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A Singing Voice Synthesis System Based on Hidden Markov Model

SHINJI SAKO," CHIYOMI MIYAJIMA," KEIICHI TOKUDAT
and TADASHI KITAMURA'®

We describe a singing voice synthesis system by applying HMM-based speech synthesis
technique. In this system, a sequence of spectrum and FO are modeled simultaneously in a
unified framework of HMM, and context dependent HMMs are constructed by taking account
of contextual factors that affects singing voice. In addition, the distributions for spectral and
FO parameter are clustered independently by using a decision-tree based context clustering
technique. Synthetic singing voice is generated from HMMs themselves by using parameter
generation algorithm. In the experiments, we confirmed that smooth and natural-sounding
singing voice is synthesised. It is also maintains the characteristics and personality of the
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donor of the singing voice data for HMM training.
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Fig.1 Block diagram of singing voice synthesis system.
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Fig.2 Tree based clustering.
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Fig.3 Training part of the system.
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Fig.4 Synthesis part of the system.
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Table 1 Singing voice database and recoding equipments.
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Table 2 Experimental condition for Mel-cepstral analysis.
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Table 3 Experimental condition for FO analysis.
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Fig.5 Examples of decision trees.
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Fig.6 Example of generated spectra and FO pattern.
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Fig.7 Evaluation of naturalness for each methods.

0oo00oo MOSOOO 70000

oooobooooboo 2000000000000
gooooooocobl1ooooocobooooooon
gboooboooooooboooooooooennOO
oooooHMMOOOOOOOOOOOOOOODO
gboocoodooooooooooooooobooboooo
ooooooooooo

goooooooboooooobooooooooobo
000 AOBOOOOOOOOOOUOOOOOOOOO
gooooobooooooooooooobboobo
gooooooooooboobobobobobooboon
goooobooooooooooooooooooon
gbooboooooooooboooooooooooo
gobooooooocooboboooboooboooooo
gbooboodoboooooboooobocbobooboooboo
obOoooooooooooooocobooobooboooo
gboooooooOooOobOOoOoooooooboooboooo
gooobooooooooooooboobooonoo 10
obobooooooo

goboooobooobooobooooooooon
obooooooobooooboooooooooon
gooobooooooooocobooboboOooboooo
gboobobooooooboooobooooooobooo
ooood

5. 0 0O O

HMMOOOOO0OO0O0000DO0OO0000000
Oo000o0o0o0ooooooooooooMSD-HMM
gboboboooboodoooboooooobooooooon
goooooobooooooooooboooooan
ooboooooooooooobooOoooOoboon
gobooooooboooooooocoocoooooo
gbobooooooocoboboobooooooooooo
oono

oobooooobooboboeo0obobOOoOoOoOoOO
gboooooooobooooooooooobooooao
goooooooooooobooboooboooooooo
oboobooooboooboooboooooooo
goooooooooooooooooobooooon
gbooooooooobooboobooboooboobood
oobooboooooooooooOobooOoOoooooo
goboooboobooboooobooboooooooo
oooooboooooboooooboboooOoodooo
ooo

oobooooooooobooooboooboooo
goobooooooooooooooobooooDboo
ooooobooooooooooooooooooon



726 goooooooo

goooooboooobobobooooooooboooo
goooobooooooooooboooobooooo
goboobooobooooboooooboooooon
oob1ooooboooooooocoboobooooDbo

ooooboooooooooooobbooooo

goboooboooooooooboooobboobooon
gooooboooboooooooooboooooo
gooooooooooooobooooooboooon
gobooboooooooooooooooooaoo
gooboboooboobooooboooboooooon
gbooboobooooooooboooooboooboooo
boboooboboooobooooobooobooooo
goooooooobooooobooooboonoooon
gboooooooobooooooooooooooo
gooooooooooobobooooboooboooon
ooooboooooboooooooooooooo
0 16)00000000000000000DO00O0O
gooooooooobobooboooboooooooao
obooooo

oo oOooooobooooobooobooodoooo

gbooooooboobooooooooooooobooo

uoboooooboooboooooboooo

g 0 0 0O

1) 0000000 0oooooooooo Cy-
berSingers01 000 000000000O0OOO
00 O Vol.25, No.8 (1995).

2) Macon, N.W., Jensen-Link, L.J., Oliverio, J.
and Clements, M.A.: A Singing voice synthe-
sis system based on sinusoidal modeling, Proc.
ICASSP, Vol.1, pp.434-438 (1997).

3) 00OLUU00O0OOOOOOO0O0 UO0OHMM
000000000 00o0oo0ooooooooon
O000O0o0OUOoooo0OO0O0d D-1IM Vol J83-
D-II, No.11, pp.2099-2107 (2000).

4) Tokuda, K., Yoshimura, T., Masuko, T.,
Kobayashi, T. and Kitamura, T.: Speech Pa-
rameter Generation Algorithm for HMM-based
Speech, Proc. ICASSP, Vol.3, pp.1315-1518
(2000).

5) Tamura, M., Masuko, T., Tokuda, K. and
Kobayashi, T.: Speaker Adaptation for HMM-
based Speech Synthesis System Using MLLR,
Proc. 8rd ESCA/COCOSDA workshop on
Speech Synthesis, pp.273-276 (1998).

6) Yoshimura, T., Tokuda, K., Masuko, T.
and Kobayashi, T.: Speaker Interpolation in
HMM-based speech synthesis system, Proc.
EUROSPEECH, Vol.5, pp.2523-2526 (1997).

7) Shichiri, K., Sawabe, A., Yoshimura, T.,

Mar. 2004

Tokuda, K. and Kitamura, T.: Eigenvoices for
HMM-based speech synthesis, Proc. ICSLP,
pp-1269-1272 (2002).

8) J0U0OU0OUODUOO0OLD ODUOoUDUDOOO
000000000000 HMMOO O OO D-1TM
Vol.J79-D-I1, No.7, pp.1579-1589 (2000).

9) 000000000000 OO00UODODDOOO0
goooooooooooOoooooooood
0 O Vol.SP96-79, pp.9-16 (1996).

10) MIDI Manufactures Association.
http://www.midi.org/

11) 0000000000000000000000
oo0ooooooooooooooooooog
000000000000 A Vol.J74-A, No.8,
pp.1240-1248 (1991).

12) Odell, J.J.: The use of context in large vocab-
ulary speech recognition, Ph.D. Thesis, Cam-
bridge University (1995).

13) 0000000 00o0ooOoooooooooo
00 HMMOO000000000000000
0000000000 OOVol.DSP98-85, No.262,
pp-45-50 (1998).

14) 00 00000O0OO0O0OOOOOOOOOO
000000000000000 MLSAOOOO
000000 A Vol.J66-A, No.2, pp.122-129
(1983).

15) Kawahara, H., Masuda, I. and Cheveigne, A.:
Restructuring speech representations using a
pitch-adaptive time-frequency smoothing and
an instantaneous-frequency-based FO extrac-
tion: possible role of a repetitive structure in
sounds, Speech Communication, Vol.27, No.3—
4, pp.187-207 (1999).

16) OO0O00O0OoOoooOoooooooooooo
ooMMOOOOOOOOOODOOOOOOO
00o0o0o0o0oooooooooooovVel.10o1,
No.325, pp.17-22 (2001).

(00150 70 10000)
(0016010 6 000)

U0 oooooooo

o0 1nooooooooboo
goobooooooooooooon
> gooooooooooobooobooo
goooooooooooboooo
goboooooooboooooboo



Vol. 45 No. 3

gooooooooo

gog8Obooooooooooo
oboooooOooOooooo 130
gooooooooooooooan
boboooocmooboooobooo
gooooooooooobooooo
Oi1s00o0o0ooooooboooboooooooaon
gooobooooooboooooobooobooooon
gooobDoOooooowoooooooooooo
gooooooooooooboboboboboboooooo

o0 OoOoooooo

gbOs00000000000
gooooooooooooooo
oooooooooooooooo
gooooooooooooooon
goooooOooOobooboobobooboooo
goooboooooooboooooocooooboooo
goboooooboooooocoooooboooooo
0 10doooooooooboono13oooooo00
goooooooocoooboooooooobooo
O00OO0DODO0O0OOOOOOIEEEDISCAOOOO

gooooooooooooooooooooo 727

oo gooogo

o0400000000000
oooooooooo s3b000d
gooooooooooooooo
goooooocooooooooo
gsgbbooooooooooon
gbooooobooosbooooooooronoooboo
gobooooooboooboooooooobobooooo
gooobooboooboooboobobooooobooo
O0O0OO0OOIEEEOISCAOOOO




