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Abstract-We intended to show some basic requirements for spectrum analysis of electroencephalogram
(EEG) by visualizing the differences of the results according to different values of some parameters for anal-
ysis. Spectrum analysis is the most popular technique applied for the quantitative analysis of the electroen-
cephalographic signals. Each step from signal acquisition through spectrum analysis to presentation of
parameters was examined with providing some different values of parameters. The steps are: (1) signal acqui-
sition; (2) spectrum analysis; (3) parameter extractions; and (4) presentation of results. In the step of signal
acquisition, filtering and amplification of signal should be considered and sampling rate for analog-to-digital
conversion is two-lime faster than highest frequency component of signal. For the spectrum analysis, the length
of signal or epoch size transformed to a function on frequency domain by Fourier transform is important. Win-
dowing method applied for the pre-processing before the analysis should be considered for reducing leakage
problem. In the step of parameter extraction, data reduction has to be considered so that statistical comparison
can be used in appropriate number of parameters. Generally, the Jog of power of all bands is derived from the
spectrum. For good visualization and quantitative evaluation of time course of the parameters are presented in

chronospectrogram.
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a. Sampling Rate = 200 Hz
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Fig. 1. Effect of sampling rate (200 Hz, 100 Hz, 50 Hz) on the wave form of digitized signal and the frequency peak in the spectrum of

the digitized siginal at each sampling rate.
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Aete] A o) B 7lgsln EHsGC

Hule] Aaka BAE 98l 2MEFEuES o] -
&7] Aol 7| BAH2 = wule] 7|Fe] sz FES] Aelel
A deizof et 8RR w9t 7]EAY] FE] At

#72] BA7} dpHelot, BAFE o+ gle 89152 A
= ARHRP) B3e] Eo7p] g 5o Z22 BAEH
féﬁdﬁﬂxﬁl 27E Mol QFFE F o e AEHEd
2952 () 715 AR, &5, 22 9 &5 F); ()
ARFLAA, AT A7), 87 3-8, T, 715

AZE, dF7IA S (3) THAl ARGEE = A, 99,
AA e, AL JATE, A /“EH _). ol2gt 845
9] EAlell AMSE Hbgo ) BAlgd £ T = 29l 3¢ A
31| 71Eslelok qhrt. Wu7| Al 25 B9 e A
= Zﬂfﬂi 24 gle wd) A5 ﬁ%ﬂl g gspe}. 7=

2 Nze) 2R} 9, TR ADE 5 )4 R
2132 9_‘%;1; \AB=E 0L 71eodor ) a5t &

AEe] F A BAlHT F w9 I} 7)EEUS
] A EHEM 25t Aekd X7} Askgt Hue] H)
Z m3e 4 9\11—_} ¥y} 718 @9 A5E] B sl
24H121¢ W82 Gevins(1987)lA] wFFeiZe}.

ME B E(Data acquisition)
ASE B3l dY=Ee o A71H A9 FAFEY A/
D #7] (analog-digital converterl] {237 §lsjed FEat
A712 FE3T AR £20% T 19 A5 2
Eﬁ Zﬂﬂﬂ‘:} lii H3l= 100 pv M2 10,0000 7;3
ZZ3e] 03] ARE A sl Yl I |
P~1 /Lu.?_ 7] 'r]'GH 0.5~1 Hzel| A5 30~60 Hz °]i
delg Fof] A/D W37l g
vl S22 W FFe) Aw= A/D HE|Y f4H ¥
gl edglojof gt 12”15 A/D WZZ]9] o9 Wer) &
Ve o U= AE7 +5VE B e 2047(2/46-1)9]
#x)2 HEET -5VE Solew 2048(-276)°] = W
BHo2 PAPAZE 2 4096247 Rk WF 2 &
27 A3 vlg 2 £AR s ne $RA7L VT
2 He] wizkEl A=Al T Alwd] F5E eldA €

o} oE B, _100 LVE 1009 23 10 mve)
Al 37} W@r]e] dHEe] 4= delﬂ_% ER=EEA
+4, 43, 42, +1, 0, -1, -2, -3, -4 2] 9 Ak ==A] ok
=c}. 10,0008 SZ8P £1000 mV7F HT HEE0L
o +400 AE7) o] 800 $AE F+EE 4 ok e
252 T wo] o] 21F7} +5Ve] HYE Hloful= 7
£ v 2 2FE A} 12047 == 2048 FUT AR
WA ") dF o, 100,000 FFsle] £10VE ¢
g +5VE Eo%urt AEFE= BF J_r204&-—_ H 2o
Alzel W3yt 71257 2]t aE R Hele] i 4
iﬂ A/D ¥E7]Y AE ”é AFE 9A @5 sfofF 3
T 2 FEZEA] dotel g,
¥ A7) 25E A7l T HelvE AR 9
AE @A ééﬂ-/ﬂui ko] A2 0.5 HeollA 70 Hz,
7k 899 79 50 HzHE 3 KHz, €194 9l
= 1 HzellA 100~300 Hz, “HiiAd” +849E= DColA
16 Hz B2 FEse
T 7| 5= AAk wge] 271 100 pv el
xul u]z;;/g Huke] F7)= 500 pv oMjelth A/D WEe]
oz el At W7 1, 5, EE 10 Vo|EE ¥
T A FE 10,000-20,0008 SFH3c). 2EL (MWE At
(4096 division/full scale)= 712]% AD HWHE|E o]&-
sle] A AZEEoE PEHSA "o o|w U ARt
PHeE QST of HE ¢ e P 22 S
fy,=1/240°]%. @17]14 Avs A17H3E ﬁOLJ fyy = Nyquist
frequencye |t} =, BEHASEE /At 2] 172 ©]3}e] Ful
q} q_ﬁéaﬂ- S \3‘1_3_ 1 o]/J—O] Fijdr= ke s -—|—~7'1
A alalEe] Zvh olzist #AFS Yelel(alias)=} &
o} o)Al AEHE Fole BAY $ gl7] el 5EA|
AEHA f, Bt & Foee oz FEE A|A
Folof Bt} B 7oA 60 Hz olskwt HE|3k3L 200
Hz(0.05%o) 3H) o4 £=2 wWgste] defokn AL
HkR[Eloieh, o] BH o7 60 Hzo] 29el 120 HzE B33
s ge]olr) WbA|ER|gE A4 ohfE EJE% (analog
filter)& AMEE A% /‘é;@% Falg w9 wke] ¥y} 2kAE)
A AARA T 7h4aE o] F—Cﬂi__i low pass BE] A
A ZET 83 mﬂf £ QT slo] T} UE
2] FAd ‘I]ri} 2158 Ze] Herl ZekXEd 4pole
Bessel filterS A23}ed 60 HzelARE FE|g 9 | octave
24 dBY % i% o = %.‘5— A&7} Yd=aEe] 15889
12 Zo]EQ) o & o] 100 uv A=) 120 Hzol A%
= of 6 v Witk B AgolM AMEE AERHSEE
200 Hz2 FE{Ee] Zo19= 100 Hz A& 60 Hz |8}
259 1710 AEZ o193l 200 HzZ AEHs)= A
Aze] F3pE dulopa glo] Wk 24 otk 2B
100 Hz o]AF F3 213%= 200 Hz2 AEIYs= 7%



AHIER]

—= =

wlmje)

AL

d]etzrl A4 olet, T AlEr) FlebEle] Selowm
2 23 Eg PAA H8lo] 2 oEkg FA] g=r}. o F
o] 100 uve] 120 Hz AlE= oF 6 uva oo 7 4
SHEEE 200 Hz 2 &F A% 80 Hz 4132 glolEeix|
BE 50 Hz o|3} 9] 2= E3ql B Abdo] glu}
150 Hz o]Ake] 2137} 200 Hz= 1299w 50 Hz ©)
ale] wigle] =B P32 F 4 QAT WEHE A5
7F 2 pveldtE. 2o E7] vl Az shelAdER)
4L & F ot TR 200 Hz AEYLSE w5
50 Hzolsle] H$i2=|ERE AlAbsl=d| AAsidw Azt
Eo},

o AdS Esl] HaE 7] Sl o] AlEE AD ®
& o) AD H37) Ad £ vl SAR e A5
A gz Ag Aol ulel B3 Aol
el AdRA we] 2FY A7k A5 M) HFS
ZHsHA e} o123 215.2] AkR|9 (phase-shift)S =3
Z sample-and-hold ¥HY X AZEdeld numerical
interpolation ¥PHL 2 A7g 4= lo). o)gigl Adzr A
BAZEe] zpel ¥ ER EAMAY AakE 519 gloll= &

PE A o,

e ot

& bop®

HIO|El #E (Preparation of data)

S el 2)d w9} dlojelollA BH o3 Ful 7
AL AABE] 413 A= Eded o)xe FE (digital filter)
Z ARt P2, 60 Hz A AA3ME >=X9H (notch
filter)y3tA v, ohd=2 2 FE1E 53 4137 FE] 39 ¥e
FI A %E AAH o2 AAHT] wjFol] AA 7)ete]
Z B Az ochima Pele AT Ful Br) 2 o
Fbr A% E BEsl= o JAY ZES o] 83t oY
A A Fegt Fog g9 A% dolele AP B
E3A dlelefe] kg A 9Tk

el 2948 dlelel= v 9AY] dolel BMol F
gk 9dgks v $ glomg W= AAFe] ok gt &
5 S ER] BML2 Suld ASel E s U] wEl
el 2= do]elg wiz] AlAshe AL s Fas)
o AR Msl 7|8} 7|84 Age] 29Y B

.

& Azsha o ¥ Bl o AANZ 4 et
sl

=3 g2 ) 7| 2e AR Feel ePHATT
AFHE HEL AAR.

2#EH 2M(Spectral analysis)

o= ZEo] A EESF= random process® 7}AE
4 x5l ME o AF3e FHRS 7R A
o= F9E P ek &, A28 (time domain)l| A 7
5% 9= Fourier transformd}e] 3} & (frequency
domainyellA] &= Zo|v}. Fourer transforme J2)2]

=
=

Ol

(=1

25t

]

7|2

=2 A

"l 71

FARI =N

T2 Ale) MR HE Fuleed AEFS SRR A

F (sinusoidal wave)S 2 T-E8] Ft

olefdt we] AHERHE vhge] Wi e 29 EY 2
Aeleiar galet, o] B4 wije] piA pze] EXel| 7h

He] AR5 7R d|ele} AR Aol 5 vlwshed) 7}
7 Hggt whgelvh. oFE sl BB 1-10 2 Holg]
a5 AH-E 3709 o F(epoch: discrete Fourier transform
< A4 A5t 99 mkse] Ze|)ow A3} o Fe] =
717} 55 dloleie] $7F Wol A FFT AAL A|7ke] 3
7¥sle] MBS Fule siAlEe] F71E Fixer). AA)
W ez deolElE Al A5 T HAE
9] 7k o S9gkells 8 o33ke FA] gderl oF
2 Z7|= AAE Higke] #Ha Foldel] Qg £ 2
Z AFEL AN S 1 Hzel3 Falde] T4 At
HA] ek=r}, Hs) 7|2 05 Hz o)A F950E ZEsl=
2 Aol 2 Hz Z719] of|F& AMsljo} ghv}. o Zo]
£ AAe = ohF 22 Z Fourier transform®] A4 7} e)
T Fe{of gk}, dle]ele] 4~ NY 7§ FPT A4 7R
Nlog,Nel| vjggict. 22 o] o F wiE A5k 25 2
X 400log,(400)°] ZE T 42 Zo|e] o) F & HE AEs}
E 7% 800logy(800)°] ZHHw} 3=z 2u) 71 o FS
ARgsR= 7 B gke) o L5 FRITh 20w} 4)
F5 W Y R T o vlrelr B3 oL e
= 7o) 7] ¥} A5 E AR 2 EAsE A Bt BAA
AR 2995 Aot o)A AL 7] HH) 2lze] o
74 (stationarityyg 37V 4 9laL 71 7]zt Bt WA %
E i $ ol o) S Jeakaged] 711 o)
a vk Aelvh e =49 HAE3 MYow
leakage—i? AAE = glot, o)gr EAH = (Dumermuth
& Molinary, 1987)°]] ®i3}ed Zh2- o FS Mgt F i
Fhe AL FSEY 7)Y WE =37]9) Aok o LA o
e B8] AL BAA LHNA 15 Foelh 7
#lEs 2 QoA A 23 Zole] o FHe Hrkslo}

A= Hele 94 Zold] oFe] Mo vehis
leakage®] =18 s Bgslc) 4% Hes 2] ¢
= 7%, =, rectangular windowZ AREsl= A9 AlA|
e 3 Falg olg]e] T4 FA LAY ETEEHE
A= viepdel, E @dTolAE hanning windowEd A3}
Hot. f15-2] Abel] #eir= Harmis(1978)0041 o5
et

o

o2

Holet &2l |
extraction)
sAEE ¥ U 429 BE GRE ET 3
o delE] Aele] A WAy BEG 29 EH smoothed
spectum)S Al ASLE Aotk W7 025~1 Hz H9g

QIXt F=Z(Data reduction and parameter
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windowings AM-gled A ERE o 25}A] THEC) %3]
G57) E5hE B ok AEE x3ela gleER oAt
FEo] "aslel. Q=71 AER]] QA & whe] L
2]¥)e] glvh(Yamaguchi & Fujisawa, 1981). ZZX|% £
ArelMe oy FULE olE3lelck A5 eE AT
A wu} FrlelA ==} 715F FH ol ARl g #
Eo] N 789 Aal ke gy Higte] o
43 5 gl E A7 E delta: 1~4 Hz; theta: 4~8.0
Hz; alpha: 8~13 Hz; betal: 13~21 Hz; betaH: 21~30
Hz; gamma: 30~50 Hz®] tjge2 1}ro] 39S A4ils)
At ol 5ol A Fappel A Wt o) 5 9leiA
deid 2918 AR o] &sh=d FAI7) W& 4 AT
dnpH o 2= o] AA F-Eelx Fele] Wy} Aax
B =] o]glvk(Herrmann, 1982).

dlole] Al 9 <lal F2el ofd] oAl w2 o] F
T AR} gL AIZE wFe] FelF FAle AP
ez Ez5uA BEHF7] A& compressed spectral
array(Bickford er al, 1973), contour plot(Walter et al.,
1966), chronospectrogram(temporal profiles of spectral
band power)(Dumermuth et al, 1983) 5 oI 7}A] &
Aol ke gt =8l HEA T FelA e 2R E &
gsl7] $leiM Fai AR} aAES] AlZEA Wil ojst
of FHA HEE T FHY Ler) glrt. o2 #5)
chronotopogram(Gevins, 1987; Walter et al, 1984)o] L
¥ 2ol topogram?] A|7HH WIS Fg st
= vhyo] o]&E7|% g} B AFo|AE thiopental ¥
keamine ¥4 7153 MHE AYEY LA

chronospectrogram % chronotopogramg e A},
2Atel 2

2 Q7e fFaEkT Y AR S AN EATet
AeRATAE AYOE o] FolHLE
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