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RESEARCH OF AN EEG IDENTIFICATION METHOD FOR THE ELECTRIC WHEELCHAIR CONTROL

-Identification three kinds of fist clenching from the EEG
by using Common Spatial Pattern and Support Vector Machine-
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Generally, joystick controller is used as an interface device of electric wheelchair for physically
disabled person. However, patients who suffered from amyotrophic lateral sclerosis (ALS) or muscle
dystrophy cannot use this type of wheelchair since they cannot manipulate the joystick by their hand. The
final goal of this study is to construct such an electric wheelchair control system that can control the
wheelchair by distinguishing an electroencephalogram (EEG) stimulated by motor imagery. In this paper,
as an initial stage, three kinds of clenching, which are left fist clenching, right fist clenching and both fists
clenching, were distinguished by using the characteristic EEG stimulated by fist clenching. To extract the
features from EEG, the common spatial filters (CSP) algorithm was applied to the measured EEG. In
addition, four support vector machines (SVMs) were constructed to distinguish two classes of clenching
motions or non-clenching. Finally, an identifier was constructed by combining each SVM to distinguish left
fist clenching, right fist clenching or both fists clenching. Experimental works were executed to verify an
effectiveness of each constructed SVM and the identifier. As a result, the maximum identification rate of
each SVM exceeded 50%. However, the identification rate of the identifier for distinguishing left fist

clenching, right fist clenching and both fists clenching, was all less than 50%.
Key Words: Electroencephalogram (EEG), Common Spatial Pattern (CSP), motor imagery,
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Fig. 1 The 10-20 system and the 10% system
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Fig. 2 Motor cortex of human brain
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Table 1 Specifications of Polymate mini

The number of electrode  10(8 positive and 2 references)

Electrode type Active

Sampling rate 1000Hz / 500Hz (electrode =7)
Connection Bluetooth ver.2.1
Battery life 4 hours

Measured electrode input port
(No.1~4)

Reference electrode
input port

——_  External
input port

DCS5VIN
USB-micro

Measured electrode input port
(No.5~8)

Fig. 3 Polymate mini (Miyuki Giken. Ltd.)
Acquisition surface

Fig. 4 Electrode for Polymate mini
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Fig. 5 Electrode location
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Fig. 6 Feature vector f,(t) after application of CSP
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Fig. 7 Hyperplane of Support Vector Machine
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Fig. 8 EEG in 8-30Hz at C2 for left fist clenching
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Fig. 9 EEG in 8-30Hz at C1 for right fist clenching
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Table 2 Distinction item in each SVM

Name Discrimination item

SVM@ Left Clench or Right Clench
SVM®) Either Clench or Not Clench
SVM® Both Clench or Not Clench

SVM@  Both Clench or Either Clench



Table 3 Specifications of each SVM

Output Label

Name

SVM®@ Left Clench nght Clench
SVM®@ Either Clench Not Clench
SVM® Both Clench Not Clench
SVM®) Both Clench Either Clench

Distinction of
Left Clenching and Right Clenching

Combining the result

In case ( i) : Left Clench
—-1

In case (_11) : Right Clench
-1

Fig. 10 Distinction process for 3 kinds of clenching
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Fig. 11 The process of CSP analysis and distinction by SVM
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Table 4 Combination of training data and evaluation data

1

ES VS S ]

[1,2,3]
[1,2,4]
[1,3,4]
[2,3,4]

(4) ERERRUEBR
a) SVMO~SVM@ (< & B AlIHER
F5~F 812, SVMO~SVMDDFAIHER % 7~7 .

0.0~0.2
0.2~0.4
0.4~0.6
0.6~0.8
0.8~1.0

0.0~0.2
0.2~0.4
0.4~0.6
0.6~0.8
0.8~1.0

0.0~0.2
0.2~0.4
0.4~0.6
0.6~0.8
0.8~1.0

0.0~0.2
0.2~0.4
0.4~0.6
0.6~0.8
0.8~1.0

4

3
2
1

Table 5 Distinction result of SVMD

Time Left Clench | Right Clench
[sec] [%0] [%]

65.0
35.0
60.0
52.5
67.5

60.0
62.5
57.5
65.0
62.5

Average

Table 6 Distinction result of SVM®)

Time Either Clench | Not Clench
[sec] [%] [%]

65.0
73.8
56.3
60.0
82.5

61.3
425
37.5
42.5
63.8

[%]
62.5
48.8
58.8
58.8
65.0

Average

Table 7 Distinction result of SVM®)

Time Both Clench | Not Clench Average
[sec] [%] [%] B

50.0
80.0
70.0
42.5
525

57.5
60.0
47.5
50.0
67.5

Table 8 Distinction result of SVM®@

Time Both Clench | Either Clench
[sec] [%o] [%0]

56.3
65.0
46.3
55.0
65.0

425
375
35.0
17.5
325

[%0]
63.1
58.1
46.9
513
73.1

53.8
70.0
58.8
46.3
60.0

Average

[Yo]
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40.6
36.3
48.8
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DFBNTF T, FHIRBIF O e B A 4T 65.0%LL F
Lhote. —FT, X8 XV, liTOMBEEEL F Tl
BEMEORS (SVMD) 1281 2 EHHMNR T E T
513% & 721, LEto 3 FEICHE N TIRWER E e o7z,
ZORKE LT, IR O REBRR TN & AN
OB B—EBRE L, FFOERENERICR T 2K
DR TF O IR BN VR D 8z o0 e & L L 7= 5.,
JFORIRBNME L il T OERENEZ RS 2 K174
ZNRANHER CERD ST EBREZLNS.

TEHERB R D e b i < 2R BEEER IOV T, RO
EREEZ BN OMGE L T2, ETFOEBREELETO
HHREEOHR, KO FOHRIREEDOT MDA D 2 F
HIZHOWTE, R EER 0.8~10 Lotz WFD
EREMED A MOFANZ OV T, HIRENIER 02~04 7
Lipofe. e, MFOHBEIE L FFOHEIHEOHN
IZOWTIE, fERENER 0.0~02 1 L e o7z,

b) SVM O#i & HIAIIZ & HEANFER
# 912, SVM DA HIBNC L 2Bk 5% R T

Table 9 Distinction result of 3 kinds of clenching

Time Left Clench | Right Clench | Both Clench
[sec] [%] [%0] [%o]

0.0~0.2 25.0 27.5 25.0
0.2~0.4 17.5 25.0 325
0.4~0.6 27.5 10.0 27.5
0.6~0.8 22.5 10.0 15.0
0.8~1.0 425 27.5 25.0

FOITRLIZE ST, SVM OFESHBINC L 5 3FED
EREEDTRRIZRIT, K SVM DR LV HIKL 2o Tz,
AEFOHBEEEICOWTE, HEEIER 0.8~1.0 Bick
% 425%DFBEN R b @ o T AT OEEBEIEICS
WY, fRIBEER 0.0~02 RN 0.8~1.0 okt 5
27 5% DFEBIR N i b E oo 2. B FOREEIZ OV T
i, EREER 0.2~0.4 BRI D 32.5%DHE1 =R 2 K
bLEhole, Wb 50%% FlREIZAER LD, ZOF
HELTERD2ONREZ HILA.

1 2HOFERE LT, WTOEREEE A FOEREE
O (SVMD) OFEHFMEORESNEITF oD, FE
BRiZ, SVM OFAHBNZSONT, SVMDZE RV TEFED
HHRENVE R O F OHBREMEOR SRR 21T o2& 2 5,
WL ITIREIER 0.8~1.0 BB W TAETOIREE
% 50%, A FOHIBEIEIL 57.5% L, HiC 50%LL ik
BN GFHNT.



2 DHOBFRE LT, LRI E < 725 R
SVM ZLIiCHReD 2 e nEF b5, B FOEESED
AR LT 5 SVMOD, SVMOIZ DWW T, RS
1Et% 0.8~1.0 p DI O FEHFRBI L R’ e b i < 72 o 7z
iz, WFOEBBIED A ZFBIRIER L T 5 SVMOIZ
W, HIREIMER 0.2~04 B ORI PR B A
Kbml oz, L, WTOEREIELE F FOEEE)
VEDOM 5 AR L+ 5 SVMDIZ S\ TIE, mFoE
BEIEITEREIER 0.2~0.4 B K& 0.8~1.0 B O RFE
BT DB R R bR o2y, FFROEEE
TEIZOWTIE, {TREMER 0.0~0.2 B oORRkICK T 5
EEJHAIE N R b < I o T,

PLENG, SVM OFEAHIBNC X 2ikBIEz R ES® 25
FiEE LT, CSPIZ & 2R 21T 2 Al & LT,
MSERR Y TR T Z A v RER 0B EOFEEMZ 5
TENEBZOND. INOLOTEEEAL, EAORMED
RAZRBSES 2 LT, WTOEBEEE F FoMfE
EEORBBI RO M LR TE 5720, FERTHEH
BN L BRI Om ENMFRFTE 5.

9. EHRBLUSHRDEE

AWFFETIE, BILEEE LT CSP ZiMiic @A L, AT
DIBEMED LA DA, FFOHEBIEOH BRI,
Wi FOHBEEOF MOBH], WFOHEBEEEL FF O
HREMEDFRBI 41T 5 & 4 FED SVM O AT o 72,
MZT, ZNHERAHBISELZ LIZE T, EFOM
BEME, HFOEEHE, LKOWFOEEHED 3 FEH
OIBEMEL TR T 5 AT AEE LT,

A%, MFOHMBEEE L i FOEEEEOHRIZERD
M ED7=DIZ, CSP IZ KBB4 EAT RIS, ML
BraaTvs, 20K & AR B3 AT 2 MKk DR G & K S
B LT, & SVMIZEBIT HBIEOM E, KOWAH
BOBEOFAE O ERHIFFCE 5. M2 T, WFOHEE
E L R FOHBEEEOFED & b K& < Bl 2 Rk

ZREE L, £ ORI T SVM 218325 Z L 03MFE L.

Tz, FERILBBHENT ORHES AT A~DISHE S
BL, VT NIA LTOHRIHEZERTDULENRDD.
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