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[Abstract]

Advances in generative Al have made it possible to reproduce real vocal identities in synthesized singing without authorisation.
This study constructed a seven-axis 58-dimension framework for quantifying the acoustic features of Korean singing, and validated
it on 85 singers and 2,803 songs. When six of the axes and 56 of the dimensions, excluding vibrato, were applied to voice
conversion, the timbral envelope and vocal tract resonance were transferred, whereas Korean phoneme articulation was preserved
and pitch dynamics remained close to the source under an FO-preserving conversion setting. Of the 4 phoneme articulation
dimensions, fricatives, affricates, and voiced codas were preserved in both models, while plosive codas gave mixed results.
Agreement of 83.9% between two models built on opposing paradigms indicates that this pattern is a model-independent acoustic
property. Singer discriminability correlates with the direction of transfer but does not determine it on its own; and phoneme
boundary stability serves as an independent indicator of conversion quality. The framework offers a measurement foundation for

singer-identifying analysis and the evaluation of conversion quality.
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Office)ell #Hile] 7FE o4& AR mlae Sdrt 2]
o= dAle] AFAMORE &3] o AFE A&
48 &8 T2 Al 54 A EAlelA B2l &4
= ARAoRE BEste e AR B 4 Qvh vla oA
dH o] 7Fg S BRS 1A a2 A4S Midler
v. Ford AFdo] el = A=5detom (3], e 4=
AAHL] JF= B o] urH[4]. Tk AR
Al AHF9] ] A% TAE AP JA= vFa o
1. sk FHoME 2 AIS 8 Al 2oke] A2 A
o] ¥=9Ju]aL ATHS5].

olefgk EA ] 7wH ZAE ‘o= TIEATT 7Rk
L SARITF ot A=A T]elt et o] T}
Z 2ol % AT i AR AAE Fws] HE
o] A B2 Aot} 7P AL w3l Q= 7P AR
s 2T, 7P A kel BE vl A3
(MOS; mean opinion score)[6]2 2HIshd A BE
9 dolg wallgd 4 gl &3l 7] A Hrt A wE A~
HAEL Aot FF Aol JTEo dem[7],[8], 71+ 3
7V AAZE 9 F2e] A4 F 5 Rl o4 AA A
S HEE =4 Ao ¥3elA| ErH9].

2 AT olE g TAE A fl8l gl 7 1A
o] gt 1R3-S ARk 75 582 574 AAIE Al
Qrgtt}. wgh ko] 7 53kd 5% o 54 e
A2 Aofstar, &4 A LS 58 =
ate] 71 @7F AAY A S Bekgith
W3 AiEo] 5Y AEato] AUE BE Y o] ¥
Matar, 7R 23 549 AE BE H HolE 5%
&g PEjE A ASFaLA} g

e ow

= = o

N

N

£
Ny
=%
o lo
U er
Nlo \2110 H:l
Mo oox o

oL
N
-

2

2]

M &3 A x| FAlo] ke ghth Aol ¥y EdE
Hkdsh= XHE(F], F2)[10], 379 X's EAS veds=
713 FIF0)oF WA (itter, shimmer)[11], /do] &+
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A1) ARk Fejle ~dE" FAR SA9Th MFCC
(Mel-Frequency Cepstral Coefficients)+ 217+ % 2¢
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Table 1. The 7-axis 58-dimensional Korean singer identity
measurement framework

Axis Dimension Count
1. Anatomical vocal F1,F2 >
tract
2. Vibrato vibrato_rate, vibrato_extent 2
3. Voice quality HNR, jitter, shimmer 3
4. Singer's formant SPR 1
5. Pitch dynamics fO_mean, fO_std, fO_range 3
MFCC1-20 mean,
6. Timbre envelope MFCC1-20 std, spectral 43
centroid, rolloff, bandwidth
7 Korean phoneme fric, aff, plo, voi 4
articulation
Total 58
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A 77 F3) 5870 A% AL A A A &
F S0l £ 0 LYY BFE 5 Wil oj2HoR
& Aotk el FEOR HgHE Wt wel o
WO A 54, 99Y, 84 RIS 5 1, 3, 608
AR, 71 55 ARl vueks, Aot 31, ¥4 F9

onset-offset timing), aff(affricate onset-offset timing),
plo(batchim plosive drop), voi(batchim voiced loss) 42}
& AHolgt] & 7= ARES o]= A3 AT shao] &
$ BHE 23 =4 W42 223K operationalization) 8+
ot} B3t 2 A7Al= SHE widEo| yiSeo] 298

O = = o= U=
3 23k
3-2Che A Fjo|= i HlojE] B 23 Ty

A O e BEAIN e} S g BALS &
o] £F3= Al HubollA A|3h= “th24 7ho|=RA b
olg)”[27]e]th. Tk HlolEl AL 927 7HdRte] 3,609
4 44.1 kHz mono PCM 16 bit @4 o2 $==3}, 713}
T 37~453(FH+t 39.23)), 4 Hat oF 150%9] 7S 7}
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Aewol, T Sz oF 405709 Sl el Az 2
T5 ARE 4ol MIDI &3, g0 &4 9] 7kAL 18l
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Table 2. Singer-level metadata distribution of the Daeumsaek

dataset
Demographic Category Count Ratio (%)

FEMALE 46 50.00

Gender
MALE 46 50.00
UNDER10 6 6.52
10TO29 42 45.65

Age

30TO49 36 39.13
OVER49 8 8.70
BALLAD 48 52.17
Genre DANCE 38 41.30
CHILDREN 6 6.52
NORMAL 41 44 .57
Timbre CLEAR 26 28.26
HUSKY 25 27.17

33EHEFYUY

o

oA AeJgt 75 &7 A|AlCl wEt 58Ak-S 578317 #19l,
librosa 0.11.0[28], parselmouth(Praat backend)[29],
torchcrepe[301,[31], MFA 3.3.9[20]& A3t} =48 =
7 E=te) gholB ] B e i 3ol AXEk

% 3 WA pitch ceiling(600 Hz)-> 71 FO 54 94
9 (fmax = 1000 Hz)¥} #2lste] ¥4 P S0l Az
at7] 913k 7ol [11], 5271 WMI(0.1 ms~20 ms)= I3
1A FO(50 Hz~10 kHz)[16] AZ IS E£Z3i)h # 4
SPR2 Az Fe]o] WENSTFT; Short-Time Fourier
Transform) 7] Al59] 2~4 kHz S & A S o=
ke B)&E A3} 18]. & 5 FO 4-& torcherepe[30]
2 331, 7] (periodicity) 0.5 o]Ate] Zdelat f-a
FOZ Agste] A 7HS wjAIgc) fmin = 50 Hz= A3
shel Q17 Y FO sk 16]ll sidate 50 Hz Wwh 9=
HjAlSY, & 6 MFCCl13]& ¥ 23l 94 131904 20

-

Aoz ghgaie, ol Fof AR A ofHe] S g
3 #3e wE Aolt}[14]. librosa STFT &% AA

(‘n_fft = 2048’, ‘hop_length = 512")2 75% =3 S &
X FFo|a1[28], sr(sample rate)S librosa 7|45F =49
22,050 HzZ 783t} torcherepe 718 FO 4L 93 sr
2 Z2rslo] H 16 kHz=Z s, o= 7 =79 &
G o= A-83k Zo|th[28],[30].
% 7 7ol 5 5 AL A A
Hugls gdgo= & A57F 4Yst %@QEE A
fric3} affi= 54 2/do] vpas B 957 45-9] A
AlZE Al (onset) ¥ 3 B3 AJZF Al €] /\]7J 7"<}C’](ms)c’]
o, plo® w3 dd&
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Table 3. Measurement tools and libraries for the 7-axis

framework
Axis Tool L'braTV /
Version
1. Anatomical vocal
Praat formant (burg) parselmouth

tract

2. Vibrato Daeumsaek ‘“is_vibrt" label -

3. Voice quality Praat (HNR, jitter, shimmer) | parselmouth

4. Singer's formant librosa STFT librosa 0.11.0
5. Pitch dynamics torchcrepe (viterbi) torchcrepe
6. Timbre envelope librosa MFCC + spectral librosa 0.11.0
7. Korean phoneme MFA forced alignment + MFA 3.3.9 +
articulation custom measurement parselmouth
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A2 At 7R W 53 didS iste 4
449 A= dol(words) A5 S2(phones) 71]
gk Praat 3£+ 721 F21Q1 TextGrid= AHE5H,
o] & AR AT A AEE A5 ‘?JEE‘.—E
o P BAE F 7 A 549 g o 77 ARgEh
MFA7} B4 #AolA A5 Adstke He ESZ
sil(silence), sp(short pause), spn(spoken noise)&= ©oi,
AT OlA ALl e o 54 Yo R ARg-gt)

Ay, wksl 578 7Wke 2 S5% MFA 33F 29[20]9]
7FE g4l BAAZ= A ARE 24H32]4 s Y
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[32]0) whe} Aol A4S gro R FE FHE

8l 28& ko] ofuth o] 3 7EE A83 A4%E 7}
FAS T2 3 4°7F Nomin = 10 o]’ &R 509 ™, N_min
= 10 2 A F40l Fagh HA = 3 55 BAgs)

a3
= WA sltew, B3 3 5 EE(T R 332D 0A diF
29 7S §A3t}h B 7)1l mEdk SINGER_16(F
T 92D F7E AlLlste] S o FAdo] vl Enk

3-52HE 22 24

D) 7P8AF W = 3+ 284

TR W) ke = b9 CVE SA3T) CVeE 3 7}
Aol 2kl SAdgke] SR duh P EE At}
Be] HlEE FE@shH, CV < 0.5 ok dAlzte = 2g
st} CV < 0.5% 3 7 Az} Bt Ayt ﬂ]“&d%

eotH, EFEAPE Wt ZopAE CV = 18T 943 7]
Folth. o] 7|EE T AHdS SAFke] ol ‘I}F/} Hat
A& A BlojuA] e27] wiiZell, 54 el oJEshr]®e} 7}
FAle] A BEAS st AHE T (pass_rate)
2 85" & CV < 0.558 553k 7Rt nl&o|tt.

58X} A = 34x1%10] 85 A E3Hpass rate = 1.0
B & 2% WA Bt CV7E 7P w2 Sakele
F2_mean(0.048), spectral_bandwidth_mean(0.049),
mfccl_mean(0.056), HNR(0.060), F1_mean(0.076)2.2,
g el B84 Z1AI9E AR o8- E = 2ol 7R Wl kA
AdolA 95 HAY RigE FE A AP
vibrato_rate(0.141)°]™, vibrato_extent(0.329)¢} &7
H|HEHE 23pgo] 7HgAl U] W do] & Apdare] &gt
=9 el v S e s Eo MFCC Het 2+ 11
7071 0.5 wgte] x| vk MFCC ¥} 21 mfcc20_std
(0.983)& #l9gt 19/20xFd0] 1.0& 7153k, 22 &4
Folete Pt WitEh PgAolty & 4 SPRE
0.541%2 9 2H) 5 5 Sako] 7P vom, £ 7 g0
58 Z8 4AYL fric ¥ aff7} 1.0, plo 2 voiZ} Z+z+
0.976, 0.988% E}&o] E& i}ol?‘oﬂ &3t} o] K
=7 AA1Q] v xhdo] 7%‘%} S ghe) 2 oFA
Aoz yaehs FRolgi), 2 oA EE 9 1

A

1

= O Il
r 5498 =

ox
HE

VA 3 W 7L hens d= 43¢}
Cohen’s d& 7 7FAte] S43k &
ek HaLE 7bsshA gk 85e
3] Cohen's d& At&Esta, = |d| O T4
(abs_d_median)& F& AEZ AME3IT) Folghe A3 7}
AL o] Sagkell @ Wizkshy| wiiell W o] =
wly QAR a7 7] /ol largedl dEsteE d >
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CV < 0.5 threshold
!
72 mean Jgg
spectral_bandwidth_mean i 1.000
mfccl_mean 1.000
HNR 1.000
F1_mean 1.000

mfcc1l_std 1000
mfcc2_std 1000
mfccs_std 1000
mfccé_std o 1000
mfcc12 std o 1000
mfcc7_std o 1000
mfce10_std o 1000
mfccd_std 1.000
mfcc9_std 1000
mfcc13std 1000
10_mean 1000
mfce3_std 1.000
ces_std o 1.000
spectral_rolloff_mean - 1.000
feel_std 1.000
spectral_centroid_mean 1.000
mfccld_std 1000
mfcc15_std 1000
affricate_onset_offset -| 1.000
Jitter 1.000
shimmer 1000
mfcc16_std 1000
mfcc17 std o 1000
mfcc2_mean 1000
mfcc19_std 1000
f0_range 1000
mfccl8_std 1000
fricative_onset_offset 1000
70_std | 1000
mfcc20_std ] 0.988
batchim_voiced Toss -f ] 0.988
batchim_plosive_drop ] 0976
mfcc13_mean ] 0.765
mfccll_mean ] 0.741
mfcc9_mean 70647
mfcc12_mean 0588
e — 1
mfcc8_mean 0541
mfccé_mean | ] 0541
mfccl4_mean 0506
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Fig. 1. Distribution of within-singer stability across 58
dimensions
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Fig. 2. Distribution of between-singer discriminability across
58 dimensions

OVER49, &4 NORMAL, CLEAR, HUSKY, %2 BALLAD
47, DANCE 38°]t}. 582+ 7} 4 Wgle] dis] 5 2323]<] A
AL 3= v v]al(multiple comparisons) 2-3ol 4]
=, M A folas 2R A8t ol g A
3 Fgo] FHHEL olg SAlsh] sl E¥EY ud
(Bonferroni correction)[35]2.%2 Fo+2 A4 =2 U
1=THa = 0.05/ 232 =~ 2.16 < 10™).
ey Wy & fro) 2k A 3871, = 1170,

RE O/ Ti’éf&ﬂr Ur% S17AI(p < 0.05) 715l

S FHSHA] Kgtth 1Bl oA AEn I
ayrr Fesid, AW ayplh P e Ade
fO_mean(F = 456.52, p = 1.74 X 107)& ANOVA 7%
= AU avE 2ok F=2 avpl P A A%
jitter(F = 110.30, p = 6.65 x 10710l wA4d A
E, gho] &% 99olA 72wt F 7 ghol
5 A2 A, A, S4B 0/4 ool
ol ME 3/4 F2| 2 BALLADS} DANCE %ol A 2%
F o]E Heolt} dAxy} &4 oj&Ao] Bizy
2, = 5A AAY AAdEe] 9% H &
ol thall 7R Q) FEe]

W OEE B 20k § 49 A

[o

L,

o
e

-

_L4

o

i
["_\'(94

ol :

‘IF

= mm

= Rl BN oo} do |

N
o fl ot do [T Ho I o

oo
o,
H
%
)
g v

ok
o
>

>
2
o o
i
He £

o

(T oag
off ol

=

roh o Y o



Al 7|2Fsk=0f J4&

E 4. AHE 22X 2AM £H Q0oKG: MY, A LIo|, T: S, Gn:
A=)
Table 4. Per-axis summary of distribution analysis (G:
gender, A: age, T: timbre, Gn: genre)
Axis Count | Stability | Discriminability | . 59+ 4ims
Y YI(G/A/T/Gn)
1. Anatomical
vocal tract 2 2/2 2/2 2/0/0/0
2. Vibrato 2 0/2 1/2 0/0/0/2
3. Voice
quality 3 3/3 3/3 0/0/0/3
4. Singer's
formant 1 0/1 1/1 1/0/0/0
5. Pitch
dynamics 3 3/3 2/3 3/0/0/2
6. Timbre
envelope 43 24 / 43 43 /43 32/0/0/1
7. Korean
phoneme 4 2/4 1/4 0/0/0/3
articulation
Total 58 |34 /58 53 /58 38/0/0/11
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Table 5. Voice conversion experiment design

Item Value
Target singers 24 (12 cells X 2)
Source singers 12 (4 cells X 3)

Conversion pairs 288 (12 X 24)

VC models RVC v2 / SEED-VC
Total conversions 576 (288 X 2)

Source clip 60.0 s
Same—gender pairs 144
Cross—gender pairs 144
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Table 6. Training and inference settings of RVC v2 and

SEED-VC
Item RVC v2 SEED-VC
Training Per—singer pre—training Zero—shot
f;rrf]‘igvicogrk Applio[37] (c70e309f) -
Training epochs 300 -
Batch size 16 -
Embedder ContentVec built=in
FO extractor crepe built=in

Inference

. vast.ai RTX 4090
environment

vast.ai RTX 4090

Model version Applio c70e3b9f seed-vc 51383ef

Pitch
preservation

fO_condition = True;

pitch =0 auto_fO_adjust = False

Conversion time 11.1 min 189.2 min
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Table 7. Per-axis verdict distribution of RVC v2 and SEED-VC
(P: preserves, T: transfers, M: mixed)

2 ol By BE(P: &

. RVC SEED-VC
Axis count P/T/M P/T/M Agreement
1. Anatomical
vocal tract 2 0/1/1 0/2/0 1/2
2. Vibrato - - - -
3. Voice quality 3 2/1/0 2/0/1 2/3
4. Singer's
formant 1 0/1/0 0/1/0 1/1
5. Pitch 3 | 3/0/0 | 3/0/0 | 3/3
dynamics
6. Timbre
envelope 43 11/22/10 (11 /21 /11 36 /43
7. Korean
phoneme 4 3/0/1 3/0/1 4 /4
articulation
47 / 56
Total 56 19/25/12119/24 /13 (83.9%)
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Table 8. Point-biserial correlation between discriminability and
verdict direction

Metric RVC v2 SEED-VC
Correlation r +0.4553 +0.4910
p-value 479 x10™ 1.22 X107
Baseline Sample size n 55 56
(56 dims) | 95% CI lower +0.22 +0.26
Effect size Medium Medium
Re2 0.21 (21%) 0.24 (24%)
Sensitivity Correlation r +0.4686 +0.5083
(Axis 5 Sample size n 52 53
excluded) Ar +0.0133 +0.0173
—@— RVC V2 (r=+0.455, p = 4.79e-04, n = 55)
=Q - SEEDVC (r = +0.491, p = 1.22e-04, n = 56)
transieri 1 b C’& ‘%‘O@ ‘)Op?b ’bﬁ)‘

-
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Fig. 5. Point-biserial correlation between median |Cohen's d|
and verdict direction
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