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Abstract

Title of Thesis : Analysis of the EEG Signals in Response to Musical Signal

Stimuli
Author : Wei-Chih Lin

Thesis advised by : Chien-Yeh Hsu, Associate Professor

Hung-Wen Chiu, Associate Professor
Taipei Medical University,

Graduate Institute of Medical Informatics

In recent years, many researches have focused on the physiological effects of
music. The electroencephalographic (EEG) is often used to verify the influences
of music on human brain activity. In this study, we attempted to apply the
spectral analysis and the independent component analysis (ICA) to analyze and
to discover the EEG responses of subjects with different musical signal stimuli.
It is expected that some features on EEG can be demonstrated to reflect the

different musical signal stimuli.

The EEGs of thirty-two healthy volunteers listening to different music was
acquired. Musical signal stimuli are categorized into metal music, sonata music,
no music and the favorite music selected by subjects. Spectral analysis wase
applied to obtain the Alpha, Beta, Theta and Gamma band power of EEG signal
under different music stimuli. The power at each band of each channel was used
as the features of EEG. The correlation of the features between different
situations and subjects was used to show which channel displays the difference

of EEG signals.

The results show that minimum alpha power was recorded in listening to metal



music and the power of gamma band is lower when listening to no music, which
imply that gamma band appears during music listening process, and reduction of

alpha band occurs when listening to metal music.

Regarding the difference between each individual, we found that the similarity
between individuals is high when listening to metal music, and it is low when
listening to favorite music. Besides, the similarity between each individual is
high in the channel at the left of anterior cranial is highly different. When
listening to metal music, sonata music and favorite music, which implies that

this section may be sensitive to musical signal stimuli.

Besides, the study discovers that the difference between individual is greater
than the difference between musical signal stimuli. So how to eliminate the
difference of EEG data caused by the difference of individual is important to

obtain the accurate analysis results.

In the study of independent component analysis, we discovered that some
independent components of EEG can display the difference of spectral power in

listening different music. But not every subject showed this phenomenon.

Keywords: Music, Spectral Analysis, Independent Component Analysis
(ICA), Electroencephalographic (EEG), Channel, Correlation
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Amplitudes 7 5 #f ¥ = %7 & B enF = Amplitudes 4prtd » it P R R REF LR o
(Koelsch et al. 2002)

ik

WA EAHRNER RS G 0 R {:E’v’ﬁ&{Mozart Effect - A 1993 & »
P¥ Frances ¥ 36 % w12 & % & 4 & (7 p[3E B3 ehp) F 5 B0F 10 4 481 Mozart’s (1985,
track 1) Sonata for Two Pianos in D Major, K. 448 » o3+ 5 % 3 I X R E 4 a0 1Q i)
BT HERF T8 OA cBATHEAR F AWML AR R B (50 10 3

7

ISadp 24 BAEFPRAN % T IQ * R a3 & L5 {45 #ori g o

Vil



U SR ITY g B 4 I o (McLachlan ef al., 1993)

Jenkins 7 2001 & ¢h— Bam 3 + & { i&- ¥ % Mozart Effect & ¥ tifgft fiic R
+ B g F R s & B ES Mozart’s (1985, track 1) Sonata for Two Pianos in D Major, K.
448 T iegkd ok o R RUR R R RIS AROR BB AR S T I g o T Y
F A RGP T ReniT R T #4470 5% W R TR Mozart &2 Bach i3
R B - M TERAGH L E @ Ty RUTER L EEE 08 i;q\pﬁ_ e
S EARRARAER AEEH o a EAHRARI S FRRELE > AHZITRGLE
v R FFROR R A BRI LR R e RN - BEZ T A e
# Bk o Mozart Effect # 5 5 ¢ 13 & Mozart § # ' » % & Mozart Effect 4544 c5 %

it ¥ A 85134 1) Mozart Effect(Jenkins et al. 2001) -

% Thompson & A 7 7 ¢+ 1.7 & A5 4] § % (Mozart’s (1985, track 1) Sonata for
Two Pianos in D Major, K. 448 and Albinoni’s (1981, track 1) Adagio in G Minor for Organ
and Strings) 1 % & ¥k i T ¥t Spatial abilities, arousal and mood 3§ 5 o # F Frj--
m&§Mﬁ$ﬁ?%jﬁ£mﬁ@%&ﬁﬁ4m%@ﬁumﬁi&—ﬁﬁ%@ﬁﬁ»
AREFEAE - Ay %% &7 BB E Mozart’s Sonata 18 97 Bup| Sk 2. & B0 bt b 22

B0 E¢ Albinoni’s Adagio ™ % & Bk e 2. &~ Hic A R i 1) E ¥ K% o (Thompson ef al. 2001)

Rauscher # 1997 # 4 1 - EF 3 » 5 T BEH v b d 3 #9F 5K F o
spatial-temporal reasoning ic # B3F T 3 7 jF 5 Y —“‘Ff P % (Mozart K448)= /2
L AREHR I R R EEA S b - B EYREMT - 28D
oo V- EERE O ARG BREFPEFNIETHE SRR 2O e B 5

2 ILE Y E % 4w TN ] 3% 0B i M (spatial-temporal reasoning)it 4 ¥ B 1 A 2

Ji

Lo oo oa B e iR AT RE AT %R AT 0 B Mozart § #¥ mAy

RERGLAL S > a2 BYELHFAT %0 4 F0aET 4 o (Rauscher, 1997)



24. "R LA
24.1. LA IGR2FY

& Geva *t 1998 & ot ¢ > # F 4 ¥ 3# 11 Hierarchical Fuzzy Clustering #75~ £ 7%
B4 F R e R o P BEREHS S, n=1,...,LLL=N+M-1,L 5 5
A2 Sample BB #c S 5 NXM M o o— @ S3£7 #£5 N~M @ i Feature - 32
S,S"EE Y T Ao fid e (FEHE T - B FRBRIE B 03P R S
l,...,L,Sof N=2,M=L-N+1=L-1, # ¥ phase space it {1 feature 1 (S(L-1))&
feature 2 (S(L)) % At » ¥ F IR = FP HF 2 o @ ¥ temporal patterm number £ state

number E@]» ¥ IRP & = &7 B (Geva, 1998) o

¥ - B> EEG &0 Clustering # 3 > R4 Guess & Wilson & 247§ & #75 % &
Introduction to Hierarchical Clustering » iz & # 7 ¥ Hierarchical Clustering #7 i * ei]+
TEIAGE ) 2 ¢ BEBG BRGNS AR TR RPN Gk £ Ak

BiRd g R < o] o (R B BT 5 Hierarchical Clustering 4 #f i3 e i &k 758 5 5L 17

VAR <
Group 1 9 event s with a perception of “1' Group 2: 7 event s wit h a perception of = 2"
A NS | e o= e etiarmimarrire

1 | 1 LI N I I
Hossmiilak foke k Il Sttt o oAt s
c et P U ot b st g e

D MM.M_MW--._JN B i e e e R e el s B et s
{break)
Group 3: 25 event s wit h a perception of 7"
A ot AR o A
B WWMWWJWW@MJW
B Y Sy

¢ s AAA A AR AL AT LTI
D ool A e Ao A g

A

B = E B2 BicEdEml
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Guess fo Wilson %= 3 ¥ » e di— 2 o 47% % > 54 0 4 ,T*u{@?* Pe R SR B2
(Hierarchical Clustering) k 2 fad Tl > @ L 3 Ap F AT HRE S b - ¥ P HFLF
PRER 2 RELRFFHFENLE AN EFZ TR bR R R
R REFTHREAL R E AR R - B g AL - BT RAR 5 A e
- BB 2 SRR PP R SRR TR ARG S S - F o H A AW -
B TR TR AN EEZHS AT RESA Y ‘i*‘%ﬁ:ﬂ’é LI @ 32
WA BB A TN E R m;}iﬂf.&’ﬁ 2 4% 32 % (Guess & Wilson, 2002) °

242, o ARSI HRIER LAY

AT FEF T ICA TG ke BT Mg A S et o (Tran ef al,

ICA # ¥ i * % magnetoencephalography (MEG)_} » %]+ 284 "5 3 %F L4
FREY JCA 4 ARBEEY 32 o @ FHRESS H#F ICA AT
Pk B ELAEI  F 2 4F eri %k (Tkeda & Toyama, 1999) o & Iriarte %77 3 % FETF P
80 = M?'JJz ¥ 2k JCA 2 lf vk ® %L~ EKG 2 3230 ~ 50-Hz [odi -~ vop & ¢
AR RSRNTICA - RA RS AR T S L 2 HNLE A G RF

e 3k (Iriarte et Al., 2003) °
243. B o7 Wigp 2 Ay

2003 # p A- RFAFTEE A} fe’ *ATFE 2 (GA)Z EE LY B3 B A
M= i o 1% F& A\%%(FA)%#EB"i 7B A R TR I A S e B (NN)

2B G FARP- I ek o L KR T R R e ARG Fpl e (R RIERE - 5
BB P AR SR B)VRKREA Y TRAT 2 AN AT o
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FAg ¢ e i ik 2 3 4E o #-FFT {5 0 EEG data v GA 2[%78 2 & B £ e £

EFARPB A BAC BT ORI K EHONN TR G T o & GA A » Tten
ATITARG 02 10 F GAB % 5 1 PIEE 6L 5 FFT 6 DATA 27 ¥ FA i

2ok 2z FH0 i-‘u#ﬁaj% EE BRI B - B BRAS FA At /A7 ¢ FAmodel

B3 1‘# % cross-factor » f’tv‘ﬁ WE L PR T ﬁiifjf‘u{the data of first factor loading ° % =
Al & =

NN > 7 kSIS G RRUR R K Sk P ARG - B €7 GAZ
XA T SEETEE S92 FRTEEE T R E NI SESE LA

#5735 80% o (Ito al et. 2003)
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>
»

Jin
i
it
o+
e
=
)
1&
d

N

A YR BREART o RS = RIE A BB T T e s E NGl B 5L o el B 5L
BT A 0 5T R IR RA GRS BBk P el et
}goj\,fﬂ;t"% ,g‘?_‘@_j,{ﬂ O Y Fh GUEEF A TR o N S xRS 4TE 4R

MGl E B AT PR AT R AT o K L F R A R

BB RS E A A T W PR TR R

3.0 3 H#

EERMCRE AT R G 0 AFY «%r L= t‘:%iﬁﬁ]—‘ﬁ » & % 10 - 20 electrode
placement systems B % & & ;2 5 74 3P~ - - — % Channel 2050 » 5 7 ZE X iR "ﬁ it {
BARKAF AFTRIRF RPN A LEDIRSE R Bg SRR
LEANFo%Ry %2 pao

A TR B R0 7 MatLab 4238 $HR6 % BLAE (7T A 47 0 347 SPSS
A EME T A4 h > AT 5 4 @ % Matlab ICA ToolBox ¥ 5 1 B H5sid 12 it 7

vU g

ST
31 ] RE

1. § &5 %iEHH @ Cool Edit 2000 -
#3571 £  NoteBook p 22 k@448 ~ Panasonic RP-HV152 B % ;% B % £ Windows

[\)
oy
o

XP *#3% Media Player § % 3% 3c gt 48 o
3. A5 L 478048 - MatLab 6.1 #25%:% 7 ~ ICA Tool Box
4, o3t 4 78048 ¢ Statistical Package for the Social Sciences 12 -
5. Hei Rl R & : Stellate 2 & 21 & ¢ Stellate Harmonie il #8(Rlw ) o 277 7 J% iRl
&

Jef - -+ = % Channel 755 « H ¢ — % Channel &4 EKG > @ &3 7 = &b P H_
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* H 4% i £ (monopolar montage) > % % Channel :2 35 8B (8 ¥ sp 42304t 47

BE o @ Pl AELZ B4R 4R 5 5 200 point/sec e

Bl = Stellate Harmonie %& s %

E:JF\Ie Yiew Goko Montage TimeScale Channels Filkers Ewents Tools Sleep  Analysis  Window  Help = = |
=] =S| ==l | ll=lede] =] = m|m]s] | [<Events> - Tlmix| mEEl[ -] €55
243 | &5« [an =] 20.00 wmm w|%o| | [1 50 =] [<Fiter2> | [<Finers> =] °T]

R ‘ o At At P s Pt oo sttt fot A A e e A A o o) A A e
A-R M i A e e et AP AR A B N e e A A e R ey
P4-R WA W A e e A AR A e ™ o e B AN Rl i o
02-R W s A i oty et e e WA AN Moy i f
8-R Py b A T i s s o A o b o e T gy s A i At o P A\ At
R T i e e PR L e e e I
R N N L PR T VLV p T Ay AP A A i rhrtey e AR e A AN LA
= } s e i o' AL BB IR, e i N gnely Pt e
i et i v A s o A i el et mpen P A Pt e L et Pn ) et st AN s L P e\ Pt
R P A b e A P A et A e s A AR B A e e e e e e
I A AN A A e A i g™ it By
R T T e e bt bt oA fots N e et L Ay
R e A T A Pl s it L OREVEN PRSPV LY, s sttt g e
R Pt A i T W T Sr Y P et A AT
01-R T e L L e aans P il perericm Sl
= T e T R TV e Vg Py
= R F L £ e et BV LIV R B e T
R AR AR AR e Lot firtey i) It
R ‘ [rrmnmnar =i Pt e e, Pt o Y e R e Aol o L e ]
p1-R ‘ e R B s i e P rr oy oo e )
R W P R SV VW 8 AR
‘ ‘ = o

T R K 8 | R
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3.1.2. % '«'E'J'fsf

FHRF P2 EPU o FEAFRL LA ART 2 RR o RER T g
B DA p s AR B IR S AR KA T LSS
EEAREE IR AR P ERFRAASI LR BIRE A ABAFE

Bld § TR N R

3.1.3. 10-20 F'*F &% 25 # 52

BATP P R EL G 0 AT EF 10-20 FPEARE QL B2 (Bl ) o W 2R

4o

1. Bg2 %84 > 1 # 53(Nasion)£2 #2 /L 15 (Inion) 5 2K 8L > & 5 10% ~ 20% ~ 20% ~ 20% ~
20%% 10%% = 384 o

2. FF2 A > s B(Ear) i B A TF 10% ~ 20% ~ 20% ~ 20% ~ 20%£ 10% & » 3%
Ao

3. i R 10%30 A SR B PLERD PP AL LA L B d 2L
10% ~ 20% ~ 20% ~ 20% ~ 20%2 10% % = 384 o

4. L o MEBE2 ¥ 4oBl 7o 0 @ F3~F4~P3 P4 84 %] 5 (F7 & Fz) ~ (Fz & F8) ~
(T5 &2 Pz) ~ (Pz 2 T6)2 ¥ BBt -

Front

B 10-20 B 4R sk 47554
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ok JUBLHEE A F AR E R F NN & TR BRI R A ey
AT - X G R R E T ATEETA o TR TA T EF R E 2 R0 F
g

Fa Ak A BRI L AL 2T

\—n

BT ARARRETH oo

ARRE T AR ) BT

1. %%%aiﬁgui%ﬁﬁiﬁﬁ%#’&@ﬁiﬁméé%ﬁﬂizﬁ%’%Q
BEHZ2FL - T AT L HET T2 2R 2 & -

2. MARRER LA MRBER T LA T SR T P i A hgA L 2 Sk
Fo®dg>73 ki o

3. FIr A ARG 2 FRER G RET T RHNEA L B A L EENS

LT P 05 35 4 LRkt H 1+ oo

o

4, P-HZ 2R Z 3NN FRENTERS Yo TR PRI ER HLTE

LT F R AT ¢

Bl = 10-20 system R &g P2 iv 4 &



3.14. %R FHE S &

-

AR R S AT EY A EER o A8 5w LT E Y (Mozart’s
(1985, track 1) Sonata for Two Pianos in D Major, K. 448) ~ € & /% % (Heavy Metal) ~ X i

H pEE %5 #(Favorite)? 2 % #£5 #(No Music) » ﬁ ESGES AP R
NP AF TR fd § RRFEHEMEET Mo 5 44100Hz~ 128Bits 22 WAV 40 4% FE g4 ~
4B

FARERERAI A AREBER L - BB SRFPEEEE ERTIR A
B

2 — o

M - Sonata 2 Metal + > A& 3 ] * CoolEdit 2000 B3 hiEim %ﬁ?]'«s"j‘ | | e
g Bihd gd? > B2 25 A-Ba g2 5 % A5 %5 £ Metal 22 Sonata 2. %_

BroERGI A XY LG AR A4 B ‘?ifiﬁia‘_#"— T2 pFHoEFT R

Pt B iE2 P g A B - a%ﬁ LRF AT Y EAE R B T A
EERHERE FH Atk G ELY FOF G B S R IR F Y D LA
Bz e - A RR T EREARY LR EF S ¥ F 0 MRS R R fe
W FF i RAT T FER SRR P RIRRF LIRS S AT )’I-%{?iifrj?
FHREAF AP T I P RBEAA N REEHFFTHRT A L HF % T G signal
average > Fit 0 (T MR RFT 2L o AR %Y ol F THPE L F 2RI A

B sk 3 AR LT M3 P e
3.1.5. ICA Tool Box for MatLab

£ ICA > A3 & * & Matlab 335 ™ & i¥9- £ ICA ToolBox(Bl ~ ~ 1) >
% ToolBox % Institute for Neural Computation, University of California, San Diego #7% &

Shi foo30F 5 ICA M F sl S8 0 A3F ST L 25— BV R

ICA ToolBox ° ( http://www.sccn.ucsd.edu/~scott/ica-download-form.html )
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} Scroll channel activities — eegplot()
Figure Display Settings Help

Fel o o Aottt Aol W A e gt S o A et il i e S s, g g
Co Pt AmAATANMAN Pty ot LA sttty et o AT Py i v, Pt A i e A A ot
R e T R R
02 Pt AR AN et ARAA A AP AR AM A A s
FSWMWWWWMWAWMMWW
T [ oo A A ey e A A A S pr 00 g s AP LA o i P ten, B il ) Pttt S P gt
6 Paritniitaaphidnmpgmhoen s e A SR AAA A AR AR AR SAd A Al
FZ et At Ao o o o 790 st i oot o emi g Mnammtna, ot S e e
C7 M PAARAAS IS sl g b iAo A n st Ao A s A AR AR
PZ P AP iAot AR AANMAAPA NN A A LA A s s ma A A AR
e e T Y L
T3 MW e A et T A A At SR A A A A A Ppin St w8 AR AR
P3 Pea At A AN AAAPAANAN AR AR M AP AR pn
01 Porat MARAAANAR At s s A AN MM p A st s A et A ]
F7 s st A e LAt AN SN i St IS P b AR e P8 g DTN it ot ]

T3

T5 Scale

Fp1p 1427

Fp2 I
&0 51 52 53 54 55 56 a7 58 59 60

Chan Tirne: Walue

C"‘“CE'-l HE - BEE Fe En7IE 134278 e ﬂ REJECT

B ~ ICA ToolBox g ® &k 3 5L )

<) (Channel 4 properties

Bz g o0 o= | H | 2 | Current Directory: | D/MATLABED! twd Channel 4 location

o Stack: [Haz: >
=E B &5 ." ) ) by =caled
Mame Size Bytes | Class t; wn{ka
[l acccon 1x10 3044 cell array (global) el
[E]#LLEEG 12 4449270 | struct array (global) Mo erpimage plotted
[ cumRENTSET 1zl 2 |double array (zloball for continuous data
EEG 1x1 2404 [ struct array (zlobal)
@LASTCUM 1221 42 | char array {global)
@ans lxl 8| double array el
i com Lxdf 92 | char array
eegdata 1912036 1829472 | double array o
% [ Activity power spectrum
= o 20
fes &
—#1: (no dataset name) i
2 0
Filename: none =
Channels per frame g ©
Frames per epoch 12036 =
Epochs 1 -20 I I | I | "
Events nong 0 10 20 30 40 50 ocs' fou
Sampling rate (Hz} 200 Frequency (Hz) e
Epoch start (sec) 0.000 = - teh th
Epoch end (sec) B0.175 eeg_checkset warning: number of columms in data {12036} does not match
Awerage reference Mo eeg_checkset note: upper time limit (xmax) adjusted so (zmax-xmin*sra
9 z 3y Creating a new dataset with index 1
Channel locations Yes ey
ICA WEightS Mo w Computing spectra (window lemgth 512; fft length: 1024; overlap 0):
Baiirt il R || g
5o Computing spectra (window length 512; f£ft length: 1024; overlap 0):

B 1 H - EAagad A
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AR RSV~ T Matlab ¢ % 5 B M x NAEAL i 7 e 1 8 g
%%iEF%*?ﬁK%ﬁlﬁ’fﬁﬁiﬂ”“%pAmm L AT A g
Lo R TR b A RN A R RGNS M AR - A
BT B A GRAT Y RGIVE A IO B IR S A TR N T 2 R B A

o) B AR -

~=h

32, AR

ip;@ﬁ%ﬂﬁ%&ﬁ%’iﬂﬁwﬁ&ﬁﬂ%%$ﬁ#ﬁf’ﬁ%ﬁ:49ﬁ
2 PG TR e F BB B A B 5 KB E AT Y o0 Sonata &2 Metal > 12 2 Favorite
4= No Music &+ = f 5 ?,%%iiﬁ'lﬁ 2 A-BR g%¥Hr A-BE&%¥Eei
& 4 w|*t Metal ~ Sonata 53+ AR (B HEALRAFE > 585 - T

€ 4§ 7 =t 2. Metal ¥7 Sonata- @ ¥ %2 B#E B 5 % > 5 Metal 22 Sonata % 4 i 4 4§ 2¢ »

# B Metal fr Sonata ¢ = — ~4be @ F EEHRE Y FR- S8 20 NI Efom TR
HEFFRTE*2FF on X2 ABaF%k2 Pl > ICAL47 > d 3 ICA 8

2ips A LR ML TR RRE - R (AR %) - R REB
)2 kA L ICA T3 FHFRZ AR 7 § IR AB2RE 0 e SRR
ICA »t 55k A 47 b 2. & sicdefm o

A T B
— e Z 5% >—rie ZoM > > ERE—
No No No :
A Metal . Sonata 4 Favorite
Music Music Music
B ¥ &
AT TR R ER TR T T
bl [foreE [oadE [ordE [od8 [adE [588 [adg [add [oudg [orsE [fodE
No No -
. | Metal |Sonata| Metal |Sonata| Metal |Sonata| Metal |Sonata| Metal |Sonata : Favorite
Music Music

B - A-~-B@ %2R
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FREFASZL - A F IR IRFIRTREIBL - ) g EXFFRITRZ

(s ) BF A3

i3 Foa A EE R R
SRS ERIEEE ST

DTS PSR

i;é"ﬁ B fe. Fop AR ReniE S XFETB - &5 ER Alpha B S
PSR RS R E SR TN 2 LS E L A h FfoR &
B B i ém&;,aﬁﬁﬁﬁaww%mw*;mwﬂAMﬁ B e o

B FARME LS AR HERHY 20 A
RERPIE DR oo RoREFEY Mg 4%y & it
PR ECE B R R BALY F E RO BRI &

B A AR R RS G fRERE o BRI s (e



3.3. Pk B HuA AT 2

YoBl = AT o Mk A 37 i b 3E * OAF 3 4 47 (Spectral Analysis) ~ bz it e 702
(Independent Component Analysis, ICA)~ #_ & %4 #7(Cluster Analysis) -~ 4p i % #ic(Correlation
Coefficient) » ¥t3+ i@ * sp ik & T ¥ T_ (Paired-Samples T test) k&% &+ F F &+

BF LR AR

%G ke SL5E
(21 @ Channel - 200
point/sec)

HE B AR P AT Bl o STUER i L £ Matlab g ds -

Wik~ AR
WG 2 1% SR AR R 8 - M ERE # daMat1abtF 38 i $54F 14 B A% SR 2E b - e da1E
FRAE & T HEAT 38 3L AR S AT - &SRR R R B A & U HEAT SR A AT -

R HLAE BB 4R

B b R S I IR L

18 3L A A
#1H ICA ToolBox# 12 kit 47 EYFi R ik SR -
ICA + i FFRsessifr B % 2 HHRERTLHE - i SHFFTHF o S0 1 2
T o 6 AR I A AL R LR Ty BRI » g WIS E
S RIBIEIGE - M mibie ot EA — R - AR BB B e AR B 4
Whodt LREALE K VR - 5 b S B O HLNE 4 408 - ik BE -
ey, - AP SRR R e e E
KRR 2B s AT B 5 4 i 6 4 2 —
Wit EETEE
E&
E& o i
SUBE % £ Bk 4R _ EEBEART - UKR
%~ kB EE S ’ 4 % $2 &-Channe | # 4 f&
ZHBERTES / FHLEAGH - HITEE
5t Ak & A o
(Fhg - FLH%
B R E)

B L= e R AT AR R

21



33093 A 45

Ak T HLE - BAF R S D N ERPER R S Sl @ Mk kAR £ G fR s
LR RFAMERS I IRBRGACEALEEZRBIIVESNLA KL LR
L& B 2 E R PR DA SIS TR R BT R L
SRR e T F G R 2 E A el A 8 5 e e A g
R L o TEIE AT B A TE BRI B E - S

AT ]‘%’1 ° %‘%‘Lhﬁ;s.q. H,:.H;FT /ﬁ»m/’?\ i+ 55 33 o

1. &= ##@&$ (Fourier transform) :

X(e") = Flx(m)] = Y x(mpe ™

n=—oo
FFLAREFE2ERFEOIEEIT - BEPLATE Bipi g 8T - B
I T - BB X(n)E TR RN S i E R E R TR T

BELAE- BB 0T i R e X() o St d o f (T BE % (s

—=

#h o iJ ¥ 'Jz\iﬁdk,‘”l %1{7\4{;;?;% o

2. Peit B4 E % (Fast Fourier transform) :

S @ fIE R S Rl S F G E R A B Rl 2 5] 1965
# Cooley 2 Tukey % % — k7| Pk B F I anh > d 203 50 4 4e3p » B F
BHREABRFFL ki - 2R LR N ke iRk S EE
#‘%fjﬁﬁ“é_i °

- B N Zenislm 3 o @ % B sgsci® JE &4 (Discrete Fourier Transform,
DFT) #* 53 F NI 2 an B8 » 7 L5 @& % i@ B[ EEFEF - frn & NN 23
crd N EfAP > eh&4 T R EEF Iy VRS- 5r LR EE
WAL SR LR DR T
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oA TR o AN :Jé;-f?e;;;;;tgwfuﬁz%] ~ T Matlab #t48 ¢ - PAPFE EAR B eI 0 T ik
PEHE F 7 7 & ) Alpha ~ Beta ~ Gamma ~ Theta 7 FAE S » & (FARH A 4718 3] &3 R AR

FrzawgiE s fd BT ERREFE B AT o
3.3.2. 2 = it & 45 (Independent Component Analysis, I[CA)

Wz XA 4755 5 Makeig T3 o) (Makeig et al. 1996) - 5 — F&F $55E 13 1k 13 55
2 g FEARF)F (hidden factor)shiiit & 2472 2 o BT K BA L TR 0 T LR
AT RACAAL TORA) 5 d SUE et 2L B % dic(latent variable) e £ @ S o iR B AR
&~ﬂ‘%9ﬁfjw%i’ﬁﬁéﬁ%?ﬁ%%iﬁﬁofg%ﬁ&ﬁﬁ%ﬂﬁpi
HHEB et A wayk i o @ fht & I\Mfrﬁ}{g% kFHZE B D> KR

AR

Bz A A BAL Y AL LA Bl AT R L A Seeh A S
SHRARL - BFIRY A EAFEFLTE L ALAREENI LR
PREF g & 07 Bk A AE B NI RA S S-S0 A L F Sk feI gl

BlE G XL 2 X281 2 S2F ARG 2 F R AP ﬁi;‘ﬁ'iﬂi&%{r'f ek 7

X1=Au x Si+An x S2
X2=A21 x Si+A2 x S2

Al ~An~ A2 3 An & BB S BREBL WS $ 5 b 2 Fenpedp s P § LFHE

i’*’ﬁﬁ/é Birho AmizE An~An~An 3% An ¥ %8> 4 i*u{r*v BE R F b
2Rk BT > VA XAz R E M EER R R KRB B o

iIT# = = 7 & $7(independent component analysis, ICA) fv. & fEAR 38 B LA § =
IEAEY > LG K FATEL AR B AR A P
72 (biomedical signal processing) ~ % 5 3N 55 k2 (speech signal processing) ~ 4 g B~

(feature extraction) ~ F #L4% #* (data mining)£? #c =’ ij(Digital Image) & FF7 7 Af ¢ o
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- @3 o A jod EEG 25 0 B R AN A i R o @ 2Rk & g
Eds o (e B ARE B R A AN EE 5 i 2 2F 5 EEG A7 hFlEE > A H o A
fch 2% ;%;E'JﬁﬁwEEG o gl e L AR o ICA — Bl B e s
S irafjf‘u? R PR e s D A b oo @ 7 Pl5gE (clean)s EEG e ® od 3t §
) EEG 3 BLpF > 7 1% 2 ¥ 5 £+ 9T f&(electrodes) e & Fa B A S5~ g d 0 2 BT
BN R~ PRdREE A F - ) BBEHE 0 iz ¢ & ik 7 Volumn- conductance  #TI4ER A b e
e BTEPE R T e BARE X BB PG G s ICA T R 4T TR
B 47 T4} Jc & EEG ;Hj{{%ﬁ],\ et X o @ ICA ﬁvﬁi%:".Uf&%\» * g
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MBHERA o

2o WFHVRTEAEELIHEFLAZ EaET L (Pvalue <0.05)

Metal Metal Metal Sonata Sonata No Music
Alpha |vs. Vs. VS. VS. Vs. Vs.
Sonata No Music Favorite No Music |Favorite Favorite
Number 0 10 10 5 0 2
Metal Metal Metal Sonata Sonata No Music
Beta VS. Vs. Vs. Vs. VS. VS.
Sonata No Music Favorite No Music |Favorite Favorite
Number 0 14 0 17 8 3
Metal Metal Metal Sonata Sonata No Music
Gamma |vs. Vs. VS. VS. VS. VS.
Sonata No Music Favorite No Music [Favorite Favorite
Number 0 1 0 18 4 14
Metal Metal Metal Sonata Sonata No Music
Theta |vs. Vs. Vs. Vs. Vs. Vs.
Sonata No Music Favorite No Music [Favorite Favorite
Number 0 8 0 8 1 5

4.2.1 Alpha &
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R N O A TR TR

Alpha # 7 BE7 F 3
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4.2.2 Beta &

d B+ = ¥ % F & Beta #f ¥ PF > Metal vs. No Music ~ Sonata vs. No Music ~ Sonata vs.

4

Favorite iz = E30Pgdnsizt X B i 5 B4 » £ H >t Metal vs. No Music ~ Sonata vs. No

Music iz® % > Beta #f 4 £ £ BT PR BN ¥ = it Y N5 A RLERER

22,

% it = 4 %] No Music ~ No Music ~ Favorite
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Sonata VS. Favorite /™
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4.2.3 Theta &
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4.2.4 Gamma %
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Sonata VS. No Music ™
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2 FARFBERLERGA G EAPM B2 2EEY Y =84 o (M_S: Metal vs. Sonata

M F : Metal vs. Favorite ~ S_F © Sonata vs. Favorite)

F4 C4 P4 02

MS |[MF |[SF |[MS |[MF |SF [MS [MF [SF [MS [MF |[SF

Range (0.39408|0.73818]0.59091|0.44270{0.80012]0.60739(0.88333]0.70796(0.73807|0.96145|0.81539(0.85351

Median|0.98844]0.97493(0.96354|0.98605(0.96936|0.97088]0.99137(0.97944|0.96671]0.98788(0.98385]0.97230

T4 T6 Fz F8

MS [MF [SF |[MS |[MF [SF |[MS [MF [SF [MS |MF |[SF

Range 10.98210{0.88150(0.66294|0.59880(0.71976(0.46724]0.56666(0.71830|0.57023|0.47411(0.74796|0.92723

Median|0.97041{0.94237(0.90956|0.98119]0.98584(0.96549]0.98725(0.96746|0.95721|0.96628(0.94985|0.95623

Cz Pz F3 C3

MS |[MF |[SF |[MS |[MF |SF [MS [MF [SF [MS [MF |[SF

Range |0.48743(0.91476]0.70573]0.58231{0.89672]|0.82090(0.50819]0.63748(0.51160]0.50726(0.87761|0.82072

Median|0.98836(0.97005(0.96903]|0.98024|0.98248(0.97403]0.98648(0.95553|0.96301|0.98505(0.97368|0.97723

P3 01 F7 T3

MS [MF |[SF [MS |[MF [SF |[MS |[MF |SF |[MS [MF |[SF

Range [0.53108|0.88056{0.86390|0.94354(0.98253]0.75843(0.50498]0.78649(0.65371]0.89546(0.92627{0.57343

Median|0.98100{0.97699(0.97262|0.98531]0.98553(0.97361]0.96781{0.96193|0.96667|0.97832(0.93420|0.93443

T5 Fpl Fp2

MS [MF [SF [MS |[MF [SF |[MS |[MF |SF

Range 0.72582{0.85908(0.69489]0.47213(0.775640.70089(0.30781(0.67149|0.64013

Median|0.98769(0.98594(0.96205|0.98347(0.97218(0.96848]0.97332(0.97021|0.96897

FEEZAREBR LRGN AP Gz RS Y ik > VE RS = B

Bz?d infiky g 09t o e 2EER A 03~09 F > B3 TR s T AR o
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The Median of Correlation Coeffcient
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5.1.1. Alpha &
Gl A IRE s 1 F AT Alpha e A EAEF F R R R A § A
MEY LW R 2EH P> Alpha s €52 7' o 4Bl T > L% Metal vs. No
Music ~ Metal vs. Favorite i& 2% I » & Metal ¥2 No Music ~ Favorite 4p +* fF » jJ31H
gt Alpha it 2R M2 FRITRGAR 23 By B3y LA EE
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ST E 2
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REBOLBRETRIMBE -d B> 7
3t R AL FARE RO
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Afpha Metal (Afpha Metal (Afpha Metal |Afpha_Sonata ([Afpha Sonata |Afpha BL
VS. VS. VS. VS. VS. VS.
Afpha Sonata |(Afpha BL Afpha Fav  |Afpha BL Afpha_Fav Afpha Fav
T4 0.279670925 0.060872 0.084003 0.157472 0.304687 0.669679
C3 0.416104149 0.053134 0.041087 0.089183 0.251089 0.725587
C4 0.332835106 0.097857 0.045768 0.258619 0.377346 0.947003
Cz 0.364238351 0.062843 0.024948 0.152339 0.229165 0.976546
F3 0.435721245 0.127747 0.038379 0.213655 0.238869 0.8861
F4 0.337101598 0.236943 0.033913 0.440679 0.273708 0.717968
F7 0.835750484 0.142214 0.088076 0.138756 0.18358 0.908141
F8 0.456444752 0.20282 0.054191 0.349509 0.212164 0.73779
Fpl| 0.466762494 0.036905 0.051147 0.062533 0.226921 0.603865
Fp2| 0.360402983 0.031525 0.036298 0.064623 0.1922 0.683393
Fz 0.380282837 0.171572 0.044357 0.318914 0.299333 0.880123
Ol 0.977620142 0.001779 0.09468 0.017477 0.232285 0.05066
02 0.641436834 0.009974 0.084761 0.06194 0.300049 0.172
P3 0.479368618 0.004047 0.072132 0.0125 0.213212 0.09726
P4 0.319691286 0.01163 0.026809 0.109761 0.314889 0.555828
Pz 0.366771888 0.007491 0.024714 0.04549 0.221372 0.48789
T3 0.918319125 0.0341 0.176435 0.019412 0.217968 0.378599
T4 0.279670925 0.060872 0.084003 0.157472 0.304687 0.669679
TS 0.793357269 0.009401 0.117711 0.018407 0.210164 0.030058
T6 0.91832908 0.008492 0.58678 0.082243 0.668841 0.036601
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Beta Metal [Beta Metal |Beta Metal |Beta Sonata|Beta Sonata|Beta BL
Vs. VS. VS. Vs. Vs. VS.
Beta Sonata [Beta BL Beta Fav  |Beta BL Beta Fav  |Beta Fav
T4 0.408976844| 0.005892( 0.233773| 0.086279| 0.889154 0.03087
C3 0.540487237|  0.015837| 0.092406| 0.009537] 0.012895|  0.228179
C4 0.486111414 0.027694| 0.216327| 0.004737) 0.053616| 0.321709
Cz 0.605234303| 0.017679| 0.073031| 0.002637| 0.013174| 0.396958
F3 0.357880939 0.131494| 0.375398| 0.014209] 0.031186[ 0.293651
F4 0.273407407|  0.306048| 0.182548| 0.043764| 0.021174| 0.673933
F7 0.413687917|  0.038414| 0.793868| 0.011702 0.22307|  0.062006
F8 0.800187512|  0.038807| 0.787268| 0.038474| 0.622434| 0.053342
Fpl 0.657505902|  0.003216| 0.129193| 0.000231| 0.035198| 0.041433
Fp2 0.961016659|  0.010018[  0.199953|  0.003495 0.14762|  0.062758
Fz 0.439371505| 0.039142f 0.125801| 0.005146] 0.014757| 0.393286
Ol 0.230061873|  0.269141| 0.749647| 0.013678| 0.084875| 0.451306
02 0.381463313| 0.251004| 0.353243| 0.094273| 0.121042 0.8433
P3 0.672368899  0.004398| 0.141342| 0.005108| 0.030491 0.10204
P4 0.226150799 0.04839 0.12145] 0.015249| 0.009369|  0.428765
Pz 0.454743869|  0.124957| 0.251017| 0.046964| 0.045587| 0.702073
T3 0.867634844|  0.036005 0.99795| 0.051205| 0.862035( 0.040696
T4 0.408976844| 0.005892( 0.233773| 0.086279| 0.889154 0.03087
T5 0.587757084|  0.016055| 0.352422 0.01786| 0.141687|  0.094033
T6 0.457231122|  0.038829 0.384052 0.00981 0.17382] 0.261698
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Gamma_Metal

VS.

Gamma_Metal

VS.

Gamma_Metal

VS.

Gamma_Sonata

VS.

Gamma_Sonata

VS.

Gamma BL

VS.

Gamma_Sonata|Gamma BL |[Gamma Fav |Gamma BL |Gamma Fav |[Gamma Fav
T4 0.434806746 0.044474 0.983125 0.00232 0.280089(  0.008627
C3 0.221509155 0.313142 0.429714 0.001289 0.283461| 0.005882
C4 0.224735475 0.938755 0.411986 0.000477 0.259681| 0.017012
Cz 0.293753882 0.930725 0.415127 0.000187 0.117068| 0.001879
F3 0.13988881 0.921312 0.185795 0.00067 0.969435|  0.000437
F4 0.178041666 0.523704 0.363096 0.285888 0.219377|  0.654768
F7 0.188850921 0.876377 0.250529 0.005119 0.602673|  0.008083
F8 0.150723494 0.937284 0.213596 0.002753 0.925252(  0.003759
Fpl| 0.328146177 0.874953 0.460961 7.38E-05 0.155113| 4.53E-05
Fp2| 0.289452616 0.752712 0.345202 0.001168 0.89521 7E-06
Fz 0.281755656 0.953364 0.387726 0.00014 0.173434|  0.000818
Ol 0.177951384 0.570484 0.338273 0.002481 0.001031f 0.132087
02| 0.155691476 0.336421 0.912984 0.000186 0.033985|  0.104554
P3 0.342419386 0.718205 0.489613 0.005175 0.144562| 0.011771
P4 0.053739739 0.419337 0.950274 0.002149 0.013989|  0.318335
Pz 0.245765575 0.178266 0.673354 0.001809 0.05576]  0.009997
T3 0.30536857 0.417643 0.280186 0.025976 0.733851|  0.020505
T4 0.434806746 0.044474 0.983125 0.00232 0.280089|  0.008627
T5 0.367389938 0.056793 0.930315 0.012732 0.087807|  0.029765
T6 0.330074274 0.819039 0.93177 0.014631 0.013096| 0.561175
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Theta Metal |[Theta Metal (Theta Metal [Theta Sonata |[Theta Sonata |Theta BL
VS. VS. VS. VS. VS. VS.
Theta Sonata [Theta BL Theta Fav Theta BL Theta_Fav Theta Fav
T4 0.092476591 0.186777 0.602816 0.03539 0.21441| 0.110527
C3 0.797011076 0.473545 0.448715 0.420826 0.24868 0.95889
C4 0.622018649 0.578988 0.619251 0.455185 0.367559| 0.936853
Cz 0.877275676 0.670204 0.636726 0.704107 0.626813 0.90402
F3 0.542449868 0.408882 0.595638 0.263703 0.254317| 0.636404
F4 0.438498245 0.86314 0.659318 0.871827 0.355379| 0.528782
F7 0.377416287 0.017534 0.936532 0.009369 0.253931| 0.008962
F8 0.388896057 0.019025 0.315528 0.008221 0.129965| 0.011329
Fpl 0.438506045 0.006397 0.280427 0.003491 0.175916{ 0.000731
Fp2 0.437280648 0.010464 0.263482 0.005497 0.16342| 0.001427
Fz 0.558281897 0.971594 0.532397 0.78712 0.290564| 0.647497
Ol 0.213046671 0.112892 0.257501 0.081849 0.162864| 0.547847
02 0.523160822 0.059297 0.138016 0.031204 0.059708| 0.642094
P3 0.540068515 0.226484 0.4235 0.206254 0.159896| 0.294533
P4 0.387021395 0.31661 0.247615 0.178415 0.066348 0.96322
Pz 0.541291948 0.427246 0.29864 0.301947 0.121889 0.73128
T3 0.173175605 0.046369 0.863612 0.024292 0.131746{ 0.053169
T4 0.092476591 0.186777 0.602816 0.03539 0.21441| 0.110527
TS 0.536513473 0.033388 0.124991 0.0237 0.040832( 0.096393
T6 0.307858888 0.016727 0.420289 0.012286 0.128959( 0.088001
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