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AgA SEE weste] 4 AUe wEPoR Auss ¥ ARY AeHels FA6] glojA,

AgAre] Bl 24 Hglo] RAE B Z4 AFe] slPss 8o 54 AU olgete] 4] Bel

24 w9l Aol U@ % AEE SHSE % SN

W1 A3t gl HR %) A R shebvleE REshn, ] Hol AT woldl detviEe 93 3
= &

| Ha AR A (gain)oll 7]Hbste] A7) B0 4 Y F Ao
l?_

A7) AEE Holx shte] HA LS B SAHY BF Hu A2 7 gEete] AFRA oxEE ERes
Hyl HEF-E Ldes A4S 5HoR 3

¥ AFE Qg H ol AX .

AT 2

A1Eel Sloj A,

A7) A AeER= ggtdE —‘?—)\E A4 EP(Gradient Boost Decision Tree, GBDT) ¢iu#]&S o]&3lo
A7) Bl AR wvQl steuHE FEEaL, 47 B AIRE =Wl sebulE Azl A AR AR (gain)S
| 2% FE ARl(gain) o] A S A7 H AR Ad(gain) o= AAs = AS 5HO=

A
s

A7 azitdE R2E AA EY(Gradient Boost Decision Tree, GBDT) <u#&ES  XGboost,
LightGBM(Gradient Boost Machine) & CatBoost & Zo]% 3} AA Eg 7w dugEs I3 A4S

[e]
= A=
EAQo =

¥ ZHIFE QB el A

AT 4

A7) Ad AeRE A7) 2A-E Hd AR A (gain)ddl 7]Hkek ¥ 79k W (filter-based method) 2 3
7|9k W (wrapper-based method) & ol dhpe] WS o] &3t 7] Hojm stue] &4 AdS HAHst=

AL 540w Ft

¥ HFE Aol A

27 Ad AeRe A7 dE 719 W (filter-based method) S o83k A, 47 AR Ht FE A
(gain)] H+t @& A whe= dAsta, A7) 249 A @2y x2 Hd AR Ad(gain)o] 24€E 54

AL
Ade 7] Aolm shtel 54 AUE Aushs AL TP i

o AFE Qo) A,
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2T% 6
Adddel i,

A7) g AeR= A7) gis 7)dk 8 (wrapper-based method) S o] €3l A9, A7 AA®E HF AR AQ
(gain)ell tis}od —rXP A7 Z2¥ He(sequential forward floating selection, SFFS)S A -g3le] A7) 2o
T e 54 Az Adsle AS B4

= HFE A H o]~ A,
AT 7
A48l QJoj A,

A7 Ag el = A7) @y 76k 9 (wrapper-based method)S o] 83t A5, A7) AAE Hd AH A

(gain) & 7FF ¥ H AR Ad(gain)dl dEste SAH AES w42 desta, 7] 9= A

gE 54 Ade &F AHAYEE Asta, 7] Axtd B ¥l v A4E Ve 3 29se 49

A7) Ao R dEE FA AES V] do® sty A AldR Aduste AS EHoR s

= AFEH AdHHA o)~ A

A3 8

A 18l oA,

A7) Ad Auie ARSR ok wEd ERe st ASAHT dAHEES Al mEske] XGhoost,
(e}

LightGBM(Gradient Boost Machine) ™ CatBoost & ©o]x 3slube] 24 Eg 7|4t duglEFS Adsia, 7] A
gy dgSo 7|ukate] e 7wk W (filter-based method) 2 @iy 7]k W (wrapper-based method) 5
oL sle] WS o] 83l A7) Hok sl =4 Y-S MEEE g EFoR 3=

¥ ZHIFE Aol A

A7 9

AFEAE s aEEle] HA AYS wEEFor NEshe ¥ AFEH SEH o 0] 2k Wbl 9loj A,
W} FHAHROA, ALERLY] B HA RYo] By Bo H4 AT igsls R 54 AUS olg
slo] A7) HEpol 4 9 ZAzbo] gk vy A5 E FHAsE oA

Ag MelRol g, 7] Hap Az thI H49 A

deiu)e e HTE R A (gain)S AAS)

A 5 Hox e 54 AES Adse 9

Hu AgRA, A7) Agd Hojx e 4 AfEs
o 3]

s %ol Z4E 2R M5 A5E A7 destel A8
g BReH: M3 AYRE TP NS PO FHe

W] AFE QoI Ao Fa g,

A3 10

A9gtel] lo] A,

A7) wuk Aol gk Hao AlzF m=HiQl sEuEE FEStaL, AV B9 Al =Yl s e A
B AA(gain) e AASH, 7] 2A-E Ho AR Ad(gain)ol 7]Hksle] 7] 549 4 Ad S5 HAR 3}
o] =4 A M= dA=

E
E‘rU]Eie FEetar, 7] B ARE =]l et ﬁ%“ﬂ/ﬂ X’E 71] 1(gain)& FE3tH, 7]
B AR (gain) ] v @& 47 B AE AR (gain) o2 ZAs= GAS Eedsta

A7) agigdE BRA~E AA Eg(Gradient Boost Decision Tree, GBDT) <&
LightGBM(Gradient Boost Machine) €ilglss % CatBoost €ildls T A% 3}

_4_
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A7 11
108kl Ao A,

A7) HI Alsoel gigk H4o] Al7E mHd ﬁlrﬂ‘rulﬂ—% ?F%é}ﬂ, A7) Hee Al =l Jlrﬂ‘rulﬂzl ﬂéﬂ %
B A (gain)S AA3Y, A =
o] 4 QS Mg A=

g 71w B (filter-based method)S 0]%5}5

wrapper-based method)& °]&3st= A9, 7] 24¥ H AW Ad(gain)ol Wiste] &2 2
sequential forward floating selection, SFFS)S #-838lo] 47| Hojx sl 54 9=
gels 9AE xdete S §HoR e

71 @ 7]9F W (wrapper—based method)S ©]-&3l= AS-, A7 2AdE Hd R AA(gain)ol diste] &

2} AR Z2E AME(sequential forward floating selection, SFFS)S 2 &3&lo] A7) Holm dtel A A

dg dYsts dAl=

A7) Add Fo AE AR (gain) T 7P S Hat GR ARl (gain)dl It S AEE SAHeRE A

gista, A7) EAdes ddd 54 Ade 2/ AEXE AAtsta, AV ANtE 2R Agxrt vg AAdE
A A7) s er dud S AdS A7) Hoi s 4 AdE Adgste RS

AT 13
A9gel ho) A,

71 A3 Azl dig Hee] ARE me]l s HE FEStaL, 7] 550 AR =e)l sl e di A
B AR (gain)& A5 H g AR A (gain)ol 7|Rkste] 7] 429 54 Ad F Aol 3§
el 54 AdS dEss 9=

o
N
b
o

AFEA oo &Y Bl #AHEsle] dSAHT hAHAES FA]o 118 dFe] XGboost, LightGBM(Gradient Boost
Machine) % CatBoost & ol sy 24 Eg 7wt daugl&S Agsts oA, &

A7) HAelE dag]Zo| 7igkete]l HE] 719k ¥ (filter-based method) © 2% 7)¥r ¥ (wrapper-based
method) & o= st WHE o] &3] 7] Aol shvte A AdS Ad¥ste dAE 23ste 2S 54
o7 3=

o AFE AR Aol G A gy

e 4y

7] & & of

2 oo A8zl s mHsle] FA AYS wEPoR AMEste H HFH AEIAClR A #3
Ao g, ¥ HA%Z(Electroencephalography, EEG) Al&e] A|ZF =w|el 3}2}0|E] (time domain parameter, TDP) &
S B AHEAL o E BRSH] Hd HAde Y AES wEPor dudd wt AFERbY] ¥ AF
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Bl QB o] Zme] ARS BAE FEATI= ZlEel B Aoln.

I A

¥ AFE ¢lEH o] ~(brain-computer interface, BCI)E WX A7 % 288 AM&3Fx] &l Qzby) 7 #X
Abele] dixl B4l ARE AlFste Ae 25 FolE 22 IAE 57 4 FUs A Foko|th

g8 A 7F 4= (Superior temporal resolution), H] 54 Z2ja Hlad A v oz sl ¥Hdn=
(Electroencephalography, EEG) A1&x ¥ 7AFE Qg Ho] A & HopoA 7pF dukzloz ALgEa ¢ H}
Holr}.

HAE AEet #AEE gYds ¥ S5 7% FAAAE 53] 228U Pd(motor imagery, M) AdAH o= whHAy
e A B4, tast g5 9 Wk B4 2 AFe] F84 "ol oF FAE Alojst=dl w9 Age A

g3 AgAel AA ARE & Y. Ed, U AL F Y59
b Ego] glojA] ¥ AFE <l 58

wteba], ¥ Z5FE AEFe]a A= d S fstel HAe 54 AdE AdEsks Aol Tad 5

duky oz g XMy EAZS sfdsty] Y3 wHez= IE 7|WH(filter-based) ¥, @ 7]Wk(wrapper-
based) ¥ 2 FE F7F H ¥ (common space pattern, CSP) 7% W 5ol tZH?ﬂ'BP.

IdE 7|¥H(filter-based) WL 57 Aol Wojxl= WHo] A5k, © @ 7|9k(wrapper-based) WH-
5 7o Aol AA F9-deE o] EAF wE g wde] RgE dogo] EA s,

std |, F& 23 " (common space pattern, CSP) 7|WF W FE3H EAo HHAE AN5o FIF £ELE WY
st ets, 7o) EAo] o AldoA 7YPEAE 2Es7] ofyrhs whdo] EXjgit),

HA o AFE Adeste] & A=} o X (o 25 ) Ao V&Y S T3 HFska ArAQd
AAS B §3sA 248 4 9l

(5378 0001) SF52E3] A10-16855235 "AHgate] AAH EAQF H3 }F A5E2 o] &a 7 ZUFE
Adel Qe Mol B W g A]AE]

(B3] 53 0002) 3EE2E35] 710-1724939% " 92 o] €3k A&} 9% o= A]xaE] 9 g oupAe

(53 ]

w3 0003) e 7l5s] A110-2020-0052205% " -FFFE QIEH o] AJAE) B FAF AAdel] os) A
A H

(53&d 0004) w=3/N53] #2020/0023189%. "BRAIN COMPUTER INTERFACE SYSTEMS AND METHODS OF USE
THEREOF"

gige] g
S dst = HA

B oo w4 % (Electroencephalography, EEG ] 32} (time domain parameter, TDP)
sl ALEA s BEFSH] 913 H A A iﬁé% urEgo g Melste] A&zl ¥ HIFEH
EFo]2 7|& ALg9 AP S AlFete AS HHoz g,

(>
fol
Lo
>,
)
oy
=,

0

oX,
rulo
ML r
X
{0

w Wge Bde] w& AMAL i BRE A SA A 75 Hade] fste] A S Ads A
e 7S ALl Aa 54 AER 5 AR AMEA RE BRI A BHom .
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B odtge ggrdE REAE AA E(Gradient Boost Decision Tree, GBDT) <x@&, Iy 7|9k Wy
(filter-based method) ¥ ¥ 7wk 9 (wrapper-based method)S EFH o7 ALgsto] AFEA & BHF9
Aol FAEEA SA Adel dldsts AL AFS AYste ¥ HFH Al FX L o T2 WY

g AT AL BHow drf,

B ouge o Aea RS 3estel A e dxe] e AAF Z4 AYe Aol ¥AE A%
& SYPoEA 54 28 AL D dolE A ANS FaATE AL 2o W,

w2 Aol mE ¥ HSFE JAEAolA FA = AREA RS st 54 AES wEFer A9
St AARAM, AREAR o] SA Fejol FAE R 54 A5l sjdshs B4l SA Ade olEst
o] 7] Hael A 9l Azel hd Huh s SAsks Wy SAS, 7] Ha el g H40) ARt
=l SR HE FEekal, 7] B ARE medl setulEe] gat AR ARl (gain)S AAsH, 4] A
de At GH ARl (gain)ell 7wbste] A7) o] SA AE T Aok shel 54 AdE AdEss Al A
g5 8l A7) AdeE Aok shue] 54 AEe Sd SAY EF H3 AEES VA shEste] AMEA oxs
ek H9 Agys £9d v

3 2]

o
= i, A7) Hae] ARE ]l setulE Zhzel A H R ARl (gain)&

FEetH, 7] F+5E AR A(gain) o] Hd e 7] " AR Ad(gain) oz AT 5 Ao,

A7) agtdE BRAE A4 Eg(Gradient Boost Decision Tree, GBDT) <a#]Z&  XGboost,
LightGBM(Gradient Boost Machine) % CatBoost & Aol%= slue] A4 Eg 7wt dauglss 83 4= .

A7 Qg Adelie= Ay 2-E Ha AR Al (gain)ol 7193 HE )dF WH(filter-based method) 2 ¥
-

7|9k ¥ (wrapper—based method) % o= 3hte] WS o]&3te] 7] Ho® shtel &4 AdS A9 +
ATt
A7) Apd MEiii= v FE 79k W (filter-based method) S o] 83k S, A7) 24%E HiE AHE A
(gain)9] A e dA ez A, A7) A4dd dA #ERTt 22 HdF AR AUd(gain)o] 2AHEH A
AES 7] Jox st 54 Ad=E Adge 5 Q.
A7) Ad Aei= A7) gy 7)9r ¥ (wrapper-based method)S o] R8st A, A A2A4W Fw BE A
(gain)oll thsle] =2k AR Z72E Mel(sequential forward floating selection, SFFS)& Z-&3&lo] A7) # o
= shve 4 AQdE AeE 4 9l
A7) g AeR= A7) gy 7)dk W (wrapper-based method) S o] &8k AS-, AV AAE HF AR A
(gain) & 7FF 58 o AH Al (gain)ol Fste S AES &£3xoz Adsn, 47 £x5oz A
gy 54 Afdeo BF AZEE AMstn, A7) Axtd B A8 v AA4" VE e 29seE 49
A7) AR duE 4 AEE Y] Holk stue] A4 YR AeYE 4 Q.

e

A7 AE AERE ARERE 9ol wEd EFol HAwdte ogFAHI oAHAS FAlA z# ] XGboost,
LightGBM(Gradient Boost Machine) ™ CatBoost & o] 3slu}e] 24 Eg 7|4t dugl&FS Adsia, 7] A
g eag|So| 7)ukale]l A )bk ¥ (filter-based method)  @i¥ 7]wk WA (wrapper-based method) =

L shtel W ol gste] 4] ol shtel H4 AYE HeF = Ao,
B oayge] Qoo BEE W PR Audels 3 a4 wpe s dwE welstel 4 AL
2EYor Aust W PFE AedMels FAo BA PYORA, Hst FYFAA, AgAe] Bie 54
Rglo] RAY Beol 54 AT AP Bre 4 AU o] ) Beel 4 ¥9 Az g
Hut NEE FASE v, AY AAReA, A7) Hs AEe g BEe A w=d e
FEeba, 7] o] Az mulel stebl ] HE R Al (gain) e AFe, 7] A4E BF 4w A
(gaimel 71urste] 7] Bol 54 AW F Holw shtel 4 AL Aust wA R Hsk ATl
A7) AEE Aelw shte 54 AYe Bal H4Y BF M A58 A dHse] A JEE BRe:
A AYTE XFE 5 Ak



[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

ZIHSd 10-2021-0154759

B ARN(gain)& AR, 47 249 H AR AQl(gain)ol 7Iwkste] A7) &4 54 Ad 5 Ao= 3}
o] =4 gL E agudE B ~E ZAA Eg(Gradient Boost Decision Tree) ¥il#]&E o]
&3t 7] 559 AR B}l FetrEE FES A, A7 559 Az =9l e g 7L7L°ﬂ/‘1 AR AR
(gain)& & AR AQNgain) o] Bt @k 47 B AR Al (gain) &® AAs = dAE
¥gsta, A7) astgdE B~E A EF](Gradient Boost Decision Tree, GBDT) %_L—TIE]%%

LightGBM(Gradient Boost Machine) % CatBoost & Aol%= 3hue A4 Eg 7w dugss £33 4= ).

A7) H3t Azl gk Jol A7F =HQl stuHE FESIAL, A7) B AIF =HRl sEtv g Y] Ja A4
B AR (gain)& AR, 47 249 H AR ARl(gain)ol 7|Wkste] 7] 4o 54 AME 5 Ao=

e 4 Ads dgste %74]—'5 Bl 79k W (filter-based method)& o]&3h= A4

AE A (gain)®] Bt s ¢ o8 ARSI, A7) AARE A #ET =& Fi AR A9 (gain) o]
A 54 Qs 7] AHo= 3}494 54 AdE deste 94 2 @3 718F 3 (wrapper-based method) &
ol gste= A, A7 ZAAE A AR ARJ(gain)ol tiEte] ¢£x AX £EW A (sequential forward
floating selection, SFFS)& #&3le] 7] Aok shte]l 54 AME=E A¥stes dAE 238 4+ v},

i
Q‘L
H
oz
N
I
i
i e

%mﬂ

71 @ 7]9F W (wrapper—based method)S ©]-&3l= AS-, A7 2AdE Hd AR Ad(gain)ol diste] &
2} A7 =¥ M®(sequential forward floating select1on SFFS) & A L35l A7) Aolx sty &4 A
g2 Jdusts dAe 7] 24" Hi AR ARl (gain) F 7HE 2 Ho AHE A (gain)d st A
NS =xFer dusta, A7) sabdoR Ade 54 Alde &7 AExE Altsta, A7) Adtd 5
Aot vy dAd" 71 %}% ZIeteE A9 7] SAtder A" S AdS Y] Hox s 54
Az s 5 Q.

A7) w3 Az gk B9 AZE Wl g EE FE5HaL, 4] 559 AZF THQ] sEtrE e Ha 4
B AN (gain) & 2738, 7] 2449 Hd AR 71] 1(gain)oll 7|¥ksle] 7] H49 34 Ad T Ho= 3
vo] 54 s deste dAls AREAL ool utEd BRet #Hdste] o5 S TAld el

g 2 g7 delE daelge] 7iekete]l ZE 7)Hk W (filter-based method)
based method) & o] 3}}o] WHS o]&3le] A7 Holx e =4 qPEL 4
o,

) !

XGboost, LightGBM(Gradient Boost Machine) % CatBoost Z ol shue 2A EF 7 ‘?l e
gl v
el
- 1

T
=~

E?" B

& YA % (Electroencephalography, EEG) 2159 AlzF =w|¢l w}&}w]El(time domain parameter, TDP)
J5lo] AL} o2 REaly] 93 Hasle =4 YU wEgow Nulste] ALgxte] ¥ AFE
71 AR HAAAS AT 4 .

B AR E BHE T A Ao 5 Hagely] Yot Hax A e MY

=
4 Uz = Ao Algat 9rs BEE 5 9l

oi L

{0

ro m rloq
oX,
o
AT rlo
_1>~
O

o
& o
[

o
E

&

o o
fr =
W

N
o
o e
L
ofo o_;“:
o
2

S

|\

Hi

S ggtdE B~AE AA EF(Gradient Boost Decision Tree, GBDT) <igls, ZE 7wk wt
r-based method) % @3 74} =9 (wrapper-based method)S B3 oz ALEdte] AR} ox BF
‘é%o] FAHEA 54 Ao dFsts HAho AFS AHEs= ¥ HAFE QA x A 2 a1 72 W

,d
rf ©

2
WE
p
N
o
rok
i
2
2
e
(03

O

< Adste] HHE Al

foi

o TFR AR SwE westel Y A8 o
I 7

s
Agozn 24 &e A7 2 dolE A Az A

T 2av £ e dAAdd w2 ¥ HIFEH QeI Ao A dEFdA P JH Ad(gain)S 2
Aste HAE AYsls =dold

T 2bE B ¥ dAAde] mE ¥ FASFE YA~ A 7F Ha AR 7ﬂ°1(gain)% A7gst7] sk o]
£3t= agtdE B ~E A4 Eg(Gradient Boost Decision Tree, GBDT) dud]&FS AHeE Z=wolt),

_8_
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T 38 B oahgol gaAde] wE ZE 7]y HH(filter-based method)ol 7|¥kste] HA =4 QLS AAS
= AxE A

T 4y 2 o] A oo wE @ 7|9k W (wrapper-based method)oll 7]¥ele] HA A AdES AAS)
= AxE dYste =Holt)
S5a WA & bde # de] dAA o] w2 dEE Qg o wgle mE 54 s AYsie Edol

e 7]k ¥ (filter-based method)®} @3 7]¥+ W (wrapper-based

o] Ao e AE e Adket dA AE e Adfel] wE R A3 AY=

e

%82 B wgel dAAdd] hE AgA dEE melete] 34 AYL REFoR AYst ¥ PHE A
o]z FR o] B4 YRS APsh: Ewlelnt

gy HAJ7] ek FAE L g

olgt, ¥ Aol vk AA dEo] Ay KW Fxste] 1w

S B EAY A e 54 A4 Felol e $gstels Aol ohiH,
il dh= Ao olaslofof Fr},

29D FEHE S5 BAR AN dE5dNe A5 nds] AoH folErA ot A8R, $849
O mi g Fol we el vk, 2eEE 1 get B gAlA il 27 U§e Ed= iAo
3 Aolr}

gel BRSO wushl vEA Ea et @, B4 B39 LT & A

=AM, "A EE B e "A 9/EE B 5 Hok Y 5o BHe A vdd 355 BE Jhee
= }

ALY A2 AL EmE B B RRES A% THAAES, £4 B Fard Auglel £4%
Soom, @ FHesE UE TAass PR A6 e B Y THesEs B e

AW (e A1) FAALATF T2 A2) FAAL8ARd "(UTHeRE e TAFHoR) AAdY A" A "HE
Hol" i AFHE wed=, 4] oW FAHL8ATE Y] e FAL8 A AFACRE AAHAY, gdE FAH8
A A3 FAHNE Fot d4E 5 Y

B waAo A, "~steE FAE(EE A ) (configured to)"S Ao W, o W, F=dold e &
ZTEYojFor "~o A3}l o ~Ble SES x| o 2 %73%," BEE TE %lyu 2 8 gl
=" BE "~ eE AAR" Y Js 534 o Z (interchangeably) AFEE 4 A4t

oW A3 A e, "~ E FAE AX e 29, 2 AXTF 92 A e FEEY 4 - 5 A
AL v 4 Q.

d &9, &7 "A, B, @ (Z FYs=E AP (EE AA4Y) ZRAAN"E 9 7S 5] Y3 A8
ZRZAACA: duidE Z2AA), e WX Ao AGE sk o] e AXESo] ZRIYES Ao
24, AT THES AT & Jdv HE Z2ZAA (A (PU %+ application processor)E oW|g 4= U},
ek, e ot £9o]+= wlEY =8]E 'exclusive or' o|7|H U= XS =2]E 'inclusive or' & 9
lieia=

5, g8 Ad5HA Ev & = tHeRNEH PEsA g o, 'x7F a BE bE o &Sy g 1de X
Aol A =<9 E (natural inclusive permutations) % °]= 3= & n|3ic},
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oI AEAE LR )5S ol Sl Sl el S Aela S1S sivis, ol o
Aol 2mEgo}, =, el % axEdole] AFon FEY F Ut

Bl QEflo]x AA o) A s A g

_'3_‘_7[:_
1S Fmshd, ¥ owrge] daade] WE ¥ AFEH AEFolx FA(100)E ¥ FH¥(110), AY A
H(120) B =3 A2 (130)E X33}

ki

del=, ¥ HFE QlE el X (100)= AREAEe] T e} HFE AlolE ApHom AAstaL, AREAY] R
HZHE Y A5E FHE ALgxe 223 AA(motor imagery)S AMEA ok ® B4 E AR 5 9

A
o
i
o
=}
o
ro
o
5
o
>
o
lo
o
ol
2
e
ol
==
ilid
tlo
i
o
oft
o
fu
2
)
sk
-
%0,
i

FX1(100) = AHEAF 928 11H

-0,
o
o

(o}
[>
ON

FA(100) = THge AH8AE oJies gFFor EFst] flsted Ao 54 Qe

wodel QduAlde] W M3k SRR(10)E A Bl
Yot 8] 24 AL olgste] Bire) 24 29 A4l

ez, M3 FAF0E AL AGR12000] 5] Boe] 54 AY F Aolx shte] 4 Ade] Auw
A%, AEE Aok she] 24 AUw Auden st i M5 A5E 4% & A

5
2w g AEE (1200 HI Az didt S5 Az =dld 32k E (time domain
Fo AIZF Z=Wel gepnelY Hi AR A<l (gain) S ARSI, AAE Hit

X
—
skl B4e] 24 Ad F Aolw shtel 34 AYL AEe & vk,

vl Qe

parameter, TDP)Z
AR Al (gain)ol

oE B0, A7t =Wl dEpEE it Pl tig AHEA EE R W £ 2F 4SS ATE
T &=d B9 g9 d¥(wideband band power)9] F7gol 9]EstaL, 7z} Adwith uF{3 AHE EA FF
o] 7bE3l7] Wil §& FF Foll& Ao A QA4 we ARE FAY F vk Aol EAlgtt
Az, Qg HAHR(120)0= agdbdE EAE AA EE](Grad1ent Boost Decision Tree, GBDT) <ilz]&2
o] g3t Hal A7k =HIQI lL‘rﬁ}ul’ﬁg‘ FEota, Ho AIRE =9l Fhebv|E Zbztell A A E AlQl(gain) &
FE3, FE8 AE AJ(gain) 9 FHakS i AR ARl (gain) o2 44T 4 Ur}.

o] AzE &=l shEtulE] oA AR ARI(gain) & FE3Y, FEE AR ARl(gain) o HAits
AR Ad(gain) o2 At AAdE & 225 o]&3ste] BF Ay,

B So], Y dE R~E ZAA ET(Gradient Boost Decision Tree, GBDT) &ia8]=L XGboost,
LightGBM(Gradient Boost Machine) % CatBoost & A% shite] 24 Eg 7|dt dud5s X8 4 9.

wek, agtdE BAE  AA  EF(Gradient Boost Decision Tree, GBDT) <ag]&LS XGboost,
LightGBM(Gradient Boost Machine) % CatBoost 59 AA Eg 7wt dug&ES £33 s wyoz 3y
o] B3 oS WH4E AHstE il g et dF WFe gigfdll o &S Haslete FEs FAHAS =

=8 F de IE 71He sids.
2 o] dAAlde] 2 QY AER(120)= 24" Hd AR AQl(gain)oll 7]¥kst F¥E 7|9k WH (filter-
based method) 2 #|¥ 7]t W (wrapper-based method) & o]= &}e] WS o] &3to] Hojx 3lte =4

e A9 5 v

B
Az, Y AHR(120)= ZE 719 ¥ (filter-based method)S o]&3tE 7%, 2" Ha AE A<
(gain)9] HA#S dAIFe= ZAsta, 249 A@ETG =2 Ha AR Ad(gain)o] 2AHE 4 ANES
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a2
2
k1
prL
v
lo
)|\
ol
2

i}
il
2]
)
i)
-
pass
v

A zZhzell A AhEE F AR ARl (gain) ¢ BEHE A
AAFRT =23kl fdets - BE Al (gain)

2,

i
2
ol 1t 2
P

2

N
I

-

Do

2

rlr

jor

N

1o,

||

N

Lo

rlr i

e m
o
ok,

=
=2
ol

o
=
i

¥ 7]¥r " (wrapper-based method)& o] &3l:= A%, A
(gain)ol tisle] =2 AR Z=2¥ ME(sequential forward floating selection,
SFFS) & A&t 7] Aol shue] &4 Ad= Aed 4 Q.

Sof, Azt mujel vhebulEE A% A, P Fog L T waw goHa, o5y 2 Bg4el

2 o] JdAAde mEY Ad AR (120)= AREAF o= 2EE ERe #Este] G543 A
a8 3ke] XGboost, LightGBM(Gradient Boost Machine) @ CatBoost % o= dhbe] A% Eg 74t

g2e Musy, Ae® dzg|Ze y|wsle] "E 7|9 W (filter-based method) = ¥ 7w+ vk

(wrapper-based method) & 1= 3fvto] WHE o]&ste] Hojx sto] 54 AES AHE + v},

§7] ® 18 AY AER(1207 AS AT PSSl nejste] #HE Aol e tehitt,

F 1

] 24l oA oA SA PDS SPT
Y CatBoost 0.578 0.907 1.569 0.706
LightGBM 0.561 0.879 1.567 0.685
XGboost 0.574 0.893 1.556 0.699
2 CatBoost 0.508 0.954 1.878 0.663
LightGBM( 0.472 0.92 1.949 0.624
XGboost 0.478 0.936 1.958 0.633

2
ox
ox

# 12 CatBoost 7IWk Afd A=) wpe AE 31 e (wrapper) AE A= W EFolA 7P =L
& HEhdE ERIAA =

dZ=Ae FHFE oF 0.079 o)S B A FFHE Zde WY (=% = 0.864 L A =

0.343) 3 A<t 0 A

AnkA o ® oS4 A Atelo] B SHolA b F2 g I8 W (filter-CatBoost)# 23 W
=] o

(wrapper—CatBoost

<8

F 15 Faskd, #¥f(wrapper) W dubqoz Ay R u bgAdo] ve 4 glu.

=
fr

PDS(predictability divided by stability)
|4 o =XAIRE @ (wrapper) WHe] H w2 oS5

e WA AT S Ateole] HFE UE
SPT(stability predictability trade—off)”} TE "

o WE

2
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= H3om o= g H (wrapper) WA HAEd o] Bt Folaivhs AS ov|d & Ut

o714, PDS= dEF5A (predictability)S <FgA (stability)® Yae Ftoll |23t i, SPT+= A=A
(predictability)3} <+ 8 (stability)d #9 245 o|5A] (predictability)3} ¢FgA (stability)d] o=
Uie gholl sldd o .

o~

-
o~
-

& 2av 2 e dAA el whE ] HFE Edols FA e Ad AERelN Fo FH AR (gain)& 2
2 X

Aa A2 ARas ot

© 20 Rue, B owdel Qo] e H AR Aol A AW AurE B Au A
(gain)& A3 ARE00OIA shhel Aol Sgahs AW 0DAIA Hael A £ stebnE (202)%
Fzan

ol Eol, Hael A% EASl AeulE (202)% AL A7 Eelel SehulE, A2 A Ed9l sheele 2 A3
A7 Rl stebl e EaE S S,

el 2 olg3

g HeRe= ggr)dE RAE A4 Eg (Gradient Boost Decision Tree, GBDT) <xg=
o9l e E (202) 2o 2R E HHE AA(gain)(203)S FE3H).

2, Ad AR 8ol Az wojel sebE (202)9 Beeke Al AR A9l (gain), A2 A A (gain)
9 A3 AR A (gain) & FEHL, Fu A (gain) 42 nK G A7 Q.

EE, AW AERs 85 gu A9(ain) (203)9] BEge AEse] Bt 4u A (gain) (200 AR
+ v

we ¥ AFEH QEdols A7} HF AR 7ﬂ°1(gain)% A%
E g (Gradient Boost Decision Tree, GBDT) ¥i1g]&S A3

E H~E ZAA EZ(Gradient Boost Decision Tree, GBDT) €a1z]E&F(300)e A4+
24, XGboost ¥aLz8]&(213), LightGBM(Gradient Boost Machine) €i1e]&(212) % CatBoost &

XGhoost &d]F(213)2 IHHAE H2E daglFe] dukslEa wE J3F(fast implication) & dhubolH
Augk F/HE 8 FES JAF A EE At

[3F
L(f) =38, L@, y) + 21, (T;)

Q (&) = yT + 12 Awj2

SERIRC R 2 Aeld Afs frolm, = 7 A(leanel
SR, TE A(lean) &, e AYE ) W, v 7 QD) HE e S gn, 24 @4 Ie
U3t ol 2 AF Taylor o= 42824 271 & &= o},

_12_



[0104]

[0105]
[0106]

[0107]

[0109]

[0110]
[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0122]

[0123]
[0124]

[0125]

[0126]

(534 2]

J(f)

~ 1
~ Lis1 L@ Y) + gifie +5
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hif ()2 + X, Q(T)

A A 122 2 2 vES Yebd 4 91, XGBoost&die]He Al
AR ARJM(gain) 5 15 F4 33} Zo] At 5 Ut

GRZ

(GL+GR)?

1[GL2

HL+/1 HR+A.

HL+HR+A] N y

ek 3014, G 9% AV(right child)® AFE e 4 A3, B 9% AU (left child)e] A5

vebd 4= glor,

I+ AU (child)7F 9l 499 d4E5 depd 4 i),
2=
]

EF, ok HA L R RS A7 9F Ay (left child)et 8% A (right child)E olvlstar, AR Al
(gain)S Ad A8 FFo7 ARGIIT
LightGBM(Gradient Boost Machine) ¥i#]&(212)2 A&l A HQl GBDT &d|F T ko).

WS FAHL JEEsln R 2HE Fo

(bucket) 2.2 U= | A2E#W 7|9k D e S (historgram—based algorithm)<
A<

WA, FH d(training example)] 18}
< e

E go) ofe] o Hold A

eurt wax 4steA A}

L WRE AHE Fole H ARREH.

7] 9&l LightGBM €x2]&S 1 Ft(eigenvalues) = oz #F

Abgste] olel @ ae Wzlel A

~ 1 ((ZSLQ'HI YuLg)?
n np(d)

b 4ol 4] g
W, obdl H7 st Ale
W oo 4

o] oAM=

)

¥
[STRY)

&2 gre) oo T debd &
3] A I

Xsrg+aYur 9)2)
ngr(d)

A a7k AHgE 5 Qo

7] 0.
A4, Re 083 A4S el = g

A B34S A =4

4
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CatBoost ¥ard]

[0127]

i
o

2 one-hot encoding®]A|Wko] WL H& JltjdglE](cardinality)®

[0128]

"

21Dl " & 7]

=
=]

CatBoost ¥ard]

Kol
=

ad o
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Hd

1

)

ol
il
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T, 0N

A 92 HE s Eom
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2ol
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4714 Xi
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.,n,

[e)

4
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ko= ALt

=
T

]

>3

o %

AN

_D:{(Xi,Yi)}io]

[0130]
[0131]

0%

<

+

&}
of

3} 7ol

o
=]

= o

[0132]

=]
Rl

oy
a

=L A

2

bl AbEA o

o

2 AHg

b AFE QdEsel s

Xik
1se
AR Aol

AR AR g2 d8 3 A (wrapper) 7]8F AE

0 otherw
& v,

Lifx;),

2 5 5 9ld.

xi,k]

[xf,k = xl-,k]
" (wrapper—based method)S

+

=]
gl

[xj.k

B~ AA Eg(Gradient Boost Decision Tree, GBDT) &irg]s, FE 7|uk

e 7]

E
=i
=

il

HFH (filter—based method)

7]
o] SFEtnE AH AQlo]
2t

o

1

xap‘k]'i'a

o
=

Z(210)
e

lxajlk=xo-p'kj| +a'P

o,
1
p-1
E i=1 [xdl,k

I
j

J

1

GBDT ¢ate]
e

oA

b, B o

[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]

Ar

N

3o

1k

Aldle] W& FE 7|¥F W (filter-based method)ol] 7]

[0142]
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M
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‘mo
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y
el
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°o|&
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[e)

“'—lL Xé_ui. H]?J(IC)E

]
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9
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=
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g

=
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= T

AR AN gk

i3
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1

H
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A

.

3
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B 7189 ¥ (filter-based method)ol 7]
T Fe 7]

ok
=

=<

3
¥ 7l (ranking technique)

9 71zl AFEEY WEE A

.

GBDT

o

.

ERIOERE ER:

=
<
RS

e

=

[e]

.

)

3

al

1

%
E] 718k HPH(filter-based method)

B ARl (gain)
A (feature)2] 718 &4

epie

3
F3, WE(301)E A=

j
o
i
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KeN
=
=
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XGboost Larg]EolA 4719 ZF# EF7|o Ist= LSWM(linear support vector machine), KSVM(kernel
support vector machine), GBC(gradient boosting classifier) ™ SRLDA(shrinkage regularized linear
discriminant analysis)ol Z-8¥ Hu A5 o A|g),

%= 5d9] ZHE(530)E ARES o] &dte] B+ AR 4 Elar, %3 FollA CatBoost &aldls

I} SRLDAZ} ¢F 90% ASB=E 71 =& =32 ey s

= 6 E ool daxde wE FBE 78k W (filter-based method)® @i 71k W (wrapper-based
el

= Iy 7|9 ¥ (filter-based method)®} CatBoost Lard]l&Ee] Zgo] 7]wksk
slal, B¥%(610)= #% 71wk ¥ (wrapper-based method)¥} CatBoost &ildls
e
h

EEE(600)SF LEE(610)9] EA AvH= 13 Bl g F 3 W o)y Aug Ade] TAHUL, ofFE AL
we #8 vl & Qo

PE 714k W (filter-based method)® CatBoost <Fie]&e] =3+ 2 ) 7|¥k ¥ (wrapper-based method)
7} CatBoost &i1E]F<] Z3olA 7Hd wol duld 2Ad & 49 (F6 R F3), 53] AF (Fpl, AF3) % F%

(C2, C3 2 C1) 994 4= At}

E 720 9 E 7be & I dAAde wE Ald AeY Adel dA Ad AY Ao mE EF 29 APE
2 AdslesE ot}

= 7a % &= 7bE B dHe] dAAdd utE HA AEs B3 BEF Adyel AUl AQds 53 BER A9E
Hlusle] dAletar, &= 7a¢t & 7holl Aol &4 thAdAH(subject):= TRET).

WA, & 725 AHREA, Al 4R (subject)dll tidte] AA AdE o] &3 F9-(700) oA EY=E(twist) &
E](701) 9} et (grasp) FEI(702)E oAlstar, A8 AEE o] &3 A9(710) EAE(twist) e (711) 9} 3}
oF(grasp) AE|(712)E 4 A 3},

g&oz, x 7hE AYRWA, A2 AR (subject)d W] HA AEE o] &3 AL (720004 EYAE
(twist) AEN(721)9} st (grasp) AEN(722)E olAleta, A& QIS o] &3k F(730) EQI2E(twist) AH
(731} It (grasp) AEI(732)E dAI ST},

olWlE ##l o %7|3}(event-related desynchronization, ERD)E o} #e] %
al

©
e
JW
2
i
o,
()
2
o
2
[o of

QoA BAPAR EQAE HEH, EQLE FEHY AYPLoA ¥ G g3t Ao Aol Zpole AddF
2 Agkon ok7te] o|WlE #¥ %7)3}(event-related synchronization, ERS)7} ZAIE 4 v},

A Ad A HE FQR3A Fe AdES AASL A% Vs ATFoEH F AR = BF 2
A ke AEstE Aste = Q7] "l 25 Adeol dgHR, Bu Aug A8 ol® £§F7F 7
=

T 82 B o] iAo W2 AMEA R E AEste] HA AES wEFoRE dYste ¥ HAFH AH
ol A9 2 WS duysls =Ho|th

L 3& 2 o diAde wE ¥ AFH QAo FX Y T2 Ho] bkt ARSI FAQ Y ¢
EE gEgo=r 73] fslte] FHie FA Ads HEFoER HAdsta, duE A ALES I SAHE
w3 Ao uhE o] gste] AR EE EREE AAE dAlt

T 8% FashdH, @A(801)lA E el dXAd o wE ¥ AFH QIE ol FX ] F& ol H49
5S4 AEE o] &ste] B9 S B9 A2 digk Wi AsE FAgsr)

5, ¥ AFH JdHHAel~ FH 9 T2 W gds AR 49 A dE F 5 AEA 2SN
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S AbgAtel Bel S Rl HAE Heo 23 ATl AFsHs B Y AU olgdte] B
54 29 Azl W W% AEF F4T & U

B (802)0A ¥ @] Aol Wi ¥ HFE Qeidolz R el B4 Py W5t A BfF B
AR wrlel steb|El g FEeha, GBIT HwmelFe olgstel Bael Mgk wvlel stebviElel Ju A2 (gain)
& FE33, 250 40 A(qingd B A8 A(gain e AP, BF A8 A (gain)ol 7Wetol
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[0200]

AXE ol FE ZZ 13 (computer program), = (code), WH (instruction), Ei= o5 F 3l o9
= B2 ]
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