Kpurepmnit kKaduecTBa KJjacTepu3alui Ha
OCHOBe O0TOOpa MPU3HAKOB pa3MeYeHHOI
BBIOOPKW C MpUJIOXKeHneM B 00JIacTu
pa3paboTKu mHTepP@deiicOB MO3T-KOMILIOTED

A. Masypun! A. Bepnagorr?

B npukiamHbIX 3ajadax MaIIUHHONO OOyYeHMs 9acTO BCTpedaeT-
cst mpobJieMa HeOTHOPOAHOCTH BbIOOpKHU. Hampumep, 310 mpuBOIuUT K
TPYJAHOCTSAM B DENICHUH 33/Ja4M PacIO3HaBaHUs IATTEPHOB 3IJIEKTPU-
9eCKO#l aKTUBHOCTHU MO3Ta IIpH pa3paboTKe HeiponHTepdeiica y roaeit
Pa3HbIX COIUAJIBHBIX XapaKTePUCTUK.

B pabore MbI IpeijioyKuu HOBBI METOJ[ OIEHKU pabOThI ajro-
pUTMa KJlacTepU3alluy, UMEIOIMUN HU3KWE BBIUNCJIATEIbHBIE 3aTPAThI
¥ OCHOBAHHBIN HA CIIOCOOHOCTH AJrOPUTMA PACIO3HATH CKPBITHIE 3aKO0-
HOMEPHOCTH, TO €CTb BbIJEJIATh I'DYIIIbI, CXOXKHUE 110 BHEIIHeMYy IIpH-
3HaKy. MpbI 1mokazasu 06/1acTH HTPAKTHYECKOrO IIPUMEHEHUs aJIlOPUT-
Ma, B YaCTHOCTH B 3aJa4aX KJIACCUMDUKAIINN JAHHBIX JIEKTPUIECKON
AKTUBHOCTU MO3Ta MPU MPOU3HECEHUU 8 CJIOB Y JIIOJIE ¢ PA3HBIMU CO-
UAJIbHBIMI XapPaKTEPUCTUKAMU.

KuroueBbie ciioBa: Kiiacrepusalivsi, KpUTEPUl KAYeCTBa, KJiacTe-
pusanuu, HeiiponHTepdeiic.

1. BBegenue

B npuxsiamubix 3ajiaqax MaIlmuHHONO OOyYeHUs pPacIpocTpaHeHa Ipobdiema
HEOJHOPOAHOCTH BBIOOpKHU. OJHUM U3 pelleHnii JMaHHOUW MPOOJEMbI MOXKET
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OBITH pasje/ieHre BBIOOPKM Ha HECKOJbKO TI'PYII, COCTOSIUX U3 Oojee Of-
HOPOJHBIX JIaHHBIX. [lociieqyromiee obydeHne ¢ UCIOJIb30BAHINEM HEHPOHHBIX
cereil Ha KasyKJIOW M3 TPYIIl 10 OTIEJHbHOCTA MOYKET HMOBBICUTH TOYHOCTH Pe-
IMeHUsT TPUKJIATHBIX 382, HapuMep, 3a1a4 Kiaccudukaiuu. I[Ipocroe npu-
MEHEHHE KJIACCHIECKUX METO/IOB KJIACTEPU3AIMN HE BCET A BHIIEIISIET STBHBIIM
[PU3HAK, 10 KOTOPOMY HOBBIN 3JIEMEHT BBIOOPKHM MOXKET OBITH OTHECEH K TOI
i uHoi rpymme. s pemenust 9Toi 3aa91 MOXKHO, C OJTHON CTOPOHBI, WH-
JyIMPOBaTh pa3breHune BHIOOPKN Ha IOJArPYIIILI, IIOCTPOUB KOHEYHOE YUCIIO
orobpazkeHuil (BHENTHUX IIPU3HAKOB) HA JIEMEHTaX BBIOOPKU C JIUCKPETHOI
obstactpio 3Hadenunii. C Apyroif CTOPOHBI, IPUMEHSISI aJTOPUTM KJIACTEPH-
3aliv, MO?KHO IIOJIyYUTH p8,36I/IeHI/Ie Ha KJ/IaCTE€PbI IO IIPpU3HAKY CXOXKECTU
caMuX JaHHBIX U CPABHUTL COOTBETCTBHE ITUX JIBYX pasOUeHuil myTéMm co-
3JaHusd METPUKU CXOJCTBa.

Jist oneHKE paboThl AJITOPUTMOB KJIACTEPUBAIUN CedIac UCIOIb3YeTCs
JAB€ KaTeropnm KpuTrepueB KadeCTBa KJaCTepUu3allud — BHYTPEHHHNE U BHEIII-
Hre. BHerrHne KpuTepuu ONEHUBAIOT Pe3y/IbTaT pabOThl aJfOPUTMAa IO €ro
CXOJICTBY C U3BECTHBIM (COIVIACHO MeTa~JIAHHBIM BBIOOPKH) pa3OUeHUeM JiaH-
HBIX Ha KJIACCHI, B TO BpEeMs KaK BHYTPEHHNE KPUTEPHUHU — II0 T€OMETPUIECKUM
NpU3HAKAM, TAKIM KaK KOMIIAKTHOCTD IIOJIyYMBIINXCsI KJIACTEPOB U UX pa3-
JIeJTUMOCTb.

B nameii pabore MbI IIpeCcTaB/IsIeM METOJ, OIEHKN KadecTBa KJIacTepU-
3allii, COOTBETCTBYIONINI 3ajade KJacTepu3allui JTaHHBIX 3JIeKTpodHIeda-
Jiorpapum COrJIaCHO COIMAIBLHBIM MeTa-JIaHHBIM U HMCIOJIB3YEeMbIi JJIs I10-
BBIIIIE€EHN A TOYHOCTU Hocne,zgylomeﬁ K.HaCCI/I(i)I/IKaLH/II/I MBICJIUTEJIbHBIX KOMaH/I
(cy10B, 3a/a0MUX HANPABJICHUE JIBUYKEHHsI U [epeIaBacMbIX B YCTPOMCTBe,
COEJIMHSIIONIEM MO3T U KOMIIBIOTED) B IIPOEKTE M0 paspaboTKe HeHpOMHTEp-
deiica. IlpencrapiaeHHbIit METO TO3BOJISIET OIEHUTH CXOJCTBO IIOJIYI€HHBIX
B pe3yJibTare pabOThI aJITOPUTMA KJIACTEPU3AIINN KJIACCOB ¢ Pa30MeHneM, WH-
JIYIIUPOBAHHBIM HATMYHEM y O0BEKTOB BHIOODKH (HA JAHHBIX 9JIEKTPUICCKOI
AKTUBHOCTU MO3ra, OT 270 MCIBITYEeMbIX ) BHEIIHUX [IPU3HAKOB — COIUAJIBHBIX
MeTa-JaHHBbIX, TAKUX, KaK BO3pacT, mpodeccus u obpazoBanue. B 2022 romy
IUIAHUPYETCsI JTOCTYII K MCIIOJIb30BaHHOMY B Hallleil pabore HaOOpPY JaHHBIX
9JIEKTPUYECKON aKTUBHOCTH MO3ra 1o Jjuiensueil Free BSD 3.

2. Kpurepunii kauecTBa KJjacTepu3alii, OCHOBAHHBIIA
Ha BblJIeJIECHUN MPU3HaKa

[IycTh aaropuTMm KjacTepu3allud 3aBepIInIcs pasOreHneM 00ydaloleil Bbl-
6opku X Ha MHOXKecTBO C' Kj1acTepoB, nMmerotnee MomHOCTh K. Ilycrs Takke
MMeeTCsl MHOYXKECTBO A BCeX BHEIIHMUX [IPU3HAKOB — OTOOPasKEHUi, CTaBSIINX
B COOTBETCTBHUE 3JIEMEHTY BBLIOODKM T YMCJIEHHOE 3HAYEeHHE IIPU3HAKA ( W3
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obsactu ero 3nadenuii dom(a). [IpunimmomM, Ha KOTOPOM OCHOBAH Ipeia-
raeMblil KpUTEPHUIl KadecTBa KJIAaCTEPUIAIAN, TBJISETCS CIIEIYIONas
Knacrepuzanust BbIIoTHEHA KATeCTBEHHO <> /I KaXKJO0T'0 NMPU3HAKa a
U3 MHOXKECTBa Tpu3HakoB A cymiecTByer KjacTep w3 pa3OueHusi, BCe 3Jjie-
MEHTBHI KOTOPOrO MPUHUMAIOT OJTHO 3HAUYEeHWEe NMPU3HAKa G, B TO BpeMs Kak
3HaYEHHUE NPU3HAKA 0 Y BCEX OCTAJbHBIX 3JEMEHTOB JIDYIUX KJIACTEPOB OT-
augaercda. PopMmaauzyeMm 3TOT KPUTEPHUl B MaTeMaTHIecKoi dhopme:

Ry 2 Ha(e) =)
)= ¥ o) T Y ma ) ,

zedom(a) m > Y Ha(zj) =i} +e

CZEC\Ck TiEC

rae € — IpOu3BOJIBHOE MaJioe€ IUCJIO, H€O6XO,ZLI/H\IO€ JJIdd YCTPpaHEHU A 06pame—
HU 3HaMEHaTeJIsd B HYJIb.

Teopema 1. Buruucaumenvhas sampama npediodicennozo kpumepus M co-
cmasasem O(NKA) onepayut, 2de N = |X| — pasmep obyuarowets 6vbop-

ku, K — wucao xaacmepos 6 pasbuenuu, A = Y |dom(a)|. Ecau sadurcu-
acA
posaro K, a maxoice MHOINCECMEO 6CET GHEWHUT NPUSHAKOE U UL 3HAYE-

Hutl, mpydoémrocms eunucaenus kpumepus M cocmasum O(N) onepayud.

Curyanust, mpu KoTopoit K He siBJIsseTCst (DUKCHPOBAHHON BEJIMIHHON, MO-
JKeT BOSHHMKATh B 3aJiade 110100pa ONTUMAJBLHOIO KOJINIeCTBa, KaacTepos K.
IIpu sTom ornumasnbaoe K MOXkKeT 10 pasdmepam ObITh comocTaBuMo ¢ N, u
Torjia Kpurepuit M mMmeeT KBaJPATUUHYIO BBIYUCIUTEIBHYIO CJIO2KHOCTD.

B Tabmurie Ha puc. 1 npuBeaeHO CpaBHEHHUE 110 CJIOXKHOCTH HAambOJIee MC-
IT0JIb3yeMBIX BHEITHUX KPHUTEPUEB KadeCTBa KJIACTEPHU3AIUU U ITPEJJIOKEH-
HOoro mHAeKca M, a Tak»ke OObEKTUBU3AIMS CPABHEHUSI aJeKBATHOCTU Pas-
JIMTIHBIX WHJIEKCOB KaueCTBa KJIACTEPU3AINU B BUJIE TIPEJICTABICHUS] PE3YIIb-
TaTOB OHTHM&J’IbHOﬁ, COIJIaCHO KpUTepHusAM, KJlaCTepU3aliuu 11l BOCbMU CJIOB
PYCCKOTO sI3bIKa, MPE/ICTABICHHBIX JAHHBIMI 3JIEKTPOIHIIEDATOrPAMMBL (CM.
[TpakTuyeckoe NpUMEHEHNE aJITOPUTMA).

3. lIpakTuveckoe mpuMeHEHUE AJITOPUTMA

[Ipumenenne aaropuT™a CymeCTBEHHO IIOBBLIMAET TOYHOCTD PENICHUS 3a0aH N
K.HaCCI/Iq)I/IKaL[I/II/I JaHHBIX SHQKTpI/I‘—IeCKOﬁ AKTHUBHOCTU MO3Ir'a HeﬁpoceTeBbIM
CBEPTOYHBIM PEKyppPeTHBIM KiaccudukaTropoM[4] Ha BbIGOPKe, cocTosimeii u3
UHIUBUIOB C PA3HBIMYI COLUAJILHBIMI IIPU3HAKAMI, TAKUMU KAK I10J1, BO3PaCcT
(o 25, ot 25 1o 35, crapie 35), obpa3oBanue (TyMaHUTAPHOE, TEXHIIECKOE,
npuksajanoe). Nujgeke M no3Bosin BeisiBUTE 60Jiee TOHKHE 3aKOHOMEPHOCTH
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Puc. 1. B rabuiuie npejcrasieHbl: CKOPPEKTHUPOBAHHBINA uHjeke Penga [1],
unjekc Kakkapa [2|, ungeke @oyikca-Masiosa (3], u npemioxeHHbI B
JMaHHON cTarhe mHAeKC M. B mocmemneil KOJIOHKe IIpEJICTABIEHO IIpUMEHe-
HUE UHJEKCOB JIJIsi BBISBJICHUS ONTUMAJBLHOIO YUC/Ia KJIACTEPOB Ha JIAHHDIX
9JIEKTPUIECKON aKTUBHOCTH MO3Ia IPU MPOU3HECEHUH 8 CJIOB-KOMAH/I.

B JIAHHBIX U PA3JIEJIUTh BBIOOPKY HA KJIACTEPBI METOIOM Kk-CPETHUX, COOTBET-
CTBYIOIIIME KOMOMHAIIUSAM MeTa-IaHHBIX. TaK, BBIDOP ONTUMAJIBHOI'O COIVIACHO
unjekcy M umcsia kiaacrepos (18 KiiacTepoB) Jisi JIAHHBIX JIEKTPOdHIEdha-
JIOTPAMMBI TIO3BOJISIET TOYHO BBIJEJUTH I'OMOI€HHBIE TPYIIBI UCHBITYEMbIX
OTHOCHUTEJILHO POJIa 3aHATHUI: NpeJcTaBUTes el TEXHUYECKOTO U I'yMaHUTap-
HOTO 0Opa3oBaHUs. ¥ MEHBITEHNE KOJUYIECTBA KJIACTEPOB JI0 ONTHUMAJIBLHOIO,
COIVIACHO JIpDYT'MM MHJEKCaM KadyeCcTBa KJIacTepUu3allii, He IPUBOJIUIIO K BbLJIe-
JICHUIO TOMOTEHHBIX I'PYIII UCHBITyeMbIX. [loyuentoe pazesenne Ha rpyIl-
bl MOXKET CYIIECTBEHHO IMOBBICUTH KAYECTBO KJIACCU(MUKAIUU CJIOB IIPH 00Y-
YeHUM HEWPOCETEBOro KyaccuuKaTopa Ha I'PYIIax U3 FOMOTEHHBIX OTHOCH-
TEJIbHO COIMAJILHBIX XapaKTEPUCTUK JIAHHBIX.

4. 3akKJo4eHune

ITonBosst UTOrM BBIMIECKA3AHHOMY, MBI IIPEIIOYKUIN HOBBI METOJ OIEHKH
paboThI AJITOPUTMA KJIACTEPU3AINN, UMEIOMNI HU3KNE BBIYUCIUTE/IbHbBIE 3a-
TpPaThl U OCHOBAHHBIN HE HA GJU30CTH/OTIAJIEHHOCTH 00HEKTOB BBIOOPKH, a
Ha, CIIOCOOHOCTH aJITOPUTMAa PACIIO3HATH CKPBITHIE OT HEr'0 3aKOHOMEPHOCTH,
TO €CTh BBIJIEJATH I'PYIIBI, CXOXKWE 110 BHEITHEMY Ipu3HaKy. BoJiee Toro,
MBI MOKa3a/u 00JIaCTH MPAKTUIECKOTO IMPUMEHEHHUS aJITOPUTMa, B IaCTHO-
CTH B 33Ja4aX KJIACCH(PUKAIUN TaHHBIX 9JIEKTPUYECKON aKTUBHOCTH MO3Ia
[IpY ITPOU3HECEHUH 8 CJIOB V JIIO/IEH C PA3HBIMU COMMATBHBIMUA XapPaKTEPUCTH-
KaMH.

Clustering quality criterion based on the features extraction of a
tagged sample with an application in the field of brain-computer
interface development
Mazurin A., Bernadotte A.

In applied machine learning, the problem of sample heterogeneity
is often encountered. For example, the sample heterogeneity leads to
serious difficulties in solving the problem of brain electrical activity
patterns recognition when developing a brain-computer interface for
people of different social characteristics.

In this work, we proposed a new criterion of clustering quality based
on the features selection, which has low computing needs and is based

326



(1]

2]
3]

4]

not on the proximity / remoteness of the sampled objects, but on the
ability of an algorithm to recognize hidden patterns, that is, to select
groups that are similar in features. We have shown the areas of practical
application of the algorithm, in particular, in the task of brain electrical
activity patterns recognition when pronouncing 8 words by people with
different social characteristics.

Keywords: clustering, criterion of clustering quality, brain-
computer interface.
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