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A Music Linkage Jukebox based on Multi-Structure Analysis of Music

Emotion Similarity

student: Chih-Yi Lin Advisors : Dr. Stone Cheng

Submitted to Master Program of Sound and Music Innovative Technologies
National Chiao Tung University

ABSTRACT

Key melodies are the representative fragments of music which may be the themes that
people may easily recall once they heard and that breed a pleasurable and memorable
listening experience. This study proposes a music linkage jukebox system that recommends
listeners a ranked retrieval list with the proportion of music-induced emotions between the
query and music bank collections. 200 music clips with emotion-predefined trained to build
up the emotion plane, which'demarcates the boundaries-of four emotions by Gaussian mixture
model. In the system, the multi-theme phrases of musical structure, including the Intro, Verse,
and the Chorus are analyzed by autocorrelation function as input test structure, then using
feature-weighted scoring algorithms to analyze the ingredients of music emotion with five
audio feature sets, which represent the characteristics of the testing music clips. The similarity
of emotions between music clips are measured by Euclidean distance algorithms. The outputs
of the user-interface not only ranks the resembling music files but also offers a static graph
with the proportion of music emotion, which can aid user rapidly in understanding the

relationship between music-induced and emotions.

Keywords: Music information retrieval, emotion similarity, music summery, emotion

ingredients.
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7 joyous 5
exhilarated gay humorous
soaring happy playful
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8 agitated delicate
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depressing
gloomy
heavy
dark
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SRR R frdn TE B R M G Rt R ERE B L enghld o 4 R 555
BAROEH PO R RERGRELZZDFHRALL - 1533 F A5 7 b
e FAARDEEEAL T FRELARPMT S F
SRR R A R AR P AR BTGRP RO F o bAoA L
B9 EANTSOg & @ R A R 4 R P ERS S AT AR A
AUfed 2 HERFEE P LS FHI AR AL H g D HF B HERY

“[22] «
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3 Mo R 2 42 wz B&F
e R 1:1 ¢
2 E NN LI HE N E R
s R -
27 R 2:3 PENITE NSRRI GRE
B RS .
2T R 3:4 JE R %i_
Fd AR B FFGR
= 4:5 AR R RS
PR FA P S BFY
L 2B 3:5 fole ~ 4 8~ F A %)
* R E L~ g e g s BE
= 5:6 BB ¥ 3 ARLAEATIFE R
LR Z AR
AR 5:8 i Boch~ i E 4B
I 4:7 BB Eira 2R
e | 3 8 : 'rﬁt e BN e Bk §
55 7 - 2
4 A - R 8: 15 st . AL BT
R =5
J % ; =% ~ 39
ok T lag o™ BAF S &5 AR 2E
B~ R
e R 8:11 A fhen s RE e F Fueh
7o xRk [22]
% 2 AP EFEHE
C+3a | v~ BF - FF -z | c 3 BEfe~ B~ LF
D <% | 22~ & g~ | d @ GRS ENAIOE
E <3 i1 3F i e I LW~ 25
F 'k%% i’f\?\ R‘l’f‘?‘/bj§ f/J\E’% I{‘?ﬁ‘ﬁ
G+ | &b ~EAF ~FRFE-E% | 97 PO R A 2
AR | FHE kMBS FFESRET | a ]t FAe~ i i
B ~# el ~ & T b -]+ el ~ 44 E
FH kR [22]
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125§ AT B
BT F AT A HRTAE T L B EF - BEE P AR
FARM O TR E LR S AR LA AP AL LR AT R LR

C TN F AT o F SRR P AL & I I U

-nu\«

BT B UG S e BARS S R AR R e R E

BT A B R R R A Bl o BT B A 45 T R T L A R

731}&

Bl bl Gl o BHE B Y B MBS A - R A e 7

BEE) & F 53 ARG RAFDLRFF o R M) iz B9
P BME B ANETRAN c FAREABFAG L F LRSI R R
B 5 e B 4 0 4o 1 ‘& PR EEAE 3 (Short-time spectrum) 22 H A fe 4 IR L S iF R K

(Zero Crossing Rate) ~ & 3542 5 4 7 (Average Silence Ratio):-- & o + 7% & » y‘j&{— A A

TR R By S e L E R R AR F 4 2 BT ]

BRESNFETHRR ALY S ETHEORNAR R LS B A RN T
%

GE & Fl R 2 - o Ap iR B RIAARE Jefdple i ik i e R X 1 T 8 A e
FR O Dr R F AR ELNRFD EHIE 0 FF 0 F HF RN T

(approximate string matching):# & i# fr B R4 % & 2 (edit distance) ¥ A4 * k-4 &
SRR BEA TR AT AR > IR L Eehk ) ki wA 38T
AR B FTALE Y AP0 EihE o RIBIER LR LA BF P LW RO H 1 F
& £ -° #& » (insertion, duplication error) ~ #1 T (deletion, dropout error) ~ o 3 *
(Transposition error )er#ic p o

[23]07 54 5 MIDI a7t 3 # k% ¥ 3 2 TR B #H S 5e & -
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B 5] o Hsu~ Liu 2 Chen[24]4 A= #pce s~ &% oz * 3¢ £

7+ » Southampton[25]# % B % QBH (Query By Humming) & %t » #-i¢ # H i E R

BRAcit * Xehd Bl S8 %5 Bl 2R #%
SUSHEATE & T i B v NS A dpke > 7 B B B E L RIBIER A S 3 5E
Mo RIE R B REREAE L Sk (TR T R
RS AE
AT IE B R 2 SR B EE R B2 BERLT R 2 T 0 R R B e
BRagentpiz R $ RS BRI Hang B S L R An ke e B0 R 4
BB BV AR R AT R B2 o [T A B R ) e
FEg RTRY A B fmaniM R R E  JI IR R 2 R R A R e £

APME o B E SR e E | 0 TR R ARAT g 21T o
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= e. 9 ..ep ’f#.lv\ ’H‘

%%%ﬁ%ﬁ%%ﬁiﬁﬁi#mm#ﬁﬁgﬁw,ﬂwﬁgm%gﬁgﬁﬁ%

2

BoRA L ER SR RAY LEAG B R S R e RS g

I

A% e B3 3 AN v A 4 Heno (B A R I%B"%ft A4 — %m
Boid aff%? V355 R DE % gt LIE L IcEs -

Wi 23 #2280 NF -2 g 28055002 15 fE
7R &R (1)F &9 4 (Form In Music) » 4 sh8 3 # R kA

a A RS S Gl RRF A FE PO el RS

LA G R R R K ey 2 A750 HP G ga(theme) B S 2 F # ) R h

]
¥
N.
|
~

2)% #w 3¢ (Form of Music) £ 3 #4558 eheh o 30 3 &0 5 7 A4
Red 38 (Form)» * k J 5 5 #78 ¢ AR B X gl e w3 8 Fo -~ 25
B fi f 8008 ¥ Rdpd S EFPTR® o 5L W iTd RAHR TR
o K- BRSO B ERAFOT R - K Blde T R
( Baroque,1600-1750 ) = p& & ¢ “(Fugue ) & % % & ;% ( Variations ) ; + & P& ¥y
(Classical, 1750-1820 ) % rg# ;% (Sonata Form) % % > F|pt » iFd R A ITd pF € ﬁ

PR 2§ BT e AT S I 1S #2558 (music form) -

FEAN S LA P BTG AR A Med 5 e 70§ FEG
R L R R L AR R LA T B LR N N E RN T
RAT A EUR P A RN G RE R AR A A AR B AE

EE Y SHER (N L IER R E LS L L e
A LR RIS ) BRIV T AT 0 e LA B e
Mok W R TEE: 0 2 S0V BRSBTS ALY h TGP A TR

T TR AFBIAG LIRSS NI § ERA SR S § EAITEe pd



o2 R R Bt A AR LRABET L S ESRANES E bp

Y M ARE BT G B R g #)5 fod # - TR -

—
<

¢ & #Lp (hierarchical rule)f- £ 4 2R (repetition rule) - F#

BRI RIS HT L F EOWP B R S A8 4o X B4 5 movements
—sentences—phrases—figures ; @ I FFAL i * 3000 (7 4 27 hEAF PR Edp - B- 1k

SRR G A E MM A S E Y AT L 29 g i (motives) & n FECY ¢ e

~
-

£
4R B BFPME RERP R S LK - F LG Ry R
FHAIL 40w % (Intro) ~ 2 gc(Verse) ~ &l #c(Chorus) ~ i * & B % (Instrument Solo)
E % (Ending) % & B m 3 %00 Bl Fed Rtz o e E RIS chAE AT A AR
(Melody ) ~ & % (4p+ Rhythm)~ i# & (Tempo 4eleir ~ 7 45 ~ fdr )~ 11 % 484c 3
HEOG - HEEEF R LALERF %9.“,5@5&%_? EAEE~F o

FAPTE - A DR F B3] AR B R

‘Er

LA P - F g
FEYE L FEARS KA R IRE(I ) HE A Pl BN F o 4 AL
ok A R > A A Y R (RIEC) 0 @ A B e Rl Eca 3N R A A
Wk Ty e DA AT 308 AR R - AR h B IR R
{iﬁﬁﬁﬁﬁﬁﬁ’iiiéﬁ%%ﬁ“ﬁ%ﬁﬂﬁ’kﬁﬁﬁ%%
FarRE R S e g FIH e | Bep F oo B AP ARG > T
PR AFRBRF O A A A LR RS F SRR PG B o
FoE R Rhe- BRI - o BMRF BEEREG Pk > FERES

SEFFRBRA S BT ER[RT]
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[iT4] -~ [AABA] — [MA] - [AABA] - [2%]

Bl 6 inf7acd ey L N
TR kiRt [27]
4Bl 60 inFE & L N AABA B A B AW EA B e B

ARE(L B RE) A BRI E8-A B B iTd frensg it o 1 Gl kB W EF 4 g 2
X

BEX R Y P AR SR RS A R N XY 2 FE ko v

g B LY P Sl - T & A R Ea ] &3P 4 e 3 A
JE S EEEFF 2 A TR RS X T o RiT Rt # o RYRLE S

R N AR BB s R - X R EP ST it KBTI R 2 B
(Fade Out) @ 5 %5 0 sNengefe » 2% @ o 7
foermt ot > 2 BRI F L RFE LRORB LR o
FEM bR AR AR AHRANGFFEELAT ST BRATEBag fL
RIS L R G AR AR NG ER o - gl i Rd wE oA KD
o -BRRlE P& L Rk- opliifriEgi s B BE G BEER R AR S

DB F AR A B R ¢ e AR Gk SR A 17 iRl R

=
T
3
-y
o
b
g
X5
A
4
mly
\"’ﬁ
-E

Bt i e g A RAE - RRlgcEds s &
TLE6 P XA .

2.2 p 4p @ 3 i (Self-Similarity Analysis)

TR G CE A H D A 5 Foote[9][10][11]3# M- i AT A 4p
A A7 ey #4E & 2 [O][10][11] 5 3% A R A L H XK Aihd iz BBE B
342¢ MFCCs licit i Hicw £ o 0d 25 37 Bce BB en B @ F - B- &
AR AR > Bt Rk Sedp i B AEE & 7 ehdicie (Novelty Score) 8 I & 5 & 4p i & 9

BRI B P T EF R EROER o A RIFL - BEY R R nis
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B) 0 X AT PR ALY PR ol Sk A D f R R AR
B 70 fpt 200 d-44t Foote’s Self-Similarity = j2 ¢ eh 8 B £ & Fifwmeh i 8 0§
£ 221 5 #f S ¥civ (Parameterization) 3t 5L 4 7 7 B3R kIR e 1T 5 2.2.2 BEHE— 4P 1
s (Distance Matrix Embedding) p] #_#-% B § =7 BRI H @ F endp i B B

2.2.3 1 ;‘E'J%fr;fﬁ'ri (Detecting Novelty) i ¥ 4 % %‘r;fﬁ'rié*lv\ = ;2 (Novelty Score) &t = ;=
PR S TP AT * cndp B AL A IR — 1% 4p B (Kernel correlation) o 2 2 4 e fe )
# %fr;ﬁ'rigi/;(Novelty Score) szt B o SV R F AR B & B 5 1=/ gk & AP I (B L 2| T

25 LR R

ml4

Source = 2
Audio [ ™| Parameterization

v

Distance matrix
embedding

v

Kernel correlation

Novelty Score

Thresholding

Segment
boundaries

Bl 7 Foote’s similarity

FoR %R [9][10][11]

2.2.1 % #F $¥iv (Parameterization)

Foote #4 dlen= 2 H K ALR* fp§ &% > VUL P ® 4 » G hF A A 4T
FiE e blde AT A BT R SR X AER 0 KB~ MFCCs iF & f ~ § LS
e 2iE A ETIFREOCk o G S LB D B B F AR R S &
#E SBIPEE }ﬂiﬂ 2 A g A5 4 B E B hE s A7 F4 g 7 3 F - B A

FPER B () 0 % B RE R E (Window)E 4 o R FALE PSRBT P
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ST TEIEE o h RN AP ALE P e B £ B AR KA e 2 E R
frEdp® R 125 % 20 RAZICNF LR R L £ 2 GHE ) R
E AN I = e 5= e

2.2.2 g3 —4p a2 (Distance Matrix Embedding)

.ml&

A SR BAOFGHARER A F L BFER RS PR F BF G
AP RAMI S BE BRI Rk B o Y 3 B R ) ik
BV UEEMLT B2 FRER Mg A B R B (S HFike R anfp R IR R S5
A A - BomT FapiaEE So
bR ZE Y 2 e EF RSP R  F A BHE D 2 A
1% e84 (Euclidean Distance){r4# 3% 4p iz & (Cosine Similarity) - 3k & L 23 FF 9P 5 & v
fovis #ice £ MIERS L EERET Lt (D) A TE 8¢ auegp D(i,j) &
PKEATRFIEDRIED o Rk E ek 2 ORI ATS B E 2k @ BKE
AR R EA B BRI IARRARK o P A TRk R EAp I RBRRGE >

Halmha v R Rl bl DB pR P BN o pEaEAR L R ARE o

0. (39 = 300 (04, )

k=1

5% 4p 12 & (Cosine Similarity)4- 3¢ (2) - 74 % 2.4p F 3L % (Base ) £ 2 & (Dimension )
w Fehd B (Angle) £ %k £ p13% 3 » € FF ok (Distance) H3- 8 %% ¢ 4300
12RB %5aBe Mt L4 P 270 EM gz & B4 238 %
%rkﬁﬁ“l’*%ﬁaﬂﬁéinEﬁ%’Fi,ﬁﬁﬁﬁ%ﬁﬁﬁﬁ%o,@
2% e B AP AR ARM o
— RO ApNELS B AP g NRAEFHERD D » o FILE B fEE RN

ToRL2 B 4R fj-zgx/,,\;jr,}-bg\g. e AE o

A A AR
P00 )= ] EJ(vxk))’(vj(k))Z

@
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. : End
Similarity Matrix S

pus awi]

wliojanem

[

ue)s s

Start / j

waveform

—-—
=

Time start Time end

B 8 A NEEHLF L E 2 4p 1L

223 18 iE'J%:“r,}E'r}_ (Detecting Novelty)

#7147 12(Novelty) &t * K& 7 FHIEINEAE F g it B B3t ATARALZ T o AR
Gyt % 3] edp B IZ % — oo 4p B (Kernel correlation) sk /i 2 0 ZRiE R A B Ao R AT
;TE 142+ 4 (Novelty Score) -

» 5 4p B (kernel correlation)

% Foote’s Self-Similarity = ;¢ > jp v S & EPIF AP R B MsE > 50
HagmEE P ERg 2xit B 1 %&{%;ﬁﬁgla\ (Novelty Score) - Foote 1 * — i
FATK G TR HET SR KR Adjp R SHFEL 2 Y ma R AEE
B BE A ZL - BAHERL LES52x2 B - 2 &L (coherence matrix)fr-
BrFEE AL 1 exa2x2 H =7 234" (anti-coherence matrix) » = B 8 i+

19

A 5 H4x ehp 7. (checkerboard kernel) » 402> 38 (3) ¥ Cen% - B {o % = 3 o
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Cfﬁ ﬂ:B2}E;} ﬂii »@

B 171 % 8> A Foote’s Self-Similarity = /£ 2. fp B L i@ 8 3337 > 57 e

v

A AL AR A4 Bl B AR R R E 0 2 S e 3 L TS U e 2T
a3 N e (4
C{41}{01{1ﬂ Eﬁi “
1 - 10| (01
Hifip popd §8- B2 L g - Bas e £4gp 345, 13

Apend B A H RN PR Y B P e S R ARG A8
A r@frr PR A Ak B LR A - BELAE - G)Y hE - A
4 kRl - B3 12p 4p AR B (self-similarity) #cE A% £ 7 2 120 o BLhS
PIEFHEAEZAANEEZ S F - LY RERRES B oI iR
(cross-similarity) » #ciE A% . 57 oA B 5 F2SF AT RS T - 0 7 G Faa
foo @ A of el e e B A P A RN ¢ RTREG & (Novelty Score) - * %
BIRAE AL g AR R ETF L EAR SO AT A B A g fEamu B gt 2Ly Ap i e

HEN P )7 L RRETR AT R AROR ISR R P TR E 0 ] 2 o il
N kg RIEPF R ¢ R ek E e o do & dp (beats) & 5 2 (notes) 5 < & < e
Tioepr C R TR RIGRTE 3 4 (Novelty Score) » * kiRl & chg # B4 > 4ol
BArRlfr e B ong B« ¢ ol P Pt & - B 22 e 2B P Pi{e- B
BdomxnsfEa Ak i Laeid gaso B s f# (Kronecker product)i® & o 5L B b s ff
BZEABERLX)AELTFIEEY » B4 T o 4ok A - B mxn guEL - B £
- B pxq B > @ s B U fF R A B ompxng A AR > BRI R Aok £ BT
B AxA S P PO g s 262 H R R Prfe 232 EERL BN AFEE > 4o (5) -

FUH SCR P S RPN P ] RIREE AT R R ARG N P o

1 1 -1 -1
{1 —1}®{1 1}: 1 1 -1 -1 ©)
-1 1 11 (-1 -1 1 1

-1 -11 1

20



> ﬁfrﬁ'— 1.3+ & (Novelty Score)
d A4 AR B R T A S Rl 8 T F R B iT4p 00t em (8 i
£ o #f s TR 25+ 4 (Novelty Score) i Za BFHIEFH FAFNG R R 0 PR

0% RIE S @ AR A F 5§ R A Bl R o

0V 50 100 150

Fl QAT 42 B & e

hﬁu@ﬁﬁﬁﬁﬁﬁﬂ LEL QGG LR - BN E N P e e L F
AP 0LEE S H & M 5k 70 4o 90 AR R P odp 4B S ¢ F B AR A
EY o Ry R EE A ﬁﬁifﬁ_ﬁ.f‘:,'é;fi—iﬁiiﬁ{%ﬁ’%ﬁ'fiélg(Nove“y Score) » 43t

6) #¢ Chr- BHEPPEL TR W ¢ wB(00) ¢ BSR4 SRR

s W

Ba s MEAEA T @ hifefeh Reng 00 ALAPE Y Rbe R R g
Fﬁ@ﬁ%tfﬁ%*iﬁﬁ"?‘ﬁﬁﬁﬁ%@mﬁﬁﬂwy{op)g%% TR TP
o R A S 1R BEA RGO TR A ehA T i0er g 4 i 4o (Edge Effect) 0 i
RA R b G REA > J1F - B 32x32 B ATE w A dicehipl B AT RGP paEe
4o® 105 Bl 11 R e d R gk S P P (2 ) o R Ak BT R 8 T S eh

BEP PTG BI(Hf) B9 AR Y o m(00)hiEdd s 5 F 2 BRTHG R B DE
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(6)

C(m,n)S(i+m,i+n)

= AR

v

.\lfo»a,l\l ™ oy

Zz © 2

2 i =

¥ \ =

Fk b

iy

R b @

HK o w
& g 2 o

(oV] ooy

g =

oV}

o

o

—

Gaussian-tapered, 32-pixel
square checkerboard kernel

1
- [29]
22

N dh

= .

F

Bl 1132x32 3

Ideal checkerboard kernel



2 FRALAFZIZARAAR

1 it £ #g 3# (Power Spectrum)
SR L - AR B AT S B dofe A F ent ko d P & 2 F (FFT)eE
Bf RpE B e DO S ph b s 0 4esN(7) o 1995 Parseval €T 0 U ELS RiE 2 F

e S P H RAR DT 2 W L B gl £ 0 4t (8) o
N— |:27rk:|
Z [n]xe tM ™)

2
Pk =[x, [K] ©
=0,1,2,. -1
B x5 Bdeg #2msom hAdzg sl B XalK] 5 R 4o i Poid & 2 E
fo R sH o Palk] 5 s 5Leni AR
3.2 PR EEAE 3
AP AL RS P W L TEpEEEA 45 (Short-time Analysis) 2 2 0 #1544
WAEEE R R P SR T - SRk s BT e
P¥BE % > 3 4% 4% (Short time Fourier transform):zt & > fe s ds 3 48 € chdpf7id = £ 3%

(Discrete Fourier transform) » H#c& @ & 4o

Sy [K] EZX [n]xw{n]xe e ©

k=0.1,2,...N-1
fS
flk] =-—xKk (10)
k=01,2...N-1 N
Ee miFikadisil KiFipghrgaiil Skl £ % m B f =i &

R g 5 fKlerg 56 & > wln] ™ 5 & B 3 24k A Bhenf g £ & AL 5 AR T S di(window
function) o f[K] 5 & =48 38 #& * BT e AR 5 @ o fs 5 MELIBHRAE 5 o

W 12 5 5 - 5 =AW o Y T T

mls

GO R R S

Al eodrB IBHP AFET I NE LT PFF L BFEINBR L | B A FTHFHE -
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P F AR g & oM ¢ g R e i 3
AR LR 0 B R RAEEY LB S R R 4 H ) .

Spectrum of a single frame
50 T T T

45} .

40F .

35 b

Magnitude
_ ] [y (48]
(8] o (83 o
T T T T
1 1 1 1

—_
o
T
1

5k 1 -
0 (L o 1 My | PR

10 10 10° 10 10
Frequency (Hz)

w
EN

B 128 o =R )

74k & - Mariage Damour.wav_frame#300

Spectrum of All frames

£ {150
==
(5]
c
4]
=
&
2 {100

2 4 5] 8 10 12 14
time (sec)

Bl 13 id 5 pF ol 3 )

7ok % & : Mariage Damour.wav
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AL S WN[E* REPR4e| FRPLEFHF I DT LR VDA
¥ SR § S0l i #8548 § (Rectangular window) ~ j P AR ¥ (Hamming window){=i% & 4R
% (Hanningwindow) » = 87 AL T 2.7 & Bl4o B 14 o d »t 5 £ e 4o b g =
¥ ieiEAry hhe- BAEAT AEHR AT O R SN R F T W E RS
LA R F R AL B 5 MR REPNF g LA LA
FRFEERRY FPETRFLT v E G BRI EMIERSLGS o i d F 12 B
AR g Rl s Y BN R E (o Z AT 2 E TR

B AT o

win] =1 (1)

n=0,12,...,.N-1

wn] = O.54—O.46xcos[§Lnl] 12)

n=0,1,2,..,N-1

wn] = 0.5—0.5xcos(;inlj (13)

n=0,1,2,..,N-1

| % S S LR PR Ree e A SEES O S P S S e e ]
A "
~ 4 x -5~ Rectanguar Window
Dsf- v " Hanning Windaw 4
* ‘.‘ +— Hamming Windaw
3
¥ *
pef 1 4
4
£ y
o7l 4 .
L
DEF i -
{
’: "
ost 4

' FH

# N
{ \
£ 1
03l ¢ % 8
{ v
e 5 3 e 3
- “A l-ﬁ /l-'d 53] \'.
e

|
0 1a X e &£ = =) m g0 a 100

B 14 = #7 FART A2 gt FREF



3.3 § # & &4 #5 Pitch Class Profile(PCP)

d ERFEEE - R I HEE S > VLR I A R Y - e B
A5 R * ehg 3 # e @ (Pitch Class Profile » PCP) » 5 34— s x B3 > 32+ AT G

FeoF o d AF F oL F (semitone) 2. FF ehff N T BAESFHEE S5 AR I F AR
F~ B (Octave) 5 Ap e 3 3 & sochfr & » T 7 M 3 B Lk E 3 & & (Pitch
Class)[2] » 4 :

P(k)=24-log, %% mod 24 (14)

1

PCP[P(k),n]= 3| S[k,n]| -

P(k)

IR ERET 24 BEAAETFL S E 12 THES G 12 BE B
B BBt b A R s BR AT AL ) 2L 24 B AR
Fo 0 Kk SRR AZElcE 51 P(K) & s foq A ks B R (0 (N AR
BO% KBk BR2 S e A s 241000((FN)K /f)#- % K BEerilE & e B 5 4
Jochd § dc o o dc(mod) s S MBS AIRA R B A K o F o S e
#e T3 Ak & P (PCP domain)sh 7 2 » 27 nh sz 3l o
S[(k=0, 1, -, N), n]= % n @ F f=dlp ¥ 8,E - PK) = 5k sz Bk Aghicr sl
PCP[(P(K)=0, -+-,23),n]B| 5 % n B & t=chd A K wlicd B A4 Y #1F B4 in 3
DR i B o MRS AR M e AR £ 3 AR AT T LS
NFEP e By AR e RE{e B - AR DA N2 BT HiEE R
BB s 47 3% dog #2(Interval) ~ 2 & (Melody) ~ fe5z (Chord) ~ 3 14 (Mode)---
Eo LR EBGEL IR cH- FEOF AR EBREL TR 150 L BREFRF O D

R st B A T 4o B 16 -
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Pitch Class

350

300

250

200

Strength

—_
(85}
o

100

50

24
22
20
18
16
14
12
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N = 3 @

PCP of a single frame

T T T T

i 1 1 i

] 10 15 20 25
Pitch Class

W 15 6~ =g K mBARA G H

7Rk R - Damour Mariage.wav_frame#300

Pitch Class Profile

1400

1300

|
WAL FITEL 1

10 20 30 a0 50
time (sec)

B 16 @ F P g Bk iR B A R

74 &k © periodmusicDamour Mariage.wav
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3.4 3 #ri® & 3] Gaussian Mixture Model (GMM)

BEOREHAYLE - A R R S ¥ o L - fAE LD A G oo -
e w T 3 218 5 % & (Probability density function) #_% kP B £ X - B
THAEY N E 5 P o 4oN(16) s i F e E XSS R R H A HRA 4R 17 -

(x=p)?
2

e 20 (16)

p(X;y,a)zﬁ

Gaussian Distribution
1 . :

0.8 .

0.4r .

0.2+ :

00 5 10 15 20

B 17 % #7428
293 ufrod B €& gl 5 ¥ ¥ B (Expectation value) - % 4 % & S ficehd

AT o B o A F BA e L o # = % & #(Variance) > @ o & 2% % (Standard

deviation) » # @eh~ | for Ginfd 2R G M o B4 ATAERY o TERACT

#=EDX= [ xp(x) dx )

0% = Elx )] = [ (x~ 1" p(X) as

B I e e E AR OB AP I RAR Sl T AT 5(19) ¢

g(x;u, C)= Xp {—%(x—ufcl (x—u)} (19)

1
— €
(272')d/2 |C|l/2
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He yfcCrwu i ¥ Efox % £ =L (Covariance Matrix) » Covariance £_Variance

BEARY - BHA B F I RAESLY I ARIN AR PP B E A2

W
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[Adele_Rolling In The Deep.wav |
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Afu_Let Go.wav £|
Afu_Nothing On You).wav L
Akon_Keep You Much Longer.wav
Ashlee Simpson_L wav

Avenged Sevenfold - Dear God.wav Exuberant
Auvril_Complicated.wav
Auril_When Youre Gone.wav _

Avril_Wish You Were Here.wav

Beatles_Yesterday.wav

Bette Midler_Nobody Else But You.wav ! . 3 ; . LT
St : Muasic Playlist R dation based Emot. Similarit:
Bette Midler_Wind Beneath My Wings.wav “ SCSACOmmERAEE U SaSaCsom ima s o = Ay

Beyonce_Beautiful Liar.wav
Beyonce_Best Thing | Never Had.wav
Beyonce_lrreplaceable.wav
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Beyonce_Run The World.wav

Beyonce_Single Ladies.wav
Beyonce_Sweet Dreams.wav Play the Query Music
Britney_3.wav

Bruno Mars_ It Will Rain.wav
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Carpenters Merry Christmas Darling. wav Y Y
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Edith Piaf a Vie En Rose Marit Bergman.un Goes Down
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18%

19%

My Music Bank

Dennis Sun_Stand by Me.wav A
Dennis Sun_Truly Madly Deeply.wav
Disney_Beautiful. wav
Disney_Christmas Is Coming.wav
Edith Piaf_La Vie En Rose.wav

Elvis Presley _Blue Suede Shoes.wav

40%
Eminem_Not Afraid.wav

Exuberant
Girls Generation_Gee.wav
Girls Generation_Ohl.wav _
Girls Generation_SHOW! SHOW! SHOWI!. wav
Green Day_Know Your Enemy.wav
Hotel California.wav
Iron Wine_Flightless Bird, American Mouth.wav

m

Music Plaglist Recommendation based on Emotion Similarity
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James Blunt_Youre Beautiful. wav APTEELRIETTCITE ST IMusic And Lyrics _Way Back Into Love.wav

Jason Mraz_Geek In The Pink.wav Key in the Query Num. Linkin Park_Blackout.wav

Jason Mraz_Lucky featuring Colbie Caillat.wav 20 Linkin Park_Jomada Del Muerto.wav 4
Jennifer Hudson_Love You | Do.wav Linkin Park_In Between.wav

Jennifer Lopez_Da It Well.wav OpeRepuhIlc_Secrets.wav

Jesse McCartney_Just So You Know.wav Play the Query Music | [Richard Clayderman_Eleana.wav

Joanna Wang_Cant Take My Eyes Off You.wav Linkin Park_lridescent.wav

Joanna Wang_Lemon Tree(ch).wav Switchfoot_Dare You To Move.wav

Joanna Wang_Lemon Tree.wav Christina Perri_A Thousand Years.wav

Joanna Wang_Raindrops Keep Falling On My Head.wav Play Music Tchaikovsky _ Dance of the Sugar Plum Fairy.wav

Joanna Wang Tikiville.wav - David_The First Noel.wav -
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ML B R R B blie 3 S Wt p P EOISEE R AR
GrA T SR EE Bird B ilieend £ hE pE &F¢+’>®wﬁwamw

ERFHILA %E;%f# FUFFE R o AT AP IR A BAR B £ T Lk LB R AR R
length of overlapped measure of v, and u,
Jlength v, x [length u,

Segment Similarity =

v; : period of manual extraction (43)

u; : period of auto extraction

6.1.1 P FmAR

BT OB AR RlE & T ED &E“%j‘#’\ Sk MR o HUL TR ko P E AR
o BB EF I FRBE R S B R LS B TR
IFEFORERF S AR PP S R Rl R iRl B

BoABALGe BRE P el BAoT
ﬂ)F—ﬁ%ﬁ’%kwp’lkﬁ%%ﬁ%@”nﬂm’%r,m*%W?%iﬁﬁ “37
T o R I BB A S BRRASD A 1 2Ry 2 24RO

WRlSEH4oT £ 50

% 5 Fcd RTFONT FARAZ FEAMEBHENTEPNAR SR oA MERR
Song / Version Manual Program Precision%

RT3 _RrER 0~127s 0~100s 89%

FA N _ferAe Al 0~103s 0~102s 99%

FTA O N_fmrAe A 2 0~138s 0~112s 90%

R _feeRak A 3 0~125s 0~124s 99%

FTA 0 _fweBR A 4 0~125s 0~130s 98%

Totally Precision in Average 95%
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“NOBODY” » &~ & i g2 ikfr? 23> £ 6

% 6 gtd “NOBODY” 2. % €4 R T B4R B % foit CRY I R

Song/Version Manual Program | Precision%
Nobody/Chinese version 0~87s 0~118s 86%
Nobody/Korean version 0~87s 0~107s 90%

Totally Precision in Average 88%

() F— F &Y 7 FiFBE A L idF s o407 g+ Robbie Williams 1 v8 7 "Better

man” % 4 o d L gL BRI A Y YR & T

# 7 g “Betterman” 2§ € A AR BAR R SR oM Em R

Song/Version Manual Program Precision%
Better Man/Chinese version 0~153s 0~117 87%
Better Man/English.version 0~134s 0~133s 99%
Totally Precision in Average 93%

(@) 4% 3¢ EmEbids  BEERESE F BT 48

% 8 }Lig}?@'i?f_iﬁ%’f?— FEApIREF e ERR

Classical Song/composer Manual Program | Precision%
Nocturne/Chopin 0~88s 0~58s 81%
Mariage Damour/ Paul De Senneville 0~57s 0~56s 99%
Ballade Pour Adeline/ Paul de Senneville 0~54s 0~67s 90%
Pour Elise/Beethoven 0~100s 0~102s 99%
Alla Turca/Mozart 0~124s 0~137s 95%
Totally Precision in Average 93%
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Celine Dion My Heart Will Go On 00:04:41 00:01:22
Carpenters Goodbye To Love 00:03:56 00:01:20
Chopin Nocturne op 9 no 2 00:04:08 00:02:01
Debussy Claire De Lune 00:04:20 00:01:33
Edith Piaf La Vie En Rose 00:03:05 00:02:05
Avenged Sevenfold Dear God 00:06:34 00:01:35
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Transcendence | 10.8
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Nostalgia 13.46
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B % Power 8.78
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When providing your ratings, please describe how the music you listen to makes you feel (e.g., this music makes me
feelsad). Do not describe the music (e.g., this musicis sad) or what the music may be expressive of (e.g. this music
expresses sadness). Keep in mind that a piece of music can be sad or can sound sad without making you feel sad.

Please rate the intensity with which you felf each ofthe following feelings on a scale ranging from 1 (not at all)to 5
(very much).

1 2 3 4 5
Not at all Somewhat Moderately Quite alot Very Much

Wonder (8 5; 38%%): Filled with wonder, Dazzled, Moved
Transcendence(#i2%; ZPE): Fascinated, Overwhelmed, Feelings of spirituality
Power( Sy, =R, 3ERY): Strong, Triumphant, Energetic
Tenderness(iH fi1; #3HE)): Tender, Affectionate, In love

Nostalgia( {2 15): Nostalgic, Dreamy, Melancholic|SE24Y)
Peacefulness(E5F0Y; ZE51Y): Serene, Calm, Soothed

Joyful Activation(E;HE, F£E=1RAY): Joyful, Amused, Bouncy
Sadness(7Ez=, ZE{&): Sad, Sorrowful

Tension(j#i#hRY): Tense, Agitated, Nervous

||~ @ ||| w | N =
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< Avenged Sevenfold — Dear God >
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< Celine Dion — My heart will go on>
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< Chopin — Nocturne opus 9 no 2>
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< Debussy — Claire de lune>
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< Carpenters — Goodbye to Love>
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< Edith Piaf — La Vie En Rose>
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