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A trainable singing voice synthesis system capable of
representing personal characteristics and singing styles

Sumin Sako,' Keniro Samwvo, Yosumiko NANKAKU,' KencH1 TokuDAt
and TapasHr KITAMURA!

We describe a trainable singing voice synthesis system, that can automatically learns the model parameters
from singing voice waveform and musical scores by applying HMM-based speech synthesis technique. In
this system, a sequence of spectrum and fundamental freqency (F0) 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 F0 parameter are clustered indepen-
dently by using a decision-tree based context clustering technique. Synthetic singing voice is generated from
HMM:s themselves by using parameter generation algorithm. We introduced an additional “time-lag” model
to control start timing of each musical note. In the experiments, we confirmed that smooth and natural-
sounding singing voice is synthesized. It is also maintains the characteristics and personality of the donor of
the singing voice data for HMM training.
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THEEBRETNVEZFEL, FHRHRRICE>TH
RiEom EEEET 5.

LIF, 28T HMM IKEDWTERE SIS AT I
3SETERRUARENLREOFMMELER, Bkl
AEITE LD ESHORBHEICDOVWTIHRNS.

2. HMM [CBDWEFBEERY AT LA

ARETRRT ZHEAHS AT LOFREER 21
RE. TOVATLIZ, EEEHEAKED 2 DD/~
PR END. BT, FEERETWHE O
BF—2h a2 ET— 2\~ R AN TRESE
EFNVEZEETS. ABETIE, ARLZOTIEHD
ERE L THRAE AT A IS T B EREEZ ST
LT, BERARSS. 4B, |RETIE MIDI 2%
BHRELUTRAELTWA.

21 BAREBAEZEOETIVIE

BEZIBADHEOREAERE, FHOREIICXS
FEFEDOER EFEFIKOBICKZHE, IBMILD
BEHELTEZBENTES. COLIBEFIVC
BT, BEEBLLBEREFERFEZSFHHL,
ZTHLITDEBICHERT 2o REINE, 55
EBLEOEREMIC > TV 5.

EVATF LOPFFEERETIVIE, BB AT 12—
Zol-BRAZFEF T HIE, FEHORECEEFEOR
FORBIRS A— 2N ED XD BRFHELLE LiH D
HEINDD, LWVIERTTUNCHYTS. RET
i, EBRORET—ADBEBONEFMNTA—2%E
HRETFIVTH S BMM IC &> TFET 3FEICDON
TihN%.

BERARETIVIE, BET—2H5RDIART b
WV, BRARERSTA—2, BRXUZOKEBERLE
EEMNTETIUELELDTHS. BEZFDARY
FIVRS A—21%, EHRAMMICK>TETIUET 3
TEMNTEDD, EARARRIIERXETEkEE



by, EEXETIRERF R OAIZERTTORRIRY
EBTHB0, BEOEL HMM LB HMM T
BEHEETFTIUET BT LIETERY. 22T, AERT
WIS U 7o 220 E ORE=RARICHE D < HMM Multi-
Space probability distribution HMM; MSD-HMM)'? %
B, AR MRS A—RELUTAVTTARS
LW BERTTHI A5, BARBEROEFREE 1 X
TLZEME, EEER O RTEMOA Y ANH & LTH—
DB O THEFFICETIVET 3.

Eie, BREIBFENEDHOBRAERTHEID, T
DARY PV FO ORI L RBEIC X > TES)
5. fIAE, BRAREORAMEER > TEROR
MO &> THEIEFLT BT LHMEN TV 3.
BEOEFEERTE, LVEBETRERERZ AL ILPT
YRR E, RENCIIEIBROTFERLEN - SELR LK
&oT, Tho DRI RLZ-TLBLEZLND
TFAPEEERCBNTE, TFAMDLELNS
BREERSERE T A—RICEEBREEZ TVWB e
EZ, TNOOEBEREIAVTFAMERT, aVTF
ALEZERBULEETUERTDOATVS. TR,
BEEAEDIAVTFANEEBLIZETIVEHRSRET
5.

Fiz, AVTFFRALOEACKVFIEET VOER
BaEN3H, aVFF X FOBRCECTZEOED
BbEOWEEKLZ>TLES. $TRTOAVTF
2 P OEAEDRICHBE LEETF NV EERT B 12HIC
BHOWBIE— VR LT~ FN—ABREL
BBN, THIHEH TRV,

COMBCNT 2BREL LT, 75RRY VT
Ko TEULUIZETNVETNRGA—2—EHEIES
FEIBBW, chid, ZHoKRERAVT, EFLOE
BEABECHEITH LT, FULEIVTFRL
DB EDETLICET IS A—E RIS AR
TEBFETHD. KOZ/—Ficlk, av5FFA b
ZIOTHEMSHD, FY—T7./—Rii&, FED
ETVICHYETZET VS A—20H%. FEDHa
VTFFANOHAEDEIX, /- FICHBEMICH-o
TARZWR T ETRLGHIDY—T /—FRICEETE,
FUTBRETIERIRT BT LNTES.

22 2 8 R

£9, FEEFNVELT, 7FAMFRAE LTI K
BERT— A=A O EREMDETNVEIERT 5.
RICHRE T — ZN— AR AN TEE SR ZRB L2
BrITS. TR, FEOTETFIVRICRIRAZRa Y
FEAPELTUTEHRbDEER, ThThYH

VOICE Speech signal

DATABASE 1 1
Spectral
parameter
extraciion

Excitation
parameter
extraction

Mel-cepstrum

Training part

Parameter generation

Label from HMM

SYNTHESIZED
SINGING VOICE

B2 MEERIATLOBE
Fig.2 The overview of the HMM-based singing voice synthesis system
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