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Improvement of Articulatory-Feature to VT
Conversion and Sound Source for HMM Speech
Synthesis Based on Articulatory Movement

Takayuki Onoda’, Kouichi Katsurada', and Tsuneo Nitta’

We are developing a speech recognition and synthesis system using common models of
articulatory movement. By representing HMMs with articulatory features, we have
achieved one-model speech recognition and synthesis. In the speech synthesis part,
articulatory feature sequences generated by HMMs are converted into vocal tract
parameters, and then they are combined with sound source. CELP coding technique is
applied to improve sound quality when generating sound source. The proposed speech
synthesis system separate phonetic information and speaker individuality. Therefore, it is
expected to synthesize target speaker’s speech using a small amount of voice data. In the
experiments, we carried out listening tests for 10 subjects and evaluated both of sound
quality and individuality of synthesized speech. As a result, we confirmed that the
proposed synthesis system can produce good quality speech of target speaker with only
two sentences.

1. &I

FLIEIE, HLOENR NN L EFEEMT 2720 CEFSHEEES L TWA.
BlOEF LA OWMHEF X, FEBIREOEW D SWERIIZ R 5 F8E B
2% O, EHMBPRMELOANEN NS Z 2O FFREZFR— LT 51
X, AISPORERNNETSZLICRD. ZOHHEE LT, EFMENSTEESZ
DHLOTIFRL, AERBICELNLIEHETESR L TITRbRDE L, BFROH
HLARN DDV AT L THERESH TS LW RN E L »EH B[1].

Bx T RMERIL, EFRRHREEFERONFIZ, RA—0FEET L (AM)
EHEATE TV T AEFRBEHRT) ZBE L TWDH[2]. EREE RSO
AM 1T, ZHEGEEHEOEF 2 — XARNKE/ DT, HMM FF AR TR TS %
Z—0y NMZT 570, BikE AROM T EmET HI21E, FEEARE DORFERENLE
W27 5. BRI, BEFEPOMEERELRFEREEL M L, A EDE2RET 25 AM
ERERT A2 & T, MRBEARRRERE SRS L4 OFEE T — X TRk AR Z L
ZaRLE[2]. BFAKTIE, FUAM D OHEERERIIZERL, ZhEFRENT X
— I (Ditk VT el £5) Lictk, HRGFIRCTHE L TEFREEKRT 5.
ZoHRIE, HEHES (motor command) L RF VAT LAEDHCE L0, VED
HHERE CREREDOEF A CEDAREERD S .

HMM HEFAROEHME OBRBEDO —2IZ, 7L AT & QS TR S L7z B TR
DEENRHD. KFETIE, HEREFOI bARKMICEZEERZFMATZ LT
REFOMWEIN EE2RARD. BEAFALEEFARTFEZTTICW O EE SN
TWA[3][4]. AL TiE, HEF 5B THV 5415 CELP (Code-Excited Linear Prediction)
FHAPBNZE S FEEHRGFT 5.

PLF, 2. CHEFAEHBRIINOFERT A —F~OBBTFIECO W TR T D, i
WT 3. T CELP FRICES BETFHOA R FIELHA L%, 4 TIXBRGEE A
DEEOLEFND VT BB LHFREZZRG L, ZhEx HEFEE B OV EDOEFFT
WS LB, @EE BOBERMELFE (AN #7H0d 5. &#%IC 5 TARMRE
DELEDELBOBFEIZONTIEND.

2. AERHIEI<KHMMEES

21 FRAEEE
FHE 5% (Articulatory Feature; AF) [6]1%, FHE TIE LRGN ENLHBERLRER
BYEEHEL TV, THEEND AF 2T 3 0Bl oRhz2 X 11287
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LF Articulatory
Speech (local features) Features
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3-pomt o |
(freq. axis) » DCT - -
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Pm\'er_ 7-_point I.'R - ‘
Calculation (time axis)
3-stage

AF Extraction
1 FAEREEOLBEL DN

AF X, BF A7 MVRFIORERIM & BB 06k i 5 KTk (Local
Feature; LF) %% J8—==—> /L% v k (Multi-Layer Neural network; MLN_r.ar) (Z AT
LTHOLND. MLN e HITE O FREBROENEZFE L TRBY, iHEhz3 71
— L5 0 AF IITHE OEEB ZRB L b OICHEY L, EFAEMBRICKT 5 ERES

(motor command) Z#RT 5.

22 TAEREND VI RS A—F~DEH

SRR LW AF RBIDS, SEEEAOEFEFE2G2252E2 5. b,
WD ELNLEIMESICL - T, BiFEEOFE (VT) ZBEIT5L512, VT O
BT 0 VH R L CEFIRE S CTEEE L72V. VT 285 X — % Z1%, PARCOR (PARtial
auto-CORrelation) £&%[7]1% A 7=.

2.2.1 PARCOR %

PARCOR f2%%1%, #JE T HIZE T DRIM & THRIREZE & #% A & THRIREZE O FH BE1R K
ELTERIND. HBREEENGIEL, BCOHEBREEZ KD, Levinson-Durbin 74[8]% H
W5 ZETHHT D Z &N TE 5. PARCOR fREIE, 73E O AR ERIC BEE L 7= £7 1%
LENTEY, FEBREEVERE >, 072, AF & PARCOR #2# ORI IX
b AHBREOMBENMEIZI TS EHERI ST, B, AF H 54572 PARCOR 2% & &
70251572 PARCOR ¥ L VW VE B 2 o[ 2].

FR{E 5 % PARCORREMN O LIz 7 4 VX ITET Z & T, HFIRICHY T 55
EEENELND. Z DEEE S & PARCOR %% PARCOR 7 4 VX Zi@9 2 & T,
EREAKRTHENTED.
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222 ABHEID VI RS A—F DT

REITETIE, TFES15 AF & PARCOR ¥ # E#EFHE L, MIGERE2LE=
2a—FNFy hU—27 (LLF, MLNpp &EFEFD) 08T 52 & T, GEHIKTFO VT
ETNESD. —F, AF IEHRE OEBEOEREZME L CWARTIER Y. oF
D, HEFRTO AF EFERERROBMRIT—x— TidZeWiaw, AF D FERIR
EHEET LR, Ao TX A MEREADETANL, hE, #EHGEE0
FEEB~OHFIE LTHHT 5. 22X Y MLNp 23 PARCOR ¥ D /8T A — &
ZEMET, WO T ESEEIT LN TES.

23 HAERBICEICEFERIVRATL

AERHFBICESS AR AT 2O ER 2 1277, £7, AF RIIEZFE L1
HMM 7226, &3R5 LAREERGE R 2 157-%, BREBO AFSEHXY M55, RICH
L2 AF 5, MLNppIZ & > T PARCOR 28 #HEE T 5. 1% |2 PARCOR A k2R
EEWESCEHEL, AREFEED.

2T, MLNpp T, KEOXEFR CTHE Lk, BEFEODEOEF Cln
bZ1T5. ZHICEY, DECFE THEGEEIZIEV PARCOR fRENHEENDH Z &
EMFEL TV D, BREIFFIC OV T, KREOFFZHEM LIV ZIRs, BAZEE
FOLBEOFEF THIGT 5.
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3. CELPARIZKAEBTRER

— B 72 HMM F R AR TIE, 2OV RIS AT 2SR E T 5720, HEEHEN
RIEIC2 . 22T, ZORBEOfEREEL LT CELP 5L [5]% A\ 7= B Eh & IRtk
BRETD.

31 CELP #&Eit

CELP ki, AR OFR N A SRSy & AT M VEERTIC L TE T
Wb$ % vocoder FRICIETD. Z oD mE G T 4 VA ITHGHG L THE R 24K T
DB, BREVE RS E T SEN DR L, ANFEFRICK BTV LOERET D, Ab-S
(Analysis by Synthesis) JEICES AN —TREEFE -2 LT, BEEEFG =
ILEEBLTND.

CELP i fbofiiin# X 3123 . £7, HE[FTESE L TUREKRET —FX—2
EELTEL. FHEERTIE, ANBTFEFENT A —XIEREITV, RENS
RN DFEZEZR DALY THERISNE-TIREBREMREIT). £ LT, THEEE
VAL TOBRENR/NE R DERAZDHMAEDEZ®RIRT 5. ZOBRRINIFZREDA
VT I ALFENRT A =B EEAERAMEETHI LT, BEEOFAKEITD.
32 BEIEFROER

ASEHRRTIHAMFRTIE, FEF—2 ot L-7E#E A %2 CELP 4 5{bickE
SANV—THREEZHEH LT, HMM OFRIEIZTID B TH. ZOFIREZK 41277

FRF = N L FOREREAME TS L, By Fv—0 25T D HOT,
vy Fv—2 ZRLICEREYON 2 f5OomEBEH L, —o0&kERAFETD.
DL THREERERERET — 4 =2t L, BEMBELZMHERETS. D%, PARCOR
BELTOMNE Ly F~—2 2T, TOFTFLE Y F L ADMEBEEZ A DY
7%, BAL—7FEBICLVEEFERTEZRINL T, HMM OFIRIEICEI D YT 5.

ZIT, TEIREKEOEFRNOELEER I E, BF - B#EFICIEESEEO R
OEAEFERZEH VL TH., ZRICED, DhVEEF — 25 BHEGEE TV EREE
BENERTEDLZEEZWFELTNS.

IO, AIBEEREEBRE LIEERNBREITY, £EFLO HMM IZ, RigE RIS
Lo TR IR RBEAERAZERFE-E2 L9z, ZhIZED, BLLRTEIR
ZEBATLHILENTES.
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4. FHMERER

41 FRMEIRIE

SRIDOEFGRY AT A THEM L7 HMM O %% 112, AF-PARCOR fREZ5#1
ZaEE 21T

BIRG S IEIERL D% 7 — 2 1%, AF-PARCOR fREZ s & FEEDEH a1 — /32
SEE, AR, Em, OWEEIT 25ms, HHEENT 10ms Th S, 2k, Al
DERRTIE, FHRIIEREMGEELZ, TFLOEEMEBL TN,

42 BBERICETIEHRIMETR F

421 EBAR

RFIEICLDIMENEZIRD, WRFIELERTHEBEBINTWVWDINEZHERT D20,
(@ SV AREABMHEENLRDIFREAOCTEARES EkTFE)
(b) CELP 5 5{kbic & 2 8RBT IR 4 A 2 s (IREFIE)
(c) HEFEZEOREH
DOEFEEZIET 5. 7ok, BEGEEOSCHITX - XHEH L.

422 RERFER

BEon-EFEERE GREF  T—HBE»Y, =a—a3—J %28 L7 ) =X 51T
~Y. 5(b)&L v, CELP FAAbic L ABEIEIRZ W5 Z & CHERE O = IEE
TSN Z ERg0nDd.

43 FEBIGICETLIERFMETR +

431 KBNS

HESEEOFEFDE LS ESSINErZHRT 5720,
(@) BEEF (HEZFREOEF OIS L)
(b) ERES (HEFRE OF R % 2 X T EK)
(c) HEFEEOJREH
DAY v a T LET5.

432 RERFER

BohfcAX7 barIh (B —@8MIE»Y, ==2a—3a—2ZBH# L. )
ZM 6T d. B 6b)kY, AFEEEOEFZ 2 WM L2 TRIEEFE DAY
RVIZE SN2 Z E RS ND.
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# 1 FEBRTHEM L HMM
HMM monophone-HMM (38 ¥ 3) |, 5-state 3-loop, left-to-right
B SR, INAS (5 ¥E 38 4, 5000 3Z; 16bit, 16kHz)
TRy AF15 It X3 7 L — A (3 45 RT)

* 2 FEBRTHEM L7- AF-PARCOR 12325 #igs
MLN 38 (AT 45, Hfd)E 450, H77)E 39)
ATR %335 o 23 (16bit, 12kHz)

TE =R o REEFHE MHT (5%, 503 30)

® Hirih® MMY (B, 2, 10, 30 30)
AT AF15 RIE X3 7 L—2A (EF 45 kL)
H 7 PARCOR %% 13 kTt X3 7 L — A (339 %k L)

(a) using pulse and noise

(b) using CELP coding

(¢) original

5 AP L
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(=T S th O

05 0 15 T 20 T 25
(a) no adaptation

frequency [kHz]
(=T SR N th O

05 1.0 15 T 20 25 3.0 [sec]

(b) adaptation (2 sentences)

frequency [kHz]
(=T I I N S e

(c) original
B 6 A7 hmJ T Ak

44 EEFEMETR
441 EBRRNE
HIEFREOFHENE LIRS0, ENMELE»EHERT D120, R
0ZIH LTCUTOZRRBREITo7-. 0B, AR S FIIHERE S 9 CEHH L.
1. BHEEZOEE( 210,30 XHEA L-HOSREEL T v 4 LCHNE, $8%
FIFEI S EERE (5: Buh~1: W) TN
2. ABXIEIZ X 2ZHERER (A KEEHEEOFEH, B: BEGEEOFEHN, X H
HEEHE DT HZ 2,10, 30 XA LEEBOAKRER. E ZLICAL BE AN
Hz)
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5 60
— M 2 sentences
= 4
4 s 30 M 10 sentences
2 40 [ 30 sentences
z S
Q 3 9 30
= 4
2 20
2 =
& 10 -
1 0

(5 ) A>>B  A>B A=B A<B  A<<B

@ 3 W

(1) Original speech
(2) Synthesized speech (pulse & noise)
(3) Synthesized speech (2 sentences)

A>>B : Synthesized speech sound like A

A<<B : Synthesized speech sound like B

(4) Synthesized speech (10 sentences)
(5) Synthesized speech (30 sentences)

(a) Evaluation of speech quality (b) Evaluation of speaker individuality
7 EBAH T R R

442 REREER
ZHHBR OB REX 71277, X 7@ XY, CELP & 21{bic X 5 BRERSIH ((3)~(5))
EFRWAHZ LT, NARELEHBHESNIOMRDEIR (2) %MWk & ~T MOS fi
73§jUIJE&:rEﬂJ:L7‘:. Fo, BEFHEOYE f*naiw%:i%%m“ LT MOS faAsm kL 7=,
B 7(b)H51E, 2 CHEMEETH BAEFEE OTFICEV &HIE S5 EE 255 83% & 7
, BRERE T &Tﬁﬁi#z)ﬁﬁxot Lo, 2 30 HKo MOSEIZ £ 72
1£%<, JIR L LT, MLNap DIBIIFEE B R+ ThoTo B LN,

5. £&o

ARHETIE, HEEBESICHY T 2WERECRIIND, FEECHEEEERELELE
FEART&AZ %" LT-. £/, CELP 4@7:74[:0333/75%55%?5:&:4:0, (ne
KOFW OV A+ ) AR) EHEBLCRMERTFEHAETEL. IBIL, dhn
X THEFHFIGEWER 28T 52 N TE, FMMi7T A b CIE 300G TH K 83%
DOEIEG THEGEE IV &l <.

413, AF-PARCOR £HigR & HIRD I LR 5B 2TV, SEM EE2 B L2V,
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