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Analysis of the personal characteristics of EEG signals

Yu Ra Jung

Department of Electrical Engineering, The Graduate School,

Pukyong National University

Abstract
In this study, we presented the results from the analysis of the EEG

signals obtained while the tasks assigned to individuals. To begin with, we
observed the change of brain wave activity when subjects were solving
mathematical tasks. At this time, the subjects were listening to music
presented by auditory stimuli. For this purpose, the EEG signals were
measured by selecting music according to the subject’s preference. And the
relative power spectrum values were compared by dividing the EEG signals
into theta waves, SMR waves, and mid-beta waves. These are the brain
wave components related to concentration. Nextly, we carried out the
experiment to check the frequency band of the EEG signals that can be
used for personal authentication. Therefore, the EEG signals were measured
by dividing into the open-eye state and the closed—-eye state depending on
the presence or absence of an optical task. These data were divided into the
7 parts frequency bands : delta waves, theta waves, alpha waves, SMR
waves, mid-beta waves, beta waves, and gamma waves. At the same time,
the power variability of each frequency band over time was observed. In the
above two experiments, we presented the quantitative experimental results

according to the statistical tests.
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channel M . SD M . SD Z p—value
unfavorite no-music
F, 0.9974 0.0043 0.9949 0.0093 -0.628 0.530
F, 0.9975 0.0031 0.9962 0.0079 -0.235 0.814
Fy 0.9971 0.0034 0.9935 0.1665 -0.078 0.937
F, 0.9975 0.0032 0.9955 0.0101 -0.235 0.814
Fy 0.9972 0.0032 0.9931 0.0163 -0.628 0.530
Cs 0.9976 0.002 0.9935 0.0145 -0.628 0.530
C, 0.9971 0.0027 0.9927 0.0196 -0.235 0.814
C, 0.9971 0.004 0.9929 0.0184 -0.549 0.583
favorite no-music
F, 0.9985 0.0014 0.9949 0.0093 -0.392 0.695
F 0.9984 0.0012 0.9962 0.0079 -0.549 0.583
Fy 0.9983 0.0012 0.9935 0.1665 -0.392 0.695
F, 0.9982 0.001 0.9955 0.0101 -0.392 0.695
F, 0.9979 0.0016 0.9931 0.0163 -0.784 0.433
Gy 0.9985 0.0007 0.9935 0.0145 -1.804 0.071
C, 0.9978 0.0028 0.9927 0.0196 -0.78 0.937
C, 0.9977 0.0022 0.9929 0.0184 -0.392 0.695
favorite unfavorite
F, 0.9985 0.0014 0.9974 0.0043 0.000 1.000
F 0.9984 0.0012 0.9975 0.0031 -0.235 0.814
Fy 0.9983 0.0012 0.9971 0.0034 -0.314 0.754
F, 0.9982 0.001 0.9975 0.0032 0.000 1.000
F, 0.9979 0.0016 0.9972 0.0032 -0.157 0.875
Cs 0.9985 0.0007 0.9976 0.002 -1.647 0.099
C, 0.9978 0.0028 0.9971 0.0027 -0.784 0.433
C, 0.9977 0.0022 0.9971 0.004 -0.471 0.638
"0<0.05
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channel M . SD M . SD Z p—value
unfavorite no-music
F, 0.9983 0.0012 0.9935 0.0149 -0.392 0.695
F, 0.9979 0.0033 0.9929 0.0165 -0.078 0.937
Fy 0.9986 0.0008 0.9923 0.0212 -0.706 0.480
F, 0.9985 0.0008 0.9927 0.0198 -0.392 0.695
Fy 0.9986 0.0007 0.9916 0.0224 -0.784 0.433
Cs 0.9985 0.0015 0.9927 0.0167 -0.941 0.347
C, 0.9985 0.001 0.9924 0.0207 0.000 1.000
C, 0.9985 0.0009 0.9923 0.0212 -0.235 0.814
favorite no-music
F, 0.9982 0.0019 0.9935 0.0149 -1.177 0.239
F 0.9987 0.0008 0.9929 0.0165 -1.334 0.182
Fy 0.9987 0.0009 0.9923 0.0212 -1.412 0.158
F, 0.9936 0.0008 0.9927 0.0198 -0.941 0.347
F, 0.9939 0.0007 0.9916 0.0224 31059 0.002"
Gy 0.9984 0.0013 0.9927 0.0167 -1.412 0.158
C, 0.9934 0.001 0.9924 0.0207 -0.314 0.754
C, 0.9989 0.0005 0.9923 0.0212 -1.334 0.182
favorite unfavorite
F, 0.9982 0.0019 0.9983 0.0012 -0.549 0.583
F 0.9987 0.0008 0.9979 0.0033 -0.314 0.754
Fy 0.9987 0.0009 0.9986 0.0008 -0.157 0.875
F, 0.9936 0.0008 0.9985 0.0008 -0.392 0.695
F, 0.9939 0.0007 0.9986 0.0007 -0.941 0.347
Gy 0.9984 0.0013 0.9985 0.0015 -0.314 0.754
C, 0.9934 0.001 0.9985 0.001 -0.157 0.875
C, 0.9989 0.0005 0.9985 0.0009 -1.334 0.182
"0<0.05

#* 32 271 A

T8 A SMRTt 2MZ 1}

_17_



M SD M SD Z p—value
channel - -
unfavorite no-music
F, 0.9986 0.0006 0.9944 0.0121 -0.235 0.814
F, 0.9988 0.0006 0.9943 0.0143 -0.157 0.875
Fy 0.9987 0.0005 0.9950 0.0142 -0.549 0.583
F, 0.9988 0.0008 0.9922 0.0208 -0.549 0.583
Fy 0.9990 0.0007 0.9959 0.0113 -0.549 0.583
Cs 0.9987 0.0006 0.9947 0.0127 -0.784 0.433
C, 0.9987 0.0005 0.9949 0.0147 -0.706 0.480
C, 0.9988 0.0008 0.9950 0.0132 -0.471 0.638
favorite no-music
F, 0.9987 0.0010 0.9944 0.0121 -0.941 0.347
F 0.9936 0.0010 0.9943 0.0143 -0.235 0.814
Fy 0.9988 0.0006 0.9950 0.0142 -0.078 0.937
F, 0.9988 0.0006 0.9922 0.0208 -1.020 0.308
F, 0.9985 0.0008 0.9959 0.0113 -0.863 0.388
Gy 0.9988 0.0008 0.9947 0.0127 -0.941 0.347
C, 0.9989 0.0007 0.9949 0.0147 -0.078 0.937
C, 0.9988 0.0009 0.9950 0.0132 -0.706 0.480
favorite unfavorite
F, 0.9987 0.0010 0.9986 0.0006 -0.863 0.388
F 0.9936 0.0010 0.9988 0.0006 -0.314 0.754
Fy 0.9988 0.0006 0.9987 0.0005 -0.078 0.937
F, 0.9988 0.0006 0.9988 0.0008 -0.392 0.695
F, 0.9985 0.0008 0.9990 0.0007 -1.177 0.239
Gy 0.9988 0.0008 0.9987 0.0006 -0.078 0.937
C, 0.9989 0.0007 0.9987 0.0005 -0.784 0.433
C, 0.9988 0.0009 0.9988 0.0008 -0.235 0.814
"0<0.05
¥ 33 &7l A =™ Al Mid-betant 24{Z 1t
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M SD M SD Z p—value
channel - -

unfavorite no-music
F, 0.9983 0.0023 0.9983 0.0014 -0.628 0.530
F 0.9986 0.0021 0.9976 0.0024 -1.177 0.239
Fy 0.9988 0.0005 0.9981 0.0014 -1.647 0.099
F, 0.9986 0.0010 0.9977 0.0018 -0.863 0.388
F, 0.9988 0.0006 0.9968 0.0028 -1.804 0.071
Cs 0.9988 0.0006 0.9977 0.0015 -2.040 0.041"
C, 0.9985 0.0011 0.9979 0.0015 -0.863 0.388
C, 0.9988 0.0007 0.9976 0.0019 -1.804 0.071

favorite no-music
F, 0.9938 0.0007 0.9983 0.0014 -1.098 0.272
F, 0.9987 0.0009 0.9976 0.0024 -1.804 0.071
Fy 0.9991 0.0004 0.9981 0.0014 =2.275 0.023"
F, 0.9991 0.0005 0.9977 0.0018 -2.197 0.028"
F, 0.9987 0.0009 0.9968 0.0028 2%358 0.019"
Cs 0.9991 0.0006 0.9977 0.0015 -2.746 0.006"
C, 0.9990 0.0005 0.9979 0.0015 -2.040 0.041"
C, 0.9990 0.0007 0.9976 0.0019 -2.353 0.019"

favorite unfavorite
F, 0.9988 0.0007 0.9983 0.0023 -0.157 0.875
F 0.9987 0.0009 0.9986 0.0021 -0.314 0.754
Fy 0.9991 0.0004 0.9988 0.0005 -0.784 0.433
F, 0.9991 0.0005 0.9986 0.0010 -1.804 0.071
F, 0.9987 0.0009 0.9988 0.0006 -0.235 0.814
Gy 0.9991 0.0006 0.9988 0.0006 -0.784 0.433
C, 0.9990 0.0005 0.9985 0.0011 -1.490 0.136
C, 0.9990 0.0007 0.9988 0.0007 -0.863 0.388

"0<0.05

T8 Al Thetall 24 Z 1}
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M SD M SD Z p—value
channel X -

unfavorite no-music
F, 0.9986 0.0010 0.9979 0.0013 -1.255 0.209
F, 0.9986 0.0008 0.9980 0.0014 -1.020 0.308
Fy 0.9985 0.0008 0.9977 0.0015 -1.569 0.117
F, 0.9986 0.0009 0.9979 0.0015 -1.255 0.209
Fy 0.9987 0.0008 0.9985 0.0012 -0.392 0.695
Cs 0.9936 0.0007 0.9978 0.0014 -1.726 0.084
C, 0.9986 0.0008 0.9980 0.0013 -1.334 0.182
C, 0.9988 0.0009 0.9976 0.0023 -1.490 0.136

favorite no-music
F, 0.9990 0.0006 0.9979 0.0013 =2.275 0.023"
F 0.9990 0.0006 0.9980 0.0014 -1.804 0.071
Fy 0.9987 0.0006 0.9977 0.0015 -2.510 0.012"
F, 0.9987 0.0008 0.9979 0.0015 -1.412 0.158
F, 0.9987 0.0013 0.9985 0.0012 -0.941 0.347
Gy 0.9987 0.0007 0.9978 0.0014 -1.804 0.071
C, 0.9985 0.0008 0.9980 0.0013 -0.941 0.347
C, 0.9987 0.0011 0.9976 0.0023 -1.177 0.239

favorite unfavorite
F, 0.9990 0.0006 0.9986 0.0010 -0.471 0.638
F 0.9990 0.0006 0.9986 0.0008 -1.569 0.117
Fy 0.9987 0.0006 0.9985 0.0008 -1.177 0.239
F, 0.9987 0.0008 0.9986 0.0009 -0.235 0.814
F, 0.9987 0.0013 0.9987 0.0008 -0.078 0.937
Cs 0.9987 0.0007 0.9986 0.0007 -0.471 0.638
C, 0.9985 0.0008 0.9986 0.0008 -0.235 0.814
C, 0.9987 0.0011 0.9988 0.0009 -0.078 0.937

"p<0.05

23 Al SMRI} £4Z 1}
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M SD M SD Z p—value
channel X -
unfavorite no-music
F, 0.9988 0.0008 0.9980 0.0013 -2.040 0.041"
F, 0.9984 0.0022 0.9981 0.0013 -1.177 0.239
Fy 0.9991 0.0008 0.9982 0.0014 -1.961 0.050"
F, 0.9987 0.0012 0.9986 0.0009 -0.157 0.875
Fy 0.9990 0.0007 0.9983 0.0011 -1.726 0.084
Cs 0.9939 0.0009 0.9981 0.0018 -1.334 0.182
C, 0.9988 0.0010 0.9980 0.0017 -1.490 0.136
C, 0.9988 0.0008 0.9980 0.0021 -1.334 0.182
favorite no-music
F, 0.9987 0.0008 0.9980 0.0013 -1.098 0.272
F 0.9988 0.0006 0.9981 0.0013 -1.726 0.084
Fy 0.9988 0.0006 0.9982 0.0014 -1.412 0.158
F, 0.9987 0.0006 0.9986 0.0009 -0.078 0.937
F, 0.9988 0.0007 0.9983 0.0011 -1.138 0.255
Gy 0.9987 0.0006 0.9981 0.0018 -0.628 0.530
C, 0.9987 0.0007 0.9980 0.0017 -0.863 0.388
C, 0.9987 0.0007 0.9980 0.0021 -0.549 0.583
favorite unfavorite
F, 0.9987 0.0008 0.9988 0.0008 -0.549 0.583
F 0.9988 0.0006 0.9984 0.0022 -0.314 0.754
Fy 0.9988 0.0006 0.9991 0.0008 -1.098 0.272
F, 0.9987 0.0006 0.9987 0.0012 0.000 1.000
F, 0.9988 0.0007 0.9990 0.0007 -0.628 0.530
Gy 0.9987 0.0006 0.9989 0.0009 -0.863 0.388
C, 0.9987 0.0007 0.9988 0.0010 -0.471 0.638
C, 0.9987 0.0007 0.9988 0.0008 -0.078 0.937
"0<0.05
H* 3.6 XY oA = Al Mid-betamt =4 & 1}
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delHE w487 st AHggk BA 4] Z=I3E IBM SPSS
Statistics 25 ©]a, Hlo|H<9 AyAdS At HA A4 Shapiro-Wilk
A2 Agste] BE dolH7t AAS UETS At o BAE
A Aol o8 frolg ztolE el 59 WFE Scheffee] A

%
(Post-hoc analysis)S &3 Hiake #olE HIsAow, FolFs

0.05%2 A3t At o2 fold&(p-value)o] 0.05HY & 45+ &
o w2 MEAG Hito] 7] wEo TAHLZ Foug AolE
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Al AA o] WE Al vAE GFE dopr ] flste] 7hzte]
gk iy ZFUAFE UEd Ve SAES HERd Aot
Optical Frequency M D N
Task Band
delta 0.867 0.433 3
theta 0.638 0.258 3
alpha 0.399 0.269 3
smr 0.247 0.191 3
open g
mid-beta 0.417 0.195 3
beta 0.568 0.061 3
gamma 0.692 0.198 3
total 0.547 0.289 21
delta 0.757 0.278 2
theta 1.014 0.126 2
alpha 0.561 0.066 3
close smr 0.375 0.133 3
mid-beta 0.295 0.215 3
beta 0.323 0.162 3
gamma 0.366 0.952 3
total 0.49 0.268 19
delta 0.823 0.342 5
theta 0.789 0.282 5
alpha 0.48 0.197 6
total smr 0.311 0.163 6
mid-beta 0.356 0.195 6
beta 0.446 0.173 6
gamma 0.529 0.226 6
total 0.52 0.277 40
E 42 FOIX| s@H=po mE HESAHTO et V| =SHE
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neepencem | Sags df MS F R P
variable —-value
Task 0.004 1 0.004 0.081 0.778 0,003
Band 132 6 0221 4841 0.002 0528
Task
ask 0511 6 0.085 1.862 0.126 03
Band
Error 118 26 0.046
Total 9,99 39
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Frequency N 1 2
SMR 6 0.311
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Alpha 6 0.48 0.48
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Theta 5 0.789 0.789
Delta 5 0.823
E 44 705 dol i3 SN 2R

_37_



CV Average

0.8

0.6

0.4

0.2 I
0

delta theta alpha smr mid-beta beta gamma

el

a8 45 Fob$ digol ofst SR REY
A FEAG mEd Fug oo HEAse 7 A9 F
goz EFFEAL. A 12 SMR,¥, T2t Elyl, wels), duis) 7hv)
2 Agtgteln, M 2% FreErs, #Ers, dubd), fheboh Aebg 2
deo R EREAT & 4400 weba] SMRoF HERTe] WA HT
ol oMk zols JEE Aow #XHUL, SMRH}O Hge
0.31, @efgto] F gk 0.82= vebwtth @b SMRIpE T dEr g7}
of Fitgtol oA oRE vtA yehgth ol e AFHZFE A

55 28] oA SMRst o] BE shsAol

=

=
it

offt

|

\:

-

.

rE

>
fol
i
i

_38_



V. 248

re
i
2
=
X
rr
[40
L
Lo,
o
X
N
o
=
Lo,
Ol
X
2
2
A,
X

H
S
ey
o
D
>,
fol
Lo,
J|m

24 = A4 AFo R AAEH= o] ot A= dAsteE F
oF QIZtol Al ml A& d&FS BASIAT. AZbH A=2 7ol A wo uw

A HE o, MAE g B Rt PR ANFAL, 34 3

fr
Y,

2
ol
i)
R
e,
ol
2,
Hm
rlo
w
=
w
dp)
N\
)

1=
fru
LI
mlo
>
>,
oo
ol
ol
R
o
£
&
e
Y
=2,
X

T &= 371 9] SotA A= A A] ASe] whE Aol E A 3] 9§ AlE
3}, SMR3}, FItHEITE 2FE F35 9 A5 (Wilcoxon signed ranks

test) W AHESAT 299 AT AE Fakol Y ABL e} 2

AR, o1 Aol o71g HA el WAL G AR A} AE
gobw} 7ok Alolo) WA AL SMRIS) +A7 BAH o Fojul A
olg Wtk AT @A Yk7] WP b w4 W gof A4 =
AolA = frofma Aol HolA AW, AAH £2F FFA o
o MEwe] WaAE Aeges 45 gokel B9)7) B Ao ey

, WE M5k gRelA] gote] AAEA ge gl ws HE W A

Sobu} ol gofo] AN A HY7t B AL I & At BA, &

_39_



LA

=

=

x}- o]

}

0]
pul

s de w

)

Aol Ax}E A

Aol A AErT 2 =
o5 FAbeEke] $ A FA A
AH o2 o

o} A

X
—_— \,_h H_W fo]|n} ~
I L O Y
pa = = ol B - = mﬁ R
- = ) 7 I o
= o M A],_ 2 M X % 2 1@ or mﬁ; ) @ = o =
T o = BT o o ) . ™ op e Y = O T S R
A W i Ju%éé,ﬁﬂ%
= O_ ﬂ 4 n mﬂ A_H ﬂL' \ﬁ\b ﬁ o — oR " ) LIL ﬂ ﬂ.Ol a ;IV‘V|
+ x - ﬁﬁ o- W e B ww]ﬁ i B o —~ W o = op
" I v Ak ] B i (R el v o=
o B ok T T O oy ® Moo 8 N % o n E 5
o< R . il G %o ) =
PERIIEdL oo F AEEEEE I
R Koy Cl ) B o T T o o T
w o< ® 5 N o - R o & >
U S o o lop M A A e u 2 E
K op  — = o< oF o) ol e oy — | = ~ 5 SR = =
T o T o N K 3 e my o) W = 5
T L) A o oo = i< T
o= % ol ool = iy o W o - P+ o4k < o
R X W oo © o J |- K 75 R R 5
£ T o off | T o= 1o e oo do o o
T N ™ Y = X A ok PR = #
o o AP 5 o R | - ow FOE £ &7
) B oor fo el TE T H R " H J)) e = r
_ ny — K A — ERE < o T oW
= o o o o m " o T N - B g ® 'S
= W R T I & @ O w o o = 5 H,Hﬂ Ty
! RﬂzyoﬁqAOATo#ux]m%%mLﬂ%ﬁ
Moo i} W H RO s G w L oo F © AF T g o
J I or ~ —_ | [~
afwmu,ﬁo_amﬁ_fgiaaAm ok w sl
() p_%a o ,oﬂ o wﬁm g P =3 S mﬂf_. BN T AR o ™
! ) —_ - . fo) N .
@%@%H@%M&&W#Wﬂ%%zﬁ%@@
oy — = —_— A 4t T B ol o N or B
o W 7 (- B < =% e Ak W) o - ~
o T %ﬂlﬂr%ﬂ% wow T oy T "
— jof o S ojpn (= %0 " = O o -
> o) T P T T i i = T o 3 B WX N
o oo HOX ol %0 o I G m T X o
© T B W TR % 5 o X G
o o =3 o 8
ok m Vo ER 2
3o oMo E RNy < >
o Mﬂ ﬂ ,‘w ,UI ‘UAl “
= B

- 40 -



==z
T

FET

SRR e

?;51_

e EA4,
sk A3 SMR¥}7}

bol &

d

ki3

o]

NJo

919w,
i A 99

1

Wepse] AEATHG Aoges oA YEis e 2l

|

i

# A 597} Derste)

|

b

ol ¢} & A ZHE SMR}

woh oA ew Akl w

)

el

il

A}, we A A

A S A A

1z
A

)

1o

)

el
el
Gt

Y

o= guyw Hi JE=

—
fite)

o]
p

il
B
o

_41_



S |

[1] J. Cheon, "The Effect of Software Education Using Student-Centered
Assessment on the Improvement of Creative Problem Solving Skills,”
Master's Thesis, Gyeongin National University of Education Graduate
School of Computer Education, 2020.

[2] S. Choi, "Backcalculation of Asphalt Concrete Pavement Moduli Using
Artificial Neural Network,” Master’s Thesis, Yonsel University Graduate
School of Civil Engineering, 2000.

[3] Y. Ga, "Study on the concentration and immersion state during
computer game using EEG analysis,” Master's Thesis, Seoul National
University of Science and Technology Graduate School of Electronic
Engineering, 2016.

[4] G. Lee, "The effect of musical stimuli on the change in EEG signal of
swimmers before the competition,” Master’s Thesis, Changwon National
University Graduate School of Physical Education, 2011.

[5] J. Shim and I. Seung, "Influences of Brain Education Program on
Concentration and Prefrontal EEG Activation of Children’s,” J. of Child
Education, vol. 18, no. 3, Aug. 2009, pp. 19-36.

[6] J. Jang and H. Kim, "EEG Analysis of Learning Attitude Change of
Female College Student on e-Learning,” J. of The Korea Contents
Society, vol. 11, no. 4, Mar. 2011, pp. 42-50.

[7] G. Choi, E. Kim, Y. Jang, S. Park, S. Park, S. Choi, and H. Hwang,

"Development of a Biometric Authentication System Based on

_42_



Electroencephalography,” J. of Biomedical Engineering Research, vol. 39,
no.l, 2018, pp. 43-47.

[8] J. Goo, "Change of EEG and golf putting power when imagery training
of amateur golfer,” Master’'s Thesis, Changwon National University
Graduate School of Physical Education, 2010.

[9] S. LEE, "EEG analysis of concentrativeness due to visual stimulus
task,” Master’s Thesis, Pukyong National University Graduate School of
Electrical Engineering, 2014.

[10] D. Kim, "Detection of Human’s Drowsiness with Eyes Open using
EEG-Based Alpha Wave Analysis,” Master’'s Thesis, Ulsan University
Graduate School of Computer Engineering and Information Technology,
2013.

[11] J. Kim, "Effect of inhalation of an FEarthy Odor Compound
2-Methylisoborneol on  Human Electroencephalographic  Activity,”
Master's Thesis, Kangwon National University Graduate School of
Bioconvergence Science and Technology, 2018.

[12] M. Im, "Changes of Activated Electroencephalogram by Brain Areas
from Manifestation of Heightened Sensory Perception,” Master’s Thesis,
University of Brain Education Graduate School of Brain Education, 2010.
[13] E. T. Gaston, Music in therapy, New York: Macmillan, 1968.

[14] G. Harrer and H. Harrer, Music and the brain, London: William
Heinemann Medical Books, 1977

[15] M. K. Stein, M. S. Smith, M. A Henningsen, and E. S. Silver,
Implementing Standards-Based Mathematics Instruction, Virginia: Reston,

2000.

_43_



=
0
)
T X -
ol <B = ol
ze] . ) |
= h oy RS N
e o X ol a
#Vao A_Hzﬂar%um o
A _umM fo TP Ll o = 1
. 4 XU mr o= ALy 111_./| iy ok N N =
‘U| n_Av_l l| E‘.M 1)% o X ;OH \U| — OL \‘w O—” OT_
W%ﬂ%%mﬂ@@w b L A
) ~ - =
e e - A uaﬂﬂo_a N o
{MW%@%l%%% i3k ¥
o N &y =) 0o _— oy i T =
op T i N = w © o N o
g = T r o i3 ] _ N <
=N (- o CRY Sheia gt “ ST N
~ o= o|J o 1 Mm ~ B ]L i~ o ~ NS
o) 9| o = N~ Y NH NS N —_~ & )
< ’ A i =5 ~a 0 N iy s
n = W ~ X 1 W f o frd KT o]
s - LS 3 o i Mo o = °
o o N iy = B A ) i
waﬂegﬂm_immmq i o %@ <
~ = e o ! _
1_&@%“0”}%&?% e E ¥z il
Mu X b o T o AR X purdl R TR ~ oy
< o = \E % o g T ] 5 = o
® w3 < % o Ay L =3 o UM ™ wc
N
%W%W@%%W@ﬂ NTH HTM h
ST EoHa % BB = o >
2 A= A M i m H M o A o 75
o ER < c ¥ = o b /o < =~ A
< ] - o T el oo U = M =
N 03 ) R = 9 E g ol 9 y = o < o
y %o_Eu“@T@% < oﬁowwﬁ
%o X WM o W o T B o % el o ]L
T = = X rCY noo= -~ B
K XM EE — ny ~ 3 —_
o G Wwow R & °
X _ - B . RS ok F NH =
5 R Y < 5 R )
N —_ p . ™ Il
= x S % &3
K ™
0 = W= s W3
XO ~ va < —_ ~
X —_— o ;OH
N\ = by T =
O ‘Wrz._a ‘OI O_E
n

2

2021

- 44 -



	I. 서 론
	II. 이론적 배경
	1. 뇌파의 개념
	2. 뇌파의 측정
	3. 뇌파의 분석

	III. 수학적 과제와 음악적 자극과의 상관성에 대한 EEG 신호 분석
	1. 실험 방법
	가. 실험 설계
	(1) 자극 및 과제 제시
	(2) 실험 절차

	나. EEG 계측
	다. 데이터 분석
	(1) 뇌파 분석
	(2) 통계적 분석


	2. 결과
	가. 암기형 과제 수행 시의 채널별 뇌파 비교
	나. 절차형 과제 수행 시의 채널별 뇌파 비교
	다. 청각 자극 종류에 따른 평균 상대 파워 스펙트럼 비교


	IV. 개인 인증을 위한 EEG 신호 분석
	1. 실험 방법
	가. 실험 설계
	나. EEG 계측
	다. 데이터 분석
	(1) 뇌파 분석
	(2) 통계적 분석


	2. 결과

	V. 결 론
	참 고 문 헌


<startpage>10
I. 서 론 1
II. 이론적 배경 3
 1. 뇌파의 개념 3
 2. 뇌파의 측정 5
 3. 뇌파의 분석 6
III. 수학적 과제와 음악적 자극과의 상관성에 대한 EEG 신호 분석 8
 1. 실험 방법 8
  가. 실험 설계 8
   (1) 자극 및 과제 제시 8
   (2) 실험 절차 9
  나. EEG 계측 11
  다. 데이터 분석 12
   (1) 뇌파 분석 12
   (2) 통계적 분석 13
 2. 결과 14
  가. 암기형 과제 수행 시의 채널별 뇌파 비교 14
  나. 절차형 과제 수행 시의 채널별 뇌파 비교 19
  다. 청각 자극 종류에 따른 평균 상대 파워 스펙트럼 비교 24
IV. 개인 인증을 위한 EEG 신호 분석 27
 1. 실험 방법 27
  가. 실험 설계 30
  나. EEG 계측 31
  다. 데이터 분석 31
   (1) 뇌파 분석 31
   (2) 통계적 분석 32
 2. 결과 34
V. 결 론 39
참 고 문 헌 42
</body>

