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Analysis of Nonlinear Time Series by Bispectrum
- Methods and its Applications

Eung-Soo Kim' - You-Jung Lee'!

ABSTRACT

The world of linearity, which is regular, predictable and irrelevant to time sequence in most natural phenomenon, is a
very small part. In fact, signals generated from natural phenomenon with which we're in contact are showed only slight
linearity. Therefore it is very difficult to understand and analyze natural phenomenon with only predictable and regular
linear systems. Due to these reasons researches concerning non-linear signals that of analysis were excluded being
regarded as noise are being actively carried out. Countless signals generated from nonlinear system have the information
about itself, and analyzing those signals are not simple as in the case of linear system. However, if we find the
regularity fixed-quantizing these signals and get information from it, that will be able to be used effectively in so many
fields. Hence, in this paper we used a higher order spectrum, especially the bispectrum. After we prove the validity
applying bispectrum to logistic map, which is typical chaotic signal. Subsequently by showing the result applying for
actual signal analysis of EEG according to auditory stimuli, we show that higher order spectra is a very useful
parameter in analysis of non-linear signals and the result of EEG analysis according to auditory stimuli.

£ gz teyE A9 pas
ek AAAREAFAHR WS

et ool WA HuEA e

29 29, AARE 1 1994 39 59

% B A7E 19989
PAE
AE

11999

it #N of
o

-{fdzdz
%



HIOIAHEZO QT dlde AAE M shiM) O 28 1313

.M E ANEEM A48 AARE B 27t 4Fe =
= olm] o AF Ao o3 Jtex NFEh=s A
AF7A v AEZEE BAHsted F2 134 o] WA ow[8917,1819), $2 EHojA zA4H
A g adEHo] Fo| o] &AL FHYaHEY oz Aeh= AE2 A HAlA o] Fofxe HH
< dolnt, SIHFA], AR # A RotE Ao AHE FohlA F&7t sk Zd WEe 4
HR3te] g Be AEEMd &4 A EHAL, A ol ArHAAL Atk AYIHE H/EH F4A
AA v JHGE 2A3g BFTIE S rH12131 Foll uE HAE vlo|adEHoR A Y
27174 #ghg 134 Fel ol (Fourler) W33 oz A9 Bl le st EA& stefstn BRsbded, 6
T FH2HAEYL AL Aa&e TFE sy o oj~HEY0] MAY AEE EAsed F4& et
Aol ERFe 99 FEE BN 24 oy F AEdE et
H2e] A EAE vt @on 434 Fit
F EATE Ng¥ A2dgo] 22 EE 33 o4 2. HHE AMAE M35 2
HAY 2E L A, 1393 AgaAEGO
2e ol vy ¥& BT 4 givk oA 2 21 7122 43 ! Logstic Map
7HeA S EEE Hold AZ Y A5 9 Fakg AEol old wAY N3 Flo] HEAoo|A] WAHE
A5 ZHAste] o] ZRHE A4S, oldd AaY A3AFdold MY B4E BAE] fstd =€
o AAYFH dF HHHA AEE ¢dod + o Hlo]2HEY 4 Ho] td 21eg AT SlolA
(12351 ol#3d A mie sAJrAELL B3 4d {830 TP g3 E XD JEIE dolr
HAE Aade 24etEd s AR HHdA 71 918, AN HBAQA stes A8 2R2aE
o A" ol nio]~AEY FAHE A& AR, vlo]AHE
gt uAdY AagdE AEzRE B g g gAo] gtexe 22 HHY Az N ¢
< RARE A7) A3 23 Flo s o]l Ao fraatd 29 + Agl dstd 71&drh
S7H, nAAHEY o3 o AREL ¥ 2A2Y We x(t+D)=a- o(H(1-x(),2 (+=1,
Hal d ¢ Qloh F, of" A3 FYel JE Ao 2,3,..0% 2L ¢ 3gd mdz RE dAEE
oA HHFHoz THHE ANETE AEIAY AAG Azolrh o] Az HHL azt thee] W4
A A% 5AE E4387] A8 na=HEY o %, 3<a<4 4 W F¥RE HHL a7H, 53
=9€rH1,23451011,121416]. nA2=HEH F up e23.5 € 4FHY AL o5 2dHAH &9 7t
ol = Ed (bispectrum)e HAHEHET & 24 22 AHE 227] AFBTHLILITI819]. ol A
B2 ZAYoEM, MY 24EY F o9 t& S #2357 A8 a9 ge e WA 4
g, = 4ol BAE ARES HAT F gouz A A dlelz=dEH & AdEATh W a9 g 30
EE BTt AEsA M8 E & sl ojzd 9% X 4077 WE AAZIEA AdE uol2HE
A dg ARE A3 vdgAs HEFsed gl g AdRE (2Y Dol el o 7)o A
vlol~gEgo] {834 AHEE F A&E Tk FHEe Ade B ud, dgd ad g ke
slo] A e S A vho] 23| of {2 (bicohe- dlelX 3 <a<3.49 9] vlo]~HER g2 wf$ A
rence)= 23k AT ST FAA 2 e Y 5 ¢ 7 Utk FAHCE a =34 4 G4 raw A
EH, o] A 29 WY(Logistic Map)[6,7,8] L 39 vlo]2MEF Bxe g 1YL (23 2) (),

(Electroencephalogram : EEG) 4 3 #& & (ol Zzk dehggich o)A vlolAHEY Rxo
Holo A H83ld dojd A sty se e (27 2)9 b)E AHRd 2 Fdo daxEs
&}, w2 4 Ut olEd agtel MM Fukg Fo
2 =EAME gEdd e NEQ A AE wet vehdE blelsadERe EXJEL AL S

el SHEMO) vlol~MEYS EYstel of st AT, o HEE YA FLT U AHT 9
el 4gds §848 BAsSRL, £F 44 HAk A ohsith sht sd o W volasEY 3 A



1314 SEEXEED =24 HeP H5z=(995)

A7} o Z7] WEoirh 3 a > 359 @ doiA
+ dlo]l2HAEY glol a < 35¢ u dojAE= gur}
E4 39, a < 349 W9 REY v BE AX
dets] EulFot a9 o] Frbghe] e wlojad

(32! 1) 2XIAE YoM azt H3H (3.0=a 4.0
e slo|Z5(0{2A £A

Raw Signal

0.0 time(s) 13

(a)

(32 2) a=34Y wj ZX|AE We| (a) raw A5}
(b) BiO|Z3|0{2A BN

EY o] 48 FhdA Haxg vede d8
S A2 ¢ 9o a =399 GO raw AT B
ol ~HEY £XITE (27 3) (@9 (el YE

Raw Signal

0.0 time(s) 1.3

(a)

(b)

(23 3) a=39 & W =X|AE Mol (a) rawtlz 2t
(b) HlO| 23|02~ M

ot ol 2A2Y weo) WY 54 Eae) £
9 vpoladEgy Ay 2Aad wlo TEd 4
zAEY gt oolole e g & dadl BAY AR
g dAse AEE B AgEA BdE d S+ gl
o waky ol @ YA dE Are AT B
Y4 E A vol2sEYo] F83A A8
F9ee $oe

22 = THEEG) 415

1929 Hans Berger7} A&l oA 2z =
7l A5 H%E A ol F Hve HBFe W
g A7, 30H R sotste fdoRA dE A



5017 ¢rH2021,22]. HE ok 100970 o}nq Al
AZEEZ 745 3lew, 279 ARAEE 1,000
~100007] H=e] e NAMEEN dAHo AFw
Agsta gk st ARAZAA A==
ofg- mlekskA R AA 7t ﬂgﬂag ng;;_:}
el Aol AAMEI SA] EREE AW 2
FagstaAM F99 AxHy uuzlol wu =)

2 o

ol oA 8 odu
e orr
i

4 3]

Z719 Hu54L HAPA 44 A
g o ol Az, A, &7 58 AF}AS “H
o Zzt7] Aol dEde Hu HEE AgEHL 3
o}, AzLE 2@ 9 (Spontaneous Potential : SP), Fx}
£ 449 (Evoked Potential : EP)2tx #3281} o]
& Hate] 42 HAFAtol] HAC] 10%9 20%E

T A A=A (ten-twenty electrode sys—
tem)o] F2 2olu, EaHoz o
s34 G445 Alele] AYAE V) Ese E‘L%E%‘
I F R FAAS Aol AfAE F 46}% =
o] glom AAE(ECG), ZHE(EMG), &
SEOR) T& A Al 7EH.
w3 Hae AEHE Fo5 gide) o 3405
~3Hz), 6 3H4~THz), @« H8~13Hz), B T(14~30Hz),
7y BE0Hz ol’h2 FEGTh FAddy A, ZAAHE

T8 pke o 282 9AN Eryeld @mr

Bask g)E

SATE B 4 otk o EE ofm Az dAY
A, 37, AR 53 e AL wAY Fe B
e =i A4E o 99 e FadA do.

AR AT FEAA S5 SAL e A

49 BT 4 gon, claw
A AsA e st olge] Baw A
MY % Ao ByHoz s ge

O

HIOIATE 20N OISt HIME AIAI A% SiA T 2 S8 1315
HolHe WeAY g8 §& ol&3ste ZAzrils,
22].

3. nRAHERY M
Az Age] nAAHNEH BMNL TIs= o

Non-Gaussian /\lioﬂ 7]‘1?"& ARY FE3 2
#AE Hrbstn

L, 2t Ao o
M o2 it

31 Hlo|aHER 9 Ho|
gAE Az glejx AA
A AZE Brisked #aHEGel §83)
I Qlvh #Se2dERLS 27|t #
A glen, olAor HEE ¢ YE M4
" (Gaussian) NETE FAHLE 223 T 9l
[13]. 8} 237} Non-Gaussian AlZ o] ALt
Huto
HE

]
=2
]
o
o,
T
il

9
:—01:
MAFHA ANRA dohd SgsgEYRos
oHF FuE A2 4 Yok et nAAREY
2iAY 4Y 29EY pHomE: AN 5 9

¥

:
=
=
=
of
ok
tio
E r
&2
fr
R
AN

He w48 Asuel o5

of »= A 7t

2
g
o)
"
)
ro.
00
[e]
L
r>
lof
2
=
ok
&
2l
ol
Y
Jjm

3



1316 SI=BEMLISS =FX KA H5z(995)

& 2dsied AgHe uRsdEde FRUE

(cumulant)$}- 29 E (moment)ol] 9]3

o
o
M
&
=
g jm

X(0) (k = 0, #1, +2, )7} BEg] 0°]
zz@@ AUE fASE A5 HE 49 A5

i std, o] A% x(ho W n2t RUEE &I}

Tue1) = E{x(R)x(k+ ) x(k+7,_1)}
(1)

X
my(t, 7o ...,

e (1) HozRg 23 EHE gL mi(r)=
Ex(Dxk+ 1)} 9& & F e, o7& x(kl o
g 21714 #autocorrelation) o] 2 &, AE (kS
ANZERE ¢ F "olA AT x(k+ )T AHAA

Z e gtolv). 33 RWE 2 triplecorrelation
°] g 3, mi(r, ) = EX(AX(k+ 1) X(x+ 1)}
o2 JleHa, A3 (D% AVAD 1, TE 2
AR A x(k+ ), x(kt )9S} AT FAE e
ol o)A FHAE FAFEZTE 499 Az
b Aol w2 WY #AE & F o, Ef-)
& 7)) X (Expectation)& e}

A% (X(k)} (k =0, £1, +2 ---)7} non-Gaussian
ANFY AL o] AE xh)ol e n3 FEIAEE th
ST 2ol 13-4 At

Cilr), T2, oo s Ty1) =
t,-1) (2)

G
my(1y, 73, e T ) — (T, Ty

A7l mir, 12, ..., 0,-)E (XIS nZ BHE
Zolz mi(ey, 1y, ..., - )E (X(K))S 22 HEHA
o AR g Ze AL §Hee BAE Ghol
o weld AE (X(k)7E Batghol 0olx, A E

=
fASE A5ge HE ag Axedn s, o) A
50 mUE g FRUASS G2 gL BAE )
Ak,

E{x(Bx(k+ )} = mi (1))

= ¢j(ry)

E{x(Bx(k+ r)x(k+ 1)} = mi(zy, 1)

= c3(ry, 75)

E{x(R)x(k+ r)x(k+ r)x(k+ r3)y = mi(1y, 73, 73)
= cj(ry, 15, 13) + (1)) - ci(r3— 1) + ci(ra) -

ci(zg— )+ ¢i(zy) - cilre— 1) (5)

A (3 2 A3 AAA BE A
elle 27 das veldc 4 @e Ze 4l
T A AAdel g3 RAEE v, o] &
3z mHlE = 33 FEAEGR ’5}31 Bi]' 747]”

FHtriplecorrelation)o] gt % ¥t} E3
Azl dig A Y AEA A
2ulE golgtm 3t} ol Az
3 4 (49 334 RHES 33 FEUE
4 (5)d) Jepd 4z ZUES 43 FH
e kg pzoh mEkA 439 JE
AWM= 42 BHES 274 H @S

rJ
i
o
2 £

2

ofo} gl

olgA4 AY=HE EgdAd # nx ZHES} FE
HEZ o] &3l AT (XK g nx} 2HEHS
Clw), 03, 03, ..., 0,-)E n3t

Z(le T2, ...,T,,_l)‘% Fao wigs

ywn—l)z io o f

n=—0 0 =-

C((l)1,a)2,a)3,

Ty, 1oy v, Tampexp{ — (o1 + wpTy +

+a),,,12',,_1)} (6)

getA na} 2HEYH S
S A (e 1x FEao wie g 2
P(w)Etn &5, n = 39 Z$A 4 DF 2% F
AT e wolAdED Blo, e ¥k n =4
Q A$-E 334 Fuo wWEAY FE& EojaHEY
T(w), wy, w)ol& 3 et o]5F 4 (6)227E A
glstd 247 ohg 9} o] Heldrh

o= 3

(D exp{ —j(wn)} ("N



Blw,, wy) = T,Sm rzi_cmci;‘( Ty, T3)

exp{ — j(w; 1, + wyro)} (8)
Nwy, w3, w3) = r:Z—oo T‘Zw r1chff(rl,fz, r3)
exp{ — j(w, 1)+ w315+ w373)} 9)

32 slolAMERo| of8h u|MY AHE 24
Jeje NAY NEERE B4E Aifé be =

HQ) Fagel mast 4ol MAFHLR AT
Hzo Fsked] 9%g Fol the 24% e
= A% A9Fgeldn se, of71AE ARl
Sa) BAE Fase) GG A slsel npola
Bee AomiE WAy

HEHo] e 33 &
2 6718 FI5E /M AEE Ao s AmET
X(n)= Zcos(/l,»n+ ®;) (10
11;_}', ‘ZI‘E}"{F“‘E‘ /11> /12> 0, A4> As) 0, 13=/11+Az,

A=A+ 35, @1, 01,..., ps0l 2, [0,27181 T-7rlA
25 SHANM, gs=g+e0lth A, 4,43 A,
25,4601 LEFHAA AA0) T A& W A5 o] 4,
B A5 AtoldlA ARl et 1,2 S
nx3 JEolth o] g werdEz oz EA)

(28 4) (@9 Zeo] vehdo 242 99 Az
= Agtte]l 12 Fe] sled (28 4) @E FAAME
old AsEe] ATl HeA dophy] ofHrh
I AT (X))o 33 FBHE (e, HERE 9
A ARl Ushdes AL g 4L S
& 5 gk

cia, b)= % {cos (Asa+ A40) + cos (Aga+ A,0)

+ cos (Aga+ Ash) + cos (Aga— Agh)
+ cos (Aga— Agh) + cos (Asa— Agh)} (1

AEHOR (28 4 elX Be vigh o] nlo]
=

suEYon WY A5E BAsE FEUse o
A0l s & A 39 F, Az Qo)A o]
2dEY e TE & AL, $4AT] Yoy F
S B W ¢ Utk (29 4 BA AAET
of gl Fhrd (1,492 A p= A9 Azge v

HIOIAHEZO QT HIME AIAE NS siMT 1 28 1317

], AAAES B FAEE (A, )0 FH2
e melEth mebA] HolxdEy BAL Fa v
ARHA 24 ARG BRI AEAY & e
2 %5 qn.
A
Pw)
A A
/11 ‘14 12 /‘3 /15 A(; a)r
(@) FY=HEYD By

AL As wy

(b) o] ~HER 24
(28 4) 2% siatzs
oA Yol YA ANE © A

87 QA vl =TS AFEE volTojd sk
et ol 4ejwn.

X _ Blw,, wy)
ba((t)l,(dz) = \/P(wl)P(wz)P((l)1+wz) (12)
Holasloleliae HdAE d4e o F=gAA

dehl Et &, AZRel dohte Fis o
Fae glol = UehtEs Aisad o 2 ge
2 el 9440 gle dge A& @e A
u2 ARseE A Azol A A el
JaAEUL AHAYORA AFAHE Fosd o
 ARE B A ¢ 5 A B,

%

XV

[l

Ho
g
o

4
Yokg 2437 A% 2RAE 2 WA



O

1318 StndEENEIE ] =FX| MeH H5=(995)

A% Mo dioly 38 $3 A2y F oA
2 ek 94 AHAAZS o 20419 Azt ol
7t dggER @A 109, 93 89w dqth
ojBolAe ded £ FYF UL RAYL ¢
oA & ZAAAA & #ZA2 A FAY LS
& o=, ol & zpZo] u)E 3029 A2 A
£ F31 1 ge XHL% A% 7] AR FA5
A o A4 AL 93 ZHAHE tx

a5 AHed L AlAEE ol gadnt A= uE
< d/EHY ZEE H2F F de 298 AAHNA
% AR ATemEe AdEldY, i F4oYE
o3RI TAF AForE 2 FEAH, VAL

g, AE HlP7] HEE o]t ks HZAF
o Aee A AT, 43 A5, 249 25, £
& A=A v ZRA AdeErE " «q‘ﬁx}oﬂﬂ] A&
AFEE FEA & A8 F ARE AFALS F3
, 71 FEE HE AEulEs BHE osAH
H £HS 43 10/20 FAEE AFWAE ulg)
278 A5E A wAsiden, e AS5E 4F
A=z ek =3 &3 FAE Spectrum 32 D/P(Cad-
wel) S AMEElT ZEFZ A 7HHA(sampling time)2
oF 5ms(0.00488 sec)Z AT

g 2133 Fd % Fol WS(FFT : Fast
Fourier Transform) 232 FE 37 2] g ut
& 2 Jebd T39 T4 Adg 4dste] olg9 &

2

Ao 21 Aol diF HaANF AF (29 Dl K
At o] F T3 AEH} T4 Ade] HAAoE 9HA
o 1094 Az o).

Raw Signal
1
2
1 el N
4 MWWMMMWW
L3 pr A s e,
3 Vv, v g e |
FE APt A A
LR VAN M AL ot S AR e
a A er i - I it Pt Svian
fonr - yna
13 g R A NN e sovmeast
11 A g " ~m
o P e :
16 . . Ao, Vessiiy
VT [ A A e A s AV Nt TR AN b s P Raer
TR e AR A A A et oyt A AN s s A A
o WA AN A
i — o
VAR A i A VAN AN AR A A AN AR A i s rrtcas AP
21 b o o AR ann
0.0 13 22 timefs) 9.8

(3% 5) ot A=50| WE Hut M 2154

A :
o,
2
9,
i
AL

A Be 21Ad % Z9 Ao =
T4 Aol X 2T 73 ‘ﬂw wes
< & F Sk webd T3, T4 A4
2 gyez HY2dER P nlo)as
Bk 1=

T3 AdolA 248t Add 2 2345 dddA
o gxadEY e /B wet 22 (29 6)3
(29 Dol YERIATh 7tz %& F54E Yehd,
A2 &2 Bg2sEd9 e yehao Agsde
Y 24 23 d8 439 BAF A3 o £
3 Aolne Rolx gt mwEy Hyase
NZH ez Beate 2st

Power Spectrum

o.07§
10.38 He: 0.62

0.00 [T Dol bl 4

010 frequency(tz) 52.08

(22 6) 10 mEALe| T3 AL0IM mABEH

SERE RS

Power Spectrum

0.03]
11.70 Hz: 0.01

a1 frequency{Hz) 52.08

(22 7) 108 DRI T3 oM THlATER
S g5 X2

2e dolgel gete] vl sfEgos BAY 4
32 (29 9 (@ BAT A2 &9 A Fe F
H5 ge Uehie, Umx 258 doladed g
vt A 26 93 gES § FaeE 4
sago] oz o]y Lolrhn YEAE 2 4 o



HIOIAHESN 9t HME AIAIE Mz sidnt O & 1319

o WA Had A% 94 ABYe AFL T 2
& S 349 2z AT 19 B ¢ 4 N
S vho o), AW st EAB Aol Mg Kt
o WS AP AoE Uz en, N/ é}f
g 77] A9 F4 Aol 94 AEY 4 ) G SRS
M Aolg wolx Wee ¢ & Utk A4 T

Y axis Title
3

N
A

Y

o A7t AFe] e i/ YL Hstol v \\//\/\ﬁ
-€:_ -57:1,\ /f/&/m\ ¢ .

§

o

A% F gk = 43 HAA= )((ba;isTiﬂe

FAE Foe Aol 45 B ) ) ]

8 (quadratic coupling)] 78S 2 4 v (22! 8) st K10l 23t =mel Blo|T5(0fRIA £A
NF AA4ATE FAL Aol Aolrt 2 Fas
Ao el 45 Aol A dolike AAE
A & gtk =F HA/EY FAAFE F7] H
Bl ME FAR T35 oigs zpolzh 2 Fikg o
Ao N A4F HAFEo] FnF Yojts & & U

@

_,d
i

T (18 8) (bl 2T vpolaHELS AR 2
A Fadez welFn U (29 8) (b)) B3 0
g 29 AE AFANY 9 AEY Bl FAR »x’i;&‘z‘ﬁé%?é&i’iﬁ:ﬁ}iz&’t;il,ﬁ
Fo ool ol dejdx e Ag B+ 8l S
o 94e FHeE IYZE a4 osEdvn ° 52 SN
A4ZkE o gzhde] aoiAE RedA A4 AEY
o] @ol dojuti 3lgg &AL 5 3 m
(2% & BT AFY velaAE=Y A%E 37 (a)
A3 249 Fndes BAY aYzolch B A
29 A4 A AEY @] Mg B o A
o7t & Fus tFelA A AEY Wil Aol ol
T age B A bz AR & 2geld Y
AEY Qo F2 ehdeh E v
o3
INENY oz ]

$ I;J 1'5 20 %5
X axis Title

(b)

(2% 9) 235t X130 of8h Hnjel Hio|ZsjofiA 24

(28 102 A A3 q
Held 249 dolHE 2AY Aolth o A
3

A BE ddox] FuF Y4 AZY FAo] Ho
Ax #F 2AF Ag B 2T AY Folrt A
PS¢ F Atk



>
N
()
rot
Hi
0%
HL
>t
u
Jot
1o
1l
Ho

Al Mg H5=(995)

2HEY E4E 89 1 Z3E Ytk o @
49 daE wRer A4 Addd de Huse
ek F4e Adgstglen, o ARE gl 7%
AT

2 =AM A g3 A2 AgdE
S4& 7] fste] ¥& AL JEeR @ BE

FolH 21Ade) 248 HHAsE olgaaAc
AYANE o FANE W@y Az Azl 2w
= T3, T4 Al diele] zasdon] /23
Byelel 53¢ TEA7 Qaked wAy B
ol 29EY BAS EdddY. 1 4% A8 7
el Wd Fue Ao 4uagol av,
A2 AuAAE Holt 2 Fis el 43 go)

& A 24 g B g

WL oox rQ Wi oo rlx

¢ ¢+ QU
44U Aun 4udes Be 9axg Yo,
94 Ao guoz wo| Yolutk: AL @
.
+

Atk ol Mo #HFe A% B4 FuHd o
b 24 gy 0L #8435 " B 4 Qnh ®
g 72zt He A9 e T3, T4 AN S3
AEE 2HY A3E uuste] BE o, gids
At dabh dojd g & = Ao, o
g 47k FFA A AFH e 7
ARAe] MeHrh AHdE F
& A
o 1899 HHAE ez U9 =4
(b) A% 2AHE HARY = BFeta, ofil Al
(22 10) /23 A= Hoff offt xme| vio|Z A Uehd 4 g dlo)El 7t Yo Holx|
slofel 24 5 HE B4Hoz % 7YY &

~ H =
A= AL o Ak AL Hme ZARANA 4

of
_?L

rir
P
lo

ot

i

i)

9 2AEsh 2 gstel €@ A, ohiw A

4 Solgolu & udn 2 FAd @ A

i H15g olafsta A QNN A olguh FaskA @ath ool el ur Aud
o BeA AA2HA WAHE MHE BSZ T M goly 24 9T AEUE o] Bad A
4% gotur] Astel DALAEY BHYE £Y otk TEu Wshh A% o] NE AN mE,
stelch. AAGA MAsE Hue dws 2 ) AAATAN EAAA o2t Fob Hwel £4, ¥
Y AAD A32A 2 53¢ AdE St B e wad 9A@AAR wa AN 23
S giglew AT AT AT, M= slex 45y @FolA DAY FEEA 2 88 E vse
2o Aol 9 AAHRA AFAH W Qe Aol ol gaeld Eolob & BA UT Buh 1hdE
S Hste] gAo] MUg AzAdel BT Al Faz Huel gy AT 0 ZUHE A 27
ooeZldE mASMEY o FAE AERL A Qe o}Fd @E FA g R, A2
gov, =49 AU BYE TP Ask] Y7 grieks FRoAAt BYglel den ot
HEHQ Hes U5 RA2Y WE WP wF ko, 2en 249 QPN Uik 2o Afa



o A7tec meh) 9eRE Huel o¥ Be o
F7h o|£o1d Relm, o8 457 A8 vhol23
Eg wuo] ohlg e wdy ez ol
9 olth,

#1E

e

[1] Chrysostomos L.Nikias and Jerry M.Mendel,
“Signal Processing with Higher-order Spectra”,
[EEE Signal Processing Magazine, pp.10-37, 1993.

[2] Chrysostomos LNikias and AZP. Petropuly,
"Higher-order Spectra Analysis : A non-linear
Signal Processing Framework”, Prentice-Hall,
Inc., 1993.

(31 SL. Marple, Jr., "Digital Spectral Analysis with
Applications”, Prectice-hall, Inc., Englewood Cliffs.
NJ, 1987.

[4] T. Subba Rao, "Analysis of Nonlinear Time Series
(and Chaos) by Bispectral Methods”, Nonlinear
Modeling and Forecasting, SFI Studies in the
Sciences of Complexity, Vol.7, pp.199-224, 1992.

[5] Chrysostomos L.Nikias, Mysore R.Raghuveer,
"Bispectrum Estimation : A Digital Signal Proce-
ssing Framework”, Proceeding of the IEEE, Vol.
75, No.7, July, 1987.

[6] JM Thompson and HB. Stewart, "Nonlinear
Dynamics and Chaos”, John Wiley & Sons Lid,
1994.

(71 AH. Nayfeh and B. Balachandran, “Applied Non-
linear Dynamics”, John Wiley & Sons Ltd., 1995,

[8]1 C.D. Koch and R.A. Paloveik, "Chaotic Activity
during Iron-Induced Epileptiform’ Discharge in
Rat Hippocampal Slice”, IEEE Trans. On Biome-
dical Eng., Vol.39, No.11, 1992.

[9] JM. Choi and BH. Bae, S.Y. Kim, "The analysis
of EEG signal responding to pure tone auditory
stimulus”, Journal of KOSOMBE, Vol.15, 1994.

(101 JM. Choi and BH. Bae, S.Y. Kim, "The Analysis
of Brain Activity in Wakefulness and Deep Sleep

HHOIAHERO 2Tt BIME AHZ Nz shAlD 7 28 1321

States from a dog EEG”, Journal of the Korean
Physical Society, Vol.30, No.2, pp.328-331, 1997.

[11] T. Subba Rao and M. Gabr, "The Estimation of
the Bispectral Density Function and the Detection
of Periodicities in a Signal”, Journal of Mult.
Analysis, Vol.27, pp.457-472, 1988.

[I21 E. S. Kim and D.Y. Cho, Y.J. Lee, CS. Ry,
"An Estimation of the Bispctrum for the EEG in
Emotional states”, The Fifth International Confe-
rence on Neural Information Processing, Voll,
pp.438-441, Oct., 1998.

[13] SB. Kesler, Ed,, "Modern Spectrum Analysis IT”,
New York, NY : IEEE Press, 1936.

[14] Z71%, "o E-v WFA)A 9] 4o @ wu}

MY A, BB, AN,

el Hatel] ot AR FA" Aw e
= A(B), #1254, A23, pp.408-416, 1998,

(16] AW, WHE, g, "WAY FEAL o)
HEY) ot FAAA TEA LuYE, Jou-
mal of Korean Physical Society, Vol.35 No.4, pp.
A57-467, 199%.

(17] ofeldtet 7b=2f7l, “dA o= 7lea" FEZH
AL, 1994,

(18] ~El& AE, "7t 2 LA HUr} 1995,
[19) Kazuyuki Aihara, "Chaos : Fundamental and App-
lication of Chaos Theory”, Science Press, 1995.

[20] Kazuyuki Aihara, “Chaos for Neural System”,
Tokyo Denki Univ. Press, 1993.

[21] Masayosi Inoue, "7tQ&9} EziA9] 78l YR
AAEHAL, 1996.

(22] s, Atel® &A, "Ugny, dzz} AE,
1987.

[23] KG. Chol, EX. Cho, SH. Chae, ES. Kim, J.S.
Kim, “Spectral and Bispectral EEG analysis in
acute unilateral ischemic stroke patients”, Neuro-
logy Psyciatry and Brain Research, Will be
published.

(5] %24, 2%, #83, 307, AAA3d g8
%



1322 St=dEANEIE D =2X MeH H5=(995)

4 g4 o %
e-mail : ysoh@omega.sunmoon.ac.kr
19969 3¢ ~3A MEdista A

AP RN T AT

T4 E-oF : Chaos,

e-mail : eskim@omega,sunmoon.ac.kr
1977 aboista F3oist A4

&3
19799 FAEtn fEd Hakw

&3} ZQ(ZAAN » Nonlinear,
1993 Tohoku Univ.(Y) &84 B Signal Processing,
1 2428t} Neural Network

19863 ~1987'd Waseda Univ. AL A7 4

1984 ~1993d 3 HAFAATY AdA T

1994 ~d A dEdeta ARG RFAFTHE usp

B4 2ok : (Neural Network and Brain Computing),
Statistical Physics of Neural Network,
Chaos and Fractal theory in Neural Net-
work, Modeling biological function with
Neural Network, Learming and Generali-
zation Algorithm



