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A Prosody Adaptation Method for
HMM-based Speech Synthesis
Achieving High Naturalness and Individurity

HosaNA KaMivyaMA,! TAKAHIRO SHINOZAKI, !
KoJ1 IwaNof? and SApaok1 Furur'!

This paper proposes a phoneme duration adaptation method for HMM-based
speech synthesis. The proposed method converts mean values of the duration
models based on the Quantification Theory (Type I). Objective evaluation re-
sults for the models made by the adaptation method confirm that around five
sentences are enough for adaptation. Subjective evaluation results confirm that
naturalness and inviduality of the synthesized speech using models adapted by
five sentences is almost equivalent to that of the synthesized speech using models
trained by 470 sentences for a specific speaker. Finally, we synthesized speech
using Fy contour generation models, duration models made by the mean adapta-
tion method and cepstrum HMM adapted by the SMAPLR method. Subjective

evaluation results confirm that naturalness and inviduality of the synthesized
speech using models adapted using 20 sentences is almost equivalent to that
of the synthesized speech using models trained by 470 sentences for a specific
speaker. These results indicate that the proposed method for the prosody mod-
els can effectively produce synthesized speech with naturalness and inviduality.
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MEE N OHFHETANOHET S 2 L THERAREITY. LrL, ZhbO T
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Fig.1 HMM-based text-to-speech system
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1 HHI/ 72D
Table 1 List of phoneme classes.

HH#H T A e
1. & (vowel) /a/,/i/,/u/,/e/,/o/
2. % (syllabic nasal) /N/
3. &% (choked sound) 9/
4. E¥% (long vowel) /-/
5. fiFZSE (voiced stop) /v/,/4/,/¢g/
6. MEFEHEZLE (unvoiced stop) /p/,/t/,/k/
7. HFEEEY (voiced fricative) /z/,/3/
8. MEkEE S (affricate) /ch/,/ts/

/£/,/n/,/s/,/sh/

9. MEFEHEE (unvoiced fricative)

10. #3% (nasal consonant) /m/,/n/
11. ii#E (liquid) /x/
12. ¥#¥% (semi vowel) /1wl 1yl

13. #)i% (palatalized consonant) /vy/,/dy/,/gy/,/py/,

/ky/,/hy/,/xy/,/my/,/ny/

3.1 FHRPEREERGIEE

HRWGIHEIREIY, R 1UICRT 130EHEZ FATEOKEL THICL>TEET D).
T HEMGIERREX, 772 T 285 E % triphone HMM THHEIV LI 52 L2k b
3 5. HFRMERHEREIL, YEHR LT - BT 555K, K2 i - OB RO
RS EELTWAZENHLNIINTEY, G EZHIEER E L THWD FERE
MTHDHIENRENTNDD ., AHFRICENTHZN S OHIEIERIC X - T TED
T MEEITD.

3.2 FHEZFRICLIFEEDEDERREFFRETIL~DOGA
BERGFHETT /MY, RLIORLEEHR I TALL > T I3 FEEOET ANGEET D
72, 1I3FEHEOET LENEUCK L TR (3) Ik » CEHfEK Y E2RD D Z & Cafig i
WML EAT . 7220, BRI TR K o THlE Lic & X2, WIhT — % BFELRWEE
(N’ =0 DA 1%, T VOS2 FDEEHENT5.

4. BERMERARETVICE T ZEEBINEDFTMEER

FHEMGIF R T T VIOV TEEEHEIMEZ TV, HEEREIZ DWW TORBIAM IS & A
SRV & A AP O W T O TBEHmER 1T 7.

4.1 FREFT —IN—X

FEZIE ATR HAEE T — 2 ~—28) ho BHERE 44 (MHT, MYIL, MTK, MMY)
&, MRS 44 (FKS, FKN, FKS, FYM) 12X % 503 %55 (A~I & v R4 50 J&75, J
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T b 53 REF) ERAWE. EFEAROLOOr T AT A, FEEHIVEEEL ) Fy O
1% STRAIGHT % % i C, 208 16ms, 7 L—28H Ims Tt L7205, 5ms HH
ICHMEZIR LU CHER L., RGN EOHEICHVWE 7 P A T 58T 03, &
FH-8ALDA~TE > I (450 30) THE LGB MNLET VEMA L.

4.2 ERORN

ISR REEE A bR < BIEREH - IR T4 D A~T & b (450 (X 7E6E) & JO1~
J20 (20 3CX 7 EEE) OF 470 3UX T EE E O TEEEMNLET VA5 Lz, i,
ISxHGEEE O H21~H50 (30 30) & Ik h (50 30) & J01~J20 (20 30) @Ft 100 3TH>
57U F M 1~100 XERY, BEFECL > GEEESET NV E2AR L. I HN
DEEEIRFET VI, A~TEy b (450 30) 76T U F ATERAT 80~450 L& J01~J20
(20 ) DE 100~470 LAEBATHEE L2, ERLEZET NS J21~I53 (53 30) @
AR R A HEE L, BTN 2R OB 2R 21T o 72

4.3 EEFMER

FP, BEEHNER S LTSS HEREOMRE RO, TOR, T—F 2RER
FTHRIFD 1I~4 D7 FRABTHHEREMIRE L1z, FiRE2M 2177, EROMKE,
FEE ST T U 5 UL OIS I B W THEERAEIZIZ & A EZ k372 <, 100 XOFEHK
FETNEFRRBEOHERZE L ol DFED, BEFHEIL S XTIRTHEISHESICRT 5
eIt —J7, 150 LA ETEE U EEE IR T WX 5 UL ECAR R L ah
ST NLVHERENNEL R TRY, ZOEFIBLE 2~3[ms] BETh-72. OF
0, 150 LA EOFHRT — 2 B8 D51, WIEETT ) 10 & L i HEERR AN &
SRDZEND Do, LoT, BRFEICLDHEEWEIEL 150 UL ET%8 LEEs
BIFETNVEVIEED OO, 5 TREIC L DI LY B D IREMEIGRROFEE IS0
B RRGEREEET VEERTEDL Z LN o T

4.4 FHFTMER

WIZ, BRTFETER LGS EIGT T L0 BN L BAMEC W T EBRHMIER 21T -7

4.4.1 EBREH#

LEIOERTIE, FEEISET VTEEMNIET NV E 5 SUCEHEER L= b0 HEH L
7. Fiz, FEEEAFETLIE 100 3C - 200 3 - 300 3C - 400 3C - 470 SXEAWTEE LG
D&M Lz, SHIBMETEE 34 MY, MMY, MTK) %«P#6% 34 (FKS, FTK,
FYM) [ZOWTAMK L. Z0LEFr TR NT A, FEFEHMIEER QN Fy S % — 2 DR
BT, GRSREEDO A~TEy b (45030) & JEv ho203C (JO1~J20) DFF 470 3¢
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Fig.2 Relationship between the number of utterances used for training or adaptaion, and the
average RMS estimation error in the duration modeling

THE LICERERFET A D AEM LTz, FHMIERIL, WiREITH 2 DOBRE DT %7
U F ARNEICHER LHRERE W 2@ ST T A R e, ST OIROBICIEMFSEH 2 TR
LB = IS TN T 2185 ABX 7 2 MZOWTITo7-. ABX X FTHEHT %
EMFETRIE, il L7 E iR (EME) 2208 L7, #RFIT 11 A TEFROX
BEIZIZ~y 7+ & L.

4.4.2 FERIETILEOLLE

FEEMSLE TV LR HISE T VO GEHEERIT, HAIEEEHO® GEE (MYI-MMY)
LEWVEEE (FTK - MTK) 242150\ TfTo7-. fEREK 3 IRT.

BAMOTM 2TOXT B THEEBRIGET LD N ERIEICBO TRV Z S, #
AT SNOFEEKETHEEN MR I, HEMHET 22 L TARENETHLTHZ L
DR XNz,

BEAEOTM 2 TOXT M CHEBRISTT AVOFMEAETE VN EZ G2, FrZ, 7
HWORVEEH L RAICBW T 1% DA BAKYE THEISENBD .

4.4.3 FEKRGEETILEDOHLEK

FEAM IS E T L & R RAEE T VO LBGHESERE, 6 4 DFF% (FKS:FTK - FYM -
MYT : MMY * MTK) [Z2oWTHTo7=. fERE 412577

BAMOTM 2 ToOT M THEEECTT L0 NERME CEOGHL 2572, 5

«
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Fig.3 Preference scores of synthesized speech produced by speaker-adapted and speaker-independent
duration models. “*” and “**” indicate that differences are statistically significant at 5% and

1% significance levels, respectively.
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(©2010 Information Processing Society of Japan



T BB A B SR

IPSJ SIG Technical Report

NET IV E OWITITEIE T 5 2 L THARMEOSLO MR ST, 470 LOFEEKRTT
ETIVE B LT GAL, BEE R L7275 0 070N BRI IR S D 7.
BABEDOTME ETOT B CHEABISTT A OHBMENE TEWFEHEZ&7-. 5 X2 &
DEEEMIGET V& 400 LA T OFEHFIRTFET LV OUBIZB W TIE, FEEHEIGET L ON
DABICEWERE 2D, D JEEE TR R DR S e

5. 2ETLEBAL LEEO BRI L EAEOTE

SEATHRTEY) RURTE COREBRIERN S, Fo /8% — U ERET N L BRIk R T T
EENEN 5 U K- CEHHEERR L7-ET AN, 400~470 SLTHE LI-aiERFET L
IEIERREROER L ER T BRM M AMEOBRREEL AR TEX 5 2 L3R T
i, RETIE, BREMGEHFHETT VOBEISICIZ T, Fo SZ—VERETVEF TR
kT AEFIUCOWT HREEEIS TV, DPEOFGEGTHFNLAMR LIZFHS O H RS A
PEIZ DWW TRl A24T 5 .

5.1 ETFLEBDORN

FRIAW D EHEARET AVOAERICIE, 4.1 FHEFEOEHET—Z_X—2 2L, [
KD AT STRAIGHT Z3#TIC L AR B 21T o 72, 3, BGxI s 2 k< Sk
REE - IVEREEF T A OFEE D A~T& > b (450 3UX TEEH) & J01~J20 (20 XX 7 &h
H) OFAT0 XX TEEEOFFT — X 2l A U CGEEMNL 2 7y 7 A+ T AETV, FEEENE
HIEET NV, Fo RE—VERET VR OEHMRFHRET v EFE L. 2oLk, &
SRR OB ICIIER L2558 ML 7 7 A N7 AET AR L. fiVC, st
LEEH D J01~J20 DT > Lie 53, 20 3% STRAIGHT 4341 L, 77 A b T L4 8E
L Fo "= R L. EBICT T AN T AHBENY, FEEMN S T AN T AT AT
SR D H L 2TV Bk E 2R L. 2%, i LSSkt E & B o3
Z—rE MR L CREFETHEEIGEL, 77 A N7 AR #ME%S SMAPLR £ T4 #E
ML UTe. 72720, JEAMMEEE GRS IS 2B, H AR N T L &
L7z, HBICHOW B RERIFTT VIR ED A~T v b (450 30) 16T 0 F ATEA
7280 3T + 180 3T + 380 3T - 450 XX & JO1~J20 (20 3X) FF 100 3T + 200 3T + 400 3L - 470
XEBRALT, ZNENT TANT LET N, FRABIERIEET LV, Fy "2 —VAERET NV
B O FAEGERIRET V278 Uiz, O, FHRAGRER O AR U7z 3i# K
T ARNTLET VEHEHALE.
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5.2 EEHFMERR

A LT mh B ML TV LR E ST T VA L CEMERRE 24 (MYIL- MTK) &%«
PEEE 24 (FTK - FKS) @ J21~J53 (33 30) IZOWTEFGH L, FBFHIERE1T-
7. RHIERRIE, BRI OWTOXRT T R R EFEAEIZOWTO ABX 7R &7 7
ABX 7 A MZHW S EfEEFI1X STRAIGHT A THItH L7247 72 T &, JEE IS
1, Fo OFFBEZFHAMRLEbLOZHA Lz, WRET 16 4 TEFOZIIZIZ~y R 7 %
VEREH L. XTTAMIEDARMEOFHIOMKRE K512, ABX 7 A MZ XA
HORERZR 6 12T, LUF, BHARMEOMEAMEOFAE RISV CHHT 5.

BAMOM  FEBROME, b5 CEIE 100 SUE L, 200 SCEE & TIEFRREE,
400 3C - 470 LT L 0135 B M ME S, E 72 20 SCHEEIE 100 3C - 200 3L - 470 3T
FE LR, 400 CFE SISIERRE ORHMEAE ST,

EAMEOFTM 20 SCHS & 470 SCFE L OT LISMT H RO T & I FEIREOFRE BN
oo, BRI, 5 SGEIGIE 100 3CFH K0 i, 200 SCFE LIZIEEFREE, 400 3 -
470 LB X013 D RIS BT, 77 20 SOEGE 100 3T - 200 SCEE XY R, 400
I L IRIERARE OB S S aviz. 20 STHEIS & 470 SUREIZOW T HRMEE #8
VEIE R ORI F B A7z

BHRME - B APEDFEAM & B2, 5 T Xk DEFFE G ML TiX 400 3C - 470 30FE & T
ISR MF O TN AR SN, Fo 7357 — AT TV KOS itk
METTNOEHFMERTIX, TR 5 T X DFEHE ML T 400 3C - 470 308 L3
FERIRE, b LUIENIVENTCERNERIN TN I NG, FTANTLET LD
WIEA B R TIIA L, +aRBEICHRBEONRNoT b EBEZBND. L,
20 SCHEISIE 400 3C - 470 SUFE SIRIEFRBE ORI G722 LD, ¥ TANT AET L
120 SCEE LT HBEICIENE SN D Z ENbns. ZOREND, KEFEKT A
T LTI 20 XOFHEEEF LIS T D Z LT, 400~470 L THE L& KEFET TV &
EIEFRREO R EEAEOTEGRNEBRTE D Z RNk

6. ¥ &

ARTIE, DREOFEEEFICE > THRME L EAMECEN T B S SGRE BB 272018,
FATIRTED O Fo 35— AERRE T L L RO T CH RGN HE T 7 /10 Th
AT & DEEEEIE ATV, ZOMREIC OV CHBLAFNESR K O LB R 21T - 7=
HBEHIRRE1T 72 L 25, 5 A RIS K DR HISE T /L 03 150 A EOFEHERFET
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Fig.5 Preference scores of synthesized speech produced by speaker-adapted and speaker-trained

kK WKk

models in naturalness. and indicate that differences are statistically significant at

5% and 1% significance levels, respectively.
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Fig. 6 Preference scores of synthesized speech produced by speaker-adapted and speaker-trained

models in individulity. “*” and “**” indicate that differences are statistically significant at

5% and 1% significance levels, respectively.
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