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Fundamental research for brain machine interface by use of EEG
from right upper frontal gyrus II

Takahiro YAMANOI*, Atsushi MORITAKA**, Hiroshi TAKAYANAGI***, Shin-ichi OHNISHI*
Toshimasa YAMAZAKI®, Michio SUGENO?®® and Hidetoshi NONAKA **

Abstract

To develop a brain computer interface the authors have investigated the brain activity during
human recognition of characters and symbols representing directional meaning. The authors have
recorded electroencephalograms (EEGs) from subjects in reading silently four types of arrows present-
ed on CRT. Each of arrows has directions of upward, downward, leftward or rightward. The
canonical discriminant analysis is applied to the single trial EEGs. Four channels of EEGs at the right
frontal and temporal had been used to discriminate the four types of symbols. They are 4, 6, 12 and
14 channels according to the international 10-20 system. Sampling EEGs were taken from 400ms to
900ms at 25ms intervals. So the numbers of variates are twenty-one by four, i.e. eighty four. Results
of the discriminant rates by use of the present system were more than 909. These results are
improved from the precedent our research. By four type code of infrared rays according to the
discrimination results from a PC, the authors have controlled a micro robot the e-puck.
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Fig.1 Comparison between ERPs in imaging Righ-
tward (Upper) and Leftward (Lower) in case
of Kaniji.
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Fig.2 Spatiotemporal pathways of ECDs after
PrCG in case of silent reading.
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Fig.3 Timing chart of the present experiment.
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F v AN LI 21 HOT—F BIEARETHIG
LTWwb A Liz, LizoT, 12Dy 7
Ve 8T AT IWVEEG % 63 XRITT —F IR E &
TWn5,

2.2 IEFEHFISIEIC & SHBIHFER

DB BI M L7z EEG 7—% 13, KHIER
FMRERICB W IEERHEZE T 5 21~22 KD
WERE S (BF14, LF44) oLk
bOTH?, B, TEOFEFIIHTH- .
2, DI 2KEBT—F DEEMEHERT S
Hi» o, HE®WO THEFF 2 BIFERET>TWw5,

IR E LA E 2RILE(ERE T, |,
—, =) OZHNTHN AFEOIAIERE T L, 63
EORHL R EZRED 12007 —2 £ LT, 4%
DIEHEHFI T 2R AT, ZOFER, wWIFhow
B ot U C O HFIRDIZIZ 80% & 72 B G R %
Bz, SPEHIBIERIZ 85.35% Th - 7=, HIHR xR
DGEL 95.83% TH D, EDLE X 80.83% T
»-7z (Table 1, Table 2).
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Table 1 Example of result of the discriminant
analysis by three channels data for sym-
bol imaging (The best case: Discriminant
ratio 95.83%, Subject HY).

Obs./Pred. ) ! < | — | Total
1 29 0 1 0 30
! 0 29 0 1 30
— 0 0 29 1 30
- 1 1 0 28 30
Total 30 30 30 30 120

Table 2 Example of result of the discriminant
analysis by three channels data for sym-
bol imaging (The worst case: Di-
scriminant ratio 80.83%, Subject SI1).

Obs./Pred. 1 I <~ | — | Total
i) 25 1 1 3 30
| 4 22 2 2 30
« 1 3 24 2 30
- 2 2 0 26 30
Total 32 28 27 33 120

mExBEEL, HANCHERT 27— OEN%ER
Al B, HRloy £ &3 EEG 7T—% 1%, M
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DUEFHEOEFIZL LD TH 5.

TEF 400 3 U B LABEDES TREID 4 5 4 7D
HRNCER T v > 3V EROTED, 4, 6,
12, l4ch D 4 F ¥ > 2N RFERA LIz, BINL 72
F ¥ AN b LETEBIOME IS 5. Ot
DT = EHIEGRD 7T -y HE R BEL, 4
F o YANVAIIER U, LTS o T, > T )b
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NZATWVEEG 7T —% D400 S V#5900 2
VHOR%Z 25 S VMEETY Y7L, &
F X A0S 2L HOEZ T LT, 2512,
1N IFATNTEWRELITIOT—% £ L, 84 KT
D7 v VT —F LTz,

3.2 FvrRIBINENHIBIHER

F oV RIVEEEBINLU T — 2120 L T 4B
RN 2 3BTz, Z DFER, & TOWRED T —
ZWX LT, 0% EOHFIREZEF 2 2 LI
L7z, &#ERE B 2 FEHBIEIE 95.36% T
Bolz, FIRIER R OEHE1E 99.17%, REDHE
1% 90.00% TdH -7z (Table 3, Table 4).

BCI O & LT, A 2 FEO G % H)5H]
JGH U7 EBEER RN H 2P, 2o XS %l
T, YREOHEENERENS, Ll
5, EEG SO a2 Wiz ¥ 27 A%, BEOH
THOFHREFH LY AT LALIDE S SN,
BE CIHER OGBS 2 AL Iy AT A
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2, %L DA A bR B % B,
—%, KRR TIE 4 F % > 2 )VD EEG &l 77—
I DH RN AT A TINBLLEDEWHF]
FrpBle, 2O EE, BEEZVELAIALE

Table 3 Example of result of the discriminant
analysis by four channels data for symbol
imaging (The best case: Discriminant
ratio 99.179%, Subject HY)

Obs./Pred. 1 ! — | - Total
i 30 0 0 0 30
! 0 30 0 0 30
— 0 0 30 0 30
- 0 1 0 29 30
Total 30 31 30 29 120

Table 4 Example of result of the discriminant
analysis by four channels data for symbol
imaging (The worst case: Discriminant
ratio 90.00%, Subject SI)

Obs./Pred. 1 ! < | — | Total
i 27 1 0 2 30
| 1 25 2 2 30
— 0 0 28 2 30
- 1 1 0 28 30
Total 29 27 30 34 120
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USB I/0 terminal (DIO-0808LY-USB, CONTEC Co. Ltd.)
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Fig.4 Schematic image of micro robot control by single trial EEGs.
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Fig.5 Infrared remote control device and micro
robot e-puck.
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