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AHHOTALMA

MotopHoe BoobparkeHue (MB) ABnAeTcA 0fHMM M3 CaMbiX MONYNAPHBIX «MEHTaNbHbIX TPUITEPOB» ANA HEMHBA3UBHbBIX
uHTepgerico Mosr-komnbiotep (MMK). B yacTHOCTM, HEOQHOKpPATHO NpesnpUHUManCh NOMbITKM NPOAEMOHCTPUMPOBATh
nonesHoctb MB-UMK B noctuHcynbTHoM peabunutaumu. OgHako pesynbTaTbl TaKMX UCMLITAHWUIA OCTAOTCA HEOAHO3HAY-
HbIMW. OHUM 13 BO3MOMHBIX GAKTOPOB, NPENATCTBYIOLLMX 3GPEKTUBHOCTM 3TOr0 NOAX0LA, MOMKET ObiTb NPOTMBOpPEUME
MeX Oy XapaKkTepHoi anA MB HanpaBneHHOCTbI0O YMCTBEHHON OeATeNbHOCTM UCKNIOYMTENbHO BOBHYTPb (FOe OHa cocpe-
LO0TOYMBAETCA HA MOLENVMPOBAHUM PeanbHOCTM) U NpeSnoNiaraeMoi BaxHOCTbI0 CEHCOPHOWM 06paTHOM CBA3MW C pearnb-
HbIM, PU3NYECKMM OKPYHEHWMEM B KOHTEKCTE Tepanuu ¢ ucnonb3oBaHveM MK, HeobxogumocTb pacnpenensaTs pecypebl
BHMMaHWUA MeAY BHYTPEHHUMU OENCTBUAMM W UX MOCNEACTBUAMMU BO BHELUHEM MUpE, KPOME TOF0, MOXET ABMATLCA
NPUYMHON HU3KOM TOYHOCTM Knaccudmratopos MB-UMK y 6onblunHcTBa nonb3osatenei. BHyTpeHHWI GoKyC BHUMaHUA
B MB TaK'Ke MOXeT 06bACHWTD, MO KpalHen Mepe YacTU4HO, MoYeMy NomnbiTKM 06beamHnTs MB-UMK ¢ TexHonornamu
B3aMMOJENCTBMA Ha OCHOBE aliTPeKWMHra Bcerga bbinu KpavHe HeyAauHbIMW, Tak Kak ynpaBneHue B3rnAagoM Tpebyet
BHELUHero GoKyca BHUMaHUA.

lepcneKTMBHOM anbTepHaTMBOM MOTOpPHOMY BoobparkeHmio B VIMK aBnsioTcA nonbitku apukenus (M), KoTopble, KaKk He-
O[JHOKPaTHO AEMOHCTPMPOBANOCh, Nyulle AekoampytoTca Knaccudmkatopamu UMK, uem MB (Hanpumep, [1]). N0 — 3To
MOMbITKX COBEPLUNTL PeaibHble OBUMHEHUA, A KOTOPbIX 6b110 CHOPMUPOBAHO HaMEPEHWE UX COBEPLUNTD, HO OHM He Bbinn
COBEepLLEHbl M3-3a Napanuya unu amnytaumu. o cux nop uccnepoBaHuaM (11 yaenanock o4eHb Mano BHMMaHWA, BO3-
MOMHO, M3-3a CNIOMHOCTU MX MOLENMPOBAHWA Y 340POBbIX YHAaCTHUKOB IKCMEPUMEHTOB, a TaKKe M3-3a 60MbLLOK nony-
napHoct MB-UMK. Mopaxod K MX MOLENMPOBaHUMIO Y 3[0POBbLIX CYLLECTBYET: 3TO UCMO/b30BaHMe KBasuasueHnn (K1),
TO €CTb BOJIEBbIX ABUMKEHWM, KOTOPbE MUHUMMU3UPYIOTCA UCMbITYEMBIM 0 TAKOM CTEMEHU, UTO OHU B UTOMe CTAHOBATCSA He-
06HapyKMBaeMbIMU 06BEKTUBHBIMU M3MepeHuAMK [2]. OgHako KL ¢ MoMeHTa ux oTKpbITUA B.B. HUKyNMHBIM 1 Konneramu
[2] n3yyanuck eLé MeHbLue, YeM 1[I — BO3MOXKHO, M3-3a HEOCTATOYHOMO MOHUMAHWA UX 0TAUYKA OT MB.

HemaBHO Mbl MoKasanu, 4TO CBA3aHHaA C COObITMAMM OECMHXPOHM3AUMA ceHcoMoTopHoro putMa B K[ He 3aBucuT
OT 0CTaTO4HOW 3neKkTpoMuorpamMmbl (3MI), noaToMy, BOMPeKK paHee CyLLEeCTBOBABLUMM NpefcTaBieHnaM, MeToguka KM,
no-BMOMMOMY, MOXKET peanun3oBbIBaTbCA 6e3 TLiaTeNbHOro oTcnexuBaHmA IMI, KoTopoe HepeaKo HeBO3MOXHO [3]. 310
OTKPbIBaeT BO3MOXHOCTb bonee wupokoro ucnonb3oBaHua K[ B KauectBe anbtepHatvebl MB B UMK [3]. Kpome Toro,
Mbl MOATBEPAMNM M Pa3BUIU Npedbloylime HabnioaeHus [2], nokasbiatowme bnmskoe cxoncTeo KL ¢ peanbHbIMU OBUKE-
HuAMK [4]. B HacToALLEM COOBLLEHMM Mbl PacCKa3blBaeM 0 HaLLMX NepPBbIX pe3ysbTaTax aCMHXPOHHOW Knaccuukaumm K[,
KoTopble MoryT cTatb ocHoBor anA KO-UMK, pabotalowero B peansHoM BpeMeHM.

Mol ncnonb3oBanu 337, 3anMcaHHyio B uccnegoBalnm [3] y 23 yyacTHWKOB, KoTopble BbinonHAnM KL n MB cMHXpoHHO
C PUTMUYHBIMM 3BYKOBLIMK TpUMeTaMu. BbiCOKO MHTepnpeTMpyeMan CBEpTOYHaRA HelpoHHas ceTb SimpleNet [5] 6bina
oby4yeHa Ha NOAMHOXKECTBE UHAMBUAYaNbHbIX AaHHbIX oTAenbHO Ansa KO v MB, Kaxabii pa3 B nape ¢ pe¢pepeHTHON, HeMo-
TOpHOM 3afayelt. OHa bbina npuMeHeHa B oQdnanH-pexkmme, 6e3 UCMoNb30BaHUA MHOPMALIMK 0 BPEMEHM NOJAYM 3BYKaA,
K oTgenbHOMy Habopy AaHHbIX B okHe 1,5 ¢ ¢ warom 0,1 c. K[/MB petektvpoBanuch, ecim TecT Bbin MonoHuTeNIbHbIM
B 4 nocnepoBartesibHbIX OKHAX, C pedpaKTepHbIM NepuogomM 3 c.
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YuutbiBas BbICOKYl0 BapuabenbHocTb nokasatenen MB-UMK y Heoby4eHHBbIX niofen, Mbl oLeHMBanM paboTy Knaccuguka-
TOpa TOMbKO Y Y4aCTHMKOB, NoKa3aBLuMX TPR (YacToTy npaBunbHbIX cpabatbiBanuii) >0,5. Mbl 06HapyunM 7 Takmx yyacT-
HUKOB Npun Knaccupmraumm KO v 5 npu Knaccuduraumm MB. K[ vmen TeHaeHUMI0 AaBaTb Nydiliee onpegeneHne Ha-
mepenus, yeM MU: M+SD B K[1 n MB, cootsetcTBeHHo, coctaunu 0,81+0,12 n 0,77+0,12 gna TPR, 0,03+0,02 v 0,04+0,03
[N 4acToTkl NOMHbIX Tpesor (¢7'), 2,81+0,06 u 2,86+0,10 ana speMeHu oTeeTa (c); pasnuuna mexay K[ u MB, cornacHo
TecTy MaHHa-YWUTHH, He BbIN 3HAUUMBIMU.

Hawum HavanbHble pesynbTathl N0 MOAENMPOBaHMI0 acMHXpoHHBIX UMK cornacyiotca ¢ npeblgyliuMm uccnefoBaHUAMK,
KoTOpble MOKa3anu, YTo B CMHXPOHHbIX NapagurMax K[ knaccuduumpyetca nydwe, yem MB [2]. OTMeTUM, 4TO Mbl LB
cnerka onTMMmM3upoBanu runepnapameTpbl SimpleNet, Tak 4To fanbHewLee yny4LieHne KnaccupuKaLumm npeacTaBnfeTca
BMOJIHE OOCTMMKMMBIM. YumnTbiBaA ny4wyto Knaccuduraumio M no cpasHennio ¢ MB [1] n npeaBapuTenbHble pesynbTarthl,
npeAcTaBneHHble 3Lech, Ucnonb3oBaHue M KoHeYHbIMU NONb30BaTENAMM NpeACcTaBNAETCA MHOr00bELLaoWMM, U, BEpPO-
AITHO, 3Ty TEXHONOrMI0 MOMKHO ByAeT pa3BuMBaTh fanee Ha 0CHOBE Mcronb3oBaHuA K[ B vccnenoBaHWsX, MOAENUPYIOLLMX
M. bonee Toro, cxoacteo Mexay K, M1 v ABHbIMM OBMMKEHUAMM YKa3blBaeT Ha BO3MOMKHOCTb Ucnonb3osaHna KO v M1
QNA nepefayun HamepeHus B MHTepdencax, ynpaBnAaeMblx B3rnAA0M, Fae ABHOE MOTOpPHOE NMOATBEPHKOEHWe paboTaeT oT-
JINYHO, Ho npuMeHeHre MB-UMK KpaliHe HeadeKTMBHO.

KnioueBbie cnoBa: Helipopeabunutauma; MHTEPdENC MO3r-KOMMbIOTEP; KBA3UABUHKEHWA; MOMbITKN ABUMEHWUA; MOTOP-
Hoe BOobparkeHWe; aCMHXPOHHaA Knaccudurauma; I3
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ABSTRACT

Motor imagery (M) is a frequently used “mental trigger” for non-invasive brain-computer interfaces (BCI). Numerous
studies have examined the effectiveness of MI-BCI for post-stroke rehabilitation. However, the results remain inconclusive.
A potential obstacle to the effectiveness of this method could stem from an ongoing debate between the internal focus
of mental activity (i.e., modeling of reality) inherent in Ml and the perceived significance of sensory feedback from the actual
physical environment in BCl-facilitated therapy. The requirement to allocate attentional resources to both internal actions
and external consequences may contribute to the low accuracy of MI-BCI classifiers in most users. Moreover, internal focus
of attention in MI may partially account for the consistent failures in combining MI-BCl with eye tracker-based interaction
technologies, since external focus of attention is crucial for gaze control.

A potentially effective replacement for motor imagery in BCls is attempted movements (AMs). Studies have shown that BCls
are more successful in decoding AMs than MI (e.g., [1]). AMs involve attempted, but unrealized movements caused by paralysis
or amputation. Despite their potential, AMs have received little attention, possibly because of modeling challenges with healthy
participants and the widespread popularity of MI-BCls. One approach to modeling them in healthy subjects is to use quasi-
movements (QM), which are voluntary movements that are minimized by the subject to such an extent that they eventually
become undetectable by objective measures [2]. However, QM has been studied even less than AM since its discovery by
V.V. Nikulin and colleagues [2]. This may be due to the inadequate understanding of the difference between QM and MI.

We recently proved that the sensorimotor rhythm’s event-related desynchronization in QM does not rely on the residual
electromyogram (EMG), indicating that strict EMG control, which is often impossible, may not be necessary for QM contrary to
prior views. As a result, QM can be embraced more frequently as an alternative to Ml in BCs [3]. Moreover, we substantiated
and refined earlier findings [2] that QM possesses a striking similarity to actual movements [4]. Here, we present our initial
findings on the asynchronous classification of QM. These findings may serve as a foundation for a real-time QM-BCI system.
We used the EEG data recorded from 23 participants who synchronized their QM and MI with rhythmic sound triplets.
A convolutional neural network called SimpleNet [5], with high interpretability, was trained on a subset of individual data
separately for QM and IM, compared to a referential non-motor task. The network was applied offline and was unaware
of sound timing, to another subset in 1.5-second windows with 0.1-second steps. QM/IM were detected when four
consecutive positive windows occurred with a refractory period of three seconds.

Due to the high variability in MI-BCI performance among untrained individuals, we only assessed classifier performance
amongst participants exhibiting a TPR (true positive rate) greater than 0.5. We identified 7 such participants in QM and
5 in MI. QM showed better intention detection than M, though not significantly, according to the Mann-Whitney test. The
mean values + standard deviation for TPR were 0.81+0.12 in QM and 0.77+0.12 in MI, while the false alarm rate (s™') was
0.03+0.02 in M and 0.0420.03 in MI, and the response time (s) was 2.81+0.06 in QM and 2.86+0.10 in MI.

Our initial findings on asynchronous BCl modeling are consistent with previous studies that have demonstrated superior
QM classification in synchronous paradigms as compared to MI [2]. Notably, only minor hyperparameter optimization was
performed for SimpleNet, leaving ample room for improvement in classification. Given the superior classification of AM over
MI [1] and the promising preliminary findings presented here, the use of AM by end-users appears to be a viable option.
Utilizing QM in studies that model AM could likely lead to further promotion and development of this technique. Additionally,
the comparable nature of QM, AM, and overt movement implies their applicability in conveying intention via gaze-controlled
interfaces. Although overt motor confirmation is suitable, MI-BCls have shown inadequacies in this regard.
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