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0~255, 7ETH B AL 23 51 6] 8 A2 — il s
HI AR SR Y 9 Ff K BRI R, G, B —iliH %
FEAESE A AAIR], 509 A KL (BT il FIR LAY O Fift ik
JEME RN, W3 1 PR o ARS8 0 H AR RIS
A9 TR AR, A3 U B K RE (B RE ML, AN TR) K
JEAH BB AH )

#1 REEFR SR CFR
Table I Nine levels of grey values

Level Grey value
1 219
2 197
3 174
4 151
5 128
6 105
7 75
8 51
9 20

1.3 BRZITSZWTTE

AR SCHE T 2 AT A AT X ST Tk . n
B 17, 78 J5F % U JE RN Hh S 45 20 A T K/ 106
106 1@ Z BB, B K A (77, 77, 77) AHEAR IR, BRIA

g A5 (0, 0, 0), [ 57 — . BRGSO

T db =5
= H

@

a—Square frame reminding the target area in the first epoch; b—Flicker to be counted in the target area; c—Showing the end of the first

(b

Lenovo UOAFG989, 73 Bt 1 600x900f% 5% , J& il
LCD, (4382 sRGB 250, 7R a% s F AR LR 2y
A 200 cd/m?,
56 B — YR SE I 1 R AR A 1] 2 Fr s, T R AR SE B
BB 2R 4 46t 3 48 (Run), e ScgeH, i f 54
SEI FRLIT (Epoch), BIUIN 5 AN Hbr. 24 H AR5t
PRI 225K 52380 BRBR B, FLaE AT 16 REIZH (Trial),
Wil — 44 321K 58 RS 2k L 0 T 58 N 16%5%3=240
Trials, H: " 3] # (8] f% (Stimulus Onset Asynchrony,
SOA) 4 400 ms, JI| 4 FSEA] A 200 ms, 256 TR
BF, REcoxh b BRI T TER &, 25007 B /IME
FORIFHFEE 3 s, B, 9% A0 BRATART JK FE A Y A
JGI, S ) RO, IR O A E AR H
B, BB R SR N — >S5 HLIT (Epoch) FF
5, 25077 T ZINHE B VR HE B, DU) B o A0 X 4 4 T %)
B R A7 BT G OBk, L 2R, B
Run 2 [f] 3238 0] LIK B, 10~15 min, HAE 1(a) %
IR 14 epoch Y H bR$E/RAE H 35 (5] 1(b) FomiEM
H bRy e, B 2551 BB 4G K 1(c) 3R
1 1> epoch 56 i, BV 58 B — 1> Rrun 1Y 1/5, B F —
> epoch HARHERHE; & 1(d) R AR H AR 78k,
FRIUE] L, DA
TE L S50 M2 321 X — A~ H bR 2 /D3 7 PRIk
UG, R heat b B RAON S5 3R (B 8 M
XTI A~H F4F) B —Fh 25 B0, 7R 5t i s
LBV A5 B0 1 0 AR i R S5 R 7 4, i ob,

1/5 completed !

1/5 completed !

© (d

epoch and where to stare in the next epoch; d—Re-counting the flicker appearing in the new target area

1 9=
Fig. 1 Experimental paradigm
Offline Online
Run 1 Rest Run 2 Rest Run 3 Run
Start Rest
24 Targets’ recognition
Epoch 1 || Epoch 2 ‘ Epoch 3 Epoch 5

Note: The results are
— ; e ; — Trial | Trial - - presented in character A~
Trial Trial || Trial || Trial Trial | . ria ria Trial Trial H to represent § squares

1 2 3 4 5 13 14 15 16

K2 g

Fig.2 Flow chart of offline and online experiment
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Hor et B R — B A 3& 0 7 A A — > B iRy
TEL UM IR B 23 3 8 /N T B 2 S 30, DA 4 20 7 2k
SEH ], B RGN EL S IR
24 4~ Hiw, MRAEHRR 250 HEXT H PRl 1714k, 5
HELPAT IO S
14 HIERE

fivi 9% (Electroencephalogram, EEG) 4% % i i
g EEGcap Hi # 1F 1 g. USBamp Jit K %% K 153, L
KA RALE N 100 pV, RFEER N 256 Hz, i H K
S Fz, FC1, FC2, C3, Cz, C4, P3, Pz, P4, Ol,
Oz, 02, P7. P8, F3, F4 4t 16 1>, it h FPz, Z 5 H
M (R) A7 B, HAARICE Q& 3 B .

G ’ A
y .,
™,
5,
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Fig. 3 Configuration of electrodes

1.5 HiELIE

2B A AL A T B B AR AT B JBORT 432K
P

o — i B, % F =B Butterworth 7€ I #5 %F 0.1~
30 Hz A B ECHE 6477 38 8 U, FE % Uk I v B ik
7R RAE, 2 256 Hz B T RAE 2 36.6 Hz, Hl 4
7 AEE RO — i X AR T 100 ms 2 )
B A G 800 ms (YRR HE HE AT 4 URFAE, B T RAE S
AR AT 3B, B 2 4 3 I ARSI e
BIJHE—A~ 16x30x1 920 ) =4EREFE, fHLIIZ50 500,

55 W B, SR FH UL S 2R 0 ) 43 A (Bayesian
Linear Discri minant Analysis, BLDA) J5 % JIl 4k /3 2%
#% o 1% J7 ¥ i Hoffmann %5 1 ¥k F 2008 4E 4
T FH T fifk D v 2 B R MR R Y S UL TR, 7R
SRR G HL A TR U TG S i 4 2RRICR .

TEL S, PR LB 28 7 25 A i th U 45
FERBRAE R Lo SR Jin SR04 B A AR LR A A R
) 0 VA R 4 A SR B ] PR RAE . Y1

F bR i SE IS Trial B JUN S5 — 20, R4 A )
Bt IR A R NS TR, A, WARAE AT 5 4l
16 A~ Trial J&H< IR JCTE T & 78 22 P A 45 0 — 2, W
Hi 16 S5 b R R AR AEL TN O A 9 ST

2 SKWERSTHN

21 BERBESHR
2.1.1 TR A& BAR AT P300 R 5 A F A fF B AF
WG Hon KB 9 4, it 1597
A8 UG EFRAS PR YK Trial HERG R, FEIHEAH N A 15 8
f&4i %% (Information Transfer Rate, ITR)?, AZ0H1F .
B=log, N + Acc-log, Acc+
1-Acc )

(1—=Acc)-log,( N_1 )

ITRzB'Téo 2)
s N oA —A> Trial AR & 2 19 B ARS8, AR SC
H N=8, B rf 8 il X ek & A TN G Y LA 45,
B0 185 Ace J& 52 1 K — > I AE (1 HE 1 %
B R AR I BE A B O ARE 65 ¢ Ol BRI Trial BF 75 B[R]
ITR AYBAL7 A bit/min, &l 4 /R T 18 44 32i# (S1 ~
S18) 3T 9 A K B 45 4 1) HE R SR AN B A& i 2R LA K
SERMETL . DAL 4 AT, BT 8 AN K JEE 25 4% 1 24 v
WHHAE 75% LA b, K BE S 9 9 A MERA 2 7E 30% 22
A5 IKBE 90 1~8 B5F B AL i %24 25~35 bit/min, K
FESEGL 9 1045 B AR H = WK T 10 bit/min.
R T B2 oW K (BT R R 5 1 B AL R
Y RZ I, 1 5638 3 R-J K2 56 (Ryan-Joiner test) !¢ K
B0 0P 1E A, 1A H Mauchly FRKE B 5 (Mauchly's
Sphericity Test)!"” ¥ 5 BRIE P, 78 LA L P UAG: 56 3 il
R AT B 2R AR i 5 2% 43 B (One-Way repeated
Measures Anova) "8 K 56 K & R &R 1 8 3 0, T R4 T
TR 9 £ ) 7 S S 3 BT
B BT R B, IR EEAE Y 9 A 7K X v o 2R
( F( 8, 136) =25.801, p<0.05) . {5 B 1% % R ( F(6,
102)=27.516, p<0.05) ¥JfFFE b E 52w . HERR S {7
S AL S F IR B S G S S (E AT 4 R An &L 5
o AL, HERR (K 5(a)) | ITR (& 5(b)) A%
PR AL Il Bl T W, KB AR 2 I HERf R 5 15 B A%
iy AR B AR B, 43900 81.8% A1 35.0 bit/min,
T HE— 25 a3 B PR R K B 2 0 1) S S R O, SRR IR
/N 2 PE 22 57 15 (Least-Significant Difference, LSD) i#f
175 J5 K56 (Post-hoc analysis) . 255 s, HEHH R
T, JKPESS 9 5 HA 8 AN IKIEFHIN R B EER (p<
0.01); KEESFELR 2 5K EESEH 7(p<0.01) . KJESEFH
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<100 @ 60 - 2100 ® 60T, 100 © 60 T 100 @ 60 T
Yy 28 40 E > gg 40 ? 2 60 40 £ ?28 40 §
£ 40 20E £ 40 202 E 40 202 E40 202
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2% 0 & 20 0 2% 0 2% =
1 3 5 7 9 = 1 3 5 7 9 = I 3 5 7 9 = I 3 5 7 9 =
€) S5 a = - h) S8 a
c\ﬂgg (_)\/\_\ 60 : ;1% : 2100 I xlgg ® 160
<o b g el = 29 =2 g
o0l T N—J%EF zool, £ 360 5 §60M40.§
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8201 0 & 52 z 8% 2 330 0 &
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—~ — — Gery level
S17 e 1) S18 z z
2100 @ 60 5 52100 o 60 £ T
2 ool 20E 2 80F 40 £ Z
S 40F 0% £ 40t 0= =2 — Accuracy
8 20} 5 20} = ~ n
2% 0 Dé E 0 0 é & Bit rate
1 3 5 7 9 1 3 5 7 9 =
Gery level Gery level Gery level
K4 18 BZIREFT 9 A IKEEE AR RS BALH LSO IR 17
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T T T
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353
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Fig.4 Accuracy and ITR on nine grey levels through overlapping averaging per subject

=]

—_ N N W
wn O wn O
T T T T

Offline ITR / (bit'min")
S

2 3 4 5
Grey level

S W
T

Grey level
K5 e 5 B AL H R OC T K B A G~ A e 14
Fig. 5 Bar graphs of accuracy and ITR

6(p<0.05) . JKIEG 8(p<0.05) LB EXEF ., {5 EML
W07, KB AE SR 9 5 A 8 DK R IE B
(p<0.01); KEEEH 2 5IKEFH 7(p<0.01) | KIEE
% 3(p<0.05) . IKEZS% 6(p<0.05) 2253 W% ; IR ES%
Gp 4 FIKIEEY 6(p<0.05) =573
2.1.2 AR A& AL R ST P300 # KA B R b a9 %
s (1) FSEK Pzo BT P300 155 5 M AR 15 5t
Mg P R & R R T LA — R S ST X 1
AT B A AR P300 K . S BE SCHk [19], 2 H
Pz Tt UEAT P300 4R M8 5 ¥ (K W10 5T, -1 i Pz &
AR T BAs 53k A iE(E R . el
RAHTY 100 ms 2 & A5 19 800 ms B [A] 1 BBl 9, &
B P300 19 H A5 5 9E H AR BB 76 K B S5 1~6 Fl
9 [P XA BRI . ani&l 6 s, B RAE IET X
N T N200% % 5 P300 1F 7 A4 06 (B A 21 05 ) i 3 7
B, IR S iR S B 4w F ' 7, 6 F K
R 5 0 R S0 RIS L %) PR A S

TR BEAB XA IA AT B 2 52 (F(6, 105)=2.136,
p=0.054>0.05) , H.2% ZH 51| 1 5 LU At R A S 25 1k 22
5o H, ORBEESEGL 1 AP IR IR, 2 275.8 ms,
IKPBEEE 9 W AR I K, 4 303.8 ms.
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E ERN ] Vans ERJA ~
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= 50 Y = 50
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< 25 = = 25
< < < A ~
2 0 = 2 0NN .
T 25 & E2s
<

50 = 50 “ 50

-100 100 300 500 700 -100 100 300 500 700 —-100 100 300 500 700
t/ ms t/ ms t/ ms
t=148.44 ms t=256.63 ms =160.16 ms t=257.81 ms =164.06 ms t=269.53 ms

(e) Gery level 5
5.0 .
2 Z %
E 2.5 ) 2.5 )
E o0 ERRN z
T 25 T 25 G
< -5.0 < =50 = -50
—-100 100 300 500 700 -100 100 300 500 700 -100 100 300 500 700
t/ ms t/ ms t/ ms
=152.34 ms =261.72 ms =167.97 ms =257.81 ms t=207.03 ms =296.88 ms
- 5
0

(g) Gery level 7

Target;

(h) Gery level 8

(i) Gery level 9

Non-target

Kl Ik Pz T 9 FliRE AR s fin 25 W EL 15T LA K i FE 1l

Fig. 6 Averaged P300 waveforms with topographic maps at Pz for target and non-target

R FE A T % 5 TG Wk 35 52 ) ( F( 4, 73) =1.22, p=
0.31>0.05), Ff5 Z H LB R KB A B 2 . Hr,
JRBESF 2 BT YR AE B 5, 6.0 nV, K SF )
9 W R IE L F AR, S 4.2 pv.

(2) XL FH, K 16 FEE A R IX (Fz,
Cz, Pz, Oz) . Z22F K X (FC1, C3, P3, O1, P7, F3) fil 5
i X (FC2, C4, P4, 02, P8, F4) " [ 4 A ] JK J3E 4
TR I RIR A B

FE 8(a) s 7~ 25 A7 1 X1 v AR v F rp e X, K
BEAEGL 1~8 B ZE I X VSR P AR, IR BE SR 9 1)

2o I DXV AR i T A X 4 IXOR R, 22 i X [R] IR
FE SR RN I 25 2% 5 (F=3.33, p=0.044<0.05),
26 LSD 19 K B 55 2% 9 1 3 v T HoAth 8 41 3 (p<
0.05) 5 v J DXAS [ K 3 45 2% i vk AR 09 O 18 3 25 5
(F=1.54, p=0.190 6>0.05) , Z & .3 KSR 9 1
TR I th 2 2 T A 4 )5 A T XA [ 1
R T B F 2 5 (F=1.09, p=0.386>0.05) , Z & I
R BEER 9 43 5 IR 1(p=0.0299) . JKEE
G 2(p=0.018 4) | JKJESFH 3(p=0.025 5) & ¥
25,
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Fig. 7 Averaged response time and amplitude at Pz
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Fig. 8 Response time and amplitude comparison of P300
Pl 8(b) W7 70 i DX IR WA 7 2% W J3E 25 4% b 247 T
HABWG X, JRBEAFH 1~8 {9 Je DCHR IR AR AR T 22 47

DX 5 A3 XK T, 22 10 DXAS ) B2 A R i R MR A 3 25
5 (F=7.8, p<0.05), £ LSD 159 JK F& %5 9% 2 MK 45
¢S W E T HAL 7 A4 (p<0.05), KIESFR 9
FAR T HoAl 8 43 (p<0.05) 5 H s X AS ] K J3E 25 4%
B4R 8 G i 2 22 5 (F=1.52, p=0.198 2>0.05) , {H K J¥¥
L 25 M5 KBS g 3(p=0.043) . K E HF K
8(p=0.027 8) . JKPE54 9(p=0.008 9) 5t i} 2 573 £y
i DX AN [ 3 B AL R AR i A 5 22 5% (F=8.99, p<0.05),
PRI/ IR 552 9 35 /INT A2 1), B e i
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a5
22 EEXWER

TER LI ZE NP 9 FiR . TE45 KB S A F-1
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FEIT IR A, hy 254.4 55 IRBEAE 20 1 MR BEAE 90 3 A
5 NIk 100% M HER %, 2K 9(a) FHLEl il
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Fig. 9 Online system performance based on nine grey levels
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Effects of Stimulus with Multiple Grey Values on P300
Brain-Computer Interface

GUO Miaoji, JIN Jing, WANG Xingyu
(Key Laboratory of Advanced Control and Optimization for Chemical Processes, Ministry of Education, School of
Information Science and Engineexing, East China University of Science and Technology, Shanghai 200237, China)

Abstract: P300-based brain-computer interface (BCI) has been widely applied due to its high accuracy and
information transfer rate (ITR). Previous research showed that the intensity of visual stimuli would affect the
performance of brain-computer interface systems. In this paper, we proposed a novel configuration of visual stimulus
on grey value. Firstly, the RGB full range (from 0 to 255) was divided into 9 levels according to the grey-scale
sensitivity of the human eye. This is for exploring the intrinsic effects brought by the grey value about the amplitude
and response time (RT) of P300 wave, and the accuracy and ITR of the BCI system. In this new paradigm, 9 kinds of
stimuli were displayed in the assigned squares distributed on the black (255, 255, 255) background. During this process,
the stimulus was presented with random grey values in target squares or in non-target ones, which required every
subject to focus his/her mind on every target flicker in the target square in spite of the differences in grey values. 18
healthy subjects were invited to do the experiment where 16 channels were utilized. It was found that the increasing in
grey value produced fluctuation increasing in amplitude, accuracy and ITR, while the increasing in grey value resulted
in decreasing in RT with fluctuations. Moreover, the grey value 2 showed the highest averaged offline accuracy, ITR
and amplitude of P300, while the grey value 3 performed the highest averaged online accuracy and ITR. These results
provided evidence for stimulus design and grey value selection.

Key words: brain-computer interface; grey value; flash stimulation; P300
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