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Abstract In this study, we introduced the technique of matching classical music using deep learning
to design soundscape that can help the viewer appreciate painting and proposed an evaluation index
to evaluate how well matching painting and music. The evaluation index was conducted with suitability
evaluation through the Likeard 5-point scale and evaluation in a multimodal aspect. The suitability
evaluation score of the 13 test participants for the deep learning based best match between painting
and music was 3.74/5.0 and band the average cosine similarity of the multimodal evaluation of 13
participants was 0.79. We expect multimodal evaluation to be an evaluation index that can measure
a new user experience. In addition, this study aims to improve the experience of multisensory artworks
by proposing the interaction between visual and auditory. The proposed matching of painting and
music method can be used in multisensory artwork exhibition and furthermore it will increase the
accessibility of visually impaired people to appreciate artworks.

Key Words : Matching of Painting and Music, Deep Learning, Multimodal Evaluation, Auditory
Interaction, Multisensory Experience, Soundscape

*This paper was supported by the Korea Research Foundaton Science and Technology Humanities and Social Convergence
Research Project in 2018. (2018M3C1B6061353).

*Corresponding Author : Jundong Cho(jdcho@skku.edu)

Received October 6, 2020 Revised  October 29, 2020

Accepted November 20, 2020 Published November 28, 2020



176 3=88stel=2x HM11# X115
1. M2 AT AT 7 R0 2ol JFS FA =

A LI A7k Yol B2t 27t 59| ofe
A7e B9 EAES BT 5 Je Tt AT ©
AA7E AT 9l 3D mAE AR v)ke] wHos
NEHES Ra(reliel) FH= AR} 4 27}
P M ] ol-_E/yq 71—&(}%].0"7{] %7?71— A

2
K
o
o

d,
X
)
)

LR i
)
=
0.

SO
1,
(m
i 5
ofm ot
:?_L
2
m{
.

t
mo
i)
.
o
i)
31;
N
N

1o 4
H
o f’]
I Mo
N é
2
=
flo Li:lu
> g
N
T 30
o)
o
}L —_—
—{014
J>‘~
ol
3
o
N
I~
2,
>,

flo of
:?L
‘j\l
o£
B
=2
)
n)
Ho
ro,
o~
o
o
=
2
it
3 )
e
o
o
oft
o,
ot

8
rr
m&n

?:]03 730—]0 /\g/léo L 1:]
A7} JeHo]. wEtA &
2ol 238 g5=o] A1zt 9 A7t QI

AlRBro 2N thEsd7zt dedtE AHS T A
Aol Z(Soundscape)[7]= <A

4 194 SF S EWith £ dAroMe

Aol MEE o5zt AlEZE(1,2]90 751'9‘3]'01 &
A7} G|ERES 7 I ARSE Q4
v g FgE AF0he 7;1% EHE 3k
£ =2ollAe dedE 5 35 J5etaa, 33t
Aol 5ol Hes ARREAAC|ZE #4517 flsl B
3 71&S &8sl 4] kS AFce Tles &
ZNetar Fistet 2oF miAo] & Hl=Aof s B71d
= = B AEE AKRI o#gt B7 A #= A
E 53 HLE 0|83 AHgtr Hriel "eElnd WO
Hrlz 2AE9IY B A7 gage 3hest g7k o
HALE dAst] A1z d FZH o] 5984
X E Bl oS TR deE Y AES Alsst
A} gtk Yol AlZE Agofjole] thefet dleRtE A
o] Higt HEES =9 AeE 7ddr

w2 ol
Tho
[

L A A
ooy o 1

r
XN
-

ojN i m
)
—',.l

o i L 1o

)

Moo
[
o o

AN

oA AT} g Zh7]3o] “41—‘?‘—%—% i}zl
skaz glom QTETE] HARE AZOoZ 60%, o=
20%, YA 20%= &2+ vz, 3o s wolsllt
[8]. A2} olu| A7} ZHgALe] gl FFE Fof omS

o, ofuj A7} olulx|e} AHLES] e xT Ao ZA
Azt olu| 2| Sefeiet 4= SUrol. Eak, A7k Eelx

o #g olRt Botol el A ABE T
FAeke 9l A7} SIeHI0. S olu|A|gh AHeEst
2ohEA) Shehel GRS EATA S Zoltt et
A B 7oA B3iet ofel gotel e B
AZk 9 Rzt HEAY BERz AE Bge At
o o]g Fol JEHES AT A BRI R

e AgstuAt s

Van Gogh't d&2&S 3DE &

At A P75 Hste] 34 AEPAS AT F
O B2H DA a7t et AdE AET 5
RAom A7 Aofjglo] dledE-E WA 4= UEE J
TE =9k S ofve} A7, 244 QIH A
o] ZgEo] JqeFEFZ AL © AR EUTol
e A2 A1) S IgA gHET
ZekA o] & (Carrieres de Lumiéres) ™ A5
‘9o W (Bunker de Lumiéres)[12]'= w|tjo] 373

oA Wt goke Fol AES WA & U 2UY

mlefo] ol HAIR, AZHE Yol oféo] B AT
2 ABe). AL YRPAAgRAR AT S 2
Hefold TEuz Ha'e A1gska B S4e
4, 57 9 52 AFste] A2 91T chE
7_1}_ (o)
Z

Jl‘)‘

NeHES AASIALB]. £ AFAE A2 3 3

2.3 Held 7I¢9 0|0|X|et AFRE OHE

deEe AT b 294l &0l HAY Bt
g & Q7] wEo] AREAAC|L AL WL Fa35}
ot mbA] ofRt ARREAA 0| WSk Ve A
ke A Sa% ZA 0. 2 Hede Bt
oA 3B lon FAlARl Fe FdZ Holal
AH13]. 53] o|m|A|9 ARREE #A5ke 7es B8
She @77F 25| APHAL et J2id 7]Hke] ofn]
AoF AR EQ] wh BPH2 3A Al 7 e B
Sk AA, EEE] WS FAI5H] A o



Imaginary Soundscape 7|to| Ha{dS &%t 3319t §242| Y & UF S 0188 88X Tt ¥y 177
RO B 7hs gt ojulA| 9] EFHE &3t ol Fig. 12 & 7014 AMSE H2d HEYD +=

59 Th AR olulAE Be 5t ALER WS
& WgeltH14]. B4, oluAeh &2 EYHE 53}
7] #13ll Semi-supervised Learning 7|®<& ©]-8-35}o]

TGN 298 B4 oAt HEES A 3
ofeH15,16]. AA, HIElQolA Hetdoleg 4
olg Fol A vetElolE S 71 olm|X|9f A=

St BOICHIT). 3 WA e /I gerel o

J A2 ALES WS ofulAje ALES sk,
A A e olulAiet AL s et $7t gt 2

’I.

2 vleklolele] gL ot olulAiek AHREE ThHY
ok wheba] WA e B olulxieh Aot AL
7H B4 olgslel ojulx|gt ALES WA A7

o shte] E4HQ @uAEo] it ofu|X|gt AHeEE
A= 2 B2 X5 U S o2 el
£ QuAEL sttt o Sof 19 oju] e} Afo)
Ael A8 e doleo ngege 2t ey
ARz ek sl ARE Fel)n 9k of Y
Sgsto] & QATlME olnl A9 AeEe] Az

eieel g el @ B 9yos g
[t wel 5 A whE e el &
oleigt Yeld 714 Bastel slstet 2o
F25t3 slsie} fAkE 544 Bug 7}

=23} 33kE HiAgsHAT

Kok
=
=

—

o}
24

|22t

ojo

0y Y

ton

£ A7E ALE o AES] B}
slsfo} ol el 291719 Sotg TR Aol ohet
Yo UEALE 53] olml Ao} ALE AR7H A

EAAE E8oto] I3kt 229 WS AEskATt

A Bl

Image
—, Score Map

Image Recognition
Network

Divergence
Object Score Map

Sound Recognition — Sound
Network Score Map

Fig. 1. The System Architecture based on Imaginary
Soundscape[15,16]
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Table 1. Suitability evaluation results of ‘Bunker de
Lumiéres’
Suitability 3 or more
Painting Music Evaluation rcentage(%)
Result pel 9et
Vivaldi = The Four
: Seasons, Concerto 3.77 85
Vincent van Gogh No 2.
‘The Starry Night | 'O 4 Summer
1889,
The Museum of
Modern Art
MILES DAVIS -
Vincent van Gogh ° Asclve'nietfjr Zour 3.85 85
‘Cafe Terrace at echatau
Night' 1888,
Kroller-Mller
Museum

Table 2. Suitability evaluation results of matching
painting and music using deep learning

con brio

. Recommended Su|tab|l_\ty 3 or more
Painting Music Evaluation ercentage(%)
Result P get
Peer Gynt =  Suite
No. 1 Op. 46: Il 3.77 100
Anitra's Dance
Sibelius = Valse
Triste, op. 44 3.46 77
Vincent van Gogh no. 1
Starry Night over Peer Gynt —  Suite
the Rhone . ;
No. 1 Op. 46: IV. in
1688, the Hall of 21 3
Musée dOrsay Mountain King
Beethoven -
= | Piano Sonata No. 3 3.92 100
o in C, Op.2
Prokofiev = 10
Pieces From
Romeo And Juliet
Vincent van Gogh|Op.75 No.9 'Dance 3.69 85
‘The Starry Night' | Of The Girls With
1889, Lilies’
The Museum of
Grofe = Grand
Modern Art Canyon Suite, 4. 3.38 77
Sunset
United ~ States
Marine Band - 3.38 77
| | Ceremonial Medley
Tchaikovsky -
Swan Lake Op. 20,
Georges Seurat ‘A|Act | No. 5, Pas de 815 85
Sunday Afternoon deux
on the Island of T -
La Grande Jatte’ Coé?ai[:) for
1884-1886, )
The Art Institute 0 Iaouble 15121;9 262 38
of Chicago rchestra 1. Allegro
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Fig. 2. Vincent van Gogh ‘The Starry Night' 1889, The
Museum of Modern Art
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SN g’m&“éﬂﬁ —

bitter sweet salty sour nutty

ORecommended Music2 M Recommended Music 3

Percent(%)

astringent  spicy plain

Gustatory Sensory

(a)Gustatory Sensory Evaluation

mAntwork B Musicl O Music2 @ Music 3
100

90
80
70

hm%%@me

rough smooth  soft(texture) soft(material)  hard moist sharp

Percent(%)

Tactile Sensory

(b)Tactile Sensory Evaluation

m Artwork Musicl 0O Music2 @ Music 3
100

90
80
70

ié.mméﬂw.g EM M

cold cool

Percent(%)

lukewarm warm hot

Temperature Sensory

(c)Temperature Sensory Evaluation

Fig. 3. Multimodal Evaluation
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Table 3. Cosine Similarity Measurement Results of
matching painting and music using deep

learning
- Cosine
Painting Similarity
Vincent van Gogh ‘Starry Night over the Rhone’ 079
1888, Musée d'Orsay '
Vincent van Gogh ‘The Starry Night 0.86

1889, The Museum of Modern Art

Georges Seurat ‘A Sunday Afternoon on the Island of La
Grande Jatte’ 0.71
1884-1886, The Art Institute of Chicago

Renoir ‘Woman with a Parasol in a Garden” 1875,
Thyssen—-Bornemisza Museum

Vincent van Gogh
‘Cafe Terrace at Night' 0.83
1888, Kroller-Miller Museum
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Proceedings of the 2017 ACM International
Conference on Interactive Surtaces and Spaces (pp.
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U8 de g8sle] 3sle}l 2 ojeE Zej4] Sore DOI: 10.1145/3132272.3132290
AR5 o]% 3|5le} 2o o] Aduli} F FY [6] S. Wang. (2020). Museum as a Sensory Space: A
~ _ _ Discussion of Communication Effect of Multi-Senses
Ao tsf| Al E HZ S v o R 53 Hro] A in Taizhou Museum. Sustainability, 12(7), 3061.
She myio}l WElnT Wrke Ageielth Wene Bt DOI: 10.3390/5u12073061
= A3 Z7iAe] SHE ANA 7)Zof ujysio] g [71 R. Murray Schafer. (1977). The Soundscape @ Our
3 G G S ByoR e e Il e g o e Vo
T [e] 3] O I35 A~ Ol IF
o ol AR ARSA RS Ae = 9= W7 A [8] R. E. Cytowic. (2002). Synesthesia: A union of the
7V 2 02 7", &S AFoAE o] A4 U senses. Cambridge : MIT press.
7F el JBE At olsfske | dvidt [91 Y. G. Jeon. (2004). (A)Study on the Sound Uses to
T8o] F=x] grlstuAt st B d3o] Auk= Azt Maximize Visual Images in Digital Media. Masters
Hofole ost mAME clmzzt ZHb AlAEol dissertation. Hansung University, Seoul.

. = AR &= - [10] T. Baumgartner M. Esslen & L. Jincke. (2006). From
Bhnd-TOuCh[l,2]°ﬂ Zg'%o Oﬁl 9']94_‘5“ (E}\c}/q%‘] -)': 9’1“: emotion perception to emotion experience: Emotions
BGM(Back Ground Music)2& AREH 4 9IS AHC evoked by pictures and classical music. /nternational

5 51 51510l ©0oko. Bljl ZFA}EF A o]l Journal of psychophysiology, 60(1), 34-43.
i;ﬁj:'j\ioﬁij;ﬁj;; *E;j:; :JE}“‘— DOL: 10.1016/j.iipsycho.2005.04.007

= - = < ° o= A (111 C. T. Vi, D. Ablart, E. Gatti, C. Velasco & M. Obrist.

(2017). Not just seeing, but also feeling art: Mid-air
haptic experiences integrated in a multisensory art
exhibition. International Journal of Human-Computer
REFERENCES Studies, 108, 1-14.
DOI: 10.1016/j.ijhcs.2017.06.004
[1] L. Cavazos Quero, J. Iranzo Bartolomé, S. Lee, E. Han, [12] https://www.bunkerdelumieres.com
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