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Table 1 List of the ERP data

Data Attention Targets
Datal right right
Data2 right left
Data3 left left
Data4 left right
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Fig.2 Attended to right visual field and targets presented in left visual field.

(A) The spatial distribution of modes; (B) The time course of modes
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Fig.3 Attended to left visual field and targets presented in left visual field.

(A) The spatial distribution of modes; (B) The time course of modes
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Fig4 Attended to left visual field and targets presented in right visual

field. (A) The spatial distribution of modes; (B) The time course of modes
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Table 2 Efficiency of the ERP spatiotemporal decomposition

Data Variance of mode (o,*) Variance of course ( o.%) Total variance ( o) Relative error ( &)
Datal 0.0462 0.1826 0.1884 14.82%
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Data3 0.0432 0.2438 0.2476 9.21%
Data4 0.0226 0.1771 0.1785 12.08%
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Fig.5 Results of modes subtraction. (A) (Datal-x1)- (Data4-x1); (B) (Datal-v1)—-(Datad-v1)



50 oWy

il

2Rk 20054F

(B 1 wlxl) 5 Datad 43 i R o1 LR
SR RIS TR L AR 21 (B 4 ) w1 AR I
[ e R A 2 () 3 A

AL A A 2, VR P11. NI11 & P12 ¥
SR, AE S A R R AT B R A . A
K SA AL, X HLAY P11, N11. P12 S50 r di
102 0503 P1. N1. P2 &0k . AL 48t Lt
P, JEIUS RN Y (A AN R S A ) 2 Ak
MR Cin 102 Wkl BE TRk
RIS . M0 B SB35 I A = 52 3 Bk A
SEMMRE I D A = (1) — AN [ A
4.2 EEXN P21 BT

R L. B2, B3R 4, mTLUE 2P Rl
1500 [ P21 IR B R LA ok, T B AT AR v AR
WIBA AR i I DU AR E B AT =
25, e LAk R P21 R, o 1
HE 3 1) P21 AT REARE 2K P11 (B 1+ B F1IA 3
B HIJESEE A LLROKIIE R, T 2 A
4 (1) P21 AT R T2 (A 0 B R 45 1 4
B BB ARCKIRE . 7728 P21 (1) 23 [ B X

(A) 3
ot
1
Z
= 0
= _f
_oF \ Data4-x3
Datal-x3
_3 1 1
0 200 400

t (ms)

600

02 2 DIV 0 [R) A i g )2 s A 32 AR
TEIAT IS T s i p — R 7 LAHE .
43 FESRHEMEIEE P31 BB KRR
Kl 6 4 T Datal«3 Fl Datad-x3 DL A&
Data3-x3 Al Data2-x3 I [0 i FE XS e, wf BLE
W, VRS RBE KA P31 IR 9 AR 0T 0
AR o TORE I R 2 s e fH oy IX SR Skt (&l
1A 1 03 FE A 1R 03), TS A
MEF, AL P31 IR AR K, H Y A I X
o (B 2A W 03 FIE 4A TR 03D O FEAERIESY
B, PR BRI B N PR T T 7 )
W) S N PO B R AR T AR R 3 ) ) e
SN 2SRRI S (R L, A3 R 6] Y T 4
PR R, oA R RO I 240D, B
Pl LA P31 & — AR ey o Ib4h,
5 R R B 1 03 BECEE 3 BN —, 1
RS RS I 03 BECIRBE «3 RILH T
ZIYRY o XL QAR S AL b1 R T E s B AH sk
RS R R o

Data3-x3

0 200 400 600

t (ms)

Fig.6 Results of modes comparison. (A) (Datal-x3) with (Data4-x3); (B) (Data3-x3) with Data2-x3

44 XTFENHBTHERMERZ

FESCHRAT, A7 2 PPid m I B A0,
B R BT B (searchlight model)!™. ¥ = ¥t €
P (filter model)®45 o A SCLL b 25 BT 3 Hf
TR “BRIIT” B, fElX— R, i
BP0 R RITAT, R R R . Bk
(RIATL TR P f A 03 A DX 3P oX I R4 R RR B J 2 5 4
TRZMMETT, U XAl RERIK MR H
“TE7 RN, T RY “UER T BN EIE N
I W INA ALY S (N AN VAT
Wbl . TR R )ZE  (extrastriate) [ T HAT55
SEREAR AL AE SR A, 1 B 7 M LE
FIE BARAT R T 5 B B H AR R R 550 T e
HMmg . xFEEE s R 1. B2, 30 B4,

FEEXF PLL. NI11. P12 AUBGsRE 0 2. A i)
DLE 2], 4 P Bl#A 3 OCm) P21, AHAH B W) ) 2
DA o FRATIHEN L B DS o] B R0 2 T S A i Y
oA Ak, mAZERN (F L
Datal-P21, ¥ 3: Data3-P21), P21 % &l nf
AEAEUE T P11 XAy, fEXMP IGO0 I P11 K 523
TR, NS E P21 WK, WA
XL RO P21 R T R G R AE s B2
tF Data2-P21 F1& 4 /1 Data4-P21 (1750, P11 K
ZEE R RAER , AR P21 A @2)
(1) 2 N A 0 T O N A S R e, 2R
PAMERBX TN “GER” HE T IRZ A IO SR
HSEL, AT DL A RO BRI ) P21 A B B2 1)
PEIBORAVER o XL W], 4 Mol R i P21 4B



6 W

R TIERNRE, Hb oo miE,
HAEAATH ZE A .

5 i+ e

ASTAE: B o e P P ) 2 B o e, ST T RIS
TAE PR B — M k. RIHZITES AN
ACIRAIE 1V o AT R L8 ey 1 s H AN 2 A FL AR
B, T HIE B kA B BN ERP HRE E R R
Fe (P31 (RS2 m,  RIVE R R O i 2> 48 P31
ARG, A AR PR FE A 4R B T AEAT A 5K
36 v R B N SN I s A R AR s R, Utk
TR o R4 RS 7s T 0 Dy Re s s A X A ) 4R e 7k
MEAEHERE . SO X Lo R 40— PR T 1 Y
(searchlight model)fF T #]0 HIMRRE . X 2845 L)
RN, T E A A o T A T AR S I A
THAR T RN V547 ol Be (e ERP 4248
W2, BHEXNIMER. A4 201 — L85
IR T EAE B 2 505, JUHZ 0 MRI 55 5%
AR BRI LAE— 20 [ 275 S E

S 3k

[1] et Mush RN A 27 Be 50k, Jbat: BE kAL,
2003. 309~322

[2] Lehmann D, Michel CD. Intracerebral dipole source localiza-
tion for FFT power maps.
Neurophysiol, 1990,76:271~276

Electroencephalogr ~ Clin

[3] Jackson C, Sherratt M. A novel spatio-temporal decomposi-
tion of the EEG: derivation, validation and clinical applica-
tion. Clinical Neurophysiology, 2004,115(2004):227~237

[4] Koenig T, Lehmann D, Merlo MC, Kochi K, Hell D,
Koukkou M. A deviant EEG brain microstate in acute,
neuroleptic-naive schizophrenics at rest. Eur Arch Psychiatry
Clin Neurosci, 1999,249:205~211

[5] Pascual-Marqui RD, Christoph M, Lehmann D. Segmentation
of brain electrical activity into microststes: mode estimation
and validation. [EEE Tranctions on Engneering, 199542(7):
658~665

PLGE 22 A)E R AR S R PR B ) 2723 51

[6] Uhl C, Kruggel F, Opitz B, Cramon DY. A new concept for
EEG/MEG signal analysis: detection of interacting spatial
modes. Human Brain Mapping, 1998,6:137~149

[7] Uhl C, Huff A, Kruggel F. Improvement of Source Localiza-
tion by dynamical systems based modeling (DSBM). Brain
Topography, 2001,13:219~226

[8] Hillyard SA, Anllo-vento L. Event-related brain potentials in
the study of visual selective attention. Proc Natl Acad Sci
USA, 1998,95:781~787

[9] Hillyard SA, Mangun GR, Woldorff MG, Luck SJ. Neural
systems mediating selective attention. In: Gazzaniga MS, ed.
The cognitive neurosciences. Cambridge, MA: MIT Press,
1995.  665~681

[10] Yao D. Computation of implicit component of ERP in atten-
tion. Brain Topography, 2003,16(1):65~70

[11] Haken H. Advanced synergetics. 2nd ed. Berlin: Springer-
Verlag, 1987

[12] HofrTs, JasBh, A, BRes. bR R A )k PR vE
ERP 5%, AW HA4R, 2000,16(1):73~81

[13] Holland JH. Adaption in natural and artificial systems. Ann
Arbor: Michigan University Press, 1975

[14] Kruggel F, Lohmann G. A toolkit for the analysis of multi-
modal brain data sets. In: Lembke HV, Inamura K, Jaffe
CC, Vannier MW, ed. Computer assisted radiology (CAR
96). Berlin: Springer Verlag, 1996. 323~328

[15] Natanen R. The role of attention in auditory information
processing as revealed by event-related potentials and other
brain measures of cognitive function. Behaw Brain Sci, 1990,
13:201~288

[16] wisOwt, WEREE, BENL, 22/NE, AR TS AL B AR
TS E BV AR JR 1) ERP BEAY. O FRR, 2002,34(5):
433~438

[17] Posner MI Orienting of attention. Quarterly Journal of
Experimental Psychology, 1980,32:3~25

[18] JHZERL, S0y, PR Mg — AL R B
2000,16(1):187~189

[19] Crick F. Function of the thalamic reticular complex: the
searchlight hypothesis. Proc Natl Acad Sci USA, 1984,81:
4586~4590

[20] Haberlandt K. Cognitive psychology. 2nd ed. Boston: Allyn
and Bacon, 1997. 64~68



52 GO /I /N 20054F

STUDY ON VISUAL SPATIAL ATTENTION EVENT RELATED POTENTIALS BASED ON
SYNERGETICS ANALYSIS

Yin Gang, Yao De-zhong
(School of Life Science & Technology, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: It can be derived directly through observing the visual event-related potentials (ERP) data
that the main function of spatial attention is the modulation of visual signal processing when the
mechanism of visual spatial attention is investigated with ERP. The visual ERPs consisted of several
characteristic voltage deflections emerging about 80 ms after the stimulus onset that include the Pl
(80~130 ms), N1 (140~200 ms) and P2 (200~250 ms) components. Directing attention to the location of
a stimulus typically results in an amplitude enhancement of the P1 and N1 components evoked by that
stimulus with little or no change in component latencies or scalp distributions. The spatiotemporal signal
decomposition based on synergetic was applied into visual ERP data analysis, three spatial modes were
produced, and the results showed that attention not only enhanced the amplitude of the first positive
component of model (P11), the first negative component of model (N11) and the second positive
component of model (P12) , but also shortened the latency of the first positive component of mode3
(P31). The searchlight model is adopted here to make preliminary explanation for the results, it shows
that the synergetic analysis is a promising method for investigating attention ERP.

Key Words: Synergetic; Spatial attention; Event-related potentials (ERP); Searchlight model
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