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Multiple Regression-Based Music Emotion Classification Technique

Dong-Hyun Lee" - Jung-Wook Park’ - Yeong-Seok Seo™

ABSTRACT

Many new technologies are studied with the arrival of the 4th industrial revolution. In particular, emotional intelligence is one of the
popular issues. Researchers are focused on emotional analysis studies for music services, based on artificial intelligence and pattern
recognition. However, they do not consider how we recommend proper music according to the specific emotion of the user. This is the
practical issue for music-related IoT applications. Thus, in this paper, we propose an probability-based music emotion classification
technique that makes it possible to classify music with high precision based on the range of emotion, when developing music related
services. For user emotion recognition, one of the popular emotional model, Russell model, is referenced. For the features of music, the
average amplitude, peak-average, the number of wavelength, average wavelength, and beats per minute were extracted. Multiple
regressions were derived using regression analysis based on the collected data, and probability-based emotion classification was carried
out. In our 2 different experiments, the emotion matching rate shows 70.94% and 86.21% by the proposed technique, and 66.83% and
76.85% by the survey participants. From the experiment, the proposed technique generates improved results for music classification.

Keywords : Emotion, Music Analysis, Music Classification, loT, Emotional Intelligence

< 391 7Ike] goF A4 B 7IH

e ok

47 2w A7 ZElEta A 71E ToTol A Ase] 238 A7sse] AFHal ek 1 5 dA7A et dad S Mux A%
S 9 g 24 AFeM e AFAT, HEAA T& S8 AMEARe A 94 2 B R Bl S e gy, AHgAke §4
Aol ddshe SAES o9 A oR EFAA 0] g Y §of BRVIHE U AT vl F5T Jdelth B AFoA e 2
Z43E g Qv AFES Y BEE SdE AN s A A S-S A Wl we =& AgER RFY 5 JEE e 44 7w
g & EF7IHS Aokat) vo]H4 4 A Russell 29S8 vlgto 7 AFEZALS slgl o Sote] B4 07 i ub4=7](Average amplitude),
peak™ it (Peak-average), ¥% 4*(The number of wavelength), 133 Zo](Average wavelength), BPM(Beats per minute)& F%3}91th °H 2
dolHES niEo R 34 £4& o] gste] A EEser, 7 A tg BF FAES BEste] AEE 59 dolE e} dd 2
WAl digk £F FAEY] A HaE i gt S ERAVE AY9E AAEAh o5 Bl U Avtel AR BEk e Eﬂ
OB E diglste] slY ElelEl el 7 B S Fdl HTHow wdd S FEINC B Aol Ade 1A dx&9 2714 ““’ﬂ

3 a9
G AIkE Tl - T094%, 86219] DA gl bk, HEAAES] B 66839, T685%¢] A &ol b
o) wete] AR RS Bt BenTt 411% 036%2) FAH FAE ATEL T+ Atk

I|IE - Ay, M, 29 2&, loT, 24 X5

=, =

nlo
2
Hr

.M 8 BEEAN712ICT) A+ ol gl A

34 SF(Science Fiction) @3ty S4AH AFAF M FHE olsfsta Z4F Tt g B
(ADe] 98 dA Zxo] s gtk AFA T st Ao RRE HAH 9 P& AAsHE T Azke] HAGES AU
g AT WA 71 RA JAAE G Q7] W] HAA 2
o A o] L] = 2 A1 n- o ylAl o o)
s o] ASIe 0ITHE AR (e S AN o] Aoz el TAThe Foll A QIFA]5 o] 7FA AL & AL3d B A 7HA 2L gk
A& wol faE A7 (No. NRF-2017R1C1B5018295). JATA%F 7I& A7 M daAo] Ity HEgE o
o) 3 9 gefsha AR T shAb 5 5 = X o
oEag og%q{%,_ Aot wo T7F gl wpgt gstel vYev ZEAH AR vk
Manuscnpt‘ReceivedIJanuary 12, 2018 3L golel= A QAEXAE ke Ak8kol 7k Rofo
o ine ahor: You. A Be AFAEe] AT B #o £ ek 44 Ao

# Corresponding Author : Yeong-Seok Seo(ysseo@yu.ac.kr)

239

https://doi.org/10.3745/KTSDE.2018.7.6.239

a3y 3 A28 AE I} A
£ 4R AGYHY Fobz A A3



X6=2(2018. 6)

o

ER0 & HIOIH S [T

EEA/ AT

=)

o] Alqts At

A7 FESE AT

LS

434 (Valence) 2

L
KN
=

Fell A 2714 5

1l Russell®] Circumflex

1=l]
=
Sl

Mo

o
=
,OH

T
ZE

Aol %, 72, vhol Az

ol

I

H (e 7] 4 Valence

ta 9l AAolTH, 2].

0
L

oj

A

of A4 ArxgE =

H
Russell 29& YeFATHE].

<l

P 6704 F8 44

v < 3]

o
L

t}. Fig. 1

§l_

?:;l,

g
]
S
3 25 -
5 518 3
3 8 = § %
£
¢ 2
2 3
g < 2
o
<
Q nm
M =
3 3
8 31 3 ¢
POELY
a g le o
= @
C 8
o
C
)
W dr e T T K N g &o o
oy G R R S - ,NIHEE?WE
JEF T o T o %o
HeRERTeT 1¥T3
R - L S m o XN
= W X {3 o 5 P B
= 4 o S T =
2 E = %O =
N i R g AT
h =15 ° W e — N =
= B a2 s Ryl =) X G~
%.&éﬂﬂr%ﬂj RIS I
~ = ~— O .
N e o= o T oo @Modle_u
W= x 9 g w X e
AF.AEZOIZFE#oOF,%‘_Urm oF T o
o c) B =
m W gide O Ly W BN
N S S
—~ oy B o BT oo
P T T NSO LN o o
s Rl e R R
g L R Tor NE UM g
~ N © of ~ & = o
aﬂA\Uguwﬂ%uﬁ?xﬁ.@m%
— = S A —
ST T
mﬂo.maE@LxQP%%%oﬂaq_ou
T 3 e @ ® R o
AU;A#\IUIr X
O R TR S
e QR TR 0 o L
o g “Epls TS
T S Mo <0 y ) =
8% dp U E R K B o T o0
o o o B R e I o) o Re

Russell’s Circumflex Model

Fig. 1.

)

Russell =4

&

ek,

HA Thayere] o]

=
-

ojn

ol 4] Energy

el

o
=]

to}. Energy®l 44

3]
&<

M HES AL

_1_'_‘_‘
ol A A9 A7) (Volume)Yt A % (Intensity)

Stress®] 4% &9 %4 (Tonality) % ¥

p
L

9} Stress =F

o)
l

)

o)t

=
=

% o

(Tempo)

Thayer 29-S YeRATH7, 8].

a4

of o

L=
=

b
<18
=k

3 7|We 2A dolH

SGHA R o] Fol A

!

ojn

t}. Fig. 2+

Els

IS

o
(Music Feature)

7HL}A

7=

bol At St

o]

=
=y

A

29 &

e

(Emotional Features)

825

o
c c
vl o
e @
2 o
3 S
% a
<
[}
1
<
o
&
=}
o
<
AbBisu3
Mo W = I W
- T
mﬁ_u oD ST
= B %%u%ﬂl
e =
0 = o
Pl LT
P om0
X , : = N g
3%Ewm%ﬂmﬁfw
ﬂﬁﬂﬂe]ﬁﬂor‘_tﬂohu
) T A T
B o N T
Mo 2w Ww
L A S
L Moy .= T W
d!ﬁe,._.oﬁldl O =
B T E
=y oy N iy
ﬂoron,7nu¢o~n ﬂdl.ﬂ.rm]ﬁ_
T o0 B e R
B o H ofp Wy e il
o 2 m T
e H e T B
(= o N9 o) = i
T ok TR
EatjldlllVUrmAﬂH
o| 28 % EK ik
T o o gl oo T o
T® T dgy o FT
ﬂzvﬂ‘_o%q7ﬂm€qx
oy T W o onE B

Stress
Fig. 2. Thayer model

-
o

wl
il

T
a3
7o

3

Al WA Tellegen-Watson Clark ®@o] ¢t}

2 23

(engagement/

=1
SH
=]

FA I A (positive/negative affect),

Gl

I

(pleasantness/unpleasantness), Al112]3¥ 22§

of

] A& sof kv 1

Us

A7} &

s

o

I

of



disengagement)& ©]83] o] RAERT ¢ s A4S

=
253t 9tk Fig. 38 Tellegen-Watson Clark =& 1}
ERATHOI.
HIGH POSITIVE AFFECT
active
elated
enthusiastic
excited
peppy
strong
PLEASANTNESS
content I STRONG ENGAGEMENT
happy | aroused
kindly astonished
pleased | | / surprised
satisfied | ,
warmhearted
AN | /
N 'd
= I 7 HIGH NEGATIVE AFFECT
LOW NEGATIVE AFFECT N | 7 T dessed
at rest S Xl 7 fearful
alm o o e e N e e e hostile
placid /1IN Jittery
relaxed 7 N nervous
P | N scornful
4 | N\
/ | N
/ N
/ I \
/ | AN
UNPLEASANTNESS
DISENGAGEMENT | —_—
CIuies_cent | grlgluucehy
ql:!ﬁ[ lonely
st LOW POSITIVE AFFECT sad

drowsy sorry
dull unhappy
sleepy
sluggish

Fig. 3. Tellegen-Watson Clark Model

22 gt R
De La Salle t3tol Al AAIg 5o &7 AT1011A4 7F
AME Rt o R A7t % sﬂﬂ‘”t} e ATl A 20032 2
2 Fohs 7HA A 509 o] AbgrEell Al 242 2054, ZF =
s 5B FALS A AEA T @E—i*}(Manual annotation)
9} 254 719 (Automated way)S AF&ste] 7HAS 2744
PEF N SEOR vy AFS HAAEATE WA HE XA
S AANE o ol A 54 4, W% (Exposure)E
AretQiom Ful| 4 o sl S SHAR, TP &2
(Saddest), ‘&€=(Sad)’, ‘% H(Neutral), ‘#=3H(Happy)', *
% @5 (Happiest) &2 e w29k 24 o digk 14
E A
AEA 7ol wole] ERoA 7 dojoll Arousal9t
F7tetAa, ol& &3

FOSL ol BN

Valence A&

‘EE gk HolE (label)a 2717 S o] &3 /A
o A WA S S aHE o83t WHela, T A
WS A TS AMEE] Rk 28X YE o] W
WHE Fa UEhd AdeA] g 7hx] Ao R HEgE ATt
oA o gnlE gis ¥ASh=t FEEA Eite
AEo] Yo A Atk

Z} gojoll tf&l] TF-IDF(Term Frequency-Inverse Document

Frequency)$} keyGraph, L8] 1 E3 ANEWS &3
ZA(Combination) & E3 2714 Ad< AAsdch <7
TF-IDF&, ofg] EAE o]z EA 7oA oj" tho}r}
4 A WAl drid Sad AJAE HEdE SA4

—1> > _Il

A& =8 [11], keyGraphe] 4% FA49 #HE o
719E F AR BdAe] e 5‘4@ 719=8 o4 2}
o aelX aFS FAA7IE 7ot 12] A BiA A
A dolES

E(conflict) ¥ = ‘%_}01% AAG ”’\]3}%“4. A A A
°] 4%, TF-IDF9] 74 2

sk 749 64.7%°] A QFJP 9 049_111 keyGraphO] 7
T B%e ALt oA HATE F oA Ao A
TF-IDF®] 4% 905%° A&=7b UoA HqAt AAz%
o] WS Fo] 01014 07= A3 =W FE=7t 67.1%
2 golx Al H At} keyGraphe] -, 80%789%<] A %7}
Yo A o] TF-IDFY SRl o Y& A3wrt Y2t
AR S 538l keyGraph WS TF-IDF Wylo] AwWals= &

Ag A4 geve 4 ¢ F o

3. H2H

w =rolAE Fotel t3t 3 EFE Fds] A8 &
obSo] gt A A AEzA & SAERYH 24
TFHE AT dlolE FE& AASATHIZL o1& 3 4
| HolHES 7IWe R 37EAS JyskA, 7+ g
o 3 SR A2 o dolE o] $2E5 7 Hlalst
of s Fote] 7hA= 72+ A Hl&S =&l Fig. 4
T8 e At 2 7 A sk B 71l A
A FoHs 249 et

3.1 Step 1: Hl0|E{ &l(Data Collection)
7 A AR GAR AMEERRE 54 s U 7
4 delHE 459, ol¢k & T

A%5 5 54 dolHEe #Ysath

Sok9 A% # F WAAE ole] 741 291717 £gIo]
R A7t Aok wH, delE FF A, S0 A UL
NFEoE @ A%, A A HBE 6 on 9
o= BEe] G Sotel 2 FU 0% AT pro]
dolg g Z4sta

1) Step 1-1: AM&A} 74
from Participants)

ZAHSurvey Emotions

o ol
NI -
Y

O M oox gy
o

= oo
o © q

i)
2
&
BNCdo Nk oM 2 o Ay

N
2

I
Y
Ir
o
=
s
Bty
s 2N 2o

-

a
2L
=
=R
@
5
I}
>
<
(@)}
N =
o_;umlog
M~
o
sl
DuiHU
o M
b
e =
R =
— ox >
N >,
2= N o
= U3
Lo
o =
H—uﬂ"
ox, N,

RS



242 JEMEISSl=2Al/AZER0] R HOIH &% M7H M6=(2018. 6)

Step 1-1. Survey emotions

from participants Step 1-2. Extract music data

‘ Step 1. Data collection ‘

Arousal,
Valence

Averageamplitude,
Peak-average,
The number of wavelength,

rag: ,

al | Step 2. Statistical analysis

MusicA

Excited, Aroused
.

sad angry /
H ,

s
s Happy, Glad

‘Calm, Bored

Happy, Glad Excited, Aroused  Sad, Angry  Caim, Bored
a0% 30% 20% 109%

Step 3. Calculate emotional distances

Fig. 4. Overall Approach

2) Step 1-2: &< dlo]e F+Z(Extract Music Data)

2 A7), Fwol, oM ToE FAE glon ol &
Aoz BA RS w XF FF, 5y S B
2 5 71tk e B =l o9 22 54 dlo]
HES 59 dole=A &3t

Soto] B4 B4 Al 295 20% Ao A4S 359
AA S-obol| that Hit v4 =7](Average amplitude), peak
(Peak-average), 3 4=(The number of wavelength), 3
1} 4 o] (Average wavelength), BPM(Beats Per Minute)
FZ33it) Fig. 5014 E23kete] BojFa glRo], B
AAa7)e 3¢ A7) HiES 9netaL, peakd
t AR ECR=AR k) A =
#(Peak) E2] HrS ofv|

e

o

!

4l

e

o,

N
N
o
o
N
N

oo

©

N
£y

|=J‘
3
RO o

o > rlr
& =
£
o
n)
ry Mo

mloﬂjg

o 1 on
Sy
E

N

N

(e

3

R

Ay
L
o
“
o
B o

o T = N = W o = U e |
o4 e

)

1o

gt
o

=
ol -
v
il
>,
o
o

M
V)
-
=
lo,
|

32 Step 22 SHX A (Perform Regression Analysis)
o2 g, oA, a7 5 oy 7 942 FAH
Atk Algel A9 Y 2AES AHate] Soko] E97o
o)k

7), 313 %, BEIE 2ol S g gokel S5
oA gotel gAE Pohhrld 4 ojele Aol
Step 2014 ote] SHEWORE oG Lofol ds) A}

Peak

Amplitude

Wavelength

Fig. 5. Music Feature Explanation

Fol =7= 7ol o AYA fFE @ F UA%E ]
Ae BAA W F oA IAEAE ol &AL F,
Step 1914 €& Valence ¥ Arousal FXE3 &< 45
a3 dHolHE Tt ARTAE A dT &
of gt ot dlolEl el sl Algo]l =7e Aol ofd

57 B4 A, 59 W 94 AF9 9F 934 27,
peakq i, 9H¢ &, Wit 97 o], BPME AH&aklTt e
2+
|=4

o8 & AFS-3F T o

o 59 MEE 2] 98 e 3 S

o] AR AL (Coefficient of determination)E HAste] Az
A pud

W7k AL arse AT 4F A4

3.3 Step 3= & Alw FEF(Calculate Emotional Distances)
Step 3ol A= Step 29] AL ES Tl TR odo]
B Valence ¥ Arousal =X E0] A st A3 A7
HEA EFdte AYe sy
Aol B52 Y- 715 Russelle] 74 =d[g]ol 7%k
3lo] 7} 74 & dojzl Valence, Arousal?] FXE9] HtS
EEsit) 7} o] Hit A ' 71439 Valence, Arousal
219 ®#o] "k Fg. 62 9] Valence ¥ Arousal =3¢l
|®. I3 (Happy, Glad), ‘A-EE= (Excited,
Aroused), ‘€3t (Sad, Angry), ‘Z-&3FZk73F (Calm,
Bored)2] 4714 7ol gk 23 #AE UERH dAle]t)

|

Valence

e Excited, Aroused

¢ Sad, Angry

Arousal

* Happy, Glad

e Calm, Bored

Fig. 6. The Classified Emotional Categories



oY g AT ANE utgow 3T wujg T3S BFE
Al 4 A3 got HolEE FET o) F 3 HEM S o435t
o] ©&% 74 X (Valence ¥ Arousa)E Z+ AL %
T A 9F Alaste], 224 HH A o] ZF 2Hg ol gk A
g5 EE3 7 el dsl EEE At A= T
AR FAE Ao Agdt BEY 43S vgoR g
g FAEY 9g ol &dl 7 el g FES e
7t e ARE Bt ofF B3 &otd g 7S

41 Mg A
A AR gobl U@ AREE] 2/ 2L Tohn
7] 918 100019 otel thal 20eh 9] 7]

1

2ol $le TUs T3l A Table 19 %4
3 ZALAA AREE 5
Aoz 917]7F B Korean pop songs &3}
, BEtE, R&B, 83, & 5 et
) S48 320kbps®l mp3 HIS AL

g Aol d AHE&H AHdEA o= Music Title, Time,
Arousal, Valence, Emotion &g ¥t} Music Title> 24
< YEa, Timee < 2022 e F4& YR
Arousal®} Valence:= At#Eo] 29olA =7]% Arousal9}
Valence & 719sh= d&olth sld Fx19 HeE= A
100914 HA& - 1007FA 2 313tk Emotions 2t 7oA =7]
= #d< AEshks 5otk Emotion 50l 47k &4,
‘Happy, Glad’, ‘Excited, Aroused, ‘Sad, Angry’, ‘Calm, Bored &
}d\;ﬂﬂ T AL A

o OE
o
e
[>

Lk 27 7Bt 89t 88 =% 718 243

AW S ATt AEriAEe]l B Agel A4S 7hA]aL
APAR AP S 7T F J=s 3}‘}1@.

Sote] EA(Music Feature)o tish & 2 22 x| ~H
& Java 9191 E ARESIA A FE8HS AL, BPMS A &
Z 429 Easy BPM Calculation Java[l4]Z AF&3l3iT). o]
2 Asst T ES TEs L d8ste] v Table 29 2
= FAow o HoHES FE3H%

3 ZARet Eﬂolﬂ TE% 3 Loixl dolHES v

Ak %i ) iil%‘i’l R[15]& ol&3te], E&HRFE
Arousal®} Valences, SH¥WS ﬁéﬁ'T %}37], peak¥ it,
g, Wt agol, BPM=
Aok I 7 M dade= F1g. 72 Valence-BPM9] ©H<=
3924 232 BolF i Fig. 8 Arousal-The number of
wavelength®] T38| # A A8 HojF)h

9l dHolEE ngo R tF3]AEA Al correlation®A &

F3l Valence®} Arousal®] Fadt S#HTE E‘rOls} At}
o]E &3l ofgf9l Zo] Arousal®} Valence? F-2]0] =ZEH
Stk Equation (1)3 2], Arousaloll A+ SH¥HGZ Hat
A7), peak@wt, Bag deol, B £ FES W
2 gluo] 2o Agson, of T g AT
7} 02352052 7V A YERytth 283 t8 Equation (2)
o} #Zo], ValencedlX= SHWSFE BPM, Ho3pgar],
peak Fito]l FET WFR lEo] F2o A& on,
°] % BPM®| 3 FAAF7} 267307 74 A vEbstTh

P

Arousal = (-66.413186)
+(0.001763* Average amplitude)
+(-0.008526* Peak -average) o))

Adold AL g FA o3 Russell 2@ A9 37kt +(-0.020090*Average wavelength)
S A &R ¢Fr] wjEo] A AE A A& 3k A +(0.235205*The number of wavelength)
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~60 -10 46 N
A
~80 -39 3 NV
~100 -33 33 Vv
~120 -30 52 N
~20 15 31 Vv
~40 23 36 N
~60 9 32 Vv
B
~80 36 42 NV
~100 57 53 NV
~120 74 61 NV
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Table 2. Extracted Music Data Set

Music Title Time(s) Average amplitude Peak-average 15 ey Average wavelength BPM
wavelength
~20 34245 4318 111 1260 33
~40 42570 5078 125 1081 83
~60 37599 4456 111 1237 83
A ~80 29604 3464 105 1354 83
~100 38488 4929 198 695 83
~120 36033 4565 164 839 83
~20 83611 10735 277 444 107
~40 81514 10510 317 392 107
B ~60 71338 8894 193 654 107
~80 68925 8453 182 694 107
~100 84434 10804 306 402 107
~120 88222 11446 349 351 107
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Table 3. Emotion Standard Value

Happy, Glad Excited, Aroused Sad, Angry Calm, Bored
Arousal 20.17013 54.65951 28.45534 34.8582
Valence 2177813 46.78334 53.3976 31.2927

Table 4. The Emotion Match Rate (%)

TPM A B C D E F G
MAX 79.31 72.41 79.31 75.86 82.76 65.52 75.86 82.76
MIN 55.17 58,62 55.17 4828 5862 4828 65.52 65.52
AVG 70.94 65.02 69.95 67.49 69.46 58,62 69.9 7143

85.00 5278 3276
79.31 7531 T ]
P ] 75.86 75.86
% 75.00 = — . Begos 7itas
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E £5.00 -‘.---.—F.\ i A o I MAX
E s
‘g 60.00 N FEE MIN
¥ 5500 —m— AVERAGE
'E 50.00 48 28 B 28
45.00 . . A\ A\ : :
B C D E F G
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Fig. 9. The Emotion Match Rate
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Fig. 10. The Accuracy of TPM for Emotion that
Occupies the Most

Table 5. The Emotion Match Rate for the “ALL" Case

(%) [TPM | A B C D B F G
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(%) | TPM | A B C D E F G

MOST | 86.21 | 75.86 | 86.21 | 79.31 | 79.31 | 58.62 | 79.31 | 79.31

Fig. 11& Table 5, Table 6914 ¢] 27}A] B4 w}& A3
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Fig. 11. The Comparison of the Emotion Match Rates

utel 7ol %EVE' T E}L &401 t ol& 918} Cool Edit
Pro[16]5 AH&3tel &4 e 33d& 489t Fig. 12
= 54 4] nEdd Ao #Fol1 Fig. 132 F
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£ ol&3te] AL FHSA ASE WHY o FAdE
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Fig. 12. The Waveform of the High Quality Version of
the M Music

Fig. 13. The Waveform of the Low Quality Version of
the M Music



O ox M A e O Hr T

offt ox = i i o o

= =

=

=

T
i
M
=2
o
rir
fuf
o2
ot
o\
|
Lo,
dlo
1L
r

Lodu [ ¢

of
-

@ et
4>
pacs
ol
o]
ol
rr
oy
ox
~
=)
>
offt
oo
o
Mr H
St rlo
~
i
o

32 O
=N
oX,
tjo
=¥
)

o
of
ok
N
mle)
%

o

ol

L

T

oo -

NG

5 g2

- wn

2\i I

1=

Lo @
iz,

oo o it o ot 2 ki oy

1 e

[e]
86.21%°] A UA
66.83%, 76.85%°] 7+

b
A 7S B e Beko] HERAAEY 3

>
=

o MY o
g
T o L o X
R R o U o o2

2 do
iy
2,

E‘E
O
fo
=2

References

[1] Rolfe Winkler, Biography, Daisuke Wakabayashi, and

Elizabeth Dwoskin, Apple Buys Artificial-Intelligence Startup
Emotient [Internet], https://www.wsj.conv/articles/apple-buys—
artificial-intelligence-startup-emotient—1452188715.

Hannah Jane Parkinson, Happy? Sad? Forget age, Microsoft
can now guess your emotions [Internet], https:/www.
theguardian.com/technology/2015/nov/11/microsoft-guess-y
our-emotions-facial-recognition—software.

Matt Clinch, Streaming has now taken over the music
industry and AL will push it into the stratosphere [Internet],
https://www.cnbc.com/2017/04/04/google~home-streaming -
alexa-apple-music-spotify.html.

Yu Jeong Song, Su Yeon Kang , Sun Young Ihm, and Young
Ho Park, “Multimedia Processing: An Implementation of a
Classification and Recommendation Method for a Music Player
Using Customized Emotion,” KIPS Transactions on Software
and Data Engineering, Vol.4, No.4, pp.195-200, 2015.
ReportLinker, How Music Streaming Services Are Using Al
to Revolutionize the Listening Experience [Internet],
https://www.reportlinker.com/insight/music-streaming-serv

ices—using—ai-revolutionize-listening —experience.html.

Cks 27 718kl

0jo

ot Hy =F Vg 247

[6] J. A. Russell, “A Circumplex Model of Affect,” Journal of
Personality and Social Psychology, Vol.39, No.6, pp.1161-
1178, 1980.

[7] R. E. Thayer, “The Biopsychology of Mood and Arousal,”
Oxford University Press, 1989.

[8] Donglim Kim, Lim Bin, and Younghwan Lim, “Music Emotion
Control Algorithm based on Sound Emotion Tree,” Journal
of the Korea Contents Association, Vol.15, No.3, pp.21-31,
2015.

[9] Auke Tellegen, David Watson, and Lee Anna Clark, “On the
dimensional and hierarchical structure of affect,” Psychological
Science, Vol.10, No.4, pp.297-303, 1999.

[10] Emil Ian V. Ascalon and Rafael Cabredo, “Lyric-Based
Music Mood Recognition,” in Proceedings of the DLSU
Research Congress, 2015, pp.1-8.

[11] Wikipedia, tf-idf [Internet], https://en.wikipedia.org/wiki/
Tf%E2%80%93idf.

[12] H. Sayyadi and L. Raschid, “A Graph Analytical Approach
for Topic Detection,” ACM Transactions on Internet
Technology, Vol.13, No.2, pp.1-23, 2013.

[13] D. Patel and K. Trivedi, “Research of Music classification
based on mood recognition,” International Education and
Research Journal, Vol.3, No.5, pp.544-555, 2017.

[14] Peter Backx, Easy BPM Calculation in Java [Internet],
http://www.streamhead.com/easy-bpm-calculation-in-java/.

[15] The R Project for Statistical Computing [Internet], https://
www.r-project.org/.

[16] Cool Edit Pro [Internet], https://www.adobe.com/special/
products/audition/syntrillium.html.

o = &
https://orcid.org/0000-0001-6091-6254
e-mail : sksaaa00@daum.net
2011 ~2018' dohsta #1376 383

sk
4] ok Data mining, Artificial

Intelligence, Software

Engineering

4 H =
https://orcid.org/0000-0001-9070-7197
e-mail : pjwook9112@naver.com
20119 ~2018' Feroisha 737 38t
sta}

Al 5okt Program Analysis, Software

Engineering



248 FEMEISS=2Al/AZERI0] R HIOIH &3 M7H M6=(2018. 6)

Md Y
https://orcid.org/0000-0002-5319-7674
e-mail : ysseo@yu.ac.kr
2006 <A distal e (3L
2008'd KAIST #4F8tah(4 A
201249 KAIST #2kaha(aba})
20149 ~20160 gh=2k 71441 A (KTL)
EOEER
016 ~3 A gl A wg

A F-of : Data Mining, Software Modularization, Software

Cost Estimation, Software Measurement and
Analysis, Mining Software Repositories, and

Software Process Improvement





