my >, = » )
F = =i < B

1B
FReR EAAPHEMLE =R

oLk e

M A f o i SRR e 4 ¢

vl

Emotion-based Automated Music Generationfor

Game Scenario

> p s =
F ;[j i 4 }\'u'?»

CEZ SRS N



DEPS G £ S SEE Y R
Emotion-based Automated Music Generation for

Game Scenario

yza:

o+
|
S
"‘\
¢
ﬁzﬂn&

Student : Chih-Hao Yen

pEFRE AR Advisor : Chih-Fang Huang

AT Yu-Chung Tseng

A Thesis
Submitted to Master Program of Sound and Music Innovative Technologies
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Master
in

Engineering
July 2012

Hsinchu, Taiwan, Republic of China

PE AR -fFE- & & 0



CEIRY X 1 PR F A

Bz~ 5
1 Ffx

s 2L HAL TSR

iF &

Ay B s BRI T 0 G Wk o RSN R LR RE
prRREO g o bt e PRI AL alf g S - kst
ERHEZARM T g REAE > 2 e - BRI KGR pR AL RV
ARG EHIRBEI RS OERER S TSN e BRI SS SRR
it F RS s NE A A R R PIRRFEFRS R - A% D

|3 ’;F'_Q_LH}TL

Foss  LRFLBRREN B A2 D E SRS G
AR AR AN LB En® - G0 FERK L T8% KA 2§
?%ﬁﬁt:@@;3%@’@%%u&ﬁ§ﬁ¥;@ﬁua%%,'@wqhﬂ%m@m
% 64% > Tia5 60% > @ B BEENIER A TS cPPFEL 0 B % 5 T0% ~ 26% -
66%-86%> L 325 62%  f 4v » FHEMEKERDEFHEI WL T B % 2 73%
40% ~ 83% ~ 66% > L2 % 65.5% - 7 AL AT X /?i“—"%& A2 BT
B A o Ao BB Ao (5 0 B R iR e o A L RT

R R ESRGR B

2F A B RS kT o

\_m.



Emotion-based Automated Music Generation for

Game Scenario

Student : Chih-Hao Yen Advisor : Chih-Fang Huang

Yu-Chung Tseng

Master Program of Sound and Music Innovative Technologies
College of Engineering

National Chiao Tung University

ABSTRACT

This thesis is to design an emotion-based automated music generation system by
drawing a curve on the emotion plane. System can generates music according to some
music theory and music features which related to the curve position. This thesis also
creates some game scenes which can evoke emotion perception, and adds background
by using suited colors converted by the curve. The experiments test subject's emotional
perception in four quadrants of the emotion plane by using the emotional music, colors
and emotion evoking game. The results showed that subjects who were only listening
to music, the emotion recognition rate is 60%, then add the game scenes without the
background color, the emotion recognition rate is 62%, and finally add the background
colors, the emotion recognition rate increased to 65.5%. This system can provide game

designers a soundtrack generation, and the color reference of game scenes.
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MR AL GO~ ehlen) > B lend 3G Pt Pitch s dod 2.1 0 Fpt o

MIDI § % 73 90~127mod 12 (5 {8 5] 0~11 > T ¥ seif § &> @ F %55 8+ %A
FIE 124 E - BAR G4 MIDIF B 74> % 74mod12=2> 2% & D> x %
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DP E° G2 AP B®
Pitch
0 1 2 3 4 5 6 7 8 9 10 11
Class
% 2.1 Pitch Class #
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2.3.1 Thayer’s emotion plane

ORI AT Ak B AT s e
# & 4] en i Thayer’s emotion plane[5][6] > & * = AT G #-F L e o 48 o - &
] Z_Arousal 2 Valence » Arousal 4p s 8 42 & - 4 1 & fN g AU T pugc
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Annoying Excited
Angry Happy
Nervous 211 Pleased
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Bored Peaceful
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Excitement =
« Surprise ;
p « Excitenent . Nmr .&Jrﬂ'isa
. Happiness
Happiness b Disgust
Feare
o Fear
Anger o =Disgust
Sleepiness=  Calme
*Calm Sadness * « Boredom
. = Sleepiness
Sadness *Boredom
Adults Feur-year-olds
«Fear Surprise Happiness =
Excitement o Excitement 4
« Disgust Happiness «Fear
Anger
Disgust Surprisge
*Anger
Boredome c .
alm e Sleepi .
eepiness Sadness Sleepinesse
Sadnesse
Calme
Boredom
Thrae-yesr-sids Twra-yaar-olds
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imensional Emotion Sp c%i

Octant

ZDBS Octant Rules

Mode Major(19), Tempo Fast(16), Harmony Simple(8), Loudness Loud(7), Articulation Staccato(5), Pitch High(3),
Rhythm Flowing(3), Pitch Range High(2), Pitch Variation Large(2), Pitch Contour Up(2), Note Onset Rapid(2), Rhythm
Smooth(2), Rhythm Activity(2), Loudness Medium( 1), Loudness Soft(1), Loudness Variation Small(1), Loudness Variation
Rapid(1), Loudness Variation Few(1), Pitch Low(1), Pitch Range Low(1), Pitch Contour Down( 1), Timbre Few(1), Rhythm
Rough(1)

Tempo Fast(20), Loudness Loud(10), Mode Major(8), Pitch High(4), Pitch Variation Large(4), Harmony Simple(4),
Note Onser Rapid(4), Pitch Range High(3), Pitch Contour Up(3), Articulation Staccato(3), Articulation non-legato(2),
Harmony Complex(2), Rhythm Flowing(2), Rhythm Activity(2), Rhythm Smooth(2), Loudness Variation Small(1), Loudness
Variation Few(1), Loudness Variation Rapid(1), Pitch Low(1). Pitch Range Low(1). Pitch Variation Small(1), Pitch Contour
Down(1), Timbre Few(1), Timbre Many(1), Tempo Slow(1), Vibrato fast(1). Rhythm Complex(1), Rhythm Firm(1), Metre
Triple(1). Tonality Tonal(1)

Mode Minor(14), Loudness Loud(9), Tempo Fast(9), Harmony Complex(8), Note Onset Rapid(5), Pitch Contour Up(5),
Pitch High(4), Pitch Range High(3), Pitch Variation Large(3), Loudness Soft(2), Rhythm Complex(2), Loudness Variation
Large(2), Timbre Sharp(2), Articulation Non-legato(2), Pitch Variation Small(2), Articulation Staccato(2). Note Onset
Slow(2), Timbre Many(1), Vibrato Fast(1), Rhythm Rough(1), Metre Triple(1), Tonality Tonal(1), Tonality Atonal(l),
Tonality Chromatic(1). Loudness Variation Rapid(1), Pitch Low(1)

Mode Minor(12), Harmony Complex(6), Articulation Legato(3), Pitch Variation Small(3), Tempo Fast(3). Loudness
Loud(2), Loud Soft(2), Loudness Variation Large(2), Note Onset Rapid(2), Note Onset Sharp(2), Note Onset Slow(2),
Timbre Sharp(2), Loudness Variation Rapid(1), Pitch High(1), Pitch Low(1), Pitch Range High(1). Pitch Variation Large(1),
Pitch Contour Up(l), Pitch Contour Down(1), Timbre Many(1), Harmony Melodic(1), Tempo Slow(l), Articulation
Staccato( 1), Rhythm Complex(1), Tonality Atonal(1), Tonality Chromatic(1)

Tempo Slow(15), Articulation Legato(6), Mode Minor(7), Harmony Complex(7), Loudness Soft(3), Harmony Simple(3),
Pitch Low(3), Note Onset Slow(3), Pitch Range Low(2), Pitch Contour Down(2), Rhythm Firm(2), Loudness Loud(l),
Loudness Variation Small(1), Loudness Variation Few(1), Pitch Variation Small(1), Pitch Contour Up(1), Mode Major(1),
Timbre Few(l), Timbre Soft(1), Harmony Meclodic(1), , Note Onset Rapid(1), Vibrato Deep(l), Rhythm Smooth(1),
Tonality Chromatic(1)

Loudness Sofi(5), Tempo Slow(5), Pitch Variation Small(3), Articulation Legato(3), Note Onset Slow(3), Pitch Low(3),
Pitch Range Low(2), Loudness Variation Rapid(1), Pitch High(1), Pitch Contour Down(1), Mode Minor(1), Timbre Few(1),
Harmony Complex(1), Vibrato Deep(1), Metre Duple(1), Tonality Tonal(1)

Tempo Slow(10), Loudness Soft(9), Articulation Legato(5), Note Onset Slow(3), Pitch Low(2), Pitch Range Low(2), Pitch
Variation Small(2), 7imbre Soft(2), Harmony Simple(2), Mode Minor(1), Loudness Variation Rapid(1). Loudness Varation
Few(1), Pitch High(1), Note Onset Rapid(1). Vibrato Intense(1), Rhythm Smooth(1), Rhythm Flowing(1), Rhythm Firm(1),
Metre Duple(1)

Mode Major(12), Harmony Simple(5), Tempo Slow(3), Articulation Staccato(3), Loudness Soft(2). Pitch Contour Up(2),
Loudness Variation Few(l), Pirch High(2), Pitch Range High(l), Pitch Range Low(l), Pitch Low(1), Mode Minor(1),
Timbre Soft(1), Vibrato Intense(1), Rhythm Smooth(1), Rhythm Flowing(1), Tonality Tonal(1)

%22 NFRP chd S




¥ ¢k > Isaac Wallis, Todd Ingalls, %2 Ellen Campana 4% 11— £ 3 M & % 4
B E R A[8] 0 P AT H— w3 #prensg i ¥ Arousal/Valence RBE B 0 i)

b

4o arousal 4% % > P & B k- valence #& it > Bl B4 e R R F o H B Aok

2.3 #75% o

€& oW —----m oo Arousal high >
<Smooth----=-- rhythmic roughness------- rough->
< slowy Sssmec_mmmioits TEMPO-===Sas~Stutc fast >
< legato ------------ articulation--------- staccato =

<low ----Valence-------- high->
<darkest =-=---- mode brightness------ Brightest >
& harmony complexity (inverse)--------- ->
< low ------m-m oo pitch register------------ high 2>

1 2.3 § &% s Arousal 4= Valence 1R 4
]

# ¢ mode brightness i f& i == 3 ~ j& Brightest = darkest & .47 "8 5 -
Lydian, lonian, Mixolydian, Dorian, Aeolian, Phrygian and Locrian.(z= : ™+ 5 # "8
#3[3]) - @ harmony complexity({- &g 32 & )Rl & 22 Valence 3 ¥ & v craff 7% »

o

Valence 4% ¥ » B harmony complexity 4% ® » isppreng 5 = foiz R
d U ERHREIR GBS EEAV T T A > BEEFR-R

ST AT R EE S RA KB E R B B da g G e o

THRE AL AHY TREL AT R Ry eip ML % -
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Patrick Gomez % Brigitta Danuser [10][11] #i7 7 B § 2 11 B #F ke 2 2 5
Reedp Ay o B9 @ g 2 acd i &2 ¥ 7] Arousal-Valence T 6

FE— Bho 3 E 4T

ZEREF EDRDE R 16§ E (PR EfEL e A 10
B3 & Hcia 1~7 %4 (Sound intensity = F %R & & > B = 5 Db)» I
Fd AHB I E A 24a T 5y 0 & 24b S iEA F MR & o

b. <ipl¢ iz 16 F 5 # 5618 %1 Arousal f- Valence © 1~9 4 c=a

c. #-H® £ /?J—‘ﬁ B 5 FEE 0 6 B 5 4 4 Hceh Arousal-Valence 4 #icg? & pan
FEA ey AR 2 (L4 25) R 6 e

— A AR RAE Y 0 B He o e W) 26 -

Musical Sound Tempo | Rhythm Pitch Mode | Consonance
1 67.6 6.3 1.7 3.0 6.3 6.3
2 69.7 6.3 1.3 5.7 7.0 6.3
3 62.2 4.3 2.7 2.0 6.3 5.3
4 66.0 4.7 2.7 5.3 6.3 58
5 61.0 2.7 2.0 6.0 6.0 6.3
6 66.7 2.0 2.7 2.3 5.3 "
7 71.8 5.0 6.0 4.7 1.3 3.0
8 65.2 3.3 2.7 3.0 1.7 2.7
9 68.6 2.0 2.3 4.0 6.0 6.3
10 61.9 3.7 3.0 4.3 5.0 5.3
11 65.1 2.7 5.3 4.0 1.3 5.7
12 77.5 7.0 5.7 5.3 a 3.0
13 73.1 2.3 3.7 5.7 3.0 4.3
14 67.7 2.0 1.7 3.7 2.7 4.7
15 62.3 1.7 5.0 3.3 5.7 5.0
16 58.9 2.3 2.0 2.3 6.0 6.0

32483 #% R4 16 7 Bt BPAGTA > W56 B & FH 0 %A LHEB
%Selection 12 % &R M % & h3
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H R AR MA A

Sound intensity SR EpETIEE

Tempo 1 =slow » 7 = fast

Rhythm 1 = outstanding > 7 = vague
Pitch range 1 =narrow > 7 = wide

Mode 1 = minor > 7 = major
Consonance 1 = dissonant - 7 = consonant

% 24b F§ BPEHaT AR M A R

5 GRS ¥ ﬁf{? AR

g3k &4 (1~7 ») | Valence ~ Arousal = 1~9 FF eriie

Sound = 58.4 + 2.14 X Arousal — 0.18 X Valence X Arousal
intensity(dB)

Tempo = 1.2 + 0.1 X Valence + 0.43 X Arousal

Rhythm = 2.23 + 0.16 x Valence + 0.35 X Arousal

—0.05 X Valence x Arousal

Pitch range = 2.17 + 0.22 X Valence + 0.37 X Arousal

—0.05 X Valence X Arousal

Mode = 6.4 — 0.27 X Valence — 0.71 X Arousal

4+0.11 X Valence X Arousal

Consonance = 5.8 — 0.37 X Arousal + 0.04 x Valence X Arousal

# 2.5 \Valence ~ Arousal 4% T § & 3FpcaEs o 8 4

Bolkzm o 2 AafET s + Valence=7> Arousal =5 ez % » R R I ken

Sound intensity ) = 62dB > Tempo &%) 5 4 -
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Sound intensity Tempo
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1 3 5 7 9 1 3 5 7 9
Valence Valence
AW e
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o »
/’/b’.' % %/ 0.’ q
.
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1 1 1 1 1 i N—— |
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Valence Valence
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9 77 T T 91 0 4 ' .Y BNY |
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¢ % e / |
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25 Frd B

25.1 ggé &3 - Munsell Color System (£ & F g ¢ & 3b)

Munsell Color System (& % fi g ¢ % SL)4_p wid * e Bt fd 248 > o
% A 7R Albert H. Munsell #1989 & #+ 49> F & i g ¢ 455 B f4e k(i

~ B, 0 boB 2.7 S o

Vahue | Munsell Color System

Purple-Blue  Blve€

Blus-Grean

] 2.7 Munsell Color System

(4L Xk : http://zh.wikipedia.org/wiki/File:Munsell-system.svg)

B4k i 4o (http://en.wikipedia.org/wiki/Munsell_color_system) :

a mAdhiP AE(value): £ 10%%d 22 0~2% 10

b. ¢ 4p(hue) i #— ¥ 2 271 AT AY B 1 2R~ 2w (YR~ % (V)
F %(GY) %(G)~ 2 F(BG)~ F(B)~ % (PB)~ % (P)~ % =(RP) » 4p#8 3 i
BAALI106 0 2 100 6 o

14


http://en.wikipedia.org/wiki/Munsell_color_system

C. L dhenEAE L ¢ A (chroma): &7 ¢ $iens A » ficimd # WO Mg d RHA
Hite R W ) UG R A 10 240 Kok ¥ REH

v % i£ 30) -

HAS ol S5 A 4 A+ F R bl SBE/I0 AP EMAS

B¢ RI100E Fd BB TN BT RP S L STt € (LW 2.8 4T o

28 ¥¢ T Rime st

% % ¢ Munsell Color System & £ F-50 i@ 4 ¢

http://oceandatacenter.ucsc.edu/PhytoBlog/Images/Munsell_AO0[1].pdf
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252 pFd k3% — T "¢ RGB model

Tt d il * cng Yagp 4 Bom B3N 5 24bit <9 RGB model > £ 7+ 2 2 5 (Red,

Green, Blue) > m Red~Green~Blue = & ¢ % 4 3| 8bit- » rap 258 = =256

BHE T rigesro * 0~255 e & & R d hsi & o d A1 (0) % (255) 0 i
Pens {F A S 25613k 1 F 6F FHMHS L HARKRA Y R

S apER B oo

253 B4 £ 1 4

% Color and Emotion[13] &4 ¥ it ¥ » $f- ¥ Bad ahff il ) i i
Todp M B 5 b4k LRI S 47 &4 & g é (surface color) ~ ¥ T Mo i & endic i 57
¢ (digital color)er:=4 5 2% - B 2.9 = digital color enf S 7@ * X Blgad - i@
* Lech® 72 »Leh»s £-fBadgd 3 X 3 g F RS s 2
® L = Lightness > c=chroma>h=hueangle > # &% &% ¢ **HETat o #

4o §) 2.10 » 3£& £ Valence-Arousal #icdg o L4 8- C A4t @ chexplll

tone categories
hue (%) dark deep vivid brilliant light
30 (red) ® vocio @ Liocas @ Lancen @ Lo, Co40 L: 70,C: 30 I
B0 (yellow) O L0, Cap @ Lie0, 70 L: 80, C: 90 L: 80, C: 60 L: &0, C: 40
160 {green) . L: 30, C: 30 . L: 4, C: 45 . Lis0, Coao @ Lido, C:40 L: 70, C: 20
260 (blue) ® vco @ Lacio @ L4045 @ Lsn 35 L: 70, C: 25
320 (violet) ® Loz @ Lo @ Lacd @ L5 L: 70, C: 20
tone categories
black dark medium light white
2:}'::2::::& ® Loco ® vioco @ Lsco L: 70, C:0 L:100, C:0 I
::‘F&‘:’F;}" ® Licio @ Lsocio L: 70, €: 10
;ﬁ‘jé:ﬁf} ® Lwocio @ L5000 L: 70, C: 10

] 2.9 Digital color F 2% # =% ip|gE ¢ [13]
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75
BAAF+5 FE R RS 4
oo $ ¥ Naz K o 4R il o &
2T R BT B R *oeAp e i e i ek
PR Lo R 22 B s - Do blderi i d ki B S #ch
28 X RIH S BN A F hir ) Pl AR S MY ARy Wit ke
jégﬁﬁﬁ%b’ﬁgﬁw%iﬁjﬁﬁﬁiﬁﬁ&ﬁ’ﬁ%iﬁé’iﬁﬁ

BEEIT R s $EFY o
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Color Hue Value/Chroma
Red (R) 5R 5/14
Yellow (YY) 7.5Y 9/10
Green (G) 2.5G 5/10
Blue (B) 10B 6/10
Purple (P) 5P 5/10
Yellow-red (YR) 5YR 7112
Green-yellow (GY) 2.5GY 8/10
Blue-green (BG) 5BG 7/8
Purple-blue (PB) 7.5PB 5/12
Red-purple (RP) 10RP 4/12
White (W) N/9
Gray (Gray) N/5
Black (BIK) N/1

# 2.6 Naz Kaya ¢ * 9 plga ¢ — fr[14]
emotion. R Y |G |B |P |YR |GY [BG [PB |RP | W | Gray | Blk
Angry 28000 "R g OO O oo | 3 7
Annoyed |0 0 0 0 0 5 8 7 0 2 0 0 0
Bored 0 |04 10 0 "5 (4 |20 40 12 |5 |14 |O
Calm 4 0 29 (60 |28 |0 0 16 |38 |13 |8 5 0
Disgusted |/O |O |O (O |O |9 |26 |2 |0 |3 |0 |O 0
Excited 18 |8 2 0 4 25 |6 11 |0 12 |0 0 0
Fearful 0 0 0 0 5 0 0 0 0 0 0 3 17
Happy 21 |74 |28 |10 |21 |31 |11 |36 |13 |26 |0 |O 0
Peaceful |0 0 12 |4 0 0 0 0 8 0 13 |0 0
Sad 4 |0 (0 (8 |13 |0 |O 10 |0 [0 |30 |24

227 WHBEEE Mt § R AKE S § B[14]

18




& Mapping emotion to color [15] i&jk > # - i3 Niels A. Nijdam -5 it

Naz Kaya[14]# & & 2.3.2 James A. Russell[12] % % 2 #2 3 ta— & & » & 2 | *

i BT RIR A BTG L hE - B A G S

a4 o Niels A, Nijdam # * enfi% =% 52 § & 2.3.2° B 24 chadult F &% & % =

_‘é‘ o

Niels A. Nijdam =zg & F & 2 4oF ¢

a.

b.

BAOEAE MO E L S EBESec’, w2 - 2 EER

e » — F4 » @ % e =<coordinate, radius > > coordinate =< x, y > %
Lo b - gl ko

KpaTotiE- BiEE . EIp s B e

BpBEEEP AT e vt o 3K distance 3 p re R

% distance < radiuse BJ#-t e 4e » & £ R® o

#He7F ROPN che(fi ) ka3 o

2 % cfinal » A=dp B 5P = J o

T_z cdif 5 cfinal fv e W RGB & £ & o »|4e= B4 e HRGB & 5
<157, 255, 128> ¥ cfinal 7 <128,128,128> - p| cdif &

<157, 255,128> - <128, 128, 128> = <29,/127,0> -

¥_% intensity = 1 — distance/radius - distance = p - e EE4E > radius
% 3% emotion o radius °

pEfSegEd B

cfinal(R) = cfinal(R) + difference(R) X intensity

cfinal(G) = cfinal(G) + difference(G) X intensity

cfinal(B) = cfinal(B) + difference(B) X intensity

19



2.6 BB B EVG

EVG[16] - & Emotion Evoking Game % » § 7 § HHR wwinsgt -
Ning Wang % + #-— 2t open source =1¥%5% Egoboo[17] - 2 :x = # i Ning Wang
A BRFF EFHE R 0 S SRR R R £ 2 R
% lfipldn o BT R AT BRSNS R % e o BB kAT o PR D
58 W 8% 2000 & % o

Stage 1 : = pdridi—- BalL 47 > 3 PF- ToRTAME% > KB 5
Bl sBRptr LW sgdEpimpipd  SER 3 T ~RGEEEHB S
FpR o RERET I HETIIT50 £% - HEF TRl LR P REDFER

2 7

F3k Z_% boredom e

Stage 2 : =R A TS B ERF o SBPNEARNBAEIE | B o LIFE T
B R Ak €5 surprise o

Stage 3! =T M 2 (S HE 1000 & oo pFE Bl MR AUk T joy o

Staged: & § o Ff8 2 £ 1000 & 75 i & p AR R L AR5t p e o

PRE BB R AUk €% anger o

Stage 5 : fj = #ffm o T £4975F &% > BRI =ie £ 4T

PRV o SRR RN R oKk =5 disappointment -

Efkled  FJHIRFLBRL DN S 2 S0 avgifpldp 0 2RI BRH

B B3R R R ST R e SRR 300 % g4 EVG e S .

20



27 &%iFA - LHL

§E e fe R A KRR AR e EaAR O FoAa Y LHL 5344

% err 2 R SRR 0 AFSEAARE o A F AR o RIFAS RARAF e o

LHL & % 4472 8.4 Longuet-Higgins f= Lee #% #1[18] - LHL & * g7 k& =«
kAom LB REEE 0 F AMe L EA B B licR £ 4 0 blde 44
2% 164 F P g Bl Himo Bl 16 % 4 5 16 B Flics 2 0 73] 2527272 >
Fil# pb B F] ks 1&54@‘1‘?%‘1%17&%] S RFALLER ] E A gEAEE 0 4o 2.11
T 0 0 s B E B S 04 Gder) o

0 -4 -3 -4 -2 -4 -3 -4 -1-4 -3-4 -2 -4 -3 -4

sD s]. Sﬁ

B 211 LHL & %4552 & 2 HHK Bl 2 & 47 5]+

T
[N
T
=

+ % 1645 01 Onset(x)fr Rest(.)ei= & »Onset i+ # § ¢ 113893 > »Rest
N4 P enntF 3R & F ko 384 o 228 Rest()g 2 H w6 ¢ Onset(x) i o
FANORAEEE 224G 8 S R GI R EFl 2116050 2% 5 -2-(-4) =2 >0
S1 =% 5-1-(3)=2>0:82 =% 5-2-(-4)=2>0" A &5z B 335705 »
Pl EAFRAE X ] S Z B hEApAe 0 2+2+2=6
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33
It
e
wf
;’1‘\
&
W

A2 2 B RFIFL R A S AL F - 3 L AlE- Bp BT kA
VAT ARG AL - pEFRAGFREE AFE TR L ahinE o f B

2

7B R oihy 8 .

-\

[
|
£
|
“mi;
N
'
I

>
N

; = WA G E 3 HB Emotion Evoking Game i@k 3-8 0 3 X R TR K
E%szz‘a;ﬁd FR o RE SRR R TR T d R RanF F 4 0 d

BEd HE )k SLER S - A2 B g A ko kg

mly

BB B ﬂ'l + g

[’1

BES 4 i A e E R i R e

1k i

Bl 3.1 5 A= chp #oivd & Sinfe @ o i 4o
Stepl:

AEBEY TIPSR e KRR - BIRET R 6 R FEM TR
TITME R 2 BB f AR N - PR F Tl g ) - B
@%~¢7’&*m%&%lbm”@ﬂpﬁh,*f{ﬁééﬂﬂ&<%ﬁ&
L E - AR BR A BB S o P B BRcT ARG o o R s RER
Bk o Bl BRECEEARIT o R Noehg BRI ol 5 AR LR o RIP
BT OB et s g FRRRE S BREGERE 0 | F kR
PR 7] e

5 p ®e iTd B {7 FFE o #-2 Patrick Gomez % Brigitta Danuser [10][11] 7%=

AAHL P R R Ge® F ~ R - pitch range ¥ H 2T G b

SN A HYE S TR S RIDR Y AP # o - - | i



Step 3 :
Foob e Pp B BRI 0 5 A KR LB FE R A - BEEd ¢

BWEMALE 0 #r XML0JH 6% > & SR A B e R o

Step 1: Bl 5 [E R Fus

NNRirig,

Aales TRl
SIS 1 Jﬁ[‘j}fﬁlaj

g

B 3.1 Fp e ivd & S F2H
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32 AHHET GG

A#h < k%ié * Patrick Gomez % Brigitta Danuser [10][11]=%= % @ > H ¢ »
B ABAEFET G Fnr 2R L AR A R e B
Hc % Sound intensity ~ Tempo ~ Rhythm ~ Pitch range( 2 B8] 2.7) » % 3.1 % 3%z B |+

4 A Valence - Arousal 3% T g b SwREE L B /A BB o

5 K B (=R T (VA) B () 1 (VA)
Sound intensity 76dB (1,9 58.9dB (9,1)
Tempo 5959 & (9,9) 1732 (1)
Rhythm 5084 2 (1,9 269 ~ (1,1
Pitch range 5.263 = (1,9 271 » (1,1)

231 v B BB FEGEL B2 H 2

33 %44

kA s 44 Jaend k0 E L §EChE AL A A2 - 3 e 1 LHL
kAT E et E o kA S BenE o i A4S 01 P AR o

AP BBRFSFEAL ] SFAL(TE YU A MFE TG g R - 2h) 0

B LG EET G VA N BB R A (R 24)

& % & #ic = 2.23 + 0.16 x Valence + 0.35 X Arousal — 0.05 X Valence X Arousal

ESELMKE OB EER B ERFAE LD 0~11 | HeBhe 32T B
e

Complexity = (& % & #& — 2.69) x 11/(5.084 — 2.69)

24



1% 7| Complexity #(0~11)7% » i 7 LHL i » 42 8 % :
L 3.2 x4 57 Onset eniz ¥ » "4 7 Rest ehiz® » 7 it & kot & £ x
BRI EYFA ARG ARRE NGRS PSR E G2 R EE

A0 2 o blde =8 b AF A IR > complexity 5 -2-(-4)=2>0-

0 -4 -3 -4 -2 -4 -3 -4 -1-4 -3 -4 -2 -4 -3 -4

X . X X .oX .oX X X _

y a b C d e f g z
1 2 1 3 1 2 1

complexity {if

@] 3.2 LHL i # ;2 ¢ & B

& a~Q - B3 srcomplexity & (s> ¥ & PesrZE 9 complexity & 2 & s

(¥

bldod & A 4 complexity 5 5 FF s BE e NG A Fir 243 e0 5N BlE

&b~ fiea B complexity 5 2 iz ¥ 3% - > £ i complexity 5 3 «d -

TR e A P RA > M H B FB2F ky zhing v E

T

=\

/5 /,‘L .
|7£ = L

Eﬂ\i&

RAE S R 22=4F el a ey ~ztheniE o Bl EL
v e 29 9 1

FHES A Onset ch 2 (Fa~g hizk) Blfev - weh 4O EET]

LA e R A BN A V) G 2o Rl AR AfeT - eh X7 £.F 5 Onset >
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F 5 Onset> BI3% 77 eni=% 2 72 0nset > LR R CAFRER > BE e - e VX7

I @ Onset o B¥ 124 » Onsete i f8 H # X Onset sni= ¥ v 12§ Tkt 8 8§

iTH 5 - B Onset ezt § o

34 %EA2

BR - B &P hd R RRTE B BR I gL T Ag g

SR i AR E A R B P

Z ik]Fd’ /; "L‘t‘ F?’

b EME E - BoF % Valence 5 & e Rl F A A ATE-12 B A AEHES -
oo BT b3t 3 12 B AR E R

1% Arousal #h >

Sl B F R

RIZd AL f e L AR < | 3R

i i&{u Arousal & ¥ A

24 MG

EAZ2 R A PAFRHP G 0 LB e ERAEL[L9] A

_’i ) '&f’%\'

AL CARR T MBA OB T bldrd 25 G XA PG

AP SACFEARLIBERE AN C [ L 6350 2 4 25 5

£ ] e

23 BT EAvddk o Bldes 3t & 4179

=3
B

C % 6.35-

RSO BEER A 2P 15.2% 1 g E BT -

4 7 15.2%:EE -

B C C# D D# E F
=3 6.35 2.23 3.48 2.33 4.38 4.09
|7 6.33 2.68 3.52 5.38 2.6 3.53
7 F# G G# A A# B
=3 2.52 5.19 2.39 3.66 2.29 2.88
I3 2.54 4.75 3.98 2.69 3.34 3.17

332 xny
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- BAABASALFC BEBARL 0 P A SRaEEAA R OF AN 5
- FARABA RIS {02457911} ik ks {0235,7811} 0 £
de P ABEHE AT f ey FACAMId B0 EH S B) L AHuEY
Plde s SEH* DABIRF > PR * 7 60+2 (BEif)+{02457911} > %

g Amidip ATy B E -

MITW KAA N1 - B8RP ey I %4 7 Pitchrange iz B § 2 £k
Gard 4 g # ¢ oPitchrange ek 5 PP LG ah B 1l oS- B~ A o

FIREEBABRABY o REL 5-28 S M- BARMGCHIFA BN

W (®)
.r_rs\?

» £ {8 Pitch range 4 #k 5

2.17 + 0.22 x Valence + 0.37 X Arousal — 0.05 X Valence X Arousal

¥h B A 21 % o pitch range §° F] & 3¢

Pitch Range # -|:

/,Ezl_ - _5

Pitch Range # + & = 11 + (Pitch range 4 # —2.71)% 17/(5.263 = 2.71)

Mmo- Bl Y o g B 2 ey ARRE (24 53 pitch range 4 o o AR MR
WIS A A BE S X AR L P (S g Bl f) B S BRMF ARTER
et P 4 B 4 0 KL F pitch range 3 4r > BB A P 120 4 %&:{SE Be- ARG o

BYBE L ARTRR B O

4 + (Pitch range 4 #ic — 2.71) x 8/(5.263 — 2.71)
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AEd (Mg BB FE A oIVo Vol SR REE ke
JoE R E o gy iEe kRG] S8emod4 o o] HF#cmod4 =0 & 1pFR
SladrizrE omod4=2pFR 5 IV iaifrsz 2 % > modd =3 R 5 V iz &

a

o FAE & Valence fhent 2 PR jE R

K

%o ol AR T G
IR

e % 3 7i& > % f Valence #F = 5 RlE 4 f3friz > B 3.3 &r 2 C

SE R R Ay e N

4
&

X . ” - £ s et |
(?_Tf e e s
ggn

"3 =

y » PR S iy *

(° B2 g f =

B33 % b0 b 5ol & F gk i valence k2 + pER * pik &
T % fAvalence §hz. T i * il & o
¥oebo %5 onset sidp B 0 F 0 g e e PEGoonset ey o RY3% A

ER AR LR o REEE X2 €7 2 30k o

H B AR(B) Pl * £ 24 a5t

Sound intensity = 58.4 + 2.14 X Arousal — 0.18 X Valence X Arousal

A& (Tempo) BJd 2 391.2 4+ 0.1 X Valence + 0.43 X Arousal & # » H 4 #ick
%5595 80135 173> @ [10][11]##k % 116 % ¢ 5 > @4 # R4 5 9 5 130 5
B 5 35 F]ut A dct SUM 2 4258 mapping I bpm 35~130 i B

F v A 2 (bpm) = 20.8696 x Tempo 4 # — 1.4783
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3.6 BT MW E

% 253 % & ¢ > NielsA. Nijdam [15] &_i¢ * AT 6 } e0iz - B8 X e

EZ

St

PERLERLTRE > En @A o SR B IR BT G
PR - FHOBRARS I REDE RAFS o bldeR - B AR BT e
B ¥ - ghhir et ] 8 Bfoir B aEEdEAp I 0 Bl % d5 Niels A.

Nijdam i 5 % > b & Bhenga d Bred g b che Bl Ahe B0 F - 3 d H

BB o SRk BETa  Eom Y BRI e g o

Bl 3.4 5 AT g bt Bl (5 b d » & RIS B A T 44 [6][12]

heiEL e p AR BRTIER S T TR G oA Rk r A RS A

\\\?{r

Bl %% 1 Naz Kaya sgp ¢ &2 540 b 7 B [14] BB ™ £3% 757 4 ol B (K & Bk
$)ck 33 X BHEEMMAMEERT A B B REER KL T o ok 340 H ¥
=¥ AR R Valence dhARE v B s 5 0 B P4 L Y S EEEE L hA
12 #ic o hA & % half of Axis > ~ %—&%ﬁ« ERSHLAES 23 Y o L )

Bl SR

% ¢ (Munsell Syetem) L f & RGB #cig
Red (5R 5/14) Anger (222, 64, 79)
Yellow (7.8Y 9/10) Happy (255, 230 ,85)
Green (2.5G 5/10) Peaceful (0, 142, 83)

Blue (10B 6/10) Calm (31, 158, 223)
Yellow -red (5YR 7/12) Excited (255, 149, 59)
Green-Yellow (2.5GY 8/10) | Annoyed, Disgusted | (204, 210, 63)
Gray (N/5) Sadness, Bored (143, 143, 143)
Black (N/1) Fear (0,0,0)

# 33 % pEd RGB ig&r 8 B & i & i 55[14]
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P - ¢ o BRpede > 1hA = half of axis | 4 Fl & #ic
Happy 22.5 3/3.5 X hA 45
Excited 67.5 3/3.5 x hA 45

Annoyed 105 3/3.5 x hA 30

Anger 135 2.5/3.5 x hA 30

Fear 165 1.5/3.5 x hA 30
Disgusted, 191.25 2.5/3.5 x hA 225
Sadness 236.25 ' 67.5

Bored 15

Calm

Peacefu

Bl 3.4 & iz ppd g2 o7 Bengpd ik %
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A2 BES EARIFE E T

a. pREH-BpAiRappd > RplARpEzZ £ AR E D L pAngle
b, RFHBELEE={ee, ..} v esf-H - Ahet nTFER:
<% & & eAngle > &2 ¢ .« Edt eDis - R 74 4 & eRangeA,
74 #(eR, eG, eB)> o
C. #p¥ & & EP TG e ¥ & pAngle & & % &

eRangeA eRangeA
eAngle — A < pAngle < eAngle + > >

» R %Tp Bt e K o

d. § %K pDis 5 p 2§27 & pEdE > K sacleDis = pDis/eDis » @ & e {44
e(eR, eG, eB) e %] X sacleDis?é » R, G, B ¢ - &4z 255 > B #-
scaleDis £ 3 45/] ¥ % R, G, B } — {4 4F it ] 255 T i% ok -

e. Gl4e Happy =% % 225 & » $- 45 & » Bl Happy tefi T & F hfe
& B 5225—-45/2 ~ 225+45/2: fﬁ‘w‘?\O~45 R ozthpEZe
FREOERL O RTpE e THFERERSERS 0 FolX £ p
2EjE T happy # [F] - & @ 4 & 7 pAngle 5 0 & 45 & - PJ3X scaleAngle &
/|- & 0.6 > scaleAngle i& 2 0.6~1 & 2 :

|pAngle — eAngle|

eRangeA
2

scaleAngle =1 = (. ) X 0.4

f. X finalScale = scaleDis X scaleAngle » B~ {8 & & crigp ¢ 24 B i@ o

0. ®AB5 Y =4 -RGB=(173,178,178)[15] - p e13F ¢ i (pR, pG, pB) &

pR = 173 + (eR — 173) * finalScale
pG = 178 + (eG — 178) * finalScale

pB = 178 + (eB — 178) * finalScale
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3.7 XML # Processing

XML[20] : eXtensible Markup Language @ & - fatk:z:F % » XML &3+ #

i

R ig T 4oB 350 Timet:4 5 =5 /) & enpFF » RGB 5 ##3%  k engg

¢ > Tempo 2 & - B 3.6 5 A4 ¢ 4 F KA T B o

- =SongTimeRGE =
<BarNum=12<=/BarNum=
=TimeRGE Time="0.1" Red="45.0" Green="161.0" Blue="220.0" Tempo="51.12144" /=
<TimeRGE Time="4.6947036" Red="39.0" Green="159.0" Blue="221.0" Tempo="52.064747" />
<TimeRGE Time="9.304348" Red="32.0" Green="158.0" Blue="222.0" Tempo="53.22927" /=
<TimeRGE Time="13.813146" Red="24.0" Green="156.0" Blue="223.0" Tempo="55.057446" /=
<TimeRGE Time="18.17223" Red="18.0" Green="155.0" Blue="224.0" Tempo="56.622665" />
<TimeRGE Time="22.410814" Red="21.0" Green="155.0" Blue="224.0" Tempo="58.505104" />
<TimeRGE Time="26.513021" Red="25.0" Green="156.0" Elue="223.0" Tempo="61.2432" />
<TimeRGE Time="30.431824" Red="29.0" Green="157.0" Blue="223.0" Tempo="63.95207" />
<TimeRGE Time="34.184635" Red="34.0" Green="158.0" Blue="222.0" Tempo="67.600075" />
<TimeRGE Time="37.734924" Red="15.0" Green="146.0" Blue="92.0" Tempo="70.68043" /=
<TimeRGE Time="41.13049" Red="9.0" Green="144.0" Blue="88.0" Tempo="73.67731" /=
<TimeRGE Time="44.38794" Red="0.0" Green="142.0" Elue="83.0" Tempo="77.55905" /=
<EndTime=>47.482357 </EndTima=

=/SongTimeRGB =

B35 1 XML fa58 3B sk tud = ikehd @R ~27d @ B

4
2
=

HEhfFlEE S REARRELNESR » B8 = —/E

IEMRRERE ABHRAY tempo FES/EHY
RG]

|

AT ML 32, BA B ERE

=R

Bl 3.6 ¢ 4 F2MA S mE
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Processing[2l] % - B9 HE BT ~ Bl it 258 gk > 8 * Java =

AABE 2 AP FARIEE FEH G- BERY SN Tt iag &% kfivs

—=

TR AR & ] it YRR A 2 ST (Fehvs Ak BB M- % processing BREEE Y o
- B RSP 2 R TR AR 37 4 o Bl 3.7a 5 - @ H ohdzst o B oehd
* X

- BFA) Aosetup()ist p Z A AR T P F AR EFHF <] 2007200 (H i+

Wi

pixel) - # F 4 2 0~ AR S < 4250 § - EREHH 350 draw() -+ -

|rml.

LB AadF 8080 =% > Rk # 5 55550 B 3.7b A 72 %% o

STANDARD

sketch_jul09a §

void setupf) {
=1ze(200, 200%;
backeround{0);
i

wold draw() |
ellipse{B80, 80, 55, 55);
1

fl=
e

[F] 3.7a processing f % #2344 b

1 jull%s

B 3.7b {72 %%
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3.8 BB K

R 24 EVG SRR 0 0 4 BHR o S 5 R R -

34§45 p R 5 1000 £ % -

FP L RPFLRRAEFER VL F o » %A{I_L w Valence fr i1 4% & 1
Arousal « S HRIFEP FF ERRA > F 2ERF > fo I mkB 10
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1 Offenbach-Rosenthal, Cancan

2 A. Ponchielli, La Gioconda —Dance of the Hours

3 E. Serra, Le Grand Bleu — Spaghetti del Mare

4 G. Mahler, Symphony No. 1, Langsam Schleppend

5 E. Elgar, Salut d” Amour

6 G. Holst, The Planets—\enus

7 R.Strauss, Also sprach Zarathustra—\on den Freuden und Leidenschaften
8 E. Serra, Le Grand Bleu—The Monastery of Amorgos

9 A. Dvora’k, Symphony No. 9—Largo

10 E. Elgar, Enigma Variations—Romanza

11 Gandalf, From Source to Sea—Refuge Island

12 Manowar, Hail to England—Black Arrows

13 S. Barber, Adagio for strings Op. 11

14 D. Borgir, Puritanical Euphoric Misanthropia—Fear and Wonder
15 G. Mahler, Symphony No.5—Adagietto

16 M. Ravel, Piano Concerto in G major—Adagio assai
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Technical Characteristics of the Musical Selections

Musical ~ Sound Rhythmic ~ Melodic ~ Pitch ~ Pitch
selection ~intensity ~ Tempo ~ Rhythm ~ Accentuation ~ articulation ~direction  level  range  Mode  Complexity ~ Consonance
_ 676 63 1.7 10 20 40 50 30 63 30 6.3
2 697 63 13 63 30 2058 510 20 6.3
3 62 43 2 40 30 340 20 63 20 53
4 660 47 21 50 43 S0 47 53 63 3 53
N 6.0 27 20 30 0.7 351 60 60 20 6.3
0 667 20 21 30 53 0 50 23 83 3 53
1 ns 50 6.0 53 50 22 413 6.3 30
§ 652 33 21 6.0 40 LA X T 1| B W 33 21
9 686 20 23 21 10 23 40 60 23 6.3
10 69 37 30 40 53 340 4350 40 53
Il 65.] 21 53 21 53 30050 40 13 20 51
12 mns M 5] 0.7 47 X S| B X 43 30
13 B 2 31 51 6.7 0 63 57 30 43 43
14 6.7 20 1.7 K. 6.7 0 40 3 W 47 47
13 62.3 1.7 50 21 0.7 20041 33 5 43 50
16 892 20 20 10 30047 23 60 21 6.0
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% digital color £ Arousal-Valence #cj #

colors
valence
""" MM T M
exp.ll exp. 111 r exp.ll P

® darkred 2778 2 7R3 {.983) 2694 575
. deep red 3889 31.457 (.035=) 3,139 359
@ vivid red 4056 4087 BE3 4083 3848 264
@ brilliant red 3056 3.478 020 2.667 2.891 323
00 light red 3,028 1.674 LR 2.611 2. 696 733
O dark yellow 2,472 2,730 256 2.278 2.478 341
@ deep yellow 2.556 3.304 03 2917 3.109 445

vivid yellow 4,333 4,239 A2 3694 3.630 812

brilliant yellow 4139 4022 584 3472 326l ARR

light wellow 3.472 3.457 Q43 2.389 2.370 935
@ dark green 3,806 3152 nEEe 2.667 2.674 974
@ deep zreen 3833 1761 727 3028 2,609 {089
@ vivid green 3,543 1RT0 207 31389 2826 023*
@ brilliant green 3,444 3522 733 2972 2.565 0892
&0 light green 3111 3,348 291 2278 2.217 798
@ durkblue 3.472 1174 183 2389 2.739 A7
@ deep blue 3,630 1,606 783 2,444 2.761 172
@ vivid blue 4111 4.109 990 3.444 2.891 D43
@ brilliant blue 4.139 4.326 292 2917 3.217 262
00 light blue 37748 4,152 54 2667 2.935 2300
@ dark violet 3417 2522 .001**= 2889 2848 263
@ dcep violet 3,500 3100 081 3.472 3087 J0ED
@ vivid violet 3,389 3239 (576)  3.389 2.826 019%
@ brilliant violet 3.444 3348 6T 1167 2.544 11
0 light violet 3,528 36009 (. T39) 3000 T 174 T R
@ derk gray 2067 2.065 653 2.500 2326 e
@ medium gray 2167 2196 BET 2.361 T 174 452
0 light gray 2,444 2.435 961 2.028 2087 _TRT
@  dark warm gray 2.056 1.957 A0 2.306 2370 (.773)
O medium warm gray 3 130 2.239 633 2.222 2022 314
00 light warm gray 2,111 2.544 48= 2011 2.000 583
@ dark cool gray 2.611 2283 DEG 2.417 2.239 419
@ medium cool gray 2,694 2.565 ARS 2.250 2174 714
00 light cool gray 3,222 3,304 HLT6 1.944 2022 F09

white 3333 3.239 i) | 2611 2457 S5TR
@ black 2,472 2152 208 2611 3087 115
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