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Development of the motion direction classifiers
for bimanual movement using electroencephalogram
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Brain-machine interface (BMI) is a system that manipulates machines directly from the brain activity data. In daily life, there
are many tasks that require cooperative movements of both arms, but most previous BMI employed unimanual movement, and
few researches have assumed bimanual movement. The previous study in rhesus monkeys have shown that the BMI system
developed for bimanual movement showed better performance than that combined two systems which were developed for left
and right unimanual movements separately [Ifft 2013]. In this study, we developed classifiers based on electroencephalogram
(EEG) data when bimanual or unimanual reaching movement was performed. The results showed that classifiers learned from
EEG data with bimanual movement was more accurate than the classifier learned from EEG data with unimanual movement.
Our results suggest that it is crucial to employ EEG data with bimanual movements to develop a BMI system for bimanual

movements.
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BMD) 1L B A AT 3528 C, I DERE, v a—2%0
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BISEN S o — X o 51— v @ #a/E [Wolpaw
1991] R B 1 D HE[Choi 2012]% FTREIC T HWFZE AN To4L
TW5.

Korik (2016) I, #BRE1C 3 IRocZEM LIS E L =2 —5"y
MR U TERZEINS TS, RO T —F o 7E# 21T
eIz MIELTZ EEG MBIENG AT I Lo THEEHAB T HIzE
R LTZEZ S, EEG DR L 72 IE T LT & SEER & E)
A ORICFER (r = 0.7) 230, FEBEE Z T TE/2ln)
fE R Z A Lc. ZOIDIT, HhEE 2 BT Uz ER AT Ik
2T EEG 7 bl dife 7 B B 2 B i L 72 F 52705 %
2, FHOIEB 2 E LT R ST 5 A Mo TS, — ),
FATFIZBWTE, BHELEESTD, Pz & A T2 Lt
OWHFINEEZ VBT DML D, BIEDEZLD BMI O
MR A pEE 2 A8 E L7 R E e o Cash, o s 248
ELIZH D70,

P ERFG LU TR TR, MBEBIREORIEEIE VD O
BT A BiEE R O GBI AL 2 B T2 b D T RNEN
AT LAVRIEEI TV A [Rokni 2003, Steinberg 2002]. 7= il
D A R SE B B JS L OY YR B B 7 & D BB SR 03 R
TE DTG NS — & rm§ e EE STV D [Steinberg 2002].
T IV et G b LT AR BRI O IR 4T C U 7 3 Bh O dUE T
HNZIBWT, A BEE RO G E) T8 L THIgs A5
DHEIZVAT LI0G, WERREOMIEER) THE L, Wiz
R PG DI ED KDL AT LD T A, TR EE S B
LV T EDIRENTVB[Ifft 2013].
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DO J5 3 W i ) 2 AR E L 7RI T2 381 D05 S BV
P95, IEEN O HANCIXRER] sy g A @y EEG AL,
SYEEZR T e TFSE[Liao 2014] CHFI SN TWD I — 3L
PR —h~_T L~ (kernel support vector machine : kSVM)
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AREBICED, T —2BRHEL T =728, fiffr bR L, 2
DT — R TIENT ZAT o7, WRBRE 1T, SRl =B T iE
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Z—T — IR U SN TV, 20T A2 —7 — LIk
IZHEHE LT E— 2%+ F v — (Perception Neuron, Noitom
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B, SHRICHAES, B0 FERRNESIZL.
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o [R7E : 4ch (o7 DEEIKERST)
o WU JEM R 1 1200 Hz
o HHHIHIE T ¢/L4 1 1-100 Hz
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D 15 cm BTSSR ICHBIS BT, #—F YN 1 DOT7 %
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% bimanual £ &2 D 22 ThI AT V%415 unimanual left 55
TR, FBED I TRF AT V%475 unimanual right §:14-0 3 Fi¥A
DGZAED B -T=. unimanual left 55:& unimanual right §{45F
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B% 200HZ £THE AL TV EATH T, KEMOT —H1%
Common Average Reference 7 /L Z\ZT7=. Dk, V=—
7Ly NI Lo TIRERT- B EURMT 517\ 1-3 Hz, 4-7 Hz,
8-11 Hz, 12-17 Hz, 18-27 Hz, 28-40 Hz ® 6 DO A HHF N T
XU —fHEEE L, NIAT VIR T —H e E L. v oA
TIVNTT —ZEEEF BB %I 0B L%, R mIC
b 952 L TR & L L 7o, subject 1
Fpl,Fp2,F7,F8,T8,P7,P8 & subject 2 ® F7,T7,T8,P8 IZFHL Ti%
A RN G ENTNZT20, RTINS LTz,
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RRATE B S OIEE) S [ % 53 FH T AT DI T —F & iE B i
LIEBZICFET D 2 7T A5 HH kSVM LiEEN % 125 ES T
F—HDOIGRIEIEAD 4 FIRDOE DT A G D&y 48
95 4 77 A5 FAKSVM O 2 FE¥ED kSVM Z i AG o7, {E
P U7 IR B 5 [ AR DT T VK 4 IR ZnEho
KSVM (2% 2 FEEAD A /=T A—2B3HY, il &
DR ERDDIZDIZT Yy RY—F[Dong 2017 =, A
IN—IRF A= B DRI+ BT DAY BN E A e D D=1 10
Oy IR FERERRIE[Dong 2017] %4 L C 10 [8143 0O 3553 K8k
FEA R Tz, Feb BUSEB R E A N ) LTe A=/ 5 R
— A DI B EANT, 2 TOINFIEAT KSVM Z25H
L, HEHS3HE KSVM &5 1A 53 58 KSVM Z AR L 7=

KSVM (2B XD T —H LV TAT SNV E B ZHET
4 TEFDOS AR LTz, AR LTy s & 1 ITRLTE.
B A7 A5 MRS FE 13, bimanual ZetEHE oo fiE B o0 7 A MEA
THRAETHZET, O ERRAS MBaE SN (6 s L=y FE 280
MEEL7=.

EE) R BB [l
KSVM _{ e FanE] |
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41 #ER

subject 1 & subject 2 D& 535 kKSVM &5 114358 kSVM D
RO PRI OFERAK 5 LK 6 ICENEIURLTE. KD
RO BHUTT v AL~V AR, 22T, ##54H kSVM &
FH5H kSVM IZBIT5FEIFO R LY, EnEho
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KSVM TO b @\ W B G EOZ LR, B8
KSVM OF ¢ AL~LE 50% T, £ TOEFSHE kSVM T
F X AL~V EFEZ TN, £, J7I615%5E KSVM DOF ¢ A&
LU 25% T, 2 COFF A5 KSVM TF ¥ o AL~ L%
Z T, U EDZENDBAETO KSVM THENTETNDHEE
255,

Bk B L U CA SR bimanual Se{ERFOT AME
A A UT=bE, AA LT —XASETET U EL D 4
FENZIELL SN RS AT ANEO S EERE L L TR 21
Fllz. DEBROT v AL~ULT 31.25% T, & TO5 5
TF YL AL LA Z T, FaEE R O MiH B T8 L
T2 HRRR D4 HENE FE 13 subject 1 C 56.78 & 0.71% (V- + =
M 75) , subject 2 T 57.21 + 0.45%77~7=. FBEIEEIRE DK
IS8T Lo Hgs O 53 BURS FEIE subject 1 T 46.97 =
1.64%, subject 2 C 49.78 & 0.23%72~7=. L EDOZENLT AR
e oD 43 RS BE 1, i E B AR D i TG B T L b x5 %
FROITHS, JEIE BN IE OO BTG B TR LI R L0 b o
7z.

BE.65

87.42

B5.72 85.08

85.72

£
bimanual bi al uni | unimanual
left right left right
Bsubject 1 @subjectz --- FrrRL<uL
5 JEB)HE KSVM IZH1T 55 E KD Sy JENG
50 -
45 | 4177

28.0629.31

[%]

bimanual bimanual unimanual unimanual
left right left right
Bsubject1 @subjectz -—- Fr¥AL~L

6 JFIf5HE KSVM BT A5 B WD 5 a1

# 2 TAMFOLFEEE ORE R

aE b - HEDA] - F L AL UL [%]
subject 1 subject 2
bimanual left 57.48 56.76 31.25
bimanual right 56.07 57.66 31.25
unimanual left 45.33 49.55 31.25
unimanual right 48.60 50.00 31.25

42 B

2 X0, TANEOS3FERE R\ C i e B R oD TG
T LT RO RS O R E VO R R o T
CAVE A s B D T B O LT Sy FE AR il e L k)
WALT2 Y AT AELTUE 8RN 2T, Bh EEG 128V T
W BEE BN IS L T2 AT DRSS, W f i B I o0 TR
B CEE T HLENDDLILDRBESND.
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ARHFFETIL, KSVM 222 B S DEE, Uy R Y —F12k-T
INAIR=IRTGA—=EDF 2. — = T ZAToT208, BB O -
BT Tz, S EER LT — X ORH %1% 28¢ch X 6
DD EEIAE LT TNBTZ®, e KT 168 i DR B4 >
&G FEBEDOT — I ARG END B B R T
WHT2, 168 [E LG 70 s, BB B W IAR R
A HRDTRG T Z e EE P51 oD FEThD.
ATRIT E Y 3T 0B IR % IRRIR 2 8 24T 2 & TR D
B L T ARG, F-, e 7 BB b 52 2Tl
L LTV, FERFIME #H A 7% LT REE T OO ENF
SN Lo T Z R T 528 C, KDBLFERZ BMI
DOPAFNZDT2INDEE ZHND.

SE X

[Wolpaw 1991] Wolpaw, J R.,McFarland, D J.,Neat, G
W.,Forneris, C A: An EEG-based brain-computer interface for
cursor control , Electroencephalography and Clinical
Neurophysiology, Vol.78(3), pp.252-259, 1991.

[Choi 2012] Choi.K.: Control of a vehicle with EEG signals in
real-time and system evaluation, European Journal of Applied
Physiology, Vol.112(2), pp.755-766, 2012.

[Korik 2016] Korik, A., Sosnik, R., Siddique, N., & Coyle, D.:
3D hand motion trajectory prediction from EEG mu and beta
bandpower, Progress in Brain Research, Vol.228, pp.71-105,
2016.

[Rokni 2003] Rokni, U., Steinberg, O., Vaadia, E., &
Sompolinsky, H.: Cortical representation of bimanual
movements, Vol.23(37), pp11577-11586, 2003.

[Steinberg 2002] Steinberg, O., Donchin, O., Gribova, A,
Cardoso de Oliveira, S., Bergman, H., & Vaadia, E.: Neuronal
populations in primary motor cortex encode bimanual arm
movements, European Journal of Neuroscience, Vol.15(8),
pp1371-1380, 2002.

[Ifft 2013] Ifft, P. J., Shokur, S., Li, Z., Lebedev, M. A,, &
Nicolelis, M. A. L.: A Brain-Machine Interface Enables
Bimanual Arm Movements in Monkeys , Science
Translational Medicine, Vol.5(210), 2013.

[Liao 2014] Liao, K., Xiao, R., Gonzalez, J., & Ding, L.:
Decoding individual finger movements from one hand using
human EEG signals, PLoS ONE, Vol.9(1), pp.1-12, 2014

[Dong 2017] Dong, E., Li, C., Li, L., du, S., Belkacem, A. N., &
Chen, C.: Classification of multi-class motor imagery with a
novel hierarchical SVM algorithm for brain-computer
interfaces , Medical and Biological Engineering and
Computing, pp.1-10, 2017



