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Abstract We present in this paper a voice conversion (VC) method for a person with an articulation disorder
resulting from athetoid cerebral palsy. The movement of such speakers is limited by their athetoid symptoms, and
their consonants are often unstable or unclear, which makes it difficult for them to communicate. In our previous
method, exemplar-based spectral conversion using Non-negative Matrix Factorization (NMF) was applied to a voice
with an articulation disorder. To preserve the speaker’s individuality, we used a combined dictionary that is con-
structed from the source speaker’s vowels and target speaker’s consonants. However, this exemplar-based approach
needs to hold all the training exemplars (frames), and it may cause mismatching of phonemes between input signals
and selected exemplars. In this paper, in order to reduce the mismatching of phoneme alignment, we propose a
phoneme-categorized sub-dictionary and a dictionary selection method using NMF. By using the sub-dictionary,
the performance of VC is improved compared to a conventional NMF-based VC. The effectiveness of this method
was confirmed by comparing its effectiveness with that of a conventional Gaussian Mixture Model (GMM)-based

method and a conventional NMF-based method.
Key words Voice Conversion, Articulation Disorders, Asistive Technology, Non-negative Matrix Factorization,

Sub-dictionary

-71-
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

Copyright ©2013 by IEICE



1. &I

BiE, HARZITER 3T 4 TADOFHE - EREEEHBD,
SR HEOFEKDO—DE UTHMIEMEZH T 5 LN TES.
PEREE & 1, IR DB E D& L BIMDERD HVZ T T 115
MERETHROHEN TEELZD, FONARME, ZDE
DOMRREENRC ZIERDO T L THS. FNODOFEKIZZHE
Thb, HERT - HER - HEEZROMNOMRME, HAEb
DORENEG, MERPERE, D RFOIME, IRFEIREE, RIAHIZE,
HEER O 2 5 MO SIELIMEERGE R ENHIF 5N T
Wa. Eiz, BMERELEIMOBERIIC K > TRER KKK
B, 77 b= (e U< BIREER) , KR UKD ,
BEE (MOILHE) N5 [1]. FhEh, KERILIE
WP OMERHIEEICRDS, 7T h—E37 5 h—Y &
MEEN S A O RNMEGES) Z 5, KRNI RES Ok EN
Bh, EAEMEZENETNOERMESG L THNS LWV K5 %
JERD RSN S.

AT, 77 b—CRIORMEREIC X 2 iSRS 25t
KLLTWD. 77 b—LRIL, BEREEEOR 20% ICH
49 %, HiAOREHEDREADHREE 21T > TV % KINELER
(R E, SRR3R Z O TS ROEE D) I
BiEEzZFcickD, 7T h—EeMIn5, HANRHE
ICENE ERICHETERWIERMNBINS. & ICERKNEEIE
21D G, BERIRBICHZRICA SN, CoOEFEHED—
DELT, ELLEETERVIEELH . ERIBENSE
JEETHRATHD, HEEREZGI L TWENT — AR LR
HIREREORENBENT — A2 VOV THS. £z, 7
7 b —ERIRHEREIC X B EREEDZ <X, SRPFREH
THB18, FiEREGH ETEERES L3NS TH 5.
ZFDI, BEEEEORDOEELEIIIZ T E—IXH D
D, MEOREENRHZ L VZ D, TNET, EEEEETHIZ
FREEHL[2), RIEEH(3]), HBVHERIEETE A 4] IGHE
NTERED, 77 b—YROBEEEZNDISHIEFEANEA
TR,

ek, FEAPICB O TIEMETNEFEDNZ CRBEEINhTE
fe. I THIRAEMNDTE T IV (Gaussian Mixture Model :
GMM) Z W= Tk 2] 1 Z OREO X T LIAMD 5L H
WHNTHED, ZLOUBRBNEINETONTVS. HEARNICE,
2B BIREER S & AJIERE D AR )V akg D HATHEIC
Ko TEBL, BEEIRTUIVESET— 2 RN TET
HEE T %, RS [4] 1& GMM % U fo AR 2 e Tk 72 WR B
HWFICSA L, BREATHEE AV RO RO E
FANEEHLZ, LM LAEDS, GMM I X2 FEEEABUIFIC
EEEHE A A L UTHIRE N T E e, TOFEZMS
FEEFICGE L, @EEOFRENEHMULEGS, i
BODTLEMENS LEZONSED, BEREESH DS
HIFERICH DM HEEZOFFEEUNEBEEHRZONTLES. ¥
FhEEOEMIE THDD LWETHLEY] EnH=—X
MHO, WEEEDOFEGEEHER LI EE RO SN TV 5.

XK [5] ICBWT, TAET T b — BRI RIS X B

HEDHD, FEEEZHFF LI EE M ZRE L. C
DFETIE, ICROFEERTETHONONTWINT LIV
TS, ANEEEOEFEE (AEE) HEEED
HEwrE (MRS MoR3FA—HENBD/INT LIVEEE
ZHRT S, ZHOBRIIIEAMITYIR T2 (Non-negative
Matrix Factorization:NMF) [6] Z T, AJI&E A %= AJI1EE
HOANR—AKBUCT B. Z L THROENIANFEENDOY VT
WBDEMEK (T T 1 €T 1) KHDWT, WHE=END
YUTINEIEAEST 22 2T, HITEEEDOEHR AT ML
EEWT B, TOFETE, 77 F—BREEREIC X SR
FREEDHE R TH S, FENARLEILZDPTVENS
HEAMAL, ANREICREERS, BRI RESEORE
CHEFEDTE & A EDE Tz Combined-dictionary 7 V>
5T LT, WEZHOEELZHER LI E e RE L.

X BITHR [7] I BV T L IE, NMF %R ATk
O¥EZm FEY 570, FEERFEOEAZER L. T
NET, BLROFETINTGLIVT—R2DOLTL—LEZDE
FHHOBEE LTHWTED, HHOY A DR EE->T
W, 20718, ANEROT7L—LE, AJIGEEREN G
BENZEEDZFHEINT LE—BRLENE WS TZMEDH - Tz,
ZTTTOFELCBNTCE, A - WhEEEEzERAT7d
VIS TeRIEEEZER L, NMF ZHWCERA T 3V 8%
ot BRUAREE LTy B 72175 T L THE
R ToT. TOFRE, FEEBRO—RNEZA I THS
flEEOFFE LIV T, 1ECROFEAMTFHE LR L TH
OB NEFICEITE S LARENT.

AWETE, 77 b—UREERESE 2R E LT, G
RZEHWz NMF FEEIC K a5 2R U Eaafir
9%, HEEEOHTIVEEDS B, FHICHET ST
dVEEORMEEEDAXRY MV, BEICHET2HT
JVRHEICREEZE DAY MVERHWA T T, BEEZOHS
M7 i U 7o A 21T 5.

DUF, 25 2 ETHERD NMF FEZHTEZH L2 OfiE
RZASMCT 5. 3B TARORETEZBNS 1%, #
4 ETHEORD GMM « NMF I K BB ATk L gL, 26
5 HETANZER LD S.

2. NMF lckBEELTH

2.1 % £
A=A A—T 4 VT DEZFICHBNT, GA5NE51E
DEOEEY VT IVRREDOREA S TEHEI NS,

X =~ Zj:l ajth = Ahl (1)

x BHBHESO I FHDOT L—LIZEBT % D RICORFHEN
JhNVEERT. a; & BEHOEET TV, HENVEEER
zL, hy, ZZOMOESERT. AFETREERTVTIVE
DEOERIKE a; T2, BHERZIUANTATH A =[a;...a,] &
‘R LG, EAEANRENRT MV hy = [k .. k)T
TOTF4ET 47 ERER. TOT T4 T 4T MU hy B
A=A THBLE, BIESEEADIELO TH S VRO

-72-



L Activity
“i1| estimation

ol X"}

Source
spectral features
(DxL)

——
O

X

N it
! | Construction | { it igeretiti!

Converted

Source and target
spectral features dictionaries -
(DxL) (Dx.J) ACthlt?’ of
source signal
xL)

X 1 NMF %Mz g2 o

Fig.1 Basic approach of NMF-based voice conversion
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AFEOBEZ Fig. 11IRY. TOFETIE, /35 LIVERS
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Fig.2 Activity matrices for parallel utterances
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NOREFEEX, BIFFEICIHBVTHE LTz Gaussian Mixture
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p(x®) = Za(kw (RO SO (4)
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Z T, Mg, oz(k), ugf), E(k) EZENZEN kFHORIREEIC
BB ERMAOREEL, m BFHOIEMIMMOERATS, 7,
DTHB. TNTNOD/INTA—=2IE EM 7))V TV X LZFHN
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SEN T ARSI ©3 7
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D, ZEHINTRY
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# 1 Sub-dictionary categories
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a a
e e
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u u
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consonants fricatives s, h, j, z,
nasals m, n, N
liquid r
Activityhy,

Categorizing
Dictionary

[-th frame of
input spectral features

+hy,

* Wk,
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Fig.5 NMF-based voice conversion using categorized dictionary
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U7 B & A OB EE S 23l Uz, SEmEESE MOS
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2bB\, 1:&TEDHLBV) &Lk FEEM) TERM) o
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5. BbHYIc

AT, 77 b— BRI EREE 2 MR L UeREETE
HEFF LT A BN 2 IRE L. TNETRRELTEE
NMF IZ 8D FEZARICREEERZEAL, KEom EzH
fEL7c. BERCRBRIC K- C, ERTERIMEREEOFEILZ
e LDODEEIO IS ZMET S 2R LE. E5IC,
MERTFEEHRUT, RETERIARNOmONES TEMTE
BT LR UTc. ARBTCIIRGRE LIcMEEESIE 1 Aick
EE->TVaIY, SRITEFHRZE® U TRETHEOAMNT
ZERR T A TETHS.
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