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Abstract

With Brain Computer Interface (BCI) system, a person with disabled limb could use this direct brain signal like electro-
encephalography (EEG) to control a device such as the artifact arm. The precise force control for the artifact arm is neces-
sary for this artificial limb system. To understand the relationship between control EEG signal and the gripping force of
hands, We proposed a study by measuring EEG changes of three grades (25%, 50%, 75%) of hand grip MVC (Maximal
Voluntary Contract). The acquired EEG signal was filtered to obtain power of three wave bands (alpha, beta, gamma) by
using fast fourier transformation (FFT) and computed power spectrum. Then the power spectrum of three bands (alpha, beta
and gamma) of three classes (MVC 25%, 50%, 75%) was classified by using PCA (Principal Component Analysis) and LDA
(Linear Discriminant Analysis). The result showed that the power spectrum of EEG is increased at MVC 75% more than
MVC 25%, and the correct classification rate was 52.03% for left hand and 77.7% for right hand.
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2.2 PCA (Principal Component Analysis) 2F LDA
(Linear Discriminant Analysis)
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Fig. 1. The procedure of experiment
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Table 1. Grip strength table of subject

MVC 25% 50% 5% 100%

o= 1712 34.3 51.5 636
13.7-20.6 | 30.9-37.7 | 48.0-54.9

9z 14.2 285 42.7 56.9
11.4-17.1 | 256-31.3 | 39.8-454
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(S) to relaxation(R) of left[Al/right[B] hand
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Classification Rate [%]
MveE Left Right
25% 50.11% 72.2%
50% 45.5% 81.75%
75% 60.47% 79.25%

4 4
glo] fetom BaelA A3 it 9% (Al BHE 2
o 285 [BlY /&0 o =52 1T & JTh &
gk MVC7F 718 =2 5%t 78 w2 25%9 +/&S
vl Al (Al 2 2Bl BF = 98 MEeE 9
e BHES e Tet 98 MVC 50%¢2] 45
S 4l B S Slko] WatelA Bk ©A) Sl 2
v BHES YERITH
A
20 v
o 25%
+  50%
o | 75%
10 1
5 -, ]
T
o Q#!E' 4
B -~
ot G
F
SF (=] o E
g 6 4 2 0 2 4
B
10 v
o 25%
+ 50%
75%
+F
b
D -
]
5 - o 1
e
A0
% 2 a5 a0 & 0 & 1 15

a9 4. dE[A/EE[B]e 2At2e 2 FAE EEG data
Fig. 4. reduced to 2-D EEG data of left[A]/right[B]
hand

al §
1 %h

5 &

ru

o T

i

2 =82 g9 EEGY d34S goliaxl ofge abs
= 3GAE Ui, g (R, M, WS w2
EEGY 38" (a, 8, YHIE dYxdEdRZ oz A
g E sz uw 2 B4 F BREA &2 EEG
raw dataZ ¥HF71% PCAS LDAS &-g3slo] 2199
Zol BHE stk 4 A% Al EEGRESH S 8 =

175



Journal of Korean Institute of Intelligent Systems, Vol. 23, No. 2, April 2013

o] Eaz WA A9l C3, C4ell A=< FHso]
EEG @& SA4sklrh. B ghol fofvd daks vehd
A= FRARE D= 7 Al Zkerld MVC 75%¢l A
EEG ¥}9]¢] 71 & 5718 8902 5 A%la, 7H8 A&
MVC 25%°] 9= &
(o]

S E A HHoR FadEeA N &
39 e AL 4 gk wa adoAlE F2AE (R)
B} 398y A& w ke S uE wby,
7o AAA o2 sttt ©]F Matlabs o]83te] 2
do dAEE FH2E EF5193, PCA9 LDAZ &

pS
I 25 A 3-D ) gkt vnsls ), e8]
&(777%)°] 9] Hit FFHE (52.03%) 8Tt =
&5 BolFeh o A7t Pt Bl EEGY]
A E QAR gl ofgent S3tE o)A v 3
g 5 Aloll= o2l EEG W7t veAE vA
AT Pgol we} wvje] wstgdo] thEa
& v2 Ao we} Hue] WMy} Dby, 22
shrfelis vl e SA%E 42 v
Ab7b QeHAI2](13]). Zrejvt ofef gt Aot Fhol -9
Al Aol Arpi wAgkol Bolo] Afus AlA dF-E
AENA @A SHE T)Eel oEsta gl o
Z1Edel Z41e] EEGE #83te] v& A4&d 4
FRT F ole FoE AdeHzr)T 2 o5 o AL vt
TS RoFoh F% Adew IR FE 59 U
B ®ES gusta e B EEGE 24 o

Ao|t}

|

U

=
T
=
T

4
!

2o B e o el ol oot
i
A g S

fo o ki o (o O

o

§

o=

References

[1] S. H. Kim, Y. C. Byun, C. G. Son, Y. H. Lee, M. K.
Lee, S. H. Lee, D. W. Kang, S. J. Kwon, H. K. Oh,
S. Y. Yoon, S. Y. Lee, “Suvey of People with
Disabilities,” Ministry of health, 2011.

[2] S. Y. Hwang, “Development of a headband based
automated wheelchair control system for quad-
riplegia disabled,” Graduate School of Konkuk
University, thesis, 2009.

[3] B. I Jeon, H. C. Cho, “EXOSKELETON ROBOT
ARM Control By Fuzzy Algorithm Using EMG
Signal,” Proceeding of KIIS Fall Conference, vol.
19, No. 2, pp.218-221, 2009.

[4] G. Onose, C. Grozea, A. Anghelescu, C. Daia, C. J.
Sinescu, A. V. Ciurea, T. Spircu, A. Mirea, L
Andone, A. Spanu, C. Popescu, A. —-S. Mihaescu, S.
Fazli, M. Danoczy, F. Popescu, “On the feasibility of
using motor imagery EEG-based brain—computer in—
terface in chronic tetraplegics for assistive robotic
arm control: a clinical test and long-term post-trial
follow—up,” Spinal Cord, vol. 50, pp. 599-608, Mar
2012.

[5] Saeid Sanei, J. A Chambers, EEG signal processing,
John Wiley & Sons Inc, 2007.

[6] J. H. Kang, J. Y. Kim, C. S. Kim, S. Y. Song, Y. S.
Choi, fiiction test neurology, Korea medical book
publisher, 2012.

[7] LT. Jolliffe, Principal Component Analysis, 2nd Ed.,

176

Springer, 2002.

[8] H. Han, Introduction to
Hanbit-media, 2009.

[9] B. Jin, Clinical Physiology Electroencephalogram,
Korea medical book publisher, 2011.

[10] Toshiaki Wasaka, Tetsuo Kida, Ryusuke Kakigi,
“Modulation of somatosensory evoked potentials
during force generation and relaxation,”
Experimental Brain Research, vol. 219, Issue. 2, pp.
227-233, June, 2012.

[11] J. Z. Liu, Q. Yang, B. Yao, R.W. Brown, G.H. Yue,
“Linear correlation between fractal dimension of
EEG signal and handgrip force,” Biological
Cybernetics, vol. 93, Issue. 2, pp.131-140, Aug, 2005.

[12] Paul A. Pope, Andrew Holton, Sameh Hassan,
Dimitrios Kourtis, Peter Praamstra, “Cortical control
of muscle relaxation: A lateralized readiness poten-
tial (LRP) investigation,” Clinical Neurophysiology,
vol. 118, Issue. 5, pp. 1044-1052, May. 2007.

[13] Jing Z. Liu, Bing Yao, Vlodek Siemionow, Vinod
Sahgal, Xiaofeng Wang, Jiayang Sun, Guang H.
Yue, “Fatigue induces greater brain signal reduction
during sustained than preparation phase of maximal
voluntary contraction,” Brain Research vol. 1057
Issues. 1-2, pp. 113-126, Sep, 2005.

pattern recognition,

PO PN )|

4 5 2(Dong-Eun Kim)
2012 @ - UIEka AR 7] s gL
2013 ~ & A : Tt digkd

& AR 7] -8 s

- AIALE S,

a
Aok : Brain—computer Interface, pattern recognition

Phone @ +82-2-820-5319
E-mail : jounj333@gmail.com

O] Ef F(Tae-Ju Lee)
20123 Fofdlgtal AR 7] s FEAL
2013 ~ & A - TSt gk
AR A7) 3-8
AL S A,

;‘_7‘:}__

Ao} : Brain—computer Interface, Intention recog-
nition, Neuro—Robotics, Soft Computing

1 +82-2-820-5319

. bindaman@cau.ac.kr

Phone
E-mail



gt & 8l (Seung-Min Park)

20100 TSkl A7 S S SpAk

20109 ~ @A) - TSt gk
AR} 71358
A ubAls- gk

ol R

=]
T
A

Tl o : Brain—-Computer Interface, Intention Recognition
Soft Computing &

Phone : +82-2-820-5319

E-mail : sminpark@cau.ac.kr
& 2(Kwang-Eun Ko)
20074 Sl AxA 7S s AL
20079 ~ @A) - FSosta gigy

AR 337

5514

i

: Multi-Agent Robotic Systems (MARS),
Machine Learning, Context Awareness,
Emotion Recognition Systems -

1 +82-2-820-5319

: kkeun@cau.ac.kr

BCl 7|gt 2& & HOE 28 2 #slo| e EEG &4

_I

A7 2 (Kwee-Bo Sim)

1990 : The University of Tokyo
AA3-8ha) g sk}

191 d~A)] » Sieal A7 |28k u

20061 ~2007'd : SR FA| =E 8k E] 3%

)

ol QlFA, 2-E QAElolx, o1, 74l
A fUIAEs AR, A zE, HEeol
A Qe s, A5 0 E R, )

Bl AFE 9 AN WS, ATE A
i HA1] 21844, Tl 2 ASEA R B A8
]_:_u:]od}\]/\r,ﬂ x]#ﬁi 71—}\]/\]_/_\_%1 =,

Phone @ +82-2-820-5319

E-mail :kbsim@cau.ac.kr

Homepage URL : http://alife.cau.ac kr

177



