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[Abstract]

In this paper, we propose a Music Sense, a mobile platform—based application designed for
individuals with hearing impairment and hard-of-hearing. The system adopts a client—server architecture
in which computationally intensive Al-based audio analysis is performed on a cloud server, while the
mobile client focuses on rendering synchronized visual and haptic feedback during playback. The server
converts audio signals into time-series metadata through music source separation, pitch estimation, beat
and onset detection, and phoneme-level lyric alignment. The generated metadata are normalized across
multiple modalities and streamed in real time to mobile devices, where they are rendered as subtitles
and visual representations of pitch and rhythm. Field evaluations conducted with children with hearing
impairment demonstrate that the proposed application effectively supports rhythm reproduction, melody
tracking, and the development of therapeutic music content. Furthermore, the proposed framework
standardizes the conversion of music into reusable metadata and enables platform-level deployment via
APIs and SDKs without modifying the original audio content, highlighting its scalability and practical
applicability.

» Key words: Music accessibility, Multimodal interaction, Haptic feedback, Phoneme-level lyrics alignment,
Mobile music system

 First Author: Sangyeop Kim, Corresponding Author: Won Joo Lee
*Sangyeop Kim (yeop@yeop.kr), Dept. of Computer Science and Engineering, Soongsil University
**Mirim Kim (kimmirim077@gmail.com), Dept. of Electronic and Information Engineering, Soongsil University
*x*Jinwook Kim (jwkimé28@gmail.com), Dept. of Data Science, Hanyang University
*xxxx Jig Yoo (ujia0220@gmail.com), Dept. of Mathematics and Statistics, Sejong University
*x*xxx Jegabum Lim (max5972@naver.com), Dept. of Math, Seoul National University
*xx*xxxxPjlsang Jung (snuisgood@snu.ac.kr), Dept. of Energy Resources Engineering, Seoul National University
tWon Joo Lee (wonjoo2@inhatc.ac.kr), Dept. of Computer Science & Engineering, Inha Technical College
* Received: 2026. 05. 26, Revised: 2026. 06. 12, Accepted: 2026. 06. 16.

Copyright © 2026 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



176 Journal of The Korea Society of Computer and Information

(2 <f

2 =7oAe HZEolQl(Hearing Impairment) 3 7 91(Hard-of-Hearing) S 9]t &nld Z3%
7]9k9] Music Sense ofEE|Alo]AS Altgth o] ofEYAlo]HE SetolAE-AYW FxE ALt
Hj-go] Fo] AQHE Al 415 AHA dAgstal, Feo|AEdA = A AJ-el v A7
92 £7 g e dgy 7)eS Attt FeE A s 2T Al E AAE ErH ol E
2 WH3lksly] 98 29 B8, ¥X FA4, beatonset £, 24 FF T BE & I} o
25k AAE wEtHolH = HE-EY A fstE Sl AAzEe® Rnupd tjufo] e AFEo] z;

I. Introduction

CRE ML 7t 7)) ofd At AulAg) 7]
2 20 et A o4 JAED o £5] &
& A9 (European Accessibility Act, EAA)2 H

/ﬂ _Q___rL}\}‘o‘]-o x]u al }\11:]]/\ ;;}4 og tﬂ}\]o}_ﬂ olocq

20254 69 28Y4EH AlF AlE U HH]AOﬂ Ag=oy1].
ol2{st ¥ist= 3ot AELY, w&, A7, AHEHJAHE

AZYRojjol & Eél—é‘; q% a} AFRAFO] ZHz2F A

Y

olo] om a2t

o
-
A
i)
b
>~
=
it
)
:Oxl_l“
—|—r‘ a

18 oft 1o oo
glo
12
2 o
rd
%,
N
olr
(o]
;E‘_

>~
-

N
n S

]_4» O]J__

}
e moM q&%

£ Ui 2tz o

o} ohe

1
7} ;\]7} KHHE

fo dlo J(k)_?ﬁ r{u r_

“Eﬁa’ﬁ}ﬁ} Music Sense OHﬁ?/Vﬂ ]"4 o A7Vl olss

% A

-

%?‘ﬂ— &=

= T
31‘404 ?X* °40] APl 3 SDK 7|9te] Z3E @A =

AZ JIAF HE DHIQ SO A|AEH

-1, O+ LN

Lo}, wapd AL 7o) R 20z
53 oEfTole] AEj2 Waioe s WeKoR Ryl
Cleol 2ol 718k AL 4 Qi AlA%t Basict

2 2ol A7Pgoleln URelS st Al 73t 2
E]-@d SoF xJH]AZ Music Sense ofZ2]#Ao]AdS A|
orst}. 2Ato M= £7F ot or]o-&7F X7k Al 7|9t

L e I = e

Ad AAR A dsy ALs SAls 304+
Music Sense ofZ2jAlo]dE AAIGtLL, 4AXoA=
Music Sense ofZ2]AlolAd & BHof jsto] A3t

o} SgolNE AR S AL

II. Preliminaries

1. Tactile Music System for the Hearing Impaired

A2ORQS 93t &2t SO AT TAY MA| A,
2l Bopt ok s,
Nanayakkara[4]2 Haptic ChairE sl A} Xzt A
A HASACIS AU BT 2 Bl

gy AL A

EQT 73%.@ 7teldE Boix
@ Al oEsp) theol 71, oL, 2|
0 2ol Hex o2 Algslriol= gt Qlct.
54 9o A& Haptic Chairg S4 & L
A74xfofjol 20H-S Ao 2 |k U g

T
&N

Mo Hz

[

JSL'rﬂi
A



Music Sense: A Mobile Platform for Multimodal Music Perception for Individuals with Hearing Impairment 177

L] =
v A iEﬂo] 7YAFS o]E1n1]o]/\§ Lé']
A

Jd A

l'l}. SHR|RE 751% stefojet 57 ARE AL
2] Q0] 0*5} Al A= o] Qlof, thot2 FRI= ZSAFo|Y
Vg Bul MElAR vl AZsle ofc

M. Karam(5, 6|2 &/ % 5249 AMA 245 £
Moz FYsh 324 BY 0ro-57 gAZdolg
WSt o ATE A7 ARg 52t fEioe x|gs
A TS BolRSAR K] A AL A7
arlo]7] Tgo] gk ADLEE B73020] olAHe A
S

Aejnt 1942 Balstel Byt ARlIA AARZE T
So+8 AjAst= 2HRY 7]9R9] real-time dual-band
haptic music player|{7]= 7|&24c} AU Lo} Mg & =
Mol JjAM 715AS BTt d2jL) o] YyAle JjEXRo g
ghol 71e B Aol 2R S S ol 7He] 84 &
Zo|L} 7 A Efo|UrtA] Zdshs LA A 2o M
Xy Aoz SuRs ol

rl

= OEH 9 s ZEfet 367H ](cg B5)Z of
Fet Hloj s RIS AQtetaL, 299 oug}o AL}
A 15A1710] B S Algst] 874 BeE P2
ACH8I. o] A= MA-AlE ojgY] g a2
the AHolA 58RI, 29 Z17t e ol
A % W4 33, M Rigehels Bed Az o
Al

i)
il

2
oft = My b

2. Audio-tactile Crossmodal Perception and

Synchronization
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ITlI. The Design of Music Sense

Application
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Fig. 1. Music Sense Application Architecture
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IV. Implementation and Experimental
Results of MUSIC SENSE Application

1. Implementation of Asynchronous Analysis
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3. Experimental Results
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Table 2. Exploratory application design for children

Item Description

Participants 3 hearing-impaired children

Cochlear implant, hearing aid,
auditory neuropathy + cochlear
implant

Hearing conditions

PMMA-based rhythm-focused

Evaluation framework
assessment [21]
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Pre-condition )
accompaniment

Singing with MUSIC SENSE
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using tactile and visual cues

Representative song “oB|o] AL EQU”

Main recorded
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Rhythm accuracy, melody
accuracy, rhythm error response
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Table 3. Pre/post results of the exploratory child
application

Auditory ing-ai
neuropathy | CI child Hea::;lgd aid
+ CI child
Rhythm 7/16 7/16 11/16
(pre)
Rhythm 10/16 13/16 14/16
(post)
Melody 33% 31% 50%
(pre)
Melody 55% 50% 62.55%
(post)
Rhythm error 57% 57% 32%
(pre)
Rhythm error 33% 19% 13%
(post)
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