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Movement-related Cortical Potentials
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Abstract
in the study to meet the needs of brain-computer interface based brain-machine interaction control (BMIC) — direct

A new paradigm of grip force movement with parameters involving right and left hands is put forward

brain-controlled robot interface (BCRI). Time-domain feature representation for grip force movement-related cortical
potentials/movement-related potentials (MRPs) and the single-trial recognition of grip force movement modes are explored
under the paradigm. EEG signals were picked up from eleven healthy subjects during four different tasks of right and
left hands. Subjects were asked to execute voluntary grip movement at two modes of grip force variation. Each task
was executed 30 times in a random order repeatedly. The features having significant difference among different grip
force tasks are used for the classification of grip force modes by Fisher linear discrimination analysis based on kernel
function (k-FLDA) and support vector machine (SVM), respectively. The study further demonstrates that MRPs may
reflect brain neural mechanism process for planning, execution and precision of a given grip movement task. The average
misclassification rates of 24 + 4% and 21 4+ 5% across eleven subjects are achieved by k-FLDA and SVM, respectively.
The minimum misclassification rate is 12 % and the average of minimum misclassification rates across eleven subjects is
20.9+5 %. The study is expected to lay a foundation for follow-up comparative researches, which provide some additional
force control intention instructions for BMIC/BCRI.
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i — THEALEE O (FRR K - AL#E D, Brain-com-
puter interface, BCI) & [H b B K Wy BIF 58 #4 AT,
L H H 2 AR T KA A LA 2 5, R
M & R G0 ARG, SR B 5 M
WA AR s It 2L Jorp) ST - AL
fixi#% (Brain-controlled, BC) iX— 3 1 1) 5 £ i —
WLAZ H # 4| (Brain-machine interaction control,
BMIC)/ A MLk & % ) (Human-machine integra-
tion control, HMIC)/ A#LAZ H. (Human-computer
interaction, HCT) $ AR 77 LM R 200 . A0 5L
WA BIAH OG0 i 7 - R e AR 2L S6 1 (A3
YU 5 B8 Al Ry Pl A B51 SRifm, H A — B
132 0] D ) Ah B4 At 7 5 10 2 1508 A R 2,
il 7 5 T e R R A, (EAE TR A
P T2 S50 A 2 ) iy & I, g e R A R, S
LRGP Tk, A SCAT B3R B R R i ] T
PERRIESZHY.

Ik, 5 TR WA R s s M SEPris sh 2
LSRR e ML, JF B e g i i AR s 5 Al
KI5 5 U 2 5 8 508 2 I R AR A6 -7 4R
M, BE—L U2 1) feimid wfs =, a0 ix g
(Electroencephalogram, EEG), 5L Friz sl 5
KXELZH (B iz s BE . 3 AR A 200 H b5 )1 K
NI BEAE) T B U S BRI s AR U S
JOM SRR 5 R R AT A7 2) Be il ixfs 9,
PUNRBRIZ g BN S H? s BRIz
ESHUS HAH RN 5 1 K R A7

3) SEbriz gl iR e 2 B O 1 i {5 5 5 AR
S8 BB 2 B R B IR 05 5 Z T R OC 3R 2 AT
AT AW AR A ) L

S by iz h 1 AE A AR B ) s h 2 A 3t =
- A [ B 2R 2 HL RIS e 1) =
48 K 7] 2P /25 [ 2P (Event-related synchroniza-
tion/desynchronization, ERS/ERD), ‘& 7] LA Jx Bt
EANTT s Bk B R B 25 ) K Is B X g
AR A G FR, e DU A R I AR W] BL ik 2 iz
2y 8 K532 By 1) JBE A S AL OO0 2) i b G LA
(Event-related potentials, ERPs) nJ LA{E— 3 K1
R MR AN BOA AN Sh A I T AR,
T 52 S R B HAY — 38 B A R HLAY. (Movement-
related potentials, MRPs) A Ll x MIZBhifE & 12
RS B A R B A I L el 112 oAy
TALGM AT ERD 8454 MRPs W2 51 %0z
NIRRT (T AT AL A kA
(IR DS U AT T el 1) & 08— 18) i A g dik
T MRPs MU 28 fie vz 15 AU A B AR (I 22, 4
Tz —8kE AW —) Shriash SRR iz
ZH, WA T — e R0 Gu ST T A

G U T AP FOd (PRI FI PRz sl (T
B FITE) BB VU617 do Nascimento Z5Af
FE T A B IR OGS LA [4] (1) FHLRE A= Bl it S A H A
fFZZ Al R iz 5 MRPs 1 5¢ & I IR AAE 55
S8 X e R WL T EEG/ERPs i1
BN AR S B 32 B 1) 2 BRI AR S W32 ) 2 802 ] fig
E{][21]‘

SR, A D EFIUIE T EEG/MRPs R iH
ol Sk by iz B BRAR G IS B I AR SR AN S 4, H A
VA IS B T I s SR 22 AR S T 1) B — ML
LHH — HENEEEA, R8T R .
HFEZH5MWE BN, TR, v,
4 F bR J1iE 3 A G HL AL (MRPs) ¥ B S8R A
KR Dy iz s w3 vk, B fa R T2 TR
Fisher 4 1%:#15 507 (Fisher linear discrimination
analysis based on kernel function, k-FLDA) FI=Z
FEME AL (Support vector machine, SVM) 1|42
NBFHE. AR B4R )12 30 2 5 o
Z AN S L U4 B AT A5 £ e, TRk
i — HLAS B A7) (BMIC) /i ¥ WL 4% A 1 (Brain-
controlled robot interface, BCRI) $&fiLH £ tH ik
A0 g R4, O SEIILSE N A2 2 i 4 ) B35
Je BEWT ST R
1 MRF7EE
L1 #i

11 MR (Subject, S1~S11) 5 EEG
HRAE (8 B 3 4y AUl 23 ¥ ~30 &, 1y
26.5+2 % WLl Ep, TR SR). I gal e
HAERTF, B THE S8 2 5idik - Mg 11 EEG
RS, LAY RAT EEG 1 BCI W45, ]
AR B AT AT N IR SRR B B 9 B BRI SR BT
FEIUH B ERE Bk B B s A ST R R oy
HEAE, B ORAE SEIG AR T SR A ST AN A R
F3l21]
1.2 SRESEIFNsLIe 332

AW T A TFRA T U EAE) 2515
AR )iz 3 (5 ME ) ig g PY), X iz )
S MNTH RS AR AR R . BRIIEE). &
P22 B R/ Hbs HIESR ) (< 20 % Maximum
voluntary grip force, MVGF) FI K H#¥x B &4 /)
(> 80 % MVGF)) & 1 fron. SEsZE R H]
FEFEA TLL 2 B ) B A AT R Jyig ) —
T A2 1 H b4 12 A (Slow low grip
force, SLGF), BI#ALE 1s (s Kontb, WIET1THZ
JE£ ) B R iz B IFas BT B H AR R D) I T
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WATSRE J)-FAe T2 20 % MVGFE, SR EREF 1s A
A% AR AR R H AR R R (Slow
high grip force, SHGF), BI#iA7E 1s WAEYE )
Fa bETHE) 80 % MVGE, ARG 1RHFE 1s AL,

MVGE [---=sssemmeeemmmmcee

80 o MVGF [~~~ g

<
S~

20 % MVGF |--/-------2 :

0 1 2
Time /s

B R R ) AR UR R
Fig.1 The schematic diagram for two modes of

voluntary grip force variation

ALY A I T AT 4 Fh A JESR )iz T
% e F/NHBRE J11238) (Low grip force with left
hand, LGFL). 7T K H#r¥& J1i23) (High grip
force with left hand, HGFL). 4 T/ H 4542 )1i85)
(Low grip force with right hand, LGFR) flfs F
K H#¥8 J1123)) (High grip force with right hand,
HGFR).

2) IR

IEAEHE R AT, FORPRATR LI, Bl
SR ESRAUD R i€ e K H IEHR ) (MVGF),
R R )k SE ik 3 s K AR )iz 3, BRI
B 2 7B EL, SRJE X 3 U KR T EAT 345
AR R YR I E. 2 R T IO, AR
SLIAT 5% ALK, FERT S5 30 A trials,
FEAS trial FFEEI TR 11.58~13.55s, &4 trial
ISP 2 iR, B E-prime SZELERY.

S IS A TR 5 BT 55 3 s ) UF SEAL D ¢,
FRES R 0.7m~ 1m, %igAR7EEFIE M ERAT b, T
TEART B, o BTl BHERm AR i ds (vF) L. A
—~ trial FIFFERETZ] (t = 0s), — ML MFERE
H 77 g LISk (22kHz, 20 ms), $#ER#RHE
FITIR LS, I — AP B s B B B L
R 25 I EORPAATBUHR AL T FURAS. 25 I
(t = 2s) —MNMEFEREFLRE T, FoRpial
BATAF AT 20% MVGF 84 80 % MVGF ##
TIEENES5, I EER A A NAs B e s 32
B RFEE 1.5,

FERE R (t = 3.5s) ERBOXIFLRIAT
& I8 EMESS, Fidw SR IR O GhR; N

AR E R 2 1 18 R ERE e rn (12
RS, HENEM ROCAR BRI K (t = 5.55); ##
JIEENESSFREE 2 W), SEkdR s s Es5)a, A
b I, trial W22 RE 65 ~8s, HEI F—4
trial JT4n. 2 J7ia sl Kt 4T T 1048 rig s, %
SRR G B A SLAR AR AL TGS, WML 3 12
IR HRERTE 5]

e S5

20 Y% MVGF| |20 % MVGF

4)4 80 % MVGF]| |80 % MVGF

|

R | MR
BT
B i

FhE |

8 9 10 11 12 13

SO E s
B | iz | i s
0O 1 2 3 4 5 6 7
Time /s

B2 —kiREEn A

Fig.2 Timing diagram for a single grip movement trial

1.3 SKIRIIREREE

AT B RAE BN 16 T EEG JBUK%
(Mipower-UC, EEG Collection V2, i K 2=
TRESEK %), 0Hz ~ 250 Hz 15 5445, 1000 Hz X
FEAIR, 24 7 A/D Be¥as, Jo TGS SR T 10-
20 RGP el 16 FECEMRME (Ag-AgCL # K
HLRK, DU MR e B A PR A F). FaAR IR 7 a5 s
FNINREX 9 AN HIME FC3. FCz. FC4. C3. Cz. C4.
CP3. Pz fl CP4, Wl 3 Fior. S5 K A MFL5
M1 VE Rt %5 % i, Fpz sl B dt
IBHPLEE T 5kQ. A T HIBR AR 375 411 trials,
EEG REF BRI WFIRE (5 EEG R HMF M
fic ) 124,

1.4 #iEsbE

IR AL B AL T EEGLAB V& (JRA 9.0.8.6b)
Fl Matlab V& (BRAS 7.6). Fdh Fisd #4452

1) AR —A> trial (IR FIBOK 28 1) [R) 22 AT
NI RRL (BP cue F trigger BIXTR R R);

2) X EHEREAT 250 Hz I RFEALEE;

3) X EHEIEAT 50 Hz T A FE % AL

4) X HEEAT FFT 0.05 Hz ~ 45 Hz 12k uE
P LA BR AL LTS IR B 7 gamma SIS 55

5) DML S B R W 2k W8 1is s JH a6 (t =
0s), FAECOR e H R D FAH AR EE A 4. X
)2 (—2,2)s 3R B 2800 BOR a% B Z0RES
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B HEEARE AR Sy S AT I I WA, sk (2):
6) LL (=2, —1.5)s R ILE0 At Bt AT 2 46 MP = min(P(—200,0)) @)

K,

7) K H B BR R B KT 75wV [H) trials.
B E R MES B R 20 £ 5 A trials fEiE—4)
#T.

K3 16 FIBCHN HLIE i A B

Fig.3 Electrode locations for experiment with 16

channels EEG cap (The electrodes encompassed by the

dashed line are used as recording electrodes.)

1.5 1871 MRPs FHEHHES R

R PR E TS5 AH S MRPs (18915 %),
R IIE TG ZE R ¢ = 0 CHEREURRIE 9 {E,
BEALI) O B ZIASTR T —A trial fELRI Z)), 42 )
1B BTG P ZI AN T e e, i iR Tiab B 5
(1 EEG 15537 L B PHE 3B e Y

1) X AT 2 Hz [P 8 P UM v A7 ;

2) KM B IME BRI E A A8 )
FE55-F351¥) MRPs;

3) KB MNP IIB ARG Ho SN2 T
fE55 1) MRPs;

4) FERAERANPE JIAE S 1411 MRPs FllHL IR
MRPs It [ 3R IE 24

a) T E s #E & H A7 (Readiness potentials,
RP) W& {H, € A& I 4F 55 IT4H HF —700 ms ~
—500ms ] 1E) A B S AE, sk (1), Pt t) &
TNAE by ~ to BAIR T AT KA s F A A :

RP = min(P(—700, —500)) (1)

b) $&HUZ 3 AL (Motor potentials, MP), fff
JE R TS IF IR T —200 ms ~ 0 ms I [A] 9 (1) 471

c) #HUZF IR AL (Movement-monitoring
potentials, MMP), fifi &k #8 J1{E55 T 4f 5 0 ms ~
1500 ms 1) A A 78R, an=X (3):

MMP = min(P(0, 1500)) (3)

d) $EPp /M A HLA7 (Minimum peak neg-
ativity, MPN), i€ 48 S 545 F4HHT —700 ms JF
465 1500 ms 0] P9 ) B ieqi, st (4):

MPN = min(P(—700, 1500)) (4)

e) 18 % &5 /D A AR ] (Latency of the
MPN, MPNL), @izt (5), t(MPN) %< MPN H
LI 2):

MPNL = ¢(MPN) (5)

f) ThE RN S AE S 1700 ms LA AE AR AL
2, Bl /N SOEAR 5 AL AL 1) ARk [ 3% (Rate of
variation from the MPN, RVMPN), 1k (6), P(t)
o t I 2 ) F A
P(1.7) - MPN -
1.7 — ¢(MPN)

g) TR g W) )P 2 WA (Average poten-
tials amplitude in the specific interval, SIAP), 4
WEFCHRE e WA 2 9 0 ms ~ 250 ms. Wizt (7), P(4)
€ P(0,250), N =211 1 RATHL:

RVMPN =

1 250
IAP = — P(:
SIAP = 5 3 P(0) (7)

1.6 #&75 MRPs B4t o

EABFE, s Jyis g AH kAL (MRPs)
(32 S 3R L R R ) 2B (SLGF, SHGF)
Mk, AF (L, R), LA HARAE (Electrode loca-
tion). P, X EIAFRECHEEDS MRPs IS4 iE 2
B, ATIR 2R 2 BT RIAR R 2 LA Y,

1) AW Fh 2 2 (SLGF SHGF) Al
e BT (L R) AE AR ER, Xz a) X i fEA d ik e
) MRPs I SHFIES BT 2 x 2 XU ZR R85 7
ZEor T2 LA

2) MM 4 M iz (2o T 12N elk H s
11123 (LGFL/HGFL). 41 T8 /Nliok H bR )
i23) (LGFR/HGFR)) MIZzhX 9 MHK (FC3.
FCz. FC4. C3. Cz. C4. CP3. CPz. CP4) #4714
x 9 RN F G Ty 72 70 i A2 F LU
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3) WATAH 4 B J1is3), EREA RS
[KIBEA MRPs I 45 1k 2 BdbA T 5 DA 32046 5 22 73
VIRIIE {= 28

L7 . AFENIZUKRKXHERRANTGZE

AW IR R AR R RN 2 5 4R T2 3 1)
7o B TFHAE R I 3 S H— i, SEPURT
Sl (L szsuaEsy). kA DS TR
IS A G WAL I SR IR S HOF 0 kAT T 2 5%
T M Z B, 1 T AR )12 )2 400U fi
A5 BAT 2w PER R AR A AR, T I SEpF 5T
S5, R R S T A% Fisher 2405 73 b
(k-FLDA) M3 Fem &L (SVM), FIH 42 J1iz s AH
KA YR/ A TR AR

1) 2 T#1 FLDA (k-FLDA )

W55 /AR PG 5, W R AT . 1%
BRI L 1k 43 S A8 A T L i 55 5 1 B i 20 2R 22
SR A% 5 k] DL 2 i) A e AN R 4 ) e
VN (SF5: d e 1 Sh NS A [ == 2
28 M D7 VR AR R AR M 1) A AR AN BT TR,
RIS . A7 F48 D118 B KRR 0] A4 2 — A
re A ) i, e AR A, R AR R 2 ) T
TEARYE ) 73 2. DAk, ¥ AE4e FLDA £ 4t
JIEE I I NAZ R T e B ARGt A, LA S i
SO 5 2 A e 21,

iy A TR i 8 U 26T 4 (LGFL.
HGFL. LGFR. HGFR) AT 2K (1) fF 73 R FE A
FRAEm &R X, P i (8).

N

Yy = Z O‘mk(va X) (8)
m=1
Hop {an ) = o, R (9) ~ (11) 57, %
Wt m TR R F =X (11) TR, 2 SHEE AL o
#30(12) T, 2 FRA RSB HE 5C (13).
o = H;l(Ml - Mg)
H.=H+el, H=)Y K(I-L)KS (9)
j=1,2
(Kj);n,q = k(XmXéwj))a
p:1727"'7N;q:1727"'7Nj (10)

N
L ¥ (@)
M) = — > k(X X“9),
(M), = 3, 3K X

Nym$ + Nom3 _ g
Yo = ————2mf =
Ny + N,

% - iamk(Xm,X), i=12 (12)

J Xew; m=1

%y>y07
Y < Yoo

X € w, (13)
X € w,y

b, N O INZRREARSL, Ny ANy 430 AR
F—RKw MH K w, KIFEAREL M; AN x 13
e, e WAERERE H M iEER—4 4, T 4 N x N; 1)
BARLRE, Ly 4 Ny x N; WRERE, Hrfoc® o 1/N;.
K; N5 § R, KA N x N me e
TEZ5 (A B RE J5 R & 2RI ME, @ 5 AAEA S [H) 21 RF
I [R] P Bt 55

2) SZHFIREAL (SVM)

o — AL 1 /i — AL AT A2 ) /i 2 AL 2 A4
(BCI/BMIC/BCRI) H': a) fifi 5 I s GR 56 2 28
(Single-trial classification) fEfE&/MEAR, JEIHAE
2 BCI/BMIC/BCRI &4 Al fit 2% S [ FE A > b)
A = F AT v S8 FR) A 5 A v 1 A~ A A 2
PEANTT 235 ) o FLRRE R R B 21 A5 5 PR ASARRALE 1)
ARAE S YR, T R AR Ak S TR 2 2R
RRAERY. — 280 BT VR R G BN JR AR /N 5. SVM
AT DA 28 S i S Ay 3 0l R B, 3 L /NREAS
I3, 2 ARE Ty oit; eI A R A R A A R Ik
S5 3] e A A ) A A 2 TV 1) e M AN ) i) 0 kA
N e A [ Y Ze MR 2y Ir) L SVM AN 22 %58
YEHOO L 27 > P RE R S e 27 AN 5 B N JR
Mo/ m B BRI, SVML nJ B R b HR i 45511
FYCER 732K

¥ 70 A TFAR IESIYAT% (LGFL. HGFL.
LGFR. HGFR) "EHE ISR A MR (X,
yi) (1=1,2,--- N, X; e R", y; € {—1,1}); K5
AR wi, wo, WR X, € wy, Wy, = -1, MR X;
€ wo, M y; = 15 W53 2 551 o8& HON 73 SR 53 53 K
X (14) F1k (15) Fiow.

FX) = giafk(X:, X) +b° (14)
{%%MﬂX»L X € w,
(15)
Fisgn(f( X)) =1, WX €w

KRR AT (a7}, = o EFH M
RIT7 SR AR S ) LA (16) 1930 1 RAR
filt, k(X,;, X) AL, ABEITIE I ok 5502
=A% ) 55 R 2L (Radial basis function, RBF), I
K (17), ¢ MRZEETSE, S50 %X (18) 1521,
y; RSCRFIR & X SNSRI (—1 BE1).
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N TR
maxH (o) = Zai 35 Z Zyiyjaiajk(Xi7Xj)
i=1

i=1 j=1

N
s.t. ZaiinO, CZO@ZO, i:l,'”,N

i=1

k(X,, X;) = exp {_(’X_W} (17)

202

N
b=y — > yaik(X,X;), j=1,--,N
=1

(18)

AHIFEIET Mtalab HPFISCHEF A EHLTRA,
P53 RRE P A0S T 2 70 RS P S B 2 D13z sl
R

2 #R
2.1 Z. HFEH MRPs & F2 B 8 5

K 4 (a) ~4 (c) 705l 2RI T I BEK S8 Hilbhiz
X /IZFHTX (SMA/PMA)FCz B4}, #1468 5)IX
(S1) C3 M C4 Witk PYRH4E J1iz5) (HGFR. LGFR.
HGFL. LGFL) #2K[#°F-1) MRPs LI T4
H{ RP. MP. MMP. MPN. MPNL. SIAP [/}
W, BB B I Z20h5E R 0. B n A EdE A
JET R T2 1 MRPs IR S B U 4 Fb
H 42 1123 {F4 HGFR. LGFR. HGFL. LGFL
1 trial %L

1) #& i23h FF AT R4 —950ms Aitr, 4 Ff
[ AR 132 Zh e 4 B (RP) #05E G 1v) 389 ke %,
A RE 2o 4 IR X 48 0742 B (R HE & R R 7R R4
—700ms ~ —500 ms )35 21 Jay 8 S e, fE3 K
RP FFIEZ 50N, iff e 48 2 30 18] A 38 i) 4 '

2) 1R IZ B IFIRTHI Ry —250ms i, 4
1812 g pr (MP) ¥ 58 5 84k, ] §E R W] B ik
YR 132 2 AT, E K2 —200ms ~ 0ms H A,
A7) 38 I B R AR, SRt ZEERE MP FFIES
Bk, XA 5 —200ms ~ 0ms A EL.

3) BB I )G, 4 PR D1z 3 e s e Ay
(MMP) A b5 IE A nEa s (iR B
1000ms F1H2 J3 4516 500 ms), B AE 1% 3] 1] 2 B
MMP.

4) 4 BRIz S AH G AT (MRPs) g/ 6 AE
(MPN) HILAE —700ms ~ 1500 ms [X [, #re X
3% 225N (e (MPN) & AH9ER 3 (MPNL)
H.

5) KZI4E 1700 ms, MMP 1E [ 28 4Lk 1] — ¢
FERE (RD S 12 0132 3 AE 45 1O AR O Ho A7 H I 31

W), Ak, v S INREAE S IE ) 32 (RVMPN)
(211N Al 2 24 1 700 ms R .

6) IZZN 4G T 0 ms ~ 250 ms [X[1], 4 F{fE J)4T
% MMP 0 1E 7] ) i ARk (R IR ), e &
SIAP (%12 3) I 46 Jo 98 71 _F A1 IR E 2 40
B DA 3 TR) 5

2.2 k. 4&FiEH MRPs FHE4TESH

K 5 (a) A1 5(b) I T HALHEA S8 8 3h Bz i
X 9 ANl (C3. Cz. C4. FC3. FCz. FC4. CP3.
CPz. CP4) L 5VUMiE Jjiz5) (HGFL. LGFL,
HGFR. LGFR) #¢11 MRPs I i) 38 45 1F 2 4
MMP F1 SIAP.

K 5 (a) e

1) iE8hX 9 MHWA T KRS (HGFR) #H%
MMP 1t 4 Fpig Jyiz 3l b H A7 5 0 e fi; A 3
iR BN MMP, [ C3. C4. FC3. FC4

[ - - - HGFR (n=20)
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Fig.4 Average MRPs related to four grip movements
(HGFR, LGFR, HGFL, LGFL) for a representative
subject S8 and time windows used for calculating RP,

MP, MMP, MPN, MPNL and SIAP and time Oms as grip

movement onset
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Fig.5 Time-domain feature parameters related to four
grip movements (HGFL, LGFL, HGFR, LGFR) at nine
electrodes (C3, Cz, C4, FC3, FCz, FC4, CP3, CPz, CP4)

overlying motor cortex area
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grip force variations have significant effect on MMP,
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B
{(b) At the electrodes marked with rectangle, the modes of grip
force variations and left and right hands have significant effect on
STAP; at the electrodes marked with circle, only the modes of
grip force variations have significant effect on STAP.
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(¢) At the clectrodes marked with dotted circle, the modes of
erip variations have significant effect on MPN.
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Fig.6 The electrodes distribution of two modes of grip
force variations and left and right hands having significant
effect on MMP, SIAP and MPN
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Fig.7 The results of multiple comparisons for MMP
related to 4 grip movements (HGFL, LGFL, HGFR and
LGFR)
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F 1 WRIRHITE (RM1. RM2). BiREHRA S (ECL. EC2) FM=FIRSIHFME (MMP. SIAP. MPN) FAENREdE4E F
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Table 1

The misclassification rates of single-trial identification of 4 grip force tasks (HGFL, LGFL, HGFR, LGFR) for

11 subjects by recognition methods (RM1, RM2), electrode combinations (EC1, EC2) and recognition features
(MMP, SIAP, MPN) (MR, M, SD, and MMR are estimated on the test data set.)

YT i RS PUINHFAL JEs H TR INIEHBHIR KA (%)
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 M SD

MMP 25 21 32 23 28 34 22 21 31 27 29 26 4
EC1 SIAP 27 24 34 26 28 32 25 26 28 29 37 28 4
MPN 31 30 35 32 30 37 33 34 30 36 40 33 3
RM1 MMP 23 20 33 21 25 30 17 19 27 24 25 24 4
EC2 SIAP 26 22 34 25 27 32 21 23 28 30 32 27 4
MPN 33 30 36 32 30 35 30 28 31 34 36 32 2
MMP 22 20 30 20 24 27 20 17 24 25 23 22 3
EC1 SIAP 25 23 33 22 27 30 23 20 27 30 31 26 4
MPN 28 32 35 31 29 35 30 28 29 31 33 31 2
RM2 MMP 21 19 32 18 26 25 14 12 24 23 20 21 5
EC2 SIAP 23 22 34 21 27 30 20 19 25 30 31 25 5
MPN 26 30 35 30 32 34 25 26 25 28 29 29 3

M 25 24 33 25 27 31 23 22 27 28 30

SD 3 4 1 5 2 3 5 5 2 3 5
MMR 21 19 30 18 24 25 14 12 24 23 20 20.9 5

IEAR AR 3, X e gh W — 2D AESE T MRPs nJ LA
RAEIZENFLN 18 AT Fiz Bl 3 16 i p 2 A L)
R W EIRE ST EEG W 738 A e L n)
DL FEH MRPs {E A5 pE S 12.27-28],

A WA T MRPs f/hMalg(E (MPN) .
AN AR Y] (MPNL)  f5e /N 708 A1 i HLAE 1 1]
R (RVMPN) 552 s ) sl AU 58 235 1) %
RO SpF 42 A FRNIES), RS A IX
Lo Hhh, MR TR 128 4R G 0 ms ~ 250 ms
FEL A7 B A ) S R A DX T FR P34 FLAT. (STAP) A
oz J) BT R E 2 E, R G I 4R )
BEYZHOT o W R IE. 2 R = a0
M2 E L4 R K] MRPs nJ GER1E T 12 /1183
AL A N T ) 3ERE, MMP . SIAP. MPN A
RERR & T8 )18 30 F (M 2R B RE ) 3 = Bl s 4
G &, "THF RN 4 FENEsh, i MP.
RVMPN. MPNL "] GgBa# Hbndg 1 KMME R, 7T
6 AR H FRE ) N RRFAE.

AW I =AM E MMP. SIAP . MPN #%
BRI IE A0 %, B/ MR IHEE 12%, N1

K

SRR R IE 27 43 %, BT MR B BN 4
HFIE 20.9 £5 %, IXLLLE YR I PR FFEXS 4 PRz
NEF A @l o, WIGIUE T X SeRE AR X
I g VE . NS AR T k-FLDA Al
SVM M T AT e ah B Az, B
INFE TR A AR R AT U T EEG 402847, )
i SVM Et k-FLDA 8L 8T 132 1L fg

AWFFTHRAF 2% 5 do Nascimento 455ET
MRPs PUIAL G 46 BRI ZS HH LR A= B s 2 J A3 1)
RN IR KRR (17.448.4 %) HfF—2 Mt
PERO 4 5 Gu ST MRPs 78 H S8 AR 2 s %
(4 Fbak 2] HArHA) F 0B R H AR (30 % F1
60 % f5k BRI BTS2 s N R 00 26
(2613 %) HAT— @ Mnl L kDol ki, i Serf
FEAELEA R A SE 50V 2N HUA 7).

ARG BB T 7O AR (22 R4S T2 1
A A R (I 22804 F) #2118 3% MRPs ¥
VAHIVE, FIREFST T 3T MRPs BUGRB A 4
FR iEsh i, AW 5T T EUE 25 R R 3T
EEG BRGNS 5 F e B 0E nl 47, w1
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