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[Abstract]

This study proposes a multidimensional approach for analyzing and visualizing large-scale audio datasets. Traditional
metadata-based analysis methods exhibit limitations in scalability and automation, which hinder efficient exploration of extensive
audio datasets. To address these challenges, the proposed system integrates dimensionality reduction and clustering techniques
based on audio descriptors and introduces an interactive 3D point-cloud visualization framework. By combining t-SNE and UMAP
with k-means clustering, this approach facilitates intuitive understanding of structural patterns in high-dimensional acoustic data.
PCA-based color mapping and representative data sampling are employed to enhance interpretability. The system overcomes the
constraints of conventional tagging-based methods and enables efficient, interactive exploration through machine learning-driven
analysis. This approach has potential applications in music information retrieval (MIR), sound design, and acoustic data

visualization.

MOI0| : or|e Azl 22{AHTY, HIO|E 24, XJ =4, 7|4 &

Keyword : Audio Visualization, Clustering, Data Analysis, Dimensionality Reduction, Machine Learning

http://dx.doi.org/10.9728/dcs.2025.26.5.1151 Received 22 March 2025; Revised 09 April 2025
® @ This is an Open Access article distributed under Accepted 23 April 2025
@ el the terms of the Creative Commons Attribution
Non-CommercialLicense(http://creativecommons * P
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial Corresponding Author; Heewon Oh
use, distribution, and reproduction in any medium, provided the Tel: +82-70-8740-2738

original work is properly cited. . .
E-mail: unohee.official@gmail.com

Copyright © 2025 The Digital Contents Society 1151 http://www.dcs.or.kr ~ pISSN: 1598-2009  elSSN: 2287-738X



C|X|" 2l X &5 =&X|(J. DCS) Vol. 26, No. 5, pp. 1151-1159, May. 2025

ATAG AlUE Brol di#ke] &3 dlolHE &, 4,
Aol Egsh= ARIZE HAF Skl gl 1ev 71 v
Elto]E] (metadata) 7]RF &9 7 212 Q17be] 24 &

ol EHS FaEof SRR W ARk} v]go] A
o] B A & &3 tlolElE S o= AT sA| Kok
T4 IS Ak BEo], 29 Hlo]HA(audio dataset)
Ak Ao Fofsl= FA A (annotator) 59 G5 FA
(manual annotation) B2 Q] tlo|Elol] th3k F4
Hakat zszMg B EAE skl glom, 53] sk &
F 28-S ¥gshs e 2L tlojgals HEshs o
3R] EL%EIOL %‘31“3'% ZedcH1]. & A= 23 dloly
7F 717 St /mEetd BEAS A vferd Rk oz

tlo]E] Ale]e] BAAIE BAsl] Sk A= WHESR
FERIE SeR-=(point cloud) 78F U9 4] X9 aE
AlQkght), o= t—SNEE &3 544 73 BE[2]7 UMAP
7 A HAsH 39} g2 HX = k5 (unsupervised
ATH o7 Agate] 3ak ¥ERIE Feh-

‘..

fr
UO_]

4
(i

learning) 7|'H<

=of wggitt o= vkl &3 549 Al ¥3Hlatent
space)< SIZte] QIA] 7Fsdk G0 AAH o R PFdte
A7 e B AP AlFsE d HA4o] k. Bk o}

\:l]—___ 2=

)
N
=2 4
RN
1o,
2B
2L

‘jr O]E 3l titE er)e dlo
A A AEIE A S sl AR &
8l (machine learning) 7|Wke] ¥4 A =E £ #inl o}
Uz, ol&
A =

611 Aﬂi" %U .9313 tlolE S Ak
=7 A1 xﬂ%%‘ jo5 AL, o] A £t 4 3
S| A

Orﬂ
N
JT«
a
ro
i
I
ok
o
_|>~
L
gL
)
Gl
4
1
ol
ﬂF
ofy r

A(MIR), AH-E E1A49], 8 £4 5 et ol A s
Aol A8H9l B2 A §d 5 Qi /F5HS A,

2-17|2 ¥ 2C|2 HO[E{A ROl THA|oL TH W

O AREE 208 HlolgAls &8sk 7IE A
212 (1) weldlolE] F+4(annotation) F419] AE4 w4,
(2) 714 &<5(machine learning)S =3ty Q=]
(offline)-¥l %] ZZA”d(batch processing)ol X5 W],

http://dx.doi.org/10.9728/dcs.2025.26.5.1151

(3) Al7Ash WAl 3 545 F08] whdshA] Xak Al
ToR A TR A =
wéesta A9 olehs 490
g A elol= Aol H=

;:sl.
b oA FAl= KM Eo] gheH5]. 714 &

iy

Ho| ofslE| A, ALk AR O]?fﬂ RS
do| AgtHolr}. olE|gt gHAIE H =
A2} audio descriptor)S 7]H}°i AAIZE
A E AlEshe B3] A&=HAL grk 53]
tlo]E| Al A ARA XelE X bstar, Azt
Elgjo]~e} Adte] A2 @ AFolA S_EE
Jlo] k3] o]Fojxa 9tk FluCoMa®}
TE T3] 8] AAE gxdd =
te Aget 7A g5

(2.2, 2.3)°14= o5 sk A
a1, B A7) o s WekS- A ots)

fo AL to
o O o O
__PON PO

n{o(‘
N

U rr ob
4
S

MuBu

r
(o]
=
rot
N 1:0

VHU
N
_Li
mz
)
[—o

z]sja]. o

iﬂ
0

1) XLN Audio XO

XLN Audio XO= 29191} XLN Audio®llA /1EEH <
L= 11" OS2, YU AE ol B S Ale o FHs}t
I FHeH= 75 Ak SR/ AJEA Az E e
ot} 714 sk 7|9k duE]FEo R 7} Q) AT o] AHE
H(spectrum) 3 EF =r9l(time domain) 5785
A frAkeel weh e e AEE AE R, ©f
o &3t e = A1 SR o] & Fal ARSAE el
ks ARR S wWhEA Bk, vt YL MEE e
off vjaL Bl Griet 4= 9l RS Adoh

H

o o
m[m Mo

I8 1. XLN Audio XO2| AF2X} QlE{H0|A
Fig. 1. User interface of XO, XLN Audio
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3) Mel—Frequency Cepstral Coefficients (MFCC)
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