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Comparison of EEG Feature Vector for Emotion Classification according to
Music Listening
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Abstract - Recently, researches on analyzing relationship between the state of emotion and musical stimuli using EEG
are increasing. A selection of feature vectors is very important for the performance of EEG pattern classifiers. This
paper proposes a comparison of EEG feature vectors for emotion classification according to music listening. For this, we
extract some feature vectors like DAMV, IAV, LPC, LPCC from EEG signals in each class related to music listening and
compare a separability of the extracted feature vectors using Bhattacharyya distance. So more effective feature vectors
are recommended for emotion classification according to music listening.

Key Words : Bhattacharrya distance, EEG, DAMV, IAV, LPC, LPCC, Emotion classification

T
T
[o

to oo o
Loy
rr

>
S
HE o
T

-~ o 1

j >

fitl
Uv“—’ [
W -
O:J E
m}‘-’ Oy_l
rlo T

il
rg _‘N
o K
L
o o

f
i =
o
o
fo
ot oo =

N
N,
L ol
o
o
Sid
1%
9
S
2
[ = e
48| e
o pok

1‘
2
1o,

AAN B He] Aer wdE A 2
Aol Qo] WMo olgdtE /B A Mse
A=— V‘i_

Z

_, o

!
=
Q

-

o
-
o,

(Electroencephalogram) Al &

gate] oA Fhdolv x5t

S e AT 7Es ol &3

E}[3][4] E}ZIUP ﬂ—“f)ﬂ S0 = 01 83 EEG
Az

il
5}
W =3}

ox
o o Y
A2
= o
re
-
>
2
Og{:zl‘
£ %W & T

1o,
i}
Pﬂ
o
e
2 ¢
o
g
fr
i)
=2
>
4N 3

M

EEGA 014 ool W& ZARFE a7 el 4
A8 sAuH 4%e ERde Fasy. wep 2

¥ Corresponding Author : Dept. of Media Software,
Sangmyung University, Korea
E-mail : esprit@smu.ac.kr
* Dept. of Media Software, Sangmyung University, Korea
Received : March 19, 2014; Accepted : April 6, 2014

696

Rl AL Y BRel RHEE ol g8 AA A5,
EEGAES 54¢ 2 wejgta ded SAMEs ol
Aot 3 A Age AR A9F SANEE v

4 ol& flal EEG 4l oA
A A E*] (Integral Absolute Value : IAV), A&
2] (Difference Absolute Mean Value : DAMV), A& d=
Al 5 LPC), AdgdZ 2~
= A —r(Lmear Prediction Cepstral Coefficient : LPCC)&
AWE R FE32 HEZF LA o] EHE 1 2
T A9 Fdolw, 53] 7+ F¥2 2x7F FARE F
HE 7 W b 2 E37F 1ol He vtEbsElor A
(Bhattacharyya distance)[111Z o]-&3le] &<tz dde 7+

B ATE 5P T

xRl
X M
b

ol

ol

K

)
=
&
—

=

—

oo

=

—

=

(Linear Prediction Coefficient :

o=
o o ol g F
ol
g
J[m
o T
£
> O
=
Rl
i)
ox
offl i)
i

W A EEG A5t Foh4 Wslel g 2
@, MEASKE), AEiHO), BhpToR T8 .
Qumow webt gAY BEAA A o e
& n

G, Qo] A ezt A Aole. W sl

2ol Wt ergse] 9 W ey, Q%S A3 73
Holv. Aebshit Webst g Mati F2 FH el A
cehtE R, Se7k ool g gHe A F2 o



& =0~ 4Hz

6 -4~ §Hz

a=-§~13Hz

(IR T
L

‘ ¥ =30 ~ 50 He +
\

8 1 EEGAS AHEY 24

Fig. 1 spectrum analysis using EEG signal

sobsh Webdo) dedga B 5 gl

EEGE ol 88 ZA4dTE del wg 24 7142 ol &
@ A4 34 ATl A2 Y AsED e AT Py
9 stutoltt, EEGEA 2 &oF A Al J@A w4
FH 1 e BES P £ da, A3 wggton:
Ay 5 g Aud agn dede Fre ke w
A3 ZAE UedlE NERE #8495 doi14]

v
X=3lxGa) )
o 7] 9l A,
X : 5449 EEG 2%,
At AEY AR A
N: Az
i AEe &A

N—-1
M IxGAL) = X((+1)At)|
Vo i=1
X= ] 2)
AdReSAas A9 2 s A9 dzelA dA
9 A% [n]& 1%6}% WHo R HS (All-pole) 2 & A
sto] A(3) 3 o] A& WA dHz YeErd 5 3l

Trans. KIEE. Vol. 63, No. 5, MAY, 2014

o o7lelA 5,2 9Y AdFzela 52 A5 Al

n

AR AFAFIH pE AFAGFe] A5 ok AT

dEE AT dFeatE A4) o Zrh
S= —(@8,  +aS, ,+..+as8, ) (3)
¢, =5,-5, ()

ATE 271 913k ’“(5)
pAle] ME Agurga

D3 2ol e

J=He*(n) = £S5, - 5] ®)
i ajEs(n*i)s(n*j) =FEs(n—1i)s(n) (6)
=1
fori=1..p
a, R,

Ro Rp:_l az| _ |R;
R,_ R ' :

p-1 0 1{a, R, (7
A== A" AFTE C(2)9 inverse z-transformo.

2 Aoxu e vgd 2o

Az)=Ycln)z " ®)

A (All-pole) z = z 7} unit cycledtel %3, gain 3k

S 12 FH A4S A2EH AF (¢,()e ol 2ol
4ol e},
1,
G,,(n):a;z,; n>0 9)
=0 n<0
Ao AREY AFE recursiveo| 23] A FAF 7k
S 2HE Fg}
oq=q (10)
n—1
cnzz(l )akn fta, 1<n<p
=
G = 2 GOy n>p
k=17
4. 48

41 ¥ dlolH

oy

il

f3t A3 dHolH+= @99 Queen Mary

697



HM7|&s=gX 63 55 20144 58

University, UE #=2] Twente University, 2~$1222] EPFL
AF i A wrEolA DB3} A]71 DEAP Ulo]EE o] &3}9
oH16].

%= 1207HK1 9] (P A)E Zo|A s gl last.fm ©FE
SoF HEYZA HAEE fun, excmng, hate, happy, love,
sad, mellow ¢ 722 #ZGAA Bl2E5E EF3F 40 M9
FAvYL & Adgasirh. obdl E 12 AdEd 40749

£ MEE Ry

Table 1 Selected music video

Artist Title
1 |Emiliana Torrini Jungle Drum
2 Shakira Scotty Doesn’t Know
3 Jackson 5 Blame It On The Boogie
4 TheB52'S Love Shack
5 Blur Song?2
6 Blink182 First Date
7 BennyBenassi Satisfaction
8 LilyAllen Fuck You
9 Queen I Want To Break Free
Rage Against
10 The Machine Bombtrack
11 Michael Franti & Say Hey (I Love You)

Spearhead

12 | Grand Archives Miniature Birds

13 Bright Eyes First Day Of My Life

14 Jason Mraz I'm Yours

15 Bishop Allen Butterfly Nets

16 | The Submarines Darkest Things

17 Air Moon Safari

18 | LouisArmstrong WhatAWonderful World
19 ManuChao Me Gustas Tu

20 TaylorSwift Love Story

21 | Diamanda Galas Gloomy Sunday

22 || Porcupine Tree Normal

23 Wilco
24 James Blunt
25 || A Fine Frenzy

How To Fight Loneliness
Goodbye My Lover
Goodbye My Almost Lover

26 Kings Of The Weight Of My Words
Convenience

27 Madonna Rain

28 Sia Breathe Me

29 || ChristinaAguilera Hurt

30 Enya May It Be (Saving Private
Ryan)

31 Mortemia The One I Once Was

The Beautiful People
Bastard Set Of Dreams
A Hardcore State Of Mind
Procrastination On The Empty

32 || Marilyn Manson
33| Dead To Fall
34 | Dj Paul Elstak

35 NapalmDeath
apatmea Vessel

Refuse Resist
Scorched Earth Erotica
Carving A Giant
MyFuneral
My Apocalypse

36 Sepultura
37 CradleOfFilth
38 Gorgoroth
39 DarkFuneral
40 Arch Enemy
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Fig. 10 Separability of LPCC (alpha wave)
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Table 2 Mean values of separabilty among classes per
each feature vector

TIAV DAMV LPC LPCC
alpha 0.016732 | 0.018687 0.47158 0.492317
beta 0.016286 | 0.022483 | 0.352213 | 0.286166
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