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ABSTRACT

The diagnosis has an very important role in curing dementia. But there was not the
effective method to diagnose it until now. In this paper we analyzed the EEG in
Alzheimer's disease and normal control groups to differentiated them by nonlinear
parameter such as the correlation dimension. And we propose the nonlinear analysis of
EEG in Alzheimer’s disease as a useful tool of early diagnosis of it.
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gacd ke 3¢ oud Alge A4-E o F g7t AMe Aol ARF AFE UAAT
B2 Alge 23R Rk
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$8 Tol Avyor g JAH AXL YAz Fusisolnges Aol
AArje dAFAHoR dixe] FPAF AAE AAGHRZ o] LEHS FAFAE udad
g3 2o
(1) AFAZQ3l
Z=2 X 1] — Alzheimer's disease
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EEG wave?] FFd= o wave (8 -13 Hz), f wave(14-30 Hz), § wave(4 - 7 Hz), ¢
wave(3 Hz 71A) 5] A<cH o4 FFo ae Z4A w2 "2u Bwavert ¢4, 35T
A= aewaveZt SUlE s, Eu F4AHQ AedMe ewaveZl A 0 wavert 249, olF
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A7IME 7l olgF EAdFd Had &g ks astax dd. A F7kA A
Al(nature)®] 4-& A7 e dutdoz wAAY, A5 754 2dx 7194 59 534S
AYUE A% Z¥(linear mode)2 AHE-3te] otk dhxgk 2733 AAdge AlzrHQd A3}
(dynamics)E 71&3%= %5 WA 4 (equation of motion)S W& AP zgatn olA
olgg HAYPEAI SANAE AFAME Hold TAHAQI MPrFPo e AL A9
£ Zo] 7153 s

wtA Al vy EnE 71esr] YdlMe MAE ¥ (nonlinear)®l E4lo] A3 &
T HAx, FFEY FE£F e RIS A¥n Fo|to g EI|YEUT oFE Hagd
T BEFdta a9A AR ZAgd vdPgEEA 48 £ol8A HEATT]
=Y vAFEIG} SANA o Lgse o dFE AFE A3, v E EEs ASe
Ao uAYYS ¥ njdAAe B2 A9 $%(dynamics)e] Z1EHAlE ¥ Akl
2] A% &4 (deterministic system)olA W& 1 Ao &5 WAA0] 1ddct FAgE 1 A
8 JeE =dss AAF -2F FAAAAM F] Ag- gl w vl EF LFFE
o] Yeld 4 A5 ol uud.

FAANE Rol BRI o]y 5L, FS(noise)olt F2H¢(random) &F3 2ol A<l
AHRFEZE 23 A &5 BFAez FHPI] J|eE 4 e =2 AU vAAANAY
A= JN3] FHAY oY FAAY Hole BFIF $EUES Jehla AN 28
3 5ol vAFYS XU &5 A s AL wl, o] Jle2Ad PTG &
7} 24 (chaos system)= ZAAEZ H|A YAl (nonlinear deterministic system)o} g
t}.[8]
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1929'd Hans Bergerol €&l EEG/} AldlA @AHd=d 2 FA 6 EEGZE 17kl %
O HA@7] GFolEe Aol FA] BolsAAA g o] il artifact) & Noiseol 2J3l
A2 RAolgte WEx YAtk 2% 19339 Adrancl 938l Berger®l $82 $Wol @ oF
Z EEGYE signal processing #-°Fe] @ g7 8%3] Q75 o] sk 1975 Mayoll 23
deterministic chaos® 7ldo] AAEHA 2 F< random signal2 7HFE o] EA Aol 4
A9l Wty o g REA5 o] EEG #% AF7l Nonlinear Analysis W3ke 2 A=)

24 19803 &) =odAd EAv 3} EEGY) chaotic signal €17} random signal
A7} st EAAT. o] EAE EEGE £49/8el NeuronSo] ARE ALdn X3 1
oA dAgse ANEY] PFAY Foz, A7 A8 71%S F£Ase FHAA AALHA
YERdE A0 2 71| o Eete] Atz gid EHolix ok 2heF EEGYL deterministic
chaotic signaleleb® A4e] W4Ed 2a WEOIA signalel™, dFo] 7hssla, o volrt
a2 <tde {7 J1ee £9se 33 JRE A A S o= Had JHE
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EEG7} chaotic signal?i7tol] olg slg-e 4dd Qujoas ol x ofzte] A& <t 9l
715 &A%t chaoticdlthe 29R%Y o2 A4S 7Fxx ok

94 chaotic signal® deterministic nonlinear systemel] 98l wEolxe} dc} o F2 3
50l EEGE RA3E 4 ¢t AZ4E olf£ EEGHS BJE signald HJFF AAH
ol & mrEojFciy AZHE & $kr] WEolth ey wef Al Ay wAdYHolzd HE
o] -9 7+t Ala"lolgt s ete BAF signald WS 4 thE A o] chaos o]&olth

gref oj i AlAglo] ujAdYPAHolabd 2 AlAdo] gHES] U signald F71AQ AR
(limit cycles)& E¥&til Y2 A bursting behaviourE 71A71% 3}, & gj7] e Fu
9 w2t WEe A A(amplitude dependent frequency behaviour)& 71AA =Hul, F3459
ZREL ¥¥3A FHfrequency mulitiplication (harmonics)). 222 Fdud 8% 7|F
0.2 Alago] B AP AHQA AAER FAFoloF Firh

2RT $8% FAZ Hrul uAddHA Ao YEAQL Fo] NeuwronEZR o]FoA Utk
£ Aoltt. zEla olald 428 u A4 NeuronEol M2 F43 AZAHo lown,
EEGx ©}# 3 pyramidal cells®] post-synaptic potentials® ©]Foi#] At el

el ol2F FAEJ & EEGE vlAF A AlAagd o3 gEAN 4A3zes AL &
4 9lon, chaotic signale]7] 13 BRz2AL W& YL & 4+ I

2 B9 E8AEL power spectrum, state-space reconstruction technique, dimension of
attractors, Lyapunov exponent 58 %3] EEG7} chaotic signalelzte -2 W& diich
2] 3 Taken's embedding Theorem2 ©]-83lo} EEGE state-spacedllA] WE 2 A7/4d8
chaotic attractorg 7FAlx 4S8 &1tk =& chaotic attractor 9 correlation dimension
o] 449 ol e AL YT 4 AU FFUY ol YA g {3F ftol Uk
Y& AL EEG7} random signale] ¢}yl chactic signal®-& <l nl3c}[2]

2 9d% chaotic attractorgl 73-$- Z71Zzle] 234 @IAx AE & AxE /HAA H
2d 2AE 243+ A4 Lyapunov exponents F&o] W g9 & ¥do] EEG/T
chaotic signal9y & & 4 Act.[6]

2) A=A (Correlation Dimension)

EEG7} deterministic chaotic systemollA] §HEo0]z AMFals Atdo] BHEAHA Mo g
mdlgdo] o] AFH: Yt EEG/F random¥ A& dloletE7to] correlationo] A&
glonz mdzsiad oo WH47F HasiA doh. 18y EEG7F deterministic chaotic
systemollA] THEO)R Azl AL EEG/E 2 /19l coupled nonlinear differential
equations©. 2 RHY 4 Utk AL 23t} [3] o] Correlation Dimension #2834
o "Wads W] AS4E ondd, 28]z e AHsE wkd wjulth Correlation Dimension®
ol vlHE RE 3 H9 et Hyvitt coupling®l v €AY E AE &+ A
. geld H7k ARE A AU o8 MR NFES 3T o 2 A 8450 MR
1Moz ARSI couplingHel Mg & 4 Ui, Ztzel NeuronEe] o] 213 coherency
7t ¥71% & A7died F4% 8498 4 4 U
Correlation Dimensiong F3t7] #1814 = ¢4 Taken's embedding Theorem& °]-83t4
EEGE state-spacedllAl ®El& A4 sle] chactic attractorE T3fok 3}

EEGE state-spaceolA] WEZ ATA3le chaotic attractor® Y+ WYl Taken's
embedding Theorem& ©]-&3l= ¥y ol o 711 He] gk a2y o7 vixdH 2
3} dA doh
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ol W& T UL EEGS chaotic attractor®] Correlation Dimension& e e il
chaotic attractor 91¢] & HE 71F02 AAE 234 vas/bdA 2 A <ol ERSHE o
g AE9Y 47} Bolue 48g ANs Correlation Dimensiong €& 4 Ut ol ¥
W 2 Correlation Dimension® Al&ste olfE A(1)3 #& Dimension®] A< R E
o]&% Zo|7] W Eo|tt.

Z Dimension® 4)(1)& TZ3}7] W &) Correlation functions 4)(2)st #&o] @t

= a (V: %9, a: 3%, r: A, d: Q) ——----m--m70 1)
=B BHCr— 1T @
where H(x) =0 x<0
Hx) =1 x=20
w}2}M Correlation Dimension otg] 21(3)3 o] vehlioj
an =7 '
na(») = dinr
_ In
p= D e 3

2742 AAQ Mol oa 7}A Aelo] didl Correlation Dimension& T8 Az §3.13
Fig= %

¥ 31 AAQ e o AedAe] Correlation Dimensions

. Maximal Correlation
State of Bran  Le2d  Sampling  Delay r - Total " pouoi4ng  Dimension
(channel) Rate(Hz) (msec) Time(sec) Dimension
Albano et al.
(1987)
Quite, awake ? 500 10 58 19 eyes closed
2602
Quite, awake ? 500 6 58 19 o
eyes open
Babloyantz et al.
(1985, 1986)
Quite, awake C4-Al 100 100 40 10 6.1+005
Sleep Stage 2 C4-Al 100 100 40 6 5.0+0.1
Sleep Stage 4 C4-Al 100 100 40 5 41£01
REM Sleep C4-Al 100 100 40 10 821004
Petit mal Seizure ? 1200 15.8 5 7 2.05£0.09
Mayer-Kress
Layne (1987)
Quite, awake P3-01 100-500 10-40 10-30 20 47£35
Quite, awake P3-02 100~-500 10-40 10-30 20 47+£35
Quite, awake C3-T3 100-500 10-40 10-30 20 78£5
Quite, awake C3-T4 100-500 10-40 10-30 20 7.8£5

$19} o] He] Aei7} vk u with Correlation Dimension ol ulHE A& =3 He
At chaoticdttle A& & 4 AUtk oA H/ ARE WME 58 Aad7 A=
AP EFE olgHoksn, oy HAPAHA AT AN synchronizationo] @t

W B ok
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Correlation Dimension©] ZolEttE AL couplingE#71F #AAA NeuronE 7ol coherent
3} &5S A & orign[5]

Correlation Dimension& ©}® system©] random¥ system?A] deterministic chaotic
system$ A& TR F= £ 7]Fo|HA coupled nonlinear differential equations© & }E}
HolAe A3 e £ & Jehdles AEY 2 ol NeuronEZHe collective motione]]
g ARE W e dForle dh4]

A 4 F AFAEAE 2 AHEY
41 48948 4 I

A4 Ao AFL 684 ~73419) dPow dPon, Fiel FEL A GArt

22 <192 Normal #2 9%, 9A4AF22E A Dementia A (Alzheimer’s disease)
oML Yo w HmA Yxv AFE GASEP A4S 3o 19%. 9. 12 ~ 1L 774X 4%
< Z33 At

ZAo]| AME-E Au|el whge ¥ NIHON KONDEN 3Atel 2dl EEG-4421K > 57]€]
output BA2RE ZZ& % EEG analogue signal® KAIST Eal&ta Ax-gstAFHdA Azt
& A9 Analysis System2 Personal Computer® Interfacerl#} digital signal® wHio]
data® 4389t Z2AALE 71EYdsa oo NAPYEEA HoHAGgA F4E
o 23743 AL 23337 A(KAIST) B3 AMFATHAN E4FNL
o, Agd] ALEE FAXAEL <B41>H gk

#41 A3 A8 FA=2A

w78 ¥ H e ZPFulel 2=
Time Constant : 0.3 sec (0.53 HZ) MEY AL : 2mm/sec (32 sec)
Sensitivity : TN/on Data : 16384
Hi Freq Filter : 35 Hz F24 34 13EAA 199
EEG channel @ 16 channel EEG montage : Al / A2 ¢] Referential
Chart speed : 30 mn/sec (International 10-20 Electrode Placement)

42 AFEAN

419149 A¥AIE 1A Nonlinear Analysis& ©1-€34 EEGE 43l A A4
ol4e] AE BAE ABHoZ aP4104 Ve A ol AT Tl sedit w
g B o g ANuPAE 27d AL T £ e 2L AL ¥ F UGk

olé]l ¥ 4.1& Nomal@#st Alzheimer’s disease $#+e] F@A9E HAF1 vt 21d
Ll YedlEs AAY XvlE3F Alzheimer’s disease $AHES Normal #Ate] w3t
Correlation Dimension® ZtEo] dA&A @A Jehgon, 19425 Normal Ak}
Alzheimer’s disease $#+2] Correlation Dimension ZtE¢ zlole] ZxE el
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¥ 41 Correlation Dimensions of EEG in Alzheimer’s disease and those in
normal control groups

channel | electrode : ijorma_l : Alzheim‘er’s Qisease
Correlation Dimension / Variance iCorrelation Dimension / Variance
1 F7 80 / %13 65 / =*19
2 T3 84 / =12 71/ *£18
3 TS5 76 / %14 61 / *£15
4 FP1 78 / %10 62 / %12
5 F3 81 / =11 61 / =*17
6 C3 78 / %1 65 / =*16
7 P3 73 / %12 59 / %15
8 01 72 / xl14 61 / =*15
9 F8 79 / %12 67 / *19
10 T4 81 / %12 73 / %20
11 T6 76 / %12 63 / %16
12 FP2 78 / %10 62 / %10
13 F4 77 / %10 61 / %16
14 4 79 / %09 65 / %16
15 P4 74 / %10 60 / *15
16 02 71 / 14 58 / *21
Correlation Dimensions
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1Y 4.1 Comparison the Correlation Dimensions of EEG in Alzheimer’s disease
with those in normal control groups

Correlation Dimensions

EEG Channel
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19 4.2 Difference of the Correlation Dimensions of EEG in Alzheimer’s disease
from those in normal control groups
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52 EEGHSI= 9F7te] slow OwaveZl 2HFAAVGREL 43 awaved T4 low
amplitude7t Wil EEG °ol4d& 443549 7Ita A, 2ALae] {5, d@d e g2
veldth a3X% A QAo w AjgHs EEGHAE A kS Aujgizte] 4
o] & oju¥ Ho|gd A2AL A7} vl¢ JE Wolue) UlZlel B9 NormaldZe] 717
43& 3 U

a8z EEGHAE o] &3] Aul4ge ddsli=dl ANl 3le Datag 733e Wid
%A Hdd E22 & 4 e =T/ A4 dadA ¥ =4 HU

£ AFdAME EEGH HAZHEA Yol AnjFE& 270 ¢AY 4 Ue AWAY JdxET
2 82% 4 Jde /FeA S AU,

E o % APAAE BA JAQAF ool e FArE Y L1sh 2P12604 B
t upst o] FEZHF Pl shedld. F, AuEAELS YA v AAFHom
Correlation Dimensions®} 5ol @AA A el

HE 2 d%o] B2 @29 49 Datag dojuiAl Edla £ B33 Datattoz A}
E UshiA SHJAAT AviFe 277G Wyez f-83itn £ ¢ . oz ALAHY
#2te] Sample Data®& 43 £4¥ozH AU AujgdAE I 4 e JEAY W
Aol gES 4 Hast Ao

a8ln ¥ AFNA = Nonlinear Analysis2 $3 Correlation Dimensions®] gto.24 v &
Agsted 4#AQ Y-S AXSAEY g =EAAME Lyapunov exponent® o8-8 &
e & B3 E A9 AL Fojuz 3}
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