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Abstract:
control commands with a low judgment accuracy and unsatisfied information transfer rate (ITR), a novel hybrid BCI called the
P300-SSVEP-Speller was developed on the basis of the P300-Speller to combine SSVEP blocking (SSVEPB) features with P300
potentials. The offline usage of twelve subjects was investigated in the study . Results show that the elicited SSVEPB has little influ-

To solve the problems that the conventional brain-computer interfaces (BCIs) transfer the mental intents into the

ence on the emergence of the P300 potentials in the degree of temporal signals. In addition, from the view of character recognition,
the novel P300-SSVEP-Speller system has a better performance than the conventional P300-Speller on the judgment accuracy and

ITR.
Key words:

1 5|5

i -BILAE 11 A KA 5 A/ 5 A5 22 [ 1)1 JE A8 T 4 Ak
T A HE e AT LSRR T A R R 2 LA
R GRS B B AE R R B AR SR LTSk B
77K BCI RS A B T o] 20 33 OF H IR R 4
B RE T R IR T2 2] T Iz RS
FIRE AL ik 5 S 75 & BCI i =X 35 2 ) ] o —
A FEL REAEAS 5, B S 9 75 & HBL 7 ( Steady-State Visual
Evoked Potential, SSVEP) . P300 12514 4H 5 2= [7] 2 ( Event
Related Desynchronization, ERD) SPAE 2 24 E i o 28 BCT
ORI =5 R T R =i B &
SRAT DASRAT A MR R B R AE S R AR (H R s 22 0 )

Wik H #1:2012-08-07; & 7] H 11 :2013-07-24 5 i AE S B 24 8

brian-computer interface (BCI) ; hybrid; P300; steady-state visual evoked potential blocking (SSVEPB)

W TE A 3 R ATR 4 15 A% i R AT SR AN BRI A2 S B 1o
R -1

AR TR A Y8 2 BCIChybrid BCI, HBCI) 4 2 BCI
HR KR — A8 07 W52 3 1) 2 2B HBCl
ARG EW— T BCl 24 5 HMANEZ D REL S,
AT SR B o i s A o i A e R A U
BCI(Pure Hybrid BCI, PHBCI) % 4t | &4 £ 4~ F BCI &
GreE e —il . H A& R PHBCI R 48— 2K SSVEP
5 ERD {55, 8% P300 5 ERD {5 5 BT 45 A, 26X
2% PHBCI 2GS, P2 (8 £ 28 ) EEG FRAEAF 5 4% [ B 75
K AR A T A B[R] 1 B AR BT 55 X R A 7
KBRS AT 55500 F I mBITReE B2l F
W B — AT 55 I BT RICR

AW H  EEK A REEH4 (No.61172008, No. 81171423, No. 81222021, No. 30970875, No. 90920015 ) 5 [ K Fh4 % #5114 (No. 2012BAI34B02) ; A &

BT 228 F5 AA SCHFRI (No. NCET-10-0618)



2248 H +

E 2013 4F

TE = 2 i R e ERD 15 20 55 40 30 00 8 1 75
K ABHEAT AL CRE LT P300 £ SSVEP. #9875 A&
P300 1 SSVEP 1] Sk I 458 5 1) 175 S5 AL sk R0 (R %
AR T ZEAN AR 058 3% . i T P300 A SSVEP fir g
FAAL B SR 3 S TRUAS ] i AR ) 490 0 3 f S LA B —
P, X 4 P300 A1 SSVEP B[R] B 5 & i B T I X
Edlinger 8 A\ 2218 | —F T P300 Fl1 SSVEP £ 47 3%
i) PHBCI, R S H FH SSVEP 15 A R G T K55, FEA H
P300 5 S HEA 745 At X R R AT B 7 X3 7 &
SRR R R B (R 5 T Bk T 2 ry i A4,
X R Ge 15 EAE R o T — i 7 2011 48,
Panicker 2 A\ B ¥ 22184 SSVEP F1 P300 18 5 #4747
R HTEZ R G H SSVEP (5 51588 RAE A —F A4
TF 55, A REHR R EL A 4 i Hh i be

BN, e B TR miE AR & T —
Pl 5 20 R PHBCI, 3 1 L9280 T b 180 A 4 4 4
H195h i 5 [ By R K 2 W 1 S BA AT P300 A
SSVEP [ I A8 RE M , 1T T — R ALY PHBCI 2wt

E1 P300-Spellerfi =

AT P300-SSVEP-Speller 71 34, 7 Farwell ¥
PRREREIE R LR F 5T SSVEP i & L% BH I 55 % . 4
B2 iR BT AS DA DN A il sz 83 i e
T 3 PR AR IR A P300 L L 5 g ]I, HoA
TFLA— 8 WSR2 N S A5 S AR R, B 2(a)
FE 2(b) 2 B AE T ML BT 3 28 8 2 3, FLA %
15Hz. L, Y5208 52 E target TR, RE % 75 & I
FH SSVEP A AIE i H 5 2 57 1 #4552 target HI VA
SSVEP {55544 52 BIBH WG , 7= 4= —Fh SSVEP BHWTRRAE , 7T
PR N SSVEP Blocking (SSVEPB) , 5 It [F] i}, P300 Ha, 7
AT ATR] A

B 3(a) 2155 Farwell P300-speller 115 28 F) BAANF4F
DN MR B, AE P45 2 HE event A1, H AL I (] 1 2 2
W BNZEAF AT A AT B B 3 (b)) A SCHR 1Y
P300-SSVEP-Speller {1 X (1) B AN 45 N BRET 7 K. 5 1%
G A e, B 208 R 192 00 DA MR, B 7
KA event A1, 1% FAF— H LAFEA [ 2 TR N .

T HKIE P300-SSVEP-Speller A4 R, 12 47 Z 3K
HHHMTF,23 ~36 %,5 £ t) ¥4 3R A P300-

W&, AT R B 2 55 T BCI I E A PE B R0 ) A
Bt T —Fl g AL A PHBCT A58 ) 3 A =X, 122455 =X ] A
[R1B175 % SSVEPB 5 P300 FEAIE , H AT DA o B A3 B
PRRRAE EA T o0 B $2 L, 38 R 156 A RRAE A U1, o] LAY
SUHRE T BCT RS8BT 55 0 31) 1E A R AN A AL %

2 I

1 fF 7Rl Farwell & BHI& 50 P300-Speller AT
M BCHE &, R F LG # L BoR 3 x 3 454
R S5 i s 1) 0L Bl ML DA 6, 25 3 52 13 3 4 1 ) ol
B AE— A H B AL (Round) P9, BT A F 45 N 5 & N KR
(Event)—IK, B 32104 R W8 H2 52 9 B AS W] i 40052 4
MR B 1 H FR T AF (Target) INKRET, BI 3238038
$55Z Target WL, W75 A& H AR B 7™ £E P00 AL 43 . 177
b A5 X6F 52 3, RI42 3Z2 Nontarget Hl 3, N RE
5k FLEAE P300 HLAL L BRIIL , 1% BCI 2R 4% T LAGE 23 ] 7
P300 HL A7 AT JCR A 521808 1Y HAR T4

®

B2 P300-SSVEP-Spelleriti=\

Speller 1 P300-SSVEP-Speller i b fill #4070 2 %) 45 A~ F4F
PEATIEHE , B FAFE LT 5 UK round SE50 . HHr 6 44
AR HE 8 F P300-Speller, 4% 32 ik % 45 F ] P300-
SSVEP-Speller. FI 3 A 10 1 Eprime2 R 484 5, ki B 15
A% 22 F1) FH Neuroscan Synamps2 R, RFEZR K 1000Hz,
2253 0.1 ~ 200Hz 5 3 A0 FH . H R 42 0 ] 32 3 HL A
W, LB 20 A A5 A 10-20 [E BRARE , 2 2% W bR B 7
Tot AR HoR T T A5 581 8 <% (Fz, Cz, Pz, P3, P4,
P7,P8 il Oz) $0H HEAT /0 BT . AL BRI I o6 3% o 5%
el e FLIE , HA 4 S ERAE 5 1T 1 ~ 30Hz 47 18 % I
FFFERAE R 200Hz.

H blank levent,  blank \event, blank |
(a) e G F B
H flash | event| flash ievent | flash
() FriaNmt 7

B3 P300-Spellerfi &l 5P300-SSVEP-Spellerfi - &l



& o1

YIS : 35T SSVEP FHIT 5 P300 HRAF VR4 T = i - P4 1 2249

3 &R

3.1 SSVEPB 5 P300 #§1E

H1 T P300 HLAZAE Cz FHRAL 2 A 2, 1Ml SSVEP 7 Oz
SHRAL fc y WLEE . PRLIG 1 SE T 0 b Cz F Oz SHHRAL 1Y
B o3 A B 9 XN 35 Y A F AR AE L BT 4 RO TR
225 Y g AR A B 01 249 B A 1 I S F 15 Hz )R
%% 13 ( Power Spectral Density, PSD) A% 4k Bl 2% . Oms 42 tar-
get/nontarget 3= HE RS 2] BRI TR &, 24 R AE
FEZ WY target T BT, 38R BEAEAE Cz Fl Oz 1K
Aby= A= B I B9 P300 HEL A, T 7 nontarget HIl 4 1) 1% 00 T
A=A P300 AL . AN, O FERAL RO S ER G target
RIS OL S A TERR E 1Y 15Hz 4237 . 3X AT LA 15Hz
() PSD ARk i 26 [ 3RAF 500 , RISk 7 3257 target HI3
B, Oz B AL 19 PSD 22 B AKX F nontarget Hi] 3 40 1Y
PSD. KLt , By e SRUEAS 5200 J5L A P300 {55 77 A= 1
Rl , 76 Oz % R HEAL Y5 K T 5 IN BRI — B0 SSVEP
{55 . 1M7% SSVEP {55 [ RE & X AE target Hl 38 & A= 1 %2
BT, RO T SSVEPB RHIES S .

Cz
>
E ok A AV W
2
g 51
<
0.5
0.4 L=~ - -
0 0.3 St e T S
7¢]
A~ 021 — target
0.1 (a) --- nontarget
1 1 1 1 1 1
0 -400 -200 0 200 400 600 800
time/ms

Oz

Amplitude/uV
o

0.4 =a=-.=;—,-a—\.—
Q031 \J
2 o2r
01 (B)
1 1
0200 200

--- nontarget
1 1

1 1
0 200 400 600 800
time/ms

Bl4 IHREE LR 15HZ K PSDARAL 2%

3.2 FHIAMNER
AR F Stepwise Linear Discriminant Analysis(SWL-
DA) SRR AR 73245 . SWLDA $¢) 2 I T
P300-Speller (1R 51| 0] @1 o, IF HERAS T8 7 iy R 8.
SWLDA 7E fisher LDA [ LR 1454 T 0] 5 )5 8118 2
15 , DA AT 4 AU 25 ) 35 49 AH X 5 o0 5 A9 RF Ak

SWLDA 1151 e 50
wex+b=0 (1)

AKrpow WAE M, x HFFIER A, b AR .
oy Zra FE v, SWLDA 11 46 40 ) eR B0 (2 3 4T
fAIRRAE  RRAE 17 B AR 2E (= b) | - 1,11, Ho target
FIARZE R 1. ) FH e /s 3 [l A 92, 76 4 — UK 1] ] )5
A BE R — A e B P 22 7 (p-value < 0. 1) I RFIERE A
FURN KRB Y — DR A G, 38 55 1) e R R
fIE RPN B A H I8 25 1 22 57 (p-value > 0.15) I FREFS
B A BRI 2R AN A BT R A B
FRIERS BRI 2 1k, & Y R AE oA B FRAE H R B T iR
FEAE (60) B 2 g Uit A& v, 6 T — AN R4S oA
N RFAE [ B R % ey, T TBLNAR 25 R

pre — label = w- x ., (2)
X F target F-AF BN
pre — char = arg}l:pax[ Z w:* x[(_h‘"] (3)

K char fX 3% Speller 111 9 NFAF , i g (RFZF
TFHIEE @ YK event.

X 12 A 52 1K & 43 i s A P300-Speller 1 P300-
SSVEP-Speller {4 1] W7 1E i 2 #E 47 T b . Jo i, ERP 4§
fIESR A 0.1 ~ 10Hz [ B 38038 ¥ 2 7%, SSVEPB H#4iF R
15Hz WY E KR , RAE 2R 30Hz. R 9 47238 L5
TERY SWLDA XF Har25 . 25 R A 5 firos . B @ik
P300-Speller {9 = £+ 50 45 SR, B 4 J7 #: L3 P300-
SSVEP-Speller B AF UM 45 5 . 8 Ak b AR 28 52 338 X6 ()
— AP B B NI MR ZE KRR, 52, 53,
57,59, s10 TEAE G0N A B m M IR 2, o=
EHRANMETAESENER. s4, 55, 58, 511, s12 BIfE 505
IERA PRI, 1 HOB 0 X A9 IR R A T SN
THRWIR A s1, s6 BB IR B R IE AL T2 4870

PSR
100%

=P300-Speller =P300-SSVEP-Speller
s1 52 s7

100% 1009 S
90% i - 90% I

80% | ] I i 80% |

70% I i 70% 1

60% i i 60%

12345 12345 12345 12345
100%-— 53 i} s4 — 100% 59 - s10
90% | 20% | N
80% ! 80%H |
70% ﬂ - 70% | N
60% 9 k

12345 12345 0TS 4s 12345
s5 s6 s11 s12
100% — 5 g7 100%F =
90% | | 90% HI
80% |- .| 80%
70% A 70%
60% o
1 2345 123485 O%PT55 s 12345
E5 FRIAFIERRE



2250 H +

AEHR . N 12 S A EE SRR F | B s A ) ik
BRUCBCT 1 IE A R 38 8 TR g3 X R RTBCS ¢ 6 36 Xt
ARG R IEAT 43T, & B 20 AR U I A R
F 0 R TG F AR IEA % (p < 0.05).
3.3 EEfF@WER

ITR (bit/min)  P300-Speller ~ P300-SSVEP-Speller Boosted rate
sl 46 37 -19.6%
s2 53 53 0.0%
s3 46 53 15.2%
s4 19 31 63.2%
s5 29 35 20.7%
s6 44 46 4.5%
s7 53 53 0.0%
s8 35 44 25.7%
$9 49 49 0.0%
s10 46 46 0.0%
sl H EE) 0.0%
s12 35 53 51.4%

mean 42 45 13.4%

F R R B3R ORFR BCI RGEH TAERUR,

HFERLmT
60( Plog, P + (1 - P)logz(]lv_—_?) +log, N)

ITR = 7 (4)

L PO FARFRDNER R, N N EFAE, T
RREPERTE]. R 1 BoR T 45 Z R M AR TR Speller 915
i ITR. e Ji — e A AL i B AR FAL g A% i
TR BRT s1 2400, BN A MR KT
fegeinaX . e P 3R 13.4% JF H. s4 (1942
Th#d g, 58 63.2% . X T A Z iR B fie i TTR 45
MECXT ¢ K 56, 45 5 # B P300-SSVEP-Speller 1 LA 3K 75
2 E BRI T (p <0.05) .

4 Z5ig

AR SCHRE T — BB B IR A BCT B & H e X
P300-SSVEP-Speller, i% 753X AT DA [F] i 75 & ) SSVEP BH K
FFAEAN P300 FFAE . 30 5 K 1 S RRAE 047 156 A $2 BURN 3R
G, AT A SR HE T Speller RFE R FAF IR AR 55 B
((RE

A, B 217 & i SSVEP BHLIKT (5 51 g —Fb
B EEG $RAE(E5 , HA T 208 A i 1 AT 55 018 -
(1) SSVEP PHLIKT {7 5 J& — B o] LAFES R s [i] 19 4 4 5
AT VR S AT S, XA B R R AR
BCI Speller {53 ; (2) SSVEPB 15— Fh AR5k i ki Fo (5 5
BRI T K SE 2 58 S 207 & sh A AR AR, $2
BET — BT BB TR 2L TG Sl R ) £ B

S 1 2013 4F
S5 3k

[1] McFarland D J, Wolpaw J R. Brain-computer interfaces for
communication and control[ J]. Commun ACM,2011,54(5):
60 - 66.

[2] Vaughan TM, Heetderks WJ, Trejo LJ et al. Brain-computer in-
terface technology: a review of the second international meeting
[J].IEEE Trans Neural Syst Rehabil Eng, 2003, 11(2):94 —
109.

[3] Allison B Z, Wolpaw E W, Wolpaw J R. Brain-computer inter-
face systems: progress and prospects[ J] . Expert Rev Med De-
vices,2007,4(4) :463 — 474.

[4] Vaughan T M, McFarland D J, Schalk G, et al. The wadsworth
BCI research and development program: at home with BCI[J] .
IEEE Trans Neural Syst Rehabil Eng,2006,14(2) :229 — 233.

[5] Nijboer F, Sellers E W, Mellinger J, et al. A P300-based brain-
computer interface for people with amyotrophic lateral sclerosis
[J]. Clin. Neurophysiol . 2008, 119(8) : 1909 - 1916.

[6] Sellers E W, Vaughan T M, Wolpaw J R. A brain-computer in-
terface for long-term independent home use [ J]. Amyotroph
Lateral Scler,2010,11(5) :449 - 455.

[7] Vialatte F-B, Maurice M, Dauwels J et al. Steady-state visually
evoked potentials: focus on essential paradigms and future per-
spectives| J] . Prog Neurobiol,2010,90(4) : 418 — 438.

[8] Regan D. Human Brain Electrophysiology: Evoked Potentials
and Evoked Magnetic Fields in Science and Medicine[ M].
New York: Elsevier, 1989.

[9] Volosyak I. SSVEP-based Bremen-BCI interface-boosting in-
formation transfer rates[ J].J Neural Eng,2011,8(3) :036020.

[10] S, 7508, sk G2, 4F BT P300 HL 07 187 B BCI H 3¢

WAL RG], B 244k, 2009,37(8): 1733 -

1738.

Wau Bian, Su yu, Zhang Jianhui, et al. A virtual chinese key-

board BCI system based on P300 potentials [ J]. Acta Elec-

tronica Sinica,2009,37(8):1733 — 1738. (in Chinese)

R, REE, SRR . AEZ ML O s s A5 5 i

RPN 2326771 L] W 2741, 2011, 38(5) : 1025 -

1030.

Xu Baoguo, Song Aiguo, Fei Shumin. Feature extraction and

[11

[

classification of EEG in online brain-computer interface[J].
Acta Electronica Sinica, 2011, 38(5): 1025 - 1030. (in Chi-
nese)

[12] Miiller-Putz G R, Breitwieser C, Cincotti F, et al. Tools for
Brain-Computer Interaction: A General Concept for a Hybrid
BCI [J/OL] . http: //www . ncbi.nlm. nih. gov/pmc/articles/
PMC3223392/,2011-11-24.

[13] Pfurtscheller G, Allison B Z, Brunner C et al. The hybrid BCI
[J/OL]. http://www. ncbi. nlm. nih. gov/pmc/articles/
PM(C2891647/,2010-4-21.



% 11 M VFREONG - B2 T SSVEP BHIWT Y P300 4FFAEMTR A e =i - Bl 11 2251
[14] Horki P, Solis-Escalante T, Neuper C et al. Combined motor [20] Yin E, Zhou Z, Jiang J, et al. A novel hybrid BCI speller

[15]

—
—_
[®)}

[l

[17

[H)

(18]

[19]

imagery and SSVEP based BCI control of a 2 DoF artificial
upper limb[ J]. Med Biol Eng Comput, 2011,49(5):567 -
5717.

Long J,Li Y, Yu T et al. Target selection with hybrid feature
for BCI-Based 2-D cursor control [ J]. IEEE Trans Biomed
Eng,2012,59(1) : 132 - 140.

Panicker R C, Puthusserypady S, Sun Y. An asynchronous
P300 BCI with SSVEP-based control state detection| J] . IEEE
Trans Biomed Eng,2011,58(6):1781 — 1788.

Edlinger G, Holzner C, Guger C. A hybrid brain-computer in-
terface for smart home control [ J] . Human-Computer Interac-
tion Interaction Techniques and Environments,2011,6762,417
- 426.

Yu T,Li Y, Long J, et al. Surfing the internet with a BCI
mouse[ J] .J Neural Eng,2012,9(3) :036012.

Li Y, Pan J, Wang F, et al. A hybrid BCI system combining
P300 and SSVEP and its application to wheelchair control[ J] .
IEEE Trans Biomed Eng,2012,20(5) :720 — 729.

based on the incorporation of SSVEP into the P300 paradigm
[J].J Neural Eng,2013,10(2) :026012.

EEEN

VPEENS U1, RHCERE s ot T
TR B A Y st TR AR T A, BRI
USRI RS AR, 58T 1o 4 4 M- AL 4
AR LS50

FERE(BIEE) 5, RHRARE
5ot T LR B E W B TR RPN, LA
&, FEBF IR P 2 5 e TR, B 5 1)
RGN -PLE O, AR B2 (5 S AL B, I B A5 5 4
B, A PR AE U 45
E-mail: qhz@tju. edu. cn



