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Abstract: From two aspects, this paper analyzes the application of fast independent component

analysis (FastICA) algorithm in the extraction of P300 by a few trials averaging, and presents simulation

results for both normal and disabled subjects. Firstly, the noises are removed from the observed signals by

using FastICA, and a few P300 trials are averaged. The features of P300 for both normal and disabled

subjects are analyzed. Secondly, in terms of pattern recognition, the number of trials is reduced

successively, and the difficulties of distinguishing targets stimuli from non-target ones based on the

features are analyzed. The results illustrate the validity of FastICA in the application of the fast extraction

of P300.

Key words: FastICA; electroencephalogram (EEG); target stimuli; disabled subjects

BEABEAREERGETESLE  AYES
RS EFES LML R —RES &I
AEFEEMMAME, HUMABRAGSRE
BB ESFIEHRGES, —ER2HTH
BARMERE . A SCEZBE TS A & P D430 T R A5 1Y
Wi # f§ 5 (Electroencephalogram, EEG) F 2B H

W 75 B #A . 2008-10-08

P300 S fFAH 2 i A7 A B AR MERE . 15 48 A AL B8 5
BFEAN TPk . NERRREE . ENIBBPIESF. B
R 0 BRI A P300 52 B a] BEXS A6 T F 19 A1
NBEH PRI AT T RS, SRR /D
AR IR R P00 48 BOSUR 37 8 BAR , H 5K 5 o A
PR /NB R RBE 3 IURRIE 2 B R B8, I

E&MHE . HEAARBEEEIH (60775033,60674089) 5 1 Hiil LA A+ RI3 H (07PJ14031) ; | ¥ 7 & i 22 R I0 B (B504)
TEEBN % FA86-, T, ERA RIS S RAE PR TN & TR O SEARYEH RA.

BIREBER A K4, E-mail: zhangjh@ecust. edu. cn



H5H

i F.% T FastICA ) P300 HA7 PR B Ty ¥k 751

WERE. EEE.4XNZEEFSESEX —HE,
PR LR B R — M A (55 0 i BoR—ah s
4 & 4 ¥ (Independent Component Analysis,
ICA)., BT ENEARBEUFERHGES IR
XF 4, TEM 7 AR IR R ET IR T % 2508 T8 VLI 15 5 3
TREESBEY ., BEERIL T2/ ICA KR, IFH
R A% BN R R S TR /G T A H
MBIBIFT 45 B9, FastICA B —f B AR, L
AR ICA Y REE, SHMY B ICA Bk,
EEREA LB SGEE, A TRIFE R R
EHBREEREITED,

H AT, XF F P300 $2 B B B 58 K & $ 02 Ik 4
FER A, Mo T AR R WO BE R WA X B D A
I, 28 SO A FastICA X B A0 5% 95 9 ik 19 P300
BEAT PR AR B, I X AH DL H SE B 45 R #EAT T LBt
XL HE TR R A R

1 gy &5 Hr (ICA)

ICA [a] AT 5] B8 O B E A N /-8 TE K15
N AWMES x.(i=1,2,,N), B UNE S E
B MAMSIEES s G=1,2, - , MDRERAT
J . B
x(1) = As () oY)
KFx=[xiz,an]” M s=[s108, 5] 2
MMESRBMBHESRE;A R NXMERAME
BRER. B THIE s RS HERE A HRRFA,
BARRAEMNGES LT B EMILE FE X —
LPrEE. ICA A BEIRM T — 1085
B w=A"", ISCHN ZEENEE S o B it E
SEMEIR LB Bl ' =w e« x, 78 s BB
W HE L HKIRE S 5.

2 Py gy s AT (FastICA)

FastICA J2&— B T 4 4 [ i S R AR H DL &
TR RAGHEN B 70 B s, Bl B A2 s Ok
FRw-xWERHERRE. TEESHEHL
KEK @2,

NGs) = KLE(G(s8,)) — E(G(Jyouss)) 1* (2)
i=1,2,%n
KK ZIEHEH;GORAE R R, v A 1E SOk
LM IUE M 1T EO RPBEHE; youus
HEFM s R EN R ERE, BRG)

5= wx (3

RPAT 4% 8 — ARG IRE 5 & .
2.1 RNESHITAE
FEBLEBHE PO IRF AL, 2R
HRRMT
(D PO EIE) . B BRI
FEFHEEESHHEME P=E{x}, #730NF
SR EHEE R, N R L ICA Bk,
(2) BfLabH ., B EX MM AE S x ELHE
ik .
x =Vx 4
HEAE RS E x WA, B sy, B
E(x'x'") =1, &% R M ¥4 & 4 # (Principal
Component Analysis, PCA) 3 Xf 38 i 45 5 1k &b
L IXBF VS x B9 R IE B AE X B B4 RRAE o] 5 41 R Y
IERRHREM R E. PCA % H W& 8 848
Tk,
2.2 MEIHERIR
FIF FastICA XF £ 0oL A0 B A 5 46 40 25
815 5 AT R R (DX #4700 3 4y R BO , AR
ARMT AREw, I BEEEw H—1FRE,x
.M s W, BETHEMEA
g2, R —MEE S RN s =w x,
AK (275
N(s;) = N(wix') =
K[EGwx)) — E(G(yaue)) ]t (B)
FTRABAF T LIS IS w, F15
NGsORBH R, L] LR — DML & s (0
A E{G(Youss) } B—DH 3R s =w/ xR iR
KA LM TR E{Gw]xD Il KRE. AR
HE(s;=wx)") =E{ww,}=1F, R &
B Fw)=E{Gw x)+ALE(wiw—1T}, K w,

BA8 FOw) SRR, 4 Fov) =20 — o
Fﬁq:@ﬁi%’ft%;kﬁ w; ’XEJI‘?L‘%{%/A\:—EQ(G) :
_ w3

wilk 1) = wilo) = 7 6

X (w (B) = E XX G (wlx")) — BI =
EWC wix)—BIL;BI=E(w'x'G (w/x)) ., X,
BRAXXTUE X,

B _EGG W x)) — 8wl
Wil D = wi () EG (W Gnx) —B 1

D

wi(k+1) = EX'G ' (w (B)x')) —
EG"(w! (B)xDw; (k) &



752 EEBTRY 2R AERBER

ERLE

AR 6 W R w,, dE— i wix' E
AaEH—mraRE. EEEENE,. SRER
SERZIE S BRI w, #E4T — R IA— 4k b 3, B

w, < wi/ || w | €))
DR OR o B s R A T RE R, W2 B
(3R, 0 FE R B A A S Ay BT MAIRE 5 A sk
EX -y RE. EEERSESR, HEFAM
SEBFEES BT,

3 MRt

2% 3R Y DR B BOHE B B B R L2 Br
(EPFL) By BCI B 52 41 $2 ft™ . RAEEE K 2 048
Hz, R R 4 MREH IR (SI~SHULFE D
3 AMMEERIR (S5~S7), BREKHHEE 4
Hbn B L 6 NEB, S 1~6) %t Bl ik i 47 H)
BCRIFERIBO . LR ZHMT . SRR 4 K
LR, BRIEFEEE 6 N REFSLE 6 MER
SHRLTF 1 ANNAR RS . i B8 4 o 45 NG i 3] 0 B
BENREIA 21~25 4, L6 B ARF T E.
LHEARK 6 NMEBILE 1,

F 1 ADTRERYAR BT

Table 1 Physiological characteristics of four disabled

subjects
S1 S2 S3 S4
Diagnosis Cerebral  Multiple Late-stage Traumatic
sclerosis amyotrophic brain and
lateral spinal-cord
sclerosis  injury, C4 level
Age 56 51 47 33
Age at 0(perin-
. 37 39 27
illness onset atal)
Sex M M M F

Note; Other three normal subjects (85~ S7) were PhD students

recruited from the laboratory, all male, aged at 304+2.3
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Fig.1 Six stimulation images presented in the experiment
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!

Reporcessing:1.Meaning; 2. Whitening transforms
X32x71nt0 a new matrix X '35, using(4)

!

Estimating the matrix w using(8),(9)

!

Separating the independent components(ICs) from
X 37,10 get original signals matrix Sy, using(3)

!

Setting the noise ICs vectors in Sy, to zero
to get the non-noise ICs matrix S 'y

!

To get the real EEG signals X "35,,using(1)

!

Performing X times superposition and average
for X "3, psto draw the EEG waveforms

Bl 2 FastICA 5k 5 AR B
Fig. 2 Flow-chart for the application of FastICA
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Fig. 3 EEG waveforms under target and non-target stimuli
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Fig. 4 Comparison for the average waveforms of P300
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Table 2 Amplitudes and latencies of P300 for disabled subjects and normal subjects

Superposition (16 times)

FastICA and superposition (8 times)

Type of subjects Subjects
Amplitude /puV Latency /ms Amplitude /pV Latency /ms

Disabled subjects S1 0.4051 340.1 0.306 0 383.8

S2 0.317 1 350. 8 0.412 4 341.5

S3 0.297 4 356.1 0.357 3 357.7

S4 0.310 6 368.3 0.401 2 365.2
Normal subjects S5 0.581 3 284.2 0.586 3 294.5

S6 0.6239 315.6 0.616 0 313.0

S7 0.565 9 284.3 0.581 3 278.3
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Fig.5 Comparison images of EEG waveforms by superposition (K=16, 8, 6)
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Fig. 6 Comparison images of EEG waveforms by superposition after being disposed by FastICA (K=8, 6, 4)
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