
https://orcid.org/0009-0008-0128-4144
mailto:tikhonovdanil@gmail.com
mailto:tikhonovdanil@gmail.com
https://orcid.org/0000-0001-6753-2181
https://orcid.org/0000-0001-6753-2181
mailto:isl_box@mail.ru
https://doi.org/10.1088/1742-6596/1924/1/012006
https://doi.org/10.1088/1742-6596/1924/1/012006
https://doi.org/10.1007/s11135-020-01037-y
https://doi.org/10.1007/s42524-020-0112-6
https://doi.org/10.1007/s42524-020-0112-6
https://doi.org/10.3390/f13111908
https://orcid.org/0009-0008-0128-4144
mailto:tikhonovdanil@gmail.com
http://D.Sc
https://orcid.org/0000-0001-6753-2181
https://orcid.org/0000-0001-6753-2181
mailto:isl_box@mail.ru

