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Abstract

The task of converting singer identity of a singing voice to that of another singer,
or singing voice conversion (SVC), has achieved a huge success in recent years. Most
existing SVC systems consider the conversion of a singing voice’s timbre while leaving all
other information unchanged. This, however, does not take other aspects of singer identity
into consideration, particularly a singer’s singing style, which is reflected in the pitch and
the energy contours of a singing voice. To address this issue, this paper proposes an any-
to-many singing style conversion system that converts the pitch and energy contours of
one singer’s style to that of another singer’s style. To achieve this target, we utilize two
AutoVC-like autoencoders with information bottleneck to disentangle singing style from
musical contents. The first one performs pitch conversion, while the second one performs
energy conversion with the condition of pitch contour to ensure a consistency between
the two contours. Recognizing the crucial role of vibratos in vocal expression, we further
incorporate loss functions that emphasize vibrato features to highlight their importance.
Experimental results suggested that the proposed model can effectively convert the style

of pitch and energy features to that of target singer in an any-to-many conversion scenario.

Keywords: singing style conversion, pitch conversion, energy conversion, autoencoder, vi-

brato learning
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ﬁﬁliiﬁﬁéﬁiﬁ?‘ PR R RBE RS FR - A BRI TR
it (postnetwork ) gl o #-$t4- %zé«ﬂig?l MR FHA > L e AR
IR o A BDIPUEAZY Aol AR R gR g v B g £ -

12 doi:10.6342/NTU202402100



Vg

H=F HRFE

BlI31fKE 1 dm~ D3 2PFEWRE g NP RRF Y P25
Bioan B BF L TS N ES B #H (pitch conversion) #3] i £ #
# (energy conversion) H-7|:e (7 h foigdE - &3 BHAIHZT - B P a8+ ID o0
B i on AR D R B B S BB R R S BB WA N R S P R
LEHER R B e B o H Y 5 F R S MR IR Sl LS &
AR o~ VIFE g B fran B 2 B eh- R o T B mii ' g B 3 o
Bk 2 o

m

Pitch Target singer-

ﬂ style pitch
Source audio
Target singer ID
MuWh get sing

% Target singer-

Energy style energy

B 3.1 A= %002 22 BRI AR B

3.1 Fa#Em

FAAPREALE B TRAILS 2 M RN BRI R B
Food 2typF (vibrato) H - FAREF 5 PRI R # AP RHE 2 FE R
”ﬁyﬁﬂi%%g?’F%@ﬁiﬁaﬂuﬁiz%Mﬁﬁﬁ:&ﬁ’ﬁw%
NRPRE BRI O hf A Sl
13 doi:10.6342/NTU202402100



311 FHER

TR RIL AR o g A APRRIRG ARE » 88 F T R (downsam-
pling) > & 16kHz chf 4% s &% > A7 ¢ * CREPE[I3]#PF & > 4 Brif 42
oo Fi=prEe (hopsize) 5 5 EF) > TF =% (framerate) % 200 Hz > # 373
B % & (pitchcontour) pe RT & 2 T BF 12 214 > AP A Rf 3 FF LA
Cl (32.7Hz) ¥IB6 (1975.5Hz) 2. B » £ g54%7 6 B~ B (72 BL 3 )+ £ 3
F 9 M p L F %4~ (pitch embedding) p, € R, e 253 ¢10- B
T2 Bene v 41 0 2B od BARFRED Cl (MIDI %%.24) 1 B6 (MIDI
$BL95) 2 B - B By # 8=/ % (musical instrument digital interface, MIDI )
B Bfs o AR * MEFEE (linear interpolation) k2 E § % 4~ ficiE o

bl4e o &7 & 5% MIDI %% 3 69.42 ch3 & » F 4 » 34 145 5] MIDI %% 69
%Mmmmbm%%@ﬁﬁ&’&w{¥%ﬁﬁﬁ4fani§’ﬁ%@ﬁﬁ@
ik o M 46 Mt~ BRER 5 0580 % 4 ?»&ﬁ%aam,ﬁ%maé
0 iofRidenp cndfaify F 4t~ hx BRERAN0fr 1 2 F > £ 7 &1 ’@;—g % 4

o g pl) a2 qei 10 B P i A S 4% 50 (index) > FIR T AR G - A1

& & i (probability distribution ) e

?%@@ﬂﬁ@ﬁM{ﬁ%ﬁﬂ@ﬂﬁ%%“%ﬁeR””ﬁﬁwﬁmﬁr

B4 4peRT > AT 1 CREPE[13] &7 % » %83 113 & 4t~ p, 15 Bdcia
TifEE TP EEELEHE MIDI %l T 5@ (weighted average ) »
B ]EEIJ il" %\‘ ‘:’/r""é]' r'g °

3.1.2 BRI

B B PR A Bl 3.2 90 0 B 5 - B 000 AutoVC [28] fhp %aig B
(autoencoder) » # ¥ £ 3 17 4 %558 (information bottleneck ) 12 iE g b 1440 B e
WA RE 7B E (encoder) ~ f2#5 B (decoder) fr# ' chdr £ 11;: ~ (singer
embedding) # 39 #% (lookup table, LUT) = B8~ o # # » ConvNorm * % - § -
@2 ¥ # (convolution) {4 % = i (group normalization) [34] > Down fr Up

P& B & 7 T B et 24 (upsampling ) » @ 255 p & 57 ch A %K AR o

WA ERF RGP Tl o F A GE- K SHEA ] (kernelsize)
14 doi:10.6342/NTU202402100



e Encoder e —— Decoder

(TT/1287x4) H (Tx132)

TTTa T T
(1x128)
Singer ID —| Singer embedding

3.2 % & W02 % R

(Tx4) g

2
E

p (Tx1) P (Tx1)

WwJoN
wisTg
WLIONAUOD
WLIONAUOD
WIONAUOD
Buissaooidisod

AUOD
WIONAUOD

Buissaooidaid
WIONAUOD

[ uwog |

1l eh- ad > R £ FEROFH BF > W4 24 L5 (residual block)
81> #e g 2K 3 ftix L5 Sch- e 28 BT B> v lIARS
2 e £ 22l o g 8 (bi-directional long short-term memory, BILSTM ) » & % ﬁia?J
44 Bfd 0 2 AutoVC [28] — > AP * TR\ EE LAF o THEK
%]+ (downsampling factor) % 7 128 » = 128 fﬁ%ﬁ*%&?ﬁ%ﬂ:— BHEA > i
& A 128 ?g“ﬁ:‘ v 1T g EART iR A 5J:".— Bt & o m BILSTM et fé*ﬁéjt’!’fr'};
PR AT R B o e gy NG B SEE R A BT
F A FESE S 0 Bl BT R R G PR B B 2
L% 128256384 - BREEE . @Ko dg HRRE - T 5 AR T R
“g“mkﬁ’ﬂw%ﬂﬁ“l\u%2ﬂ ------ B L o o ¥ Rdsehy f2 5
5 200Hz > Fpt & §5eniy L5055 4 x 200 +— 128 =6.25 & o

g~ Gk iEn 0 & RgS e 2V e BuEe pEa o
d AP ap 8 i # ¢ (any-to-many) > F] 2 7 & . AutoVC [28] 78k £ 7
T mmE > MU RAR AL HEDEI S G o N E S T F - B

iﬁ'ﬁ” TE o mBrE P A MARENR 5 128 Ao

fRAS B M-SdS BBy DeBr S (FI B o F A BES EE N TR
o T RS R RADER (T) 2 2 LrFFR L oy #Fico
FMTE R b A BRY O SHMEBEN  SE- K EHP L5 1 -
MEFE 4 2R LB Ar- K BILSTM k AJZ ¢ 38 hiF e B (s > Wi - A
KA BB DI B P BIE A P ARE A poAn o T
p. € RT*72
15 doi:10.6342/NTU202402100



313 SEEEE

E ?’L@ﬁ:i‘1§ FEWIAAM O AP 530 [17]h23 2 33 p 4
Wi Bd RET-FELA (ﬁrst-order difference) » #& ¥ #-H & - 5 F

#7 3% (power spectrogram ) fr¥f 5 "5 & ¢ 4 (vibrato extent contour) » 14/ &f ¥F %
S o { FRma) B s 220 &

(a) Sine wave

480 A —— Examplel (7.5 Hz)
- Examplez (5 Hz)
I 460 4
£ /\ \/ /\ f /
2 440 4
]
B 420 - j /
400 4
(I) 5I0 160 lSIO 260 2:';0 360 3:';0 460
Frame
(b) First-order difference
10 A —— Examplel (7.5 Hz)
- Example2 (5 Hz)
£ 51
2 oA \/
[1F}
o
L =5
('S
_10 m
(I) 5‘[) 16{} 15I[} 2 lI)O 2 é(] 3[;(] 35‘(] 4[3"0
Frame
(c) High-pass filter
40 —— Examplel (7.5 Hz)
= Example2 (5 Hz)
T 201
- /\ / /\ [ ﬂ /
£ 0
a
=
@ —20 4 / /
('S
—-40
(I) 5If) 160 lfI)O 260 2:';0 360 3:';0 460
Frame

B 3.3: — f# ﬁ.k\ffrg /fﬁ/ﬂ 2_ Vb i [

R o BA - FFEAFET G F - B Fl i - AL AR
P PR s > M- B R TSP N IREAE AR R e A B R B Rk
KRGO GEREPEEY R - 27 L ERES O ALY AT TEFES IR
AR B DI MFOPE o Z T RERE SRS ML DTS IR
A -E BN ARG - AR F e ELAJE (digital signal processing ) £
<% > i BB W Rk B (high-pass filter) 583 & R 7 40§ F 4 02 A o B % 4o
33 %7 0 W33 (a) B 1A BIEIEAn e RAFS A end sk 0 B 9 AF A w4
75Hz45Hz> B33 (b) 3 - LA hl% > ¥ UFRS Bd Rengrtyg T 7 4p
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Food B33 (c) 5 8Ll Bl o BT A b SADRIGH B o X8

2 4ris 301 AroF

psharp =P — sSmc *p,

Prr = STFT(I’Sharp)? (31)

Pvivexe = Vib_frame max(pgy),

2 Hz >

FIRS

HY x A7 L HEFL o sinc 5 sinc S H#0H4F S (cutoff frequency ) ;
STFT % ‘EpFjed =

% 4% (short-time Fourier transform, STFT ) > vib_frame max
Ao AR AR CEY W Y F A A & SHz I 8 Hz 2 B e 5 4

(frequency bin) » & 9735 ¥ L 9 & £ -

(a) p (pitch contour)

@
=
L

Log frequency
@
N
)

8.0 1
o] 200 400 600 800 1000
Frame
(b) sinc x p
)
o 8.4 1
(7]
g’ B 2 -
£
o
] 8.0 4
o] 200 400 600 800 1000
Frame
(C) Psharp
5> 0.1
o
=
)
g 0.0
=
o
S -014
0 200 400 600 800 1000
Frame
(d) preT (pOower spectrogram)
£
=]
<,
)
=
v
=
o
£
] 10 20 30 40 50
Window

(e) pvibext (vibrato extent contour)

0 10 20 30 40 50
Window

Bl 3.4: ¥E3 2R 2 WP )
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B34 AFREH > 0P R -2 > B34 (a) B - BRFEVFH

Apep o Bptd M sine ZPFEFEFEL > FITHDF B R 4cF 34
(b) #7177  BF o K ALF F 9 87 BRI L HFLE > FNETAAHFHES Lo
¥ R Py, 4B 3.4 (¢) #7770 A F] G sinc Jfc b AEE (frequency domain)
1 AEA Sl F P E kT g B - BRI E 0 EigH Mg
Ao Bakchdh Frd [17] 05 i - k> T AL B STFT 8 3] # & P4 3# ppp 0 40 B
34 (d) #7 » 2.8 £ 59 vib frame max {88 F F|9F 5 tFE ¥ R pyyp, > B 3.4
(e) #r7r o B P » STFT ez & = £ %4+ ] (FFTsize) ~ ¥ © % -] (window
size) frf t2@FHEA~ WK 5 808020 -

3.14 BEFRAEP

H AR PR B o U DR o hp R

TN
B 0 AR ) PR R A Py KT AR ¢ 3 E S ot 32 907

Pisvib = Thresholding(Py;pey, thresp), (32)

leblef lef(pV1bExt) X pIsV1b7

# @ Thresholding % 77 — & & 318 * € 3 Pyppy ¥ 9F B~ % (Kf T Beis— B)
R R ek B B () T i1 B (L) bR
NS LR E thresy o AIEN G 10 TG 00 APRERERE S 0750 2
47— BRI=LF S 29H o0 DIff RIZ T - LA o

B3.5 235 AT F 0 20p B 29 o B35 (a) B0 - Ffe bl
TRY AP HHRATER R SR Py 2o B 3.5 (b) #7771 o FF A gt d oM
q_d Thresholding i& & 7 | pyoyy, > 408 3.5 (¢) 9777 5 HBF > # Pyppy B 17— FF

35 (d) 77 5 Bt F R [FE A R R Py % 0 7
G %ﬂzljﬁg?]:".*pf—g ERE T E Prpir’ B 35 (e) PTF o T 20 R g
ERHEI DA BT FHAFA EARET > FRIEREL 0 F1 o D%
BRI e TR RN 0 RPF Rl R EARRT 0484
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(a) p (pitch contour)

Log frequency
@
[ w
w (=]

@
o
=1

T T T T T T
0 200 400 600 800 1000
Frame

(b) Pvibext (Vibrato extent contour)

g2
=
£
0 A T T T T T T
0 10 20 30 40 50
Window
(c) Pisvib
™ 1.0 4
w
1+
E
= 0.5 4
o
c
@
00 A T T T T T T
0 10 20 30 40 50
Window
(d) Diff(Pvibext)
l -
g oy
£
_1 -
tl) lb 2|0 3b 4|0 Sb
Window
(e) Pvibpiff
14
7]
: /\
- /\
tl) lb 2|0 Sb 4|0 Sb
Window

3.1.5 #EHH

% AutoVC [28] #g i > & SUEAZY > WD) S E AR B e FARE TR
Mg ID BB L AR TR BN PR B Rp R p T
BRIRERT o RO s~ foRe S ID gea TR R ok o DUREE TR T AN
4 Bfed §A BEIA

- 3L 54 F £ 4 (reconstruction loss) LR, » ™ H 243 £ 2 R4

Recon
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mﬁ%J > o 4ost 3.3 Ao

‘Cll){econE = BCE(pe7 f)e)a

EEeconC = RMSE(I’? 13)7 (33)

p __ )P p p p
ERecon - /\ReconEEReconE + AReconC[’ReconC7

H¢¥Y BCE 4 = =22 44 (binary cross-entropy loss) » RMSE £ 157 §2:%

A 45 % (root mean square error loss ) o L8, - % 7% F & PrNEZHA Ly econc P!

AR A SR E o T %

%\ﬁ.'g Fg @'ﬁﬁ’iﬁ_ﬁf;}ﬁ'i{ ’ )‘ll){econE 'fr' /\}%econC FREE
-mJ °

=

44

R SRR AR A LY 0 MRTE RO RIRE R AP M 0 dost 3.4 99T

\4

£§T = RMSE(pgr, Per),
EpVibExt = RMSE(Pyipxt: Pyivext) (3.4)
Lgmooth = RMS(Pyipitr)

L = MLt + AinexeLVivExt T Mmooth Lmooth?

—’ﬂ' ¢ RMS %\ == %E:‘ ° M A}I;T A AsfibExt ‘fr )\gmooth é\ #F&‘ ‘3'&5‘?’7}%?—— ’ *3%? 156;‘\’7
¥k 5010
Bofd o *NDVRG BHENANRT BAL KL YL FEEH L L

frﬁﬁ—g #Ei El:\)/lb E"f’]:‘sé}‘frv ]

3.2 feEidm

BACAPREALREFTRAIL S Z > N2 BN SN BREEIEE &

FoAPREHEE @
oo F1ptd L EATE  Bts o AR B BEREIE AR Y hif A &

T R B3N RIS 2 R R P A

-

o

o
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321 EFHERE

RN

5 % 45 en3 gt
% (energy contour) e € RT
(109) 2 B > syt fo 0SB s B2 2 5

47

322 BAEHE

B 3.6 %31

Fl‘él‘g‘ﬁﬁg?l)\ ’ fé.’ﬁ

i
EAER A IR S R R s

- R d o F e
TR 534054

FeJZ AR A 0 SN AR RS

it £ 4t » (energy embedding) e, € R™1?» H ¢ & iy &

iR R
Wl el S R R R M gt B R T

B4 4,:“;;?}3’731?] e £ 0

TR 16kHz &% AP
BE B lE > £ 10 2 ARHEFIICE Y
P2 fs 0 AP AR B R A S 0.0001 (1071) F1
128 B Hfl o L it B o % e e s

g - 128 winm £

THEe D28 ATHE L D128 BRE S B  APER* 2311 )

AR I SAUPEAE 5 2 3 B B4 hiicE o

<L @“’mﬁ&ﬁl’ﬁﬁiﬁﬁfﬁ’”l%ﬁ’m DB )\éeeRTxl%gﬁ@ﬂﬁg]mﬁq
MeecRT > Afpgr & 311 | &4l chie L 00 2 2

P B RO R P2
AFLRaRdWmp iFa
BHRGAPIFE -
EH R Y Ao £ A

B AAA P A

M H R g
5o FEWER AN
B M dd - REF > Bk 287

IERRCEE TR

---------------------------- Encoder e I ) G COU O}
o J
3 o ol o - o) oo a
3 3 EE 2| (Tx4) |g| (IT1281x4) | _|(Tx132) |3 3|3 gl

e (Tx1) -8 s S @ g S > SHZ S~ & (Tx1)

é gl 13/15 = 5 gl 158115 8
Z 3 3|3 3 3|3 23
Q@ 3

x4 o

(1x128)
Singer ID Singer embedding p (Tx1)

A
A oo@
F 1 4P

T

BRI AP F AR
xJ «“ﬁﬁ*&,}i’m]ﬁ ° d +/\IA)

W 3.6: 4 £ 07 2 W

DR AP RE Y g B ¥ M p
% o
g b R

f’r;%jzp“E‘* ?gw;]% Bl
TIER S DE B AP
B RERRT
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4',,'1

T A g RIRE KR ECAR RAPM AT Ft B AR e
FORARECE ACAR i 4 M o

=

AR E S RBENEHEEH AP APERAA B FEEHAARE > R
- R B A EHEINL o AfRBEEY AP ERG F RE T RFRBOEE
Fode o Hepate Y &g g i R - & oo

323 HEHE

A BN EDR G BEBEB IR R o R A B
LS H L0 E N BRI Lo, OIS AL Loy 2 o> a3 4 S ficde X 3.5

Sk

__ e e
Recon )‘ReconE ReconE + )‘ReconC‘CReconCv

(3.5)

e __ \e¢ e e
Vib — )\FT + /\Vlext VibExt + /\Smooth£Smooth7

c __
‘C Recon + ‘CVlb’

—T:;! ¢ /\leQeCOHE A )‘EeconC A /\}eTT /\%mExt ’fr )‘Smooth ? é #F A gxm*ﬁi ’ %Q%‘? % % %
ABE S 15105001~ 0.01 001 @ & %7 B M 283128 F ¢ 393 P
R E thres, > #4 i 3K 5 20 » -ﬂﬁ#f‘:ﬂv?{‘vgﬁ-ﬁii 313 % 315/ & -

BEARLOE s A B EEEA A Sk AP RIS L L,
SR ST EREEEE S SE UL RS BN ENE SRS LR

800 7 1000 B 4 f22 B - BPES > HRA Bo R LD o
EAR DR HCT LRI LY, RV

3.3 HEEpdin

31432 ) &y enE - B pFREH O] > FASES BRI
AT RN RS T I LR 4 T s R A o U Sl
o RITB LA AL B Y- BERBEREROA > TF LR FREES B
WO B MR APHRL AL B on REORASL S 2 N2 RO E R
BRI A o B F 4BV RE AR R RO TR g A Sl o
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Pitch

150
140 A
130 A
120 A

110

Frequency (Hz)

100 A

90 +

T T T T T
0 200 400 600 800 1000
Frame

Energy

0.150 A

0.125 A

0.100 -

0.075 A

RMS value

0.050 ~

0.025

0.000 ~

T T T T
0 200 400 600 800 1000
Frame

Bl 3.7: 5 % & Sric £4 W2 95 6| F
331 FHEE

TR RIE IR A s AR 7 311 fr 321 ) & rdg i e E o g oA A
PRRRE Y BREDFF I ApeRT it Bd Mec R ¥ I &liw
B ks F A N L R p e RV eil B4 r e € RTP Ats
Bpd F R gt AT TV AR ol o

i‘s"?;}l%gﬁ T8 IR A 5 A g l;% ‘gfgj&-%walﬁjﬁ;f\] ;H_ﬁ;:’ ﬁ%]»l r
» P € RIXT2 fofiy ekt £ 4~ & € RIS 0 B3 417 4 g 2 3008 e 5

A FEH LB NN B A peRT el BV MeeRT

.m‘?

-

b

N

332 BRI

Fo B e e BC ) 28 e ] 3.8 9om 0 B f B A oA i v g
5] ’é‘_‘}":‘ﬁg?] IS ‘fr’ﬁ%l AT B %/\ » frie ;L_’ET}{ * B Feehlg s o ot o %"'\ﬁ';i » A
fa AR RS A Ps BBILSTM = B2 w i NARA L 40 FL R E ¢
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84 1 ]

T B
=
PXN
R
-l
=
=%
=
A
o
Z V.
H
=4
H3
e
et
H
—

—e
T
%
mls
<
o
—i
Fids
)
>4
-

o

n J
k= p. (Tx72) p_(Tx72) g
4'3 e e 4.3 [, A
p (™) 2- e —— Encoder """""""""""""""""" Decoder % P (Tx1)
> 5
[} i Q
Ql [elNIe] @] Q0
— SI|I8118 2| (Tx8) H (TT/1281x8) H(wae) g S8 2o —
E N P <] C < < L= L3
Z| p4 P4 i s o° z p4 p4 3 g
_ g 15lg E 5 &l 15115 =k —
3 3|3 3 3|3
3 U J
€ | e D S——— z
e (Tx1) 8 x4 x4 " SL &mn
8 |e, (Tx128) & (Tx128) 3
2 Singer ID 2
B 3.8: B Fi B 03] 2 W
A= ¢
333 #FRBE
DURE PFERCA TR AL Sl £ SR B L SB L el i B A
XS L2 o BPY LA S EENTE T ZHF R E 0 PEW R T

tke o PR mEF 2R 31540323 ] & -
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FWE FHRABHZL

A @M L AH T RAMR L FHTHEE ZELE 7%
B~ s R HR T A ?%ﬁaoﬁi’ﬂWMﬁQ%%%w%ﬂ&’éﬁ#%
HE AR R RREER R TR SLRET R R R

S

W

TR 5 2 {8 0 N PREP FHRBREORE 0 N E FRFEORT ¢ F AL
BArd Flma ) Bl o NP R LR RPN F o

\\ﬁr

41 FTHE

AP o AP RERF P B FAE A~ B 5 Opencpop [33]

TONAS [24] ~ M4Singer [37] = OpenSinger [10] o 12 #-ik B /1 Zigk T & o

4.1.1 Opencpop

Opencpop [33] # 2 7 100 F ¢ 2 /i F8cenm & & g0v8 > B3h 9 52 /) pFeng
Fhod - RERELZI B eI L gBR 53 ¥ ¥ g5 (vibrato)
chE T 0 4o 4.1 P o

ETRICRGERCAIPE AP S BT o A AT A B
APE AR S R N P S RRA B REE 28 Bfled
SHEUHBE Lt bl S R frRif o AP gy JHE g E L

PRETEIR - PR R Rt - BT
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Pitch

325 4

Frequency (Hz)
mJ
-]
wn
1

T T T T T T T
0 100 200 300 400 500 600 700
Frame

Energy

0.12

0.10 4

0.08

0.06 1

RMS value

0.04 4

0.02 4

0.00 4

T T T T T T
0 100 200 300 400 500 600 700
Frame

R 4.1: Opencpop 2. § F & S fric & & 4 5| F
4.1.2 TONAS

ﬂDMS[] 5OT2F EW B R KR S 0 3N 034 ] B
Mo BLEFATUTBEF I AR 2R LY RI A 2 2 AR R
(pitch convers1on) fric £ &4 (energy conversion) » #7145 ¢ F L B 7 ¢ 4
BERAA S ADPE T APREFRFTRERL - 28 E SEE o S

KLU RS EECRR He o TE RS %2 D o oW 42 S .

é_;‘J"}ﬁiﬂfr'iE'J?;ﬁfiﬂJE? y 3% ff’”'"iﬁ POGEBERE oo RF N A AT o
AR 8L L et GIRATE gl ARV E SRR foRIREE 0 T g

PE A

4.1.3 Md4Singer

M4Singer [37] ¢ 7 7 700 F ¢ < in {7 80ehE L E gorh 0 B35 29.77 /) B e
Aod 20 B EFS o220 B LR FE e BAIN 46 E4~F 3 (soprano)
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Pitch

400 -
375 4
N
£ 350 |
=
c
o 325 4
=
g
= 300 4
275 1
T T T T T T T T
0 200 400 600 800 1000 1200 1400
Frame
Energy
0.20 A
0.15 A
@
=
™
= 0.10 A
0
=
4
0.05 4
0.00 - T T T T T T T T
0 200 400 600 800 1000 1200 1400
Frame

Bl 4.2: TONAS 2§ 3 & & foic £ & 4= 5] F]

4 %3 (alto) ~

%% (tenor) fv¥ ix§ (bass) > FwmFM4ck 4.1 #757 » & 3
F gL PTIOE 3~ f B R OB L

A e R R R Y RTS8 LTRSS Y o A
Prrged LH o BT B PR 8 1 L et B RN DURE SR B foipR
g -

4.1.4 OpenSinger

OpenSinger [10] & 3 7 50 /] FFen?® 2 jni7dim P %88 Bxd 76 i+
AR o Fla B g E T BT E # % 4o M4Singer [37] 7RA- 0 Ap i AR
WA R Y BT E o Flpt o BN L I BGEART %‘a L i et + E0vh b
ﬁé, o
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% 4.1: M4Singer 2. gr+ F 3 % [37]

Gender | Singer ID | Avg. pitch | Note range | # Hours

Alto-1 325.76 55-72(G3, 196.0Hz - C5, 523.3Hz) 0.97
Alto-2 317.80 54 - 72 (F#3, 185.0Hz - C5, 523.3Hz) 0.94
Alto-3 352.19 54 - 73 (F#3, 185.0Hz - C#5, 554.4Hz) 0.91
Alto-4 292.16 51-72 (D#3, 155.6Hz - C5, 523.3Hz) 1.05
Alto-5 324.15 52 -73 (E3, 164.8Hz - C#5, 554.4Hz) 2.63
Alto-6 301.26 50 - 73 (D3, 146.8Hz - C#5, 554.4Hz) 2.53
Alto-7 289.22 50 -72 (D3, 146.8Hz - C5, 523.3Hz) 1.68
Soprano-1 465.89 61 -77 (C#4,277.2Hz - F5, 698.5Hz) 0.88
Soprano-2 475.63 63 - 77 (D#4, 311.1Hz - F5, 698.5Hz) 0.62
Soprano-3 513.47 63 - 78 (D#4, 311.1Hz - F#5, 740.0Hz) 1.63
Tenor-1 283.47 51-69 (D#3, 155.6Hz - A4, 440.0Hz) 1.12
Tenor-2 222.33 45 -67 (A2, 110.0Hz - G4, 392.0Hz) 1.15
Tenor-3 219.07 43 - 67 (G2, 98.0Hz - G4, 392.0Hz) 1.32
Tenor-4 214.61 45 - 67 (A2, 110.0Hz - G4, 392.0Hz) 1.00
Tenor-5 177.05 43 - 64 (G2, 98.0Hz - E4, 329.6Hz) 1.76
Tenor-6 173.86 40 - 63 (E2, 82.4Hz - D#4, 311.1Hz) 1.12
Tenor-7 178.94 41 - 65 (F2, 87.3Hz - F4, 349.2Hz) 2.41
Bass-1 109.98 35-54 (Bl1, 61.7Hz - F#3, 185.0Hz) 2.48
Bass-2 110.93 38 -55 (D2, 73.4Hz - G3, 196.0Hz) 2.14
Bass-3 109.72 37-51 (C#2, 69.3Hz - D#3, 155.6Hz) 1.43

Female

Male

42 FE]E

A GREE ARV 2 S R e BAptRS BN o F R4 R
PR RGEE SR DREY o d AR EM LB EN EN L F R R F’ﬂ’ﬁ
FEEEFITL BT hBAuEmA LiES fadp ¥ o

42.1 ZEBIEAR

EAR L S W RE (speaker verification) #13 j2 [4] 2 5 A 7 %
BEF DD oS FOL WAL L F A VR B %A E (speaker
encoder) » #-4 4% 17 4 %J NE Y e mF%ﬁ g% ~ (speaker embedding ) ; #=
FooREEEOG A~ W30 AL HESEF R B LB HERE

{]‘}{)\ﬁg’f}:——Iim—lij@]h)\q;?& &;q;}‘{.tﬁ‘ %?Eﬁ‘_‘h "'F]zm_ﬁ/l)v °

d A 5 AR § B ¢ A (pitch contour) frit £ ¢ 4 (energy contour ) *®
PEcrB R R Flet e Bl * § g 4t~ (pitch embedding) frit £ 4%~ (energy
embedding ) ¥ A @?] o if @;%JF’{ ST E VRS B S E o AP Y Thin
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# 4.2: Thin ResNet-34 2_ -7 2¢ 4 ]%i.z\ ]
Layer name | Thin ResNet-34

Convl 7 x 7, 16, stride 2
3 X 3, max pool, stride 2
T3 x 3,16 7
Conv2 3316 . x 3, stride 1
T3 x 3,327 )
Conv3  3%3.32 x 4, stride 2
T3 x 3,64 7 )
Conv4 3364 X 6, stride 2
13 x 3,128 7 )
Conv5 3% 3,128 | X 3, stride 2
Self-attentive pool
FC 9 x 1,512, stride 1

MW&M[LM$WPﬂ#ﬁﬁ%42%ﬁ’2ﬁ] — 4% ¢ ResNet-34 #p i1 >
il ;g (channel) #ici BAdw 22— > PR E LA o ptob s Hagr 7 g3
% # # 1t (self-attentive pooling) [I] RE &R e » T Ep L 4 54
PEEBREREREOEEARR - ‘5[@5'1@?‘]'\%1 PRI R R T S

AP #r3 ehz ¥4 (convolution) ‘Ffi’%ﬁfﬁ ER -
B & U EE m:fF% S e 5 AM-Softmax [32] > £ #8403t 4.1 #9157 ¢

N (cos (Gym)fm) 41
__Z g s(cos(ayZ i)—m) +Zj7$yi eS(COS(@j,i))) ( ' )

HP N #7# =+ (batchsize) > cos(0;;) * %5 is- Feny j BiEL» £

- Rk g IB%J*?\%’ o Be g ¥eBEERDL  omiTAEYE
B (cosine margin) > * Mg e £ 2 B3 & H L fE> @ s A 5 F]F (scale
factor) » * ML R W] DER 0 B EE G B Ao R e AP R-m e s
A EK 5 0340300

PIRBCA i e F R R ¢ 35 Opencpop [33] ~ TONAS [24] f= M4Singer [37]
ﬁ?ﬁ%’#22&%i°m@“ﬁwm &mwﬁwd%ﬁ$p¢ BFaE
GplIE B b o 19 3 ehdp B 4535 (equal error rate, EER ) 4 %] & 31.96% v 24.13% o
AR BT A A PRFTREER R R R R M RS
Lt B ] S T FlA BREER #4770 A k7 L it g 2R

A P AR A R TR

ER BT 0 AP SR P BB E > A WS B Rfen B

F_k
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iR RBFH T AR e L q“k% ~ (singer embedding ) o ' ¥ € & B~ 4 & on
%’i-‘iﬁ%)‘ BRI ’ff‘%%ﬁiﬁjif‘:’%’}?i%)‘ T EFRLES “ﬁifﬁ&ﬁj@?%i#ﬁﬁ‘lﬁ
o

(cosine similarity ) » 2* ¥ % % pLip #

422 T HIEE

ABFFR AL A PRI LA BB IR OIB R REEEAT ERY
#c #-i% #% (singing voice conversion, SVC) -3 pFend L+ o A * 1 Diff-SVC!
Kiti7:7E > 24 - B AP (diffusion process) 1ix % ¥ - (any-to-one )
SVCH-Al e &% Bymf e > Afprt g A R E - ¥ - L 2E {7 DIff-SVC
R G D RE S g ¢ e N R g B Ao B AU
» Diff-SVC » R L7 ac g c 7 2> % - AXEP > AP TEE T
SABE BRI R F I L0 APEe- h R R PEBL
BT F B D Mo Ed o

*

i

1-1 88
1 A

o FBLLER A 70 B HMEESEARLLEEA
c 1RRARBR, 4RAFREFSHEEEE, 7TALRBREAR

[es]
?

Gy
o

il

F1-2/E"
A LERE
« EREEREEREEERMERT

o R EERFAIRIBRUSIR A ROSIBREIELLESRE, ERIR B NFBRSILERA
1 RERE A, ARKRERSHELREE, 7T{REEB

B 4.3: 2 B3804 6l )

d 3 DIfffSVC & - BEZ £ - HSVCHE] > APy LEH T v 2 p g0+

k3L p e DIff-SVC $54] » i&w =80 < 4 % & Opencpop [33] # gwi- ~ g < >

Thttps:/github.com/prophesiet/diff-svc
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D

F A3 Z Pl EHET R

Total subjects 10

Male / Female 9/1

Age range 20 - 40 years

r1 % M4Singer [37] # #7 Alto-1 ~ Tenor-3 4v Tenor-7 » &% » S & 7 1w )T 35
% 2 4~ # (comparison mean opinion score, CMOS ) [20] 3=& » p* % 5 3 pig ik -
B 43 53R AEFTERN - B %E% bl AE R o AR R 5E‘J’+ﬁ +
BRABRERLEDIHTERE (- REEET 5 V- KRBF 9 - F B Rfra
B MR ) 0 PRI - B A TR o R KR FURS RS
%&ﬁé%&#ﬁﬁ%ﬁiﬁ%&%ﬁﬁmﬁ’?%ﬁﬂﬁ#waﬁxﬁmﬁﬁ
ok o CMOS cn®A B 5 -3 313> LRIFAPM T AR £ 43 477 -

43 TRER
A i 2 A EARFACT

« CPU : Intel(R) Core(TM) i7-6800K CPU @ 3.40GHz
- RAM : 94 GB

* GPU : NVIDIA GeForce GTX 1080 Ti

REBRHRRERT VR- B FEBRASLEEERTIZT LA H20B )
PF PP R o

4.4 FHREIBEZ

Ak R A E ATPE 5 16kHz » £ 0% CREPE[13] k# 53 # # 4 -
v <] (window size ) fr t=§*#E (hop size) & %|&K 5 1024 = 80 - 4 if# & * 0.05
A EEER®RALS GBS E2EES 342 (frame) - $¥30 & B ahf = A
PR A BB RIT T B E—»% % i {7436 @ (linear interpolation ) » 12 3
HHEFHE AT AR SEPF AP EHT FY REFEFEDR
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E ¥ # (short-time Fourier transform, STFT ) » #7020 5 & 4. 5 7 @ F o ARyl iw o

TR B RN > APR Y AR DT U A frF R EER R R BF R

-

= 42 (root mean square ) #cig o

Aipdidr 2 A (hidden layer) sh@ R X ¥ 5 128> & g * 16 @il i i&
7 et A1 (group normalization ) [34] o 2" B3| PF edg 8K T 40T ¢

) #L;’,’\‘J‘ /Jw . 16

2" 5 #ic (training step ) * 400k

& it B (optimizer) : AdamW

% % (learning rate ) : 0.0001

¢ % & (weight decay) : 0.0001

AR F BEMENA OEAARY > NP EY B H D mp*‘}—'%i%ﬁa (data
augmentation) = ;2 > WHREBF FH RAECI P BOBFFP > X F L H
Kﬁiﬁﬁjgf—?l{:goép RN "“—ﬂl]:l_%ﬁﬂ b"i ”i_‘gr‘g‘ﬁfﬁgmgj\'vg&%o

45 FTHRAHR

s P HIPEEE Y D BEREREC R
A3 e 32 ] & B s PP > s 33 ) &9 g el
PRkl mv o R P B e F R RRE TR -

s k- IYEEEWEWS d’&}iiiﬁiiﬁ'ﬁﬁ?%
AP 3130304 & ¢ B DG iR

Ao FERFEF BB R R

-\\

@

LY ER I

s Tk LG ARES BV MEL T EHALEE
AR ES BY ROFIRT IR B EERT > T8 R AR D T
BEVROGFENF 7 PRI RE T -
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s FEHRE O ABRFEREL SR A
APEFE L MR Al F R LRTE > P A A R R S

E P REE LR Rk

4

c FHRI CELRHIFBRT 2 R04 4T

Cﬁ

¥ iE ¥ 5 (any-to-many) dFR 0 A PEF T F R G AT 0 BB
TN RS B Y R B ReR hF R Tk 4T D

Bt B

c WS BUBh KSR LR
A D OB b R TR T RO SRR RS
¢ ERAp v RE R -
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FAEF TRERMEN

AR ERER LAY RS SHBRFEANE R R AR T

ReA-fE o &5 A R eadp BT S ek

50 F— ERRBBA_RBESRETNZILRK

B314e32 ) &Y APE D - Bo P ERER N (2T A
Proposed ) » Tk #-3 % ¢ 2 (pitch contour ) 3% 3| p &80 < HErBh 2 0 281519
VR sy B4 A L £ AR (energy contour) # 3 D] P R A £ hEceg
bofeem @33 p&¢ » NPk BHEIEE S - B KD HIFERER O
(T @ H % Proposed (one-stage)) > e PEH-F B O Mfeic B RIE T o &
TRF &Y AP R RG] A T B IR P h A B oo s Ak
A AR R Rfra B4 RELT R (0T AL Source)  FISH A

Wik

a

PREcLehy 30 Mfoil 4 AR5 R (0T {45 Target)
FEHERL T R- L FehfpiuR o

BEBIFE A 0 NP AREE Y SRS S - AR RERY L
WPE L T KRR A DE S e P REcE (0 T A5 seen-to-seen) 0 T F ¥t 5
(many-to-many ) e{F3 5 = A * D REAET A LE R L FL KRG M
L oom PRI R R D e L engiE (1T ff A5 unseen-to-seen )
Tz R ¥ ? (any-to-many) 8 o AFEFITY o APHE B LRFTE 0P &
s R K ‘Fﬁ“iii%}‘fiigﬁ 12 B AE 0 Tt e seen-to-seen FFB T o d A B L
3 22 =8+ (Opencpop [33]1 =8+ > TONAS [24] 1 =& < » M4Singer [37] 20
gcE ) TAPREET KRG Ao Ra SRR S o FI R EG 22 X 21 X
2=924 3 4 5 @ i unseen-to-seen i3 T » d ** OpenSinger [10] ¢ 7 76 8

<o Fltt g 76 X 22 x 2=3344 B F% °
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Seen-to-seen pitch Seen-to-seen energy

08
08
0.6
0.6
04
04 —_—
H
E E
0.2 ﬂﬁl g
. £ 02
& & .
8
0.0 L e
5] 0.0 o
o]
o 8 °
-0.2
8 8
e -0.2
8
-0.4 o
-0.4
Source Proposed (one-stage) Proposed Target Source Proposed (one-stage) Proposed Target
Unseen-to-seen pitch Unseen-to-seen energy
1.0
8 —_ T 4 T
08
08
0.6
0.6
04
0.4 —_—
s 02 ] 0
L g
S S 8
0.0 ]
© 0.0 o
1 (]
-0.2 ]
=] © e -0.2
-04
-0.4

o®

Source Proposed (one-stage) Proposed Target Source Proposed (one-stage) Proposed Target

B 510 8 pFBLH 2 - rP R HCR 2 R 1R B

B S5.1 87 7 B2 FRBHLE Fd Ao £ 4 fﬂé”ﬂ@ﬁ?ﬁﬁiﬁi% ('singer
embedding ) » KiFgr p g £ hT g £ q‘;i ~ 3-8 45z 4p v B (cosine similarity )
fo e A Bl 0 @ T EeRsEAp 0L R B AR & 51 T 5T 0 & Source 4p Yt
Proposed (one-stage) f- Proposed & #& = 7 gt + 15]‘,’\ g R o BE o #0) eficT) a

O S g 1ri{ﬁ§~ SenfER T o B B Mea £ REH S { RiT P HEcE o

Bt o fAm > &2 Target 49 +* > Proposed (one-stage) f= Proposed =34p 2 & 1%

p &Eéﬂ c BEo e M e A ErB R REH S G i

4
f
*ﬁ?i@m_’?%&, ”L,,tl_ ]"i_);‘;:i‘é_
oA 3 PR A o AN F:\}:T* & i ixE‘_r‘r’!ﬁ:’hJ Ae ’f#f—\‘ i < £ ﬁ”;‘ﬁ#”‘?”ﬁ i g

FoRiE- Haned o BEIMLFITL A K> % o @ & Proposed (one-stage)
fv Proposed =7+t # ¥ > Proposed t A58 T 4p 02 & P A2 % >t Proposed (one-
stage) > Ao # * - FFERE BRI LA TR FOERERE REWH  APRL A
Fleh Bd MIci B REF A il bldeg 30 RV RBEFSTF HAE
oo FEM L RIRREP DR A 2 RG] e F o RER
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ENTE TS ST RN 3T T L ER S T A

Model Seen-to-seen Upseen-to-seen

Pitch Energy | Pitch Energy

Source 0.226 0.295 | 0.230 0.224
Proposed (one-stage) | 0.424  0.354 | 0.367 0.267
Proposed 0.435 0.414 | 0.403 0.321
Target 0.555 0.681 | 0.555 0.681

B AV AERIAPFE 0 &0 SR R

—— Source
Proposed (one-stage)
—— Proposed

150 4

140 4

130 4

120 ~

Frequency (Hz)

110 ~

100 ~

90

T T T T T
0 200 400 600 800 1000
Frame

W1 5.2: M FF B 81 2 PRI 2 3 B 0 LR % P 6

EREFE G 0 AP g AR HE Segike s ¥ DIff-SVC 2
F AR R eEc B RS A 3 2 SR TR o A P8 IR Proposed (one-stage) 4
BRI N RA TR AT AE SRS CBS2E T - BEYE
i+ o 3k o p {8+ & Opencpop [33] > i =80+ PgrsB b 5 7 ¥ 2 ¥ ¥4
(vibrato) k77 o & P 7 125 410 B % 800 ¥ 1000 B F 4= (frame) 2 & - &
4o Mh7s - B ¥R > @ Proposed (one-stage) f- Proposed $% & F| 7 i fEdAch b
X R P G £ o AAm o Proposed (one-stage) ek § i A p 2R end
B FIMARRE L €7 A O Fetit o APRL Y D FRERELT

DR L AL T R Y TR R Y S R ok
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52 E— iR BRETRETREIBBER

B3A3 &Y o AR [17] 603 2 > BEHG 34 R FTEPFIER 2

# % # (short-time Fourier transform, STFT) » ™ /L A ¥ 5 i jic o N iprie— # 13
TR xR - FF A & (first-order difference ) » 2 i @ * § i ik B (high-pass
filter) kg d & AP jpHFA 2 L o FEFFEF tH /& & 5 (vibrato extent contour )
@;mﬁﬁﬁwgoa@3m4+$é’;Mw%ﬁmaﬂf*wadﬁumfllﬁ
B o IEER G B Y MY ARG RPIAE - AR FHKY 0 AP F
v B f&F % (ablationstudy) » A % & A4 » FF3 gAY MenEE gL (1T
f§ 4 Proposed (w/o VibExt)) ~ #-% il Jaik Beew R 2 ¢ ch- [ £ 4 (T
#- Proposed (HPF — diff)) ~ & 4 » # F P4 ¥ (power spectrogram ) g 22 4f 4
(717 fj 4 Proposed (/o FT)) » 11 3 % $137 5 /2 ¥ Sie 7 % st (1% i £
Proposed (w/o smooth) ) » & vt it {0 & E A RfrfE L AR o B o
5.1 ] & — $& » 2V 12 Source ¥ 5 F B » 12 Target i 5 + & » I ¥ 4} seen-to-seen

fo unseen-to-seen iz @ AT R E TR 0 AP wmE G LR S0 &

2052 W EWH I RAT R R SR LRA B R

Seen-to-seen | Unseen-to-seen
Pitch Energy | Pitch Energy

Source 0.226 0.295 | 0.230 0.224
Proposed (w/o VibExt) | 0.309 0.427 | 0.293 0.340
Proposed (HPF — diff) | 0.365 0.417 | 0.362 0.353
Proposed (w/o FT) 0.407 0.452 | 0.376 0.370
Proposed (w/o smooth) | 0.421 0.435 | 0.396 0.331
Proposed 0.435 0.414 | 0403 0.321

Target 0.555 0.681 | 0.555 0.681

Model

Bl S3 BT 71 -t il cnd 30 Ao By AR L S 0 5E
G P BRI dagc L o 2R B pandn 01 R 1 chd A ) 0 @ AR I ch T F0AR S A
B RIZ* 4 5.2 o 4p 3 Source » iz B fR R A OHCA A AR T g F 4o
RIS TR BT P ABCBR R S A A N B
M m 3 > Proposed s AR T hip R IDRE e B g & OHCE] > B
AR NP SRR Z R HE A Y REF T Y e E
WengirB b g ook o 2t B9 RRA > AA 8 T Bl A Proposed (w/o
FT) 3 iz e 3« NP i B 3 d Afea Ed RE 5 2 R M o 97
MR RN A REESS E A AN BN AR RS RE PR

F_&
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Seen-to-seen pitch Seen-to-seen energy

= =
] ]
E E
G 02 H
e 4 g o2
8 8
8 8
00 A1
00 °
°
8
-02 g
° 0 -02
° - 5
o 8
8 s
°

o]
9
8
8
-0.4 o
o -0.4
Source Proposed Proposed Proposed Proposed Proposed Target Source Proposed Proposed Proposed Proposed Proposed Target
(w/o VibExt) (HPF -> diff) (w/o FT) (w/o smooth) (w/o VibExt) (HPF -> diff) (w/fo FT) (w/o smooth)
Unseen-to-seen pitch Unseen-to-seen energy

08

i
| Jo 4l T
| §

0.4

1
L
T ]

00 °
°
02 4 -
1 8 ° ) 0.2
°
04
°
8 0.4
°
Source Proposed Proposed Proposed Proposed Proposed Target Source Proposed Proposed Proposed Proposed Target
(W0 VibExt)  (HPF->diff)  (WoFT)  (wjo smooth) (oo sat (W/oFT)  (wjo smooth)

B 5.3 BT5 2 RER WS R T ) R k2 TR 407 W

FIpb o B B MEER L B s g LA KT R ik

SR G 0 AP R RAERE T e % > £ {7 DIff-SVC 2 &
LFLF AR APRE G B R R PRI D

F_k
o
&

=
=

.31
B
i
A

B WS A RERA PR FENREFMF AT FA AR LD -
F o BSOS RIFE R * Proposed (T A A& 2R o

53 EH= :  ARRRAITSUHRHESERERN S YE

G322 ] & ¢ o AP F Y RITL 2 # (energy conversion) H-A| eh
FAB o LRI RS R H RO RS STl BB AR
A R AR B R ERE LR R RR L R (T
#ic & Proposed (w/o pitch) ) o ¢+ #b » 34 i — 4% 12 Source k ¥ 5 T & > 12 % 12 Target
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kivi bk ¥ 28 7 seen-to-seen fr unseen-to-seen & fETHE 0 AR M tm &5
251/ & o

Seen-to-seen energy Unseen-to-seen energy

1T

o

£ S £ 2
g o2 8 g 02 ®
8 8 § 8
0.0 o

0.0 o
-0.2
-0.2
8

o
8 ° 0.4

Source Proposed (w/o pitch) Proposed Target Source Proposed (w/o pitch) Target
Bl 54 F AR &S F 0 QL EHEAP T LRSI R

%530 F Ak R MEN EEBEIP P TRpE KA

Model \ Seen-to-seen energy \ Unseen-to-seen energy
Source 0.295 0.224
Proposed (w/o pitch) 0.402 0.287
Proposed 0.414 0.321
Target 0.681 0.681

BS54k 7T BEFHERLS DL EY RFRDETLH > > CHEP RIS
hT3ogn S or 3 B ARR AR 1R (8 P4 B 0 @ A e ihT SaARsE AR IR R 2 5.3
Wigeed BN 0 5 % #3 (pitch conversion) #-3) eh
BEFFAG FIPEET TR L EY RNESE o &2 Source 4p ¢ > Proposed (w/
o pitch) & fAf 85 T gt £ ﬁ‘i iR R 3G “r3 = B+ Proposed (w/o pitch) 7
BBk fhigdE s AN A ek o KA o ’7}“ Proposed (w/o pitch) fr Proposed
gt e % > Proposed fm fAFBL T hp iR ¥ A >t Proposed (w/o pitch) 0 &
2 R L SRR T 2 A ) I A

;EE

EREFTE e o AP RERESPET eSS > ¥ DIff-SVC 4 =
AP engr B0 SIS BT A I BLR] o A i LR T Proposed (w/o pitch) $#& 4% ) @k B
BRE FREERT PR FE N B AT FR AT s - B
5280 - BREanF > 24 A R4 B 4_Proposed (w/o pitch) f= Proposed ## 4%
g B R 24 AR o KR/ Y T g L wF 400 3] 600 B F tm2 B0
fseniE % 3 h—- BY¥H > ™ Proposed 4 fschit £ 0 MP AL 4cREEF F 0 &
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Proposed (w/o pitch) pitch Proposed pitch

550 550 4

Frequency (Hz)
& 4]
o [=]
L A
Frequency (Hz)
- w
w [=]
o [s]

s
=}
s
L
s
o
o

350 A 350 4
) 200 400 600 800 1000 o 200 400 600 800 1000
Frame Frame
Proposed (w/o pitch) energy Proposed energy
0.25 4 0.25 4
0.20 1 0.20 4
@ 0.15 w 0154
] ]
© ©
> >
g g
= 0.10 = 0.10 4
0.05 4 0.05 1
0.00 1 0.00 4
0 200 400 600 800 1000 0 200 400 600 800 1000
Frame Frame

B15.5: F @A ME 5 0 S8 B W H D 2 B85 6

g BB BN AR e R S fodp - e # #5 0 i & Proposed (w/o pitch) # 3% {5 h
) ‘&QE]J/A {'féﬁ’u?» J:fé%_a@-* —E—g R &I AP E AR S
® > 22 Proposed 4p * > Proposed (w/o pitch) engf 5 A2 Rip 7 P&~ 7 < p

RopFaAd 2 Bl Ao £ M2 B4 2L 24 afie &R

Be 2RI E Bldn % 5 Proposed (w/o pitch) {- Proposed 2. [ e il § * <
LR AP ARE LA F2FHTRAPF P Tt B L EE

WA LT LR e

=

54 TR : TPRFEHRRIERSMN

iR NP RE D DA B R g B (singing voice
conversion) 3] > It H B Eipth hR R o 3T FER R D AP
g 7 seen-to-seen FRFH 0 TR F A LT I5E A 4 # (comparison mean

opinion score, CMOS) [20]3%& @ % - ot g7 @5 ¢ (10T f§H % Source
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(SVC)) Fr Proposed (w/o pitch) » % = = R|Z 1t # 7 Source (SVC) = Proposed o
R 10 =R % R A FH 12 23 4 R HEFEA o

541 ERIFFELR

154871 fp 0L RACp KA D & 93 TR 25 o H K EE % B E 5.6
Poo AARIIA S B 0§ ABE s B
B>t Source (SVC) » & 2 L% ¥ > Proposed (w/o pitch) =4p i & 2r &8 ¥ % »%
Source (SVC) (p & % % 0.040) - &3/ 7 Proposed (w/o pitch) ® § & & 2 {r it
B RN - R GG FERF PR PR e Bt IRIFT R §
3% % Proposed (w/o pitch) eH8cr8 b #.22 P 80+ % 4p i o @ Proposed P& ¥ >t
Source (SVC) (p .59 5 0.017)» £ X &P 7 & N e A/ F it 49 :¢ L 80+ eniird

e E ELFTE ¢ v Proposed (w/o pitch) s34 IR

BoRAp R > @ apE A T UENS e

40540 545 HRT A R B R

Seen-to-seen
Model Similarity | Naturalness
Source (SVC) 0.000 0.000
Proposed (w/o pitch) | -0.250 + 0.279 | -1.308 £ 0.280
Proposed +0.342 + 0.315 | -1.233 £ 0.290
Seen-to-seen CMOS
g:i 0.342
0.2 5 5
- 702 -0.25
g -0.4
O -06
038
5 1308 1233
1.2 )
-1.4 |
Similarity Naturalness
M Source (SVC)  m Proposed (w/o pitch) Proposed

B 5.6: 545 5™ A B RE iR F
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(a) Seen-to-seen CMOS (male)
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(a) p (pitch contour)
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