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STUDY ON DISTINCTION OF ELECTROENCEPHALOGRAM VIASTEADY STATE VISUAL EVOKED
POTENTIAL UNDER THE CONDITION OF PLURAL BLINKING ANIMATIONS FOR VISUAL STIMULUS
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Takumi MATSUO
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In this study, a detection method of steady state visual evoked potential (SSVEP) in short time was investigated
for the sake of future use in brain machine interface (BMI). Preliminary experiments were carried out to determine
the form and color of a blinking symbol and the number of the electrodes to be used. As results, the blinking
symbol of 10Hz and 12Hz was chosen as white square with black background, and the blinking symbol of 15Hz
was chosen as white square with blue background. In addition, three electrodes were chosen to be used. Using the
short time Fourier transform (STFT) and the moving-average method, the analysis method of
electroencephalogram (EEG) for detecting SSVEP and detection conditions of SSVEP were determined. Then,
experiments for distinguishing SSVEP were executed under the condition that three kinds of the blinking
animation, in which the white square symbol blinks in 10Hz, 12Hz, and 15Hz respectively, were presented
simultaneously as visual stimulus. Accuracy rate of more than 90% was obtained for distinction of each stimulus

frequency in 2 to 6 sec.
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Fig. 1 Measurement position of EEG
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Fig. 2 Method of data analysis for EEG
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Table 1 SSVEP appearance ratio in color combination [%]

Color of White White Red Red
blinking figure and and and and
and background Black Blue Black Blue
10Hz 72.2 50.0 61.1 38.9
15Hz 27.8 55.6 11.1 22.2
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Table 2 SSVEP appearance ratio for each figure [%]
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Fig. 3 The blinking animation as visual stimulus

KEBOY 7V TR IkHz &L, I

STORETH 2 L BB OB E ¥ TOFERE4 45~50cm &
LR CTEBRZIT 72, a)DERAR LOWRRETIE, #
BREICHE A2 ZR LIRBOB I A2V ER L TH 50,
WRVEBENREEZRERMG E L, M4 30 R
E LTz, b)OBRRRI =R 2T, £TMED
WE BRI, HBRE ICIE TR & 5 R O sk
AEE A 3EIRAE T, HERRICEL T b, 2D
%, WEOWMEZME L, MEREHE VRS T 30
MO GREIREE 2 HAE Lz, TR, HEg AR
T LRI 5 X 91T, Bl 0 T A BRIGIE & #& T
DOWZ & Fiex L. ZOE¥% 8Hz, 10Hz, 12Hz, 15Hz
DIETITVY, milfZe LoRE L 4 FEOREHIC L 5 R
WFRrE1vy bEL, 12y FMyoMEEEIE L.
FEAT PIRITR DO X Dl LTz, MATORGSEE, mIiR
L@%%f@@ﬁ%%%U,“ﬁéﬁ#h%fiﬂﬁﬁ
RBAGEIEZI & 95, EEG 7 —# O&X[MiX 8192 1 (K
8B , 7 — & OEHTIX I 2048 £ (K9 2 BD[H) & L,
T—=HDF—"—F v T TRV, HEEINZ4H50
XM EEG T — ¥ ZNFhEEIFM 7 — 1V =4
(STFT) LU, IEFEHZATH . &BRIZIS T 2 RIS
20, B2 ABEER K LT, ERICREBASN b
LD — 7 ENBLI T JE R & O E TR 2 JE
WA=, 128y MyollET —# 25 LT,
v — 7 NN B & ORIk 5 E K
WEEBMEBICEEDELOERIITRT.

Table 3 Frequency band for appearance of SSVEP [Hz]

Circle 40.0 40.0 46.7 46.7 43.3

Triangle | 60.0 40.0 6.67 46.7 38.3

Square 66.7 66.7 46.7 60.0 60.0
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No.1 No.2 No.3 No.4 No.5
8Hz 7.32-9.76 | 7.32-9.76 | 7.32-9.76 | 6.83-8.78 | 7.32~9.27
Harmonics | 15.1-16.6 16.1 15.6~16.1 | 156-16.1 | 15.1~16.6
10Hz 9.76~10.7 976 9.27~10.2 | 8.78~10.2 | 9.27~10.2
Harmonics | 19.0-205 20.0 20.0 20.0 19.0~20.9
12Hz 11.7~12.2 | 11.7~122 | 11.7-122 | 11.7~126 | 11.7-12.2
Harmonics | 22.9-23.9 23.9 23.9 23.9 23.4-24.9
15Hz 141~151 | 146~151 | 146~151 | 14.6~15.1 15.1
Harmonics | 29.7-30.2 | 29.7-30.2 | 20.7-30.2 | 29.7-30.2 | 29.7-30.2
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Fig. 4 Amplitude spectrum for each frequency
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Table 4 Sensitiveness of electrode for stimulus frequency [%]
No.1 No.2 No.3 No.4 No.5
8Hz 8.33 33.3 66.7 83.3 33.3
10Hz 50.0 75.0 58.3 75.0 41.7
12Hz 66.7 91.7 83.3 100 25.0
15Hz 25.0 75.0 91.7 100 8.33
Total 375 68.8 75.0 89.6 27.1
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Fig. 5 Method of data analysis for detecting SSVEP
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Fig. 6 Result of data analysis
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Table 5 Experimental result of detecting SSVEP [%]

8Hz 10Hz 12Hz | 15Hz
1 o (3) x (0) °(3) °@3)
2" o (2) °(3) °(3) °(3)
3" o (3) 0 (2) o (3) o (3)
4" °(2) °(3) °(3) °(3)
5t x (1) °(3) °(3) °(3)
6" o (3) o (3) °(3) ° (3)
7" o (3) °(2) °(3) °(3)
g o (2) x (1) °(3) °(3)
" o (3) o (3) °(3) ° (3)
10" o (3) x (0) °(3) ° (3)
11" x (0) °(3) °(3) °(3)
12" x (0) °(3) °(3) ° (3)

Table 6 Accumulated detection rate of SSVEP [%]
8Hz 10Hz | 12Hz | 15Hz
2[s]~4[s] | 333 | 333 | 917 [ 750
2[s]~6[s] | 75.0 75.0 100 100
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Fig. 7 Experimental environment
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Table 7 Distinction results under two stimulus presentations

a) Stimulus frequency 8Hz gaze

8Hz-10Hz 8Hz-12Hz 8Hz-15Hz
Day1,1¥ o x (10Hz) o
Day1,2™ x (12Hz2) 0 0
Day1,3" o o o
Day1,4" x (12Hz2) x (12Hz) x (10Hz)
Day1,5" x (12Hz2) o o
Day2,1* x (12Hz) x (10Hz) x (12Hz)
Day?2,2"™ o o o
Day?2,3" x (10Hz2) x (10Hz) o
Day2,4" o o x (10Hz)
Day2,5" o o o
pistinction | 50,09 60.0% 70.0%

b) Stimulus frequency 10Hz gaze

10Hz-8Hz | 10Hz-12Hz | 10Hz-15Hz
Day1,1* o o o
Day1,2" o o o
Day1,3" x (12Hz) o o
Day1,4" o o x (12Hz)
Day1,5" o o o
Day2,1% o o o
Day2,2™ x (15Hz2) x (12Hz) o
Day?2,3" o o o
Day2,4" o o o
Day2,5" x (12Hz) o o
pistiaction | 70.0% 90.0% 90.0%

c) Stimulus frequency 12Hz gaze

12Hz-8Hz | 12Hz-10Hz | 12Hz-15Hz
Day1,1% x (8Hz) o o
Day1,2™ o o o
Day1,3" o o o
Day1,4" o o o
Day1,5" o o o
Day2,1% o o x (10Hz)
Day2,2™ o o o
Day?2,3" o o o
Day2,4" o o o
Day2,5" o o o
Distinction | g4 5 100% 90.0%

rate

d) Stimulus frequency 15Hz gaze

15Hz-8Hz | 15Hz-10Hz | 15Hz-12Hz
Day1,1% o o x (12Hz)
Day1,2™ o o o
Day1,3" x (12Hz2) x (10Hz) x (12Hz)
Day1,4" o x (8Hz) o
Day1,5" o o o
Day2,1% x (12Hz) o o
Day2,2" o o o
Day?2,3" x (12Hz2) o o
Day2,4" x (12Hz) o o
Day2,5" x (12Hz) o o
Distinction | 55 5 80.0% 80.0%

rate




Table 8 Correlation of distinction result for all combinations

8Hz 10Hz 12Hz 15Hz
8Hz X X X
10Hz X o o
12Hz o o o
15Hz X o o
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Fig. 9 Appearance of the screen under three stimulus
presentations
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Table 9 Distinction results under three stimulus presentations

10Hz gaze 12Hz gaze 15Hz gaze
Day1,1¥ X (15Hz) o o
Day1,2"™ o o )
Day1,3" o o x (12Hz)
Day1,4" o o o
Day1,5" o o o
Day2,1% o o o
Day?2,2"™ o o x (12Hz)
Day?2,3" o o x (10Hz)
Day2,4" o x (15Hz) o
Day2,5" x (12Hz2) o o

Table 10 Accumulated distinction rate of SSVEP [%]

10Hz gaze 12Hz gaze 15Hz gaze
2[s]~4[s] 80.0 80.0 30.0
2[s]~6[s] 80.0 50.0
2[s]~8[s] 90.0 60.0
2[s]~10[s] 70.0
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Table 11 Distinction results after change of animation for 15Hz

10Hz gaze 12Hz gaze 15Hz gaze
Dayl,1" | o(2-4) o (2~4) o (2~4)
Dayl.2" | o (2~4) o (2~4) o (2~4)
Day1,3" | o (2-4) o (2~4) o (2~4)
Day1,4" o (2~4) o (2~4) o (2~4)
Dayl5" | o (2-4) o (2~4) o (2~4)
Day2,1* o (2~4) o (2~4) o (2~4)
Day2.2" | o (2~4) o (2~4) o (2~4)
Day2,3" o (2~4) o (2~4) o (2~4)
Day24" | o (2-4) o (2~4) o (2~4)
Day2,5" o (2-4) o (2-4) o (2~4)
pistnetion | 1009 100% 100%

ETOMFHFERICBNT, HEH L EN A IE L
<Rl STz, £, HBAlTET 2~4 BREITITHY 2 &
MWTET.

INHOERER LY, HIT 15Hz ORI )
ZHR LIZBRIZIZ R < IEREIC SSVEP 23K T& 7273,
O RTLENE & fL A A D THRRT D EHWICT
WL THREICEEL 5 X, #AENMETT 201y
Molo. LLRR b, #ERE ORMEIZH > T 15Hz @
RRANLE B 2B IET 5 &, Bl E ORI & b
ICWETE D2 LR TE .

6. SHENDERBEICLSDT VA LFHEEER

(1) EREHEERFIE

R W ke D Fre B 3TEORFT AL OBE A4 AE L,
—OOEEEZEHT D Z LIk > T SSVEP Miknl T
LZE I DEREITo . EREBEESS, HIESMIT 5.1
e & Lz, Fiz, B OFRTEIL 55 HOEHEEZD
BEEZEAL, WX 10 O X5 AR E CEIm A L —
TEA L, 15Hz oBhE A& EENIC, 10Hz & /24, 12Hz &
FHENZEE L.



FERTIEH O U, 1R T 2 HIIKE i 10Hz, 12Hz,
15Hz 28T » # LD 10 DIC 72 DR R & ERL L.
T E BRI TX B &2 SRS L7 RABIC LT, IR A
HAEWF R ZHEERM & L, BIEH N REICHEWVE
BEOXA IV THREICHER ST BEEESEML,
3 B\ I O & B D BRN 2. T AV o1k
B Llckd ) A XBRRBALZVWEIICTEHDTH
5. WA FERICE L LR A58k L, 15 AR %
Bz, f@REAGEORZZeL, WMEKTELE. &
O FNEZ % JF W $x 10 8, 3 30 fEME Li=. SSVEP Ok
&, s28ilmULE Lz,

(2) SEMOARIEIZLSS VA LFHEERER

B T 208 B e ORI R E £ 12 1R T. ik
BITEZHEILO, B TERPSTHEIEIXTEL
FEIN O BB S BGR S A e R L 0D, £
72, SSVEP %A T&E -IFIZBWT, HMIERND 2~
47, 2~6F Z L ® SSVEP D BT AR & F 13 1277,
KNOHIEITEDEKTLTHD.

Table 12 Distinction results under three stimulus
presentations by random gaze

10Hz gaze 12Hz gaze 15Hz gaze
1st o o o
2nd o o o
3rd o o o
4th o o o
5th o o o
6th o o o
Tth o o o
8th o X (10Hz) o
9th X (15Hz) o o
10th o o o

Table 13 Accumulated distinction rate of SSVEP by random

gaze [%]
10Hz gaze | 12Hz gaze | 15Hz gaze
2[s]~4][s] 70.0 70.0 100
2[s]~6[s] 90.0 90.0

£ 13 L0, ETORPEEBEIT K LT 2~6 T[] Tilk
BRI 90.0%LL E L7 oTHY,

WAl RITE <, RO TETWS.

EALND.

FURALIIFERLTY
ZDORERMNS,
SSVEP 2k - T 3 a~y ROBIRNHAEETH B &

7. %

AL T, BMIZHEH T & 2 i 78T o SR ot &
LC, ERINERTFHERENL (SSVEP) % R CTHRH
TLHEEE R T2, THEREITY, M E LTE
25 E BV, Wbz R, T 5 EmK
% 3ME& L7z, £7=, SSVEP Z T 5 7= O ik Ofif
WrRE, ROBMHSFZEYD, 8Hz, 10Hz, 12Hz, 15Hz
TS A R ENE 4 VN C, SSVEP O EBR %17 -
7z. 6 P CTOKFEE O =1L 75~100% & 72 1, FF
BRI T D RN & o T2, Tz 2 O E)E
Z T ORI FEERTIX, 8Hz AR\ 7= 10Hz, 12Hz,
15Hz DA TIE 80%LL LB TH - 72

ZOFERIZEESNT, I D ORI EE SRR E T
% 3 OB L DB FEREIT-/2L A, 15HZz @
FRBIERAMK s o 72728, 15Hz OB ERILIZ BT 5 K
BOREIZ—EYKREL, FROVEELEE A,
A2 C O RIEUR B BT 5 @B A 2~4 FLTH] T 100% &
Y, wESNZ. KB, SEIE OB Z BE LR
ECTIEOEEICL DT X LIEREREIToT-EZ A,
BRI 2~6 OB T 90.0% & 7257z, Thkb,
SSVEP Ik » T 3 D a~vy ROBRNARETH D &
ExbND.

L2vL, #%E L7z SSVEP OBl 5Lz EBHMA O
BMI & UCTHHT 2721213, BT E@RED /A
RADOBRENPBELIRDTD, /A ADBREEZEDIZLD
TEE AR B FENMETH D, F, L LK SSVEP
DB FEE VI, BEERE ORPEICKRIS L2 R R
MOBREEITo T 1T, Bix e #/E+ 2% BMI &
LCHIATX D alRetEnd 5.

EE P

1)S.-P., Kim, J. D. Simeral, L. R. Hochberg, J. P. Donoghue, G. M.
Friehs, and M. J. Black, “Multi-state decoding of point-and-click
control signals from motor cortical activity in a human with
tetraplegia,”, Proc. of the 3rd International IEEE EMBS Conference
on Neural Engineering, pp. 486~489, 2007.

2) L. R. Hochberg, at el., “Neuronal ensemble control of prosthetic
devices by a human with tetraplegia”, Nature Vol.442, pp.164-171,
2006.

3)M. Hajibabazadeh, V. Azimirad, “Brain-Robot interface:
distinguishing left and right hand EEG signals through SVM”,
Proceeding of the 2" RSI/ISM International Conference on Robotics
and Mechatronics, October 15-17,2014, Tehran, Iran

4) T. Noda, N. Sugimoto, J. Furukawa, M. Sato, S. Hyon, J. Morimoto,
“Brain-Controlled Exoskeleton Robot for BMI Rehabilitation”,
Humanoid Robots (Humanoids), 12th IEEE-RAS International
Conference,pp21-27, 2012

5) M. Mano and G. Capi, “Adaptive navigation of a brain controlled
robotic wheelchair in an indoor environment”, Proc. of the 2013
JSME Conference on Robotics and Mechatronics, No.13-2, 2013.

6) KA A, HFHRE, "MEFET A YL A~y Ky b &
AWz BB HER 2R v b OFIE", Proceedings of the 2013
JSME Conference on Robotics and Mechatronics, No.13-2,
2013.

7)T. Jiralerspong, C.Liu, J.Ishikawa, “Identification of Three Mental
States Using a Motor Imagery Based Brain Machine Interface”,
Computational Intelligence in Brain Computer Interfaces (CIBCI),
2014 IEEE Symposium

) IR, WHT £, "BCI v AT A0S Ais L7-#
17 Mo I O AT BE AT, H AR R [E] K 22 8K, vol.9, No.3,
pp.118-125, 2012.



