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Abstract Speech acoustics vary due to differences in age, gender, vocal tract length, microphone, and so on. The
authors recently proposed a structural and abstract representation of speech, where these variations were effectively
removed. This representation captures only dynamics of speech. In our previous study, using this abstract represen-
tation, a new framework of speech synthesis was proposed and some fundamental investigations were carried out.
In this new framework, an utterance is modeled by two separate attributes; one corresponding to what is known as
speech Gestalt, which is speaker-invariant, and the other to the embodiment seen in vocal tubes, which characterizes
speaker differences. Acoustic signals are generated by using the Gestalt as constraint conditions and the vocal tube
embodiment as initial conditions. In other words, the Gestalt can be acoustically realized only when the speaker’s
embodiment is considered. This new framework can be regarded as an implementation of infants’ vocal imitation.
In this study, by following the initial investigations, we improve accuracy and efficiency in acoustic realization of the
Gestalt by using an analytical method. Experiments of generating continuous utterances of Japanese vowels show
the validity of the proposed method.
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BEORENBITTHE O G M % 5T 2 HTH AN E T
T2, RETIEHEAKS AT LRHBOEFBHOE T E
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M TOm EE AL,
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Fig.1 Speech representation by capturing only speech dynamics.
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Fig.2 Structure extraction from one utterance.
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Fig.3 The conventional framework for analysis-resynthesis and

the proposed one with three separate kinds of features.
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—FE R SN RR TR T 256 %E X 5. K2 Ic—FH
DEF DS OBENRROIMBOMNE R T, EHOKRRIIE
FE, FTHEREARY PARAD ST TA L T LRIINEE
faxns, Bonkr 727 L5%50b £ -KRIIEETH B
M, INEELLREXEICB O TEEREROSMHELTES
Z, ZODAMORERIINELHT 2 (2D & EKAITHIGT
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wikanzs,
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Fig.4 Structure + vocal tube = speech sounds.
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Fig.5 Search for the next target under structural constraints.
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Fig.6 Solution of the searching problem.
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Rtk & UCHERR po 2 B EWNICEN T % fRERiE I, %
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(1) HRGtE L 2 2 ENRRICESHT, X (2) Dk
mHRAREENT 3,

(2) PIAGMEE 2 2 BERHARZE S Ll AR RA
T35,

(3) BonRck-T, RDZEHFERLED 5 2
ZHi<.

(4) BonlBHOREEZRD 24T, MHENRREZHIY
T B RRERIER R ST E B,
4 2 RILDBAHZ, TIIGRHEOTEER A = N1, Zs), B =
N(po, Sa) 206 HEHEE p DTV = (ug, pl) 2RO E
T3, R LEERROHILTEATINIENA L L2 ORI %
VEVY LR S, p OOBUHOIEME T 5, FfRARR
D= (2) DEAE "HH%E ¢, 2 RILD z,y KT EHBDE
FORT, AEWICX Y p ST 2T OEN R EE 3.
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D= O DIEHDOAR SI—RIIE 20, Bk & OVEillo i &
WKWEOIRKTADORED, 200D —ODFHFRERD 2%
WKIE S S IR E 2 5. — I n RICZEBNIZE W T
n HOBEHEZ T TRRHELE—DICED B I EIFTER
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b+ 1 HOEFHHERPKREL 22, 2 RLOHAICE T 5
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REFEOEINEIC OO TIARNSE 0, HAGE 5 REE 0
FEZHOCTHEBEZT o7, ZHREFERERETOHBET 2
bDT, /aiueo/, [ieuao/ 7% & 5!=120 HEEVHET 5. WA
BL& 34 (ZNFNFEEH M1, M2, M3, Fl, F2, F3 & ¢
%) IKOVTINGDOFEFENEE L. TNOHDFEHITONT
STRAIGHT [15] IZ3ED K A_7 P ASHTZATV, TDARY
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FHE ML B LU FL OFHFBIZOWT, M2 DFNICHEI BT
INGEDNRI A= ozl L7, 7 7A 7 2%500
5 AR BINNDEHIZER L TIE, —FFIcx LT MAP #E1C
o HMM 23 [8). DR, —F&55 % 25 05346 %51
NEZHL, 2502 = 300 O BEHEHER D & A EMEZ M L
7o, THICHENERICE D ERERCTREIN TV 310
SEITFRLEA LR[S, 2Dk, oMok (UT7
Oy 7P A REER) F1BXT2EL, &4 0HD%EMTH
WERMMH L2, ZOBEIBHOTR E R B HEEOE L 2 5.

—H, #EE M2, M3 BXUF2, F3IZ2WTHX 2 DFHRNT
I ERfT o, 1 LEEREROMEETLT, 20rhofk
Fiz 25 DA HERININEZEWTZ, M1 BLUVFL 2o/ 610
T AREREE 2 RS, M2, M3, F2, F3 DZHZF oW
T5OD54 (3, 8, 13, 18, 23FH) ZWWISL: & LTHW
T, BYOEBERIIE, RETLIHHATHEL . 20
FEO, WERMEM E LISt oo, Ev F, 8T —, kiR
B, MEEINEHRE L THERRTH 2 20 HosfHm»Es 1
3. 2o DOEREMAWT STRAIGHT OFlA THH 2 FHE
B U7, BRBEROREATE 2, REBICET 2584 M1
BXOFL 3, D 0iFmFRSEE LTHEIoh, KRERK
ZINS DG THEREMREREL TWE Z LITHYT 3,

4.2 RBRER

FEZ L > TR N AREFO—HIZK 7 IR, Kt (a)
ARG B L 7255 M1 ORFE OO EARE, (b) 134
WIZeth 2 24 L 725638 F2 OFFEOAIHAERE TH 5. (c) IF
REFIRICL > T ML OREIESE L F2 OFIELED» 5 AL
7EETH B, HEElL /aiveo/ THD, 7Ry 79 AL X131 &
L7z, (c) ) bR I By ISt L LCh 2745
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4



(c): MEFWIC X 2 GHF
M7 GRERDO—H
Fig.7 One example of synthesized speech.

(b) DARZ P LEFHBL TWBE I Ebh 5, FEEICHERL
THDBE (c) DEFDFEIENEIL /aiueo/ EBEBICAIH T 2%
MTES, ISHICHEEIIOVTY F2 0EE&E2IEL  HE
TETCVBIEDNbDS. Io DR o BIERRICHEE
BEZDEVIHIRET IR L > TEHZERTTHETH 2
FOR I NI,

BRICK, SWRICL > THERREMET 250, UKk
23 5 D CIIER R 2R R 2 B E L, BIERNZ R <18
BT OGHIEREECH 572 [9]. —JF, AFEICEV TR
DEMFITE > THBDAEEE 2> TE D, BEMICE W TKIE
B2 S it v A B Y

5. FEIFHlEER

5.1 REBAHE

AREBRTE S N HHEICOVT, LML E T 7.
RET LA TIE T REEHH I TOZO2TH B LEZS
ns,

(1) ARFECHEONETBHEICOVT, ARTNEHE (K
FA) BIEL CERS N0 E 9 Do,

(2) AFETHoNLFHEIIOVT, ZOFHEESHEL
TREFEHEDLDERSTVRENE ) W,

(1) IZ2WTHHIIT 2720, AHFEBRTHRSNZERICD
W, A~y FRVEERIC X 2FEID 7 A M2 k- CTTRERT
fizfro7z. 2O, SEEFH—ETOMET 3 5 AEFEGTE
FTHBBEEHo»LOEAL, ALY I VETay 2
HAZ1TBIR2DEEICO0WT, FiEHoMaabY (G S
HD) ICDE 60 HEETO&EE L7, MEUX 2 x 60 x 8 = 960
P TINER B,

—H, (2) ITOWTHMET 372 ®lc, ABX Ik b &RE
FOMEEZFME L 72, 2B, Ef#E 7% 2H 0 HAK
B LA R0 RS (EmhibiiEs L 0°b 95—
HOIGARMETEE D WD) OOWMHAREZE 7 v 5 4
ZIEF TR T 5. 20%, REFRICLI2GMEFREZIRL,
BDF Y TNDEL IR ZFHMIL TS 5o, FHuky

(1) © OZREEIC & 2 PAiigHC, #9 20000 fFOEEbzEBL T 5,

F 1 BENGEER O FERAAT

Table 1 Experimental conditions for the listening tests.

(a): YREZRHN (1) DR DBEIGLERSA

ridEa HARNRA B 4 %4
FEEERRY ~ 7L REFHEIC X 2485 960 ¥~ 7L
SRR ~y AR X 2E S 72 b

(b): EEFMERHI (2) DROHIEERSEM:
e HANRANBY: 4 4
PEINEEERY ~ 70 REFERIC X 288G 32 > 7
WIGT 2 G RNROSHHGRE 32 ¥ v 7T
[ —VEDRIGEE D HiaRE 32 ¥ v 7
ki 32 oy 7 ick B ABX ¥k

Fhgik

YTNMETa Yy A AB LIPS OMAGDEDORE S 32
P TNTHDL. OB, BREYICSIHIE 2 2 DDA DHEE
& LC/aiveo/ %, MEFHEICLZEH Y Tz o>0TE T
VLR B HERRA L, (1), (2) ZRFROREE
oz ® 11TRT.

52 ERBER
FEBEREROME AR 2 ITRT. £ 2a) ZEERY T A
FOFERERLIZDDTH S, I TIEMRE I 4 NOBERED
I b 3 AL EogERE omE E, BNROHES L 728
BEFELTVD, £ho M-F 13, MERETEESBEE, i
SAHRMEEENLIETH B I ER2R LT VS, £ 21X,
MG SR EEH & X RIS EEE 233 B D& 84 %D
EE#E, 2ENICE7Tay 734 X081 oz, ¥ 70 %D
IEERE ot —THEEMMTEEH & ISR EEEE 03 R
ZEMDLEAZIEEREMEL 2 HABH -7, £hTmy 7y
P4 D2 DEEE, TRy 7Y A X1 DL IR TIEER
IMEL 2o 7228, HRINE L 284132 0EII b o T,
—Ji# 2(b) ¥, FEEMFHHEBOFERERLADDTH 3,
# 2(b) 13, BEAE 4 &P 3 AL LIS R LR 1a
ERHII L 2B E R L TwB, £ 2(b) IckiuE, 7uy 794
21 DEAEDIBT Ay 734 XD 2 DFAITHRT, Ko
PERIRCoF BB L ¢, IELSFEEEZFHRL WS 2
Ebd s,



#* 2 HINFEBORE, £, M—F IEHES 5B Male) , WIS RHEEH A3k
(Female) TH2 Z t%2KY., ZoflibFkk WARKE7 Ty 744 XDORNNHE ) X

HIZRIEEROE T 2R T,

Table 2 Results of the listening tests.

(a):FHZWD 7R + DGR

()l & PTG o f

REFER IEEER (Tuy ¥4 2X1) EER (Tuyr7¥42X2) HPR

FARX1L A X2

S 480 0.70 0.63 10.0% S 11/16  7/16
M—M 120 0.84 0.76 9.5% M—M  3/4 3/4
M—F 120 0.59 0.57 3.4% M—F  2/4 1/4
F-M 120 0.60 0.56 6.7% F-M  3/4 1/4
F—F 120 0.78 0.65 16.7% F—F 3/4 2/4
6. & = I, NI EAT 2 FomBEERommEl, ERE

GNER, B X OREFHIEROBIICOVWTHEE TS, &
T2 IEERIZ, JfTiEIC & 20~ OBEI SRR D 5
AHIT63% (BEAEER 4 DEA) ThHo DI T LA
Rohs, BRI o 2 0HEE OB A 231 THFJE X
DHDRNI DS, HKEDOLRINEEEZE L - E &
BANCHEL Twb &z NS, EFE-HicoEFE
fltic B\ 2 IEER L BERIRICE U 2 1IEEK LT, BRI
DIFERIMENHADIA ST, TIUIHER DE I L 2 iR
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0y 74 X 1 OBEICIEFEEEDE VIS T 2 FEAE D
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RN REHRD% C R, TR A—HEETH BlE I
ko TRRIZGA, BIoAVEANH >, JIUI AR
WO 2R EE PP S THHALTHSE I E2RBL T
Bh, FTHRICK 23HESLT L HEYTIE RV LR EKT S,

7. b DI

AT, ESENWRIC X 2 SHEOEBICR L TELZAR
ERYBERTH 2 EH OMENER L 2 U EED CEFR A
DRI DV TR, RET A TIE, SHFHEL Z
DFEFHENR L FHFE O FHEEIC L T2 2, TEEED
AR OB L, FEEFEHEISH LT, PRI FETES O SRRk
ZHZ 2R CHEFAGREFEHRT 5. REFIRIE, HHOFHE
flDEFINELTRAZENTE S, RITHEICE VT, HIH
atE L OB o SR IC L - THRET 2 Pefl 4o B
WiE 247> C&7hs, WM, BERICHESD >, —h%

LER 2 FHEPREL 7. 2ORE, BET2HHAONT
REC IR HIER - 72 B AL & DMBEFT D75 AR
BB 7. FBICOM L 7 5710 C BRI % 0,
BRETHRIC L > CRM AT AROEIHECH 5 HA 5 L7,
S, BRI LIS X - THEEHIR 27 T & 5 e
TR & IS 2 TP LV REART 0y 7914 RI2 X 38R
FE 21T BEDD S, F 7 R0 S HEC T A i %
7 LT BRI BUIC D T b [3), $RET 2 Ml r 1P I
hilkoT FETH S,
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