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Abstract

In this study, we proposed a new type of hybrid visual stimuli for steady-state visual evoked potential (SSVEP)-bas
ed brain-computer interface (BCI), which incorporates the conventional flicker or checkerboard stimuli with various p
eriodic motions. Four periodic motions with different waveforms of none, square, linear, and sine were employed to
implement hybrid visual stimuli and the performance of SSVEP-based BCI was compared in terms of classification ac
curacy. A total of 20 healthy adults participated in the experiment to discriminate four visual stimuli with different f
requencies. For the flicker stimulus, the highest classification accuracies were reported when the periodic motion of the sine
waveform was incorporated for all window sizes. For the checker stimulus, the periodic motion with square waveform showed
the highest classification accuracies for all window sizes except for 2 s. For both cases, it was clear that the performance of
SSVEP-based BCI could be significantly improved by incorporating the conventional stimuli with periodic motions.

1. g7 i3 BCIE stz ¢l 7t& To| ATkl m2Cy &
L-HEH OIHIO|ABrain Computer Interface, BC)E dILZ, =2 HME H= HT(Information Transfer Rate,
UEH Ol OIAtAE B2 7|7] ZEO| of2{2 ARE0A = TR =89 ZRg0| Rt FFO| QUCH [3]. SSVEP 7|t
gE2 2810 N MAE =EHE MBs|F7| /5t BCle £§%F FoFE 7HX1 F7|Ho=2 Hsts AlZ
JHEEQCE 1] = &F FY YASZE kLlOfelectro- X2 SAlstn US I AEXS FFERE Zo| AlZ
encephalography; EEG), 7|5H At7| 3 Fai(functional At=Zo| Fhab49t ZHALE L2 Y (harmonic)$t LIt HEE°
magnetic resonance imaging; fMRI), XM E&H(near- ItY7t JItst= EMS  O[8%Ct SSVEP 7|8 BCI
infrared spectroscopy; NIRS) &0 RQUEt. 1 & 7Y A|2H2 ME COE Fho+2 Hols o2 7o A J
BEHMoz AMEBEe & 5 FY YA2 EEGE, CE  SILUHE ARBAZE SAISHH AMBASl L|ItE 3l SAlSt
HYSo| o) FF0| ZtEHStCt= Zdar Ha2| = HhRtX|el  A=E QIASH, QAT X150 siPSts HHES HATIC
T2 AlZH ZHA0| CHSHME Z70| 7tsStihe FEO| ULCH YutHo = SSVEPO| AMEEl= AlZAAt=E 2=7t H
[2]. EEG 7|8t BCIQ| T{R{CtUO= &M (Motor Imagery, E2|#(flicker) Xp=O[Lt NEE M LR
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Motion Visual Evoked Potential, SSMVEP)= XI=2| F7|H QI
SHUZ Sl Al HMRAE FEUDCE [4]. O HFOA =
SSVEPR} SSMVEPE A0 | = U=E 7|EQ
EeH/AAHLE K=o ChEst BFQ 7| A Yat

Zgtst ME2 stolEz|E XFE MASIYD, 0|F9
Heg HlustCt

2.9+ 4

71ES] EEIH/MAHEE AF2 Wl ZHXe] ME CE
TF9 F715¢l 23 (s} 212 (None),
ArZtobs (Square), M@ IFH(Linear), ARl (Sine)) 1t
4o & 8/l SiojEZ|E X=2 AL
F7180l SEAL XpFol AV|HIE S FHGIRULL
2 12 EW 6Hz MHEE X3 1X0| e6Hol Ry

BrMOo| oftCt ojmf, By BNt FA|of XtFel 7|0
HSIE FO| SSVEP # OfL|2} SSMVEP ESH SA|0f Setgt
T+ JAEE K22 TSR}

% 2099 mEXL AH0 ot mAEHA=E £ 8

Mueol deds sdsIACt 4 MM2 Mz oE SRS
SIOIEEIE Ay K=oz FEEA2H, oo =M=
XA MAI=AEE b ME2 F 2029 CHY

Aoz FHEYCH, T 442 ME CHE FOt (6Hz
6.67, Hz, 7.5 Hz, 10 H2)& ZHX|= AlZf At=0| A2le =M=
SHM HA|Z[QICE StLtel B A2 3XEo| ER K=
XIAlQE 5&9| A= HAIZ O|F0{A QUCL Lot HIO|H&
A2 Lo =3 FHH|Q Biosemi Active Two (Biosemi,
Amsterdam, The Netherlands)XMH|S AF2310] 2048 Hz
sampling rate2 & 8712 M3 (01, Oz, 02, PO3, POz, PO4,
PO7, and PO8)0| CHeli ZHFSHAULCE ZHE3 OHIOHE= 64t
zero-phase Butterworth®| 2~50 Hz ®H9| i &1t ZHE
AX R SAl BN BRE T 21z2[F0 AHEEZUCL
SSVEP 258 L 1E|F2 2+ filter bank canonical correlation
analysis (FBCCA)E AMESIRALCE [5].
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CHSHA HIZE 3tH BE A= 370 Cfsto] Z2|7et
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ArQlotyol A7|BetE  ZAget A= "R IHY
=Cte AMYE =oig 5= QUok
Window Flicker
Size (s) None Square Linear Sine
1 64.75 % 68.75 % 74.50 % 78.25 %
15 83.75 % 85.00 % 90.75 % 94.25 %
2 90.50 % 91.50 % 95.00 % 96.75 %
25 93.75 % 95.00 % 97.25 % 98.75 %
3 95.75 % 96.25 % 99.25 % 99.50 %

# 2 37| g7t s 227 A=2 B =2k

Window Checker

Size () None Square Linear Sine
1 70.25 % 76.25 % 64.50 % 69.00 %
15 83.50 % 91.00 % 83.75 % 85.75 %
2 88.75 % 9375 % 92.75 % 94.50 %
25 92.00 % 97.75 % 93.50 % 95.25 %
3 94.00 % 98.25 % 95.00 % 96.75 %
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