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Abstract Voice conversion (VC) is being widely researched in the field of speech processing because of increased
interest in using such processing in applications such as personalized Text-To-Speech systems. A VC method using
Non-negative Matrix Factorization (NMF) has been researched because of its natural sounding voice, however, huge
memory usage and high computational times have been reported as problems. We present in this paper a new
VC method using Semi-Non-negative Matrix Factorization (Semi-NMF) using the Alternating Direction Method
of Multipliers (ADMM) in order to tackle the problems associated with NMF-based VC. Dictionary learning using
Semi-NMF can create a compact dictionary, and ADMM enables faster convergence than conventional Semi-NMF.
Experimental results show that our proposed method is 76 times faster than conventional NMF, and its conversion
quality is almost the same as that of the conventional method.
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Fig.1 Basic approach of NMF-based voice conversion
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Fig.2 Activity matrices for parallel utterances
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Semi-NMF %\ 7 AL Z 4T 5. £7, Semi-NMF
277 LRI EREEEETAL LI D85 L OVEE
BEREET S, AR5 LAHRIE, 56RO NMF A28 CRE
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51T, V7 b RFETIIC X > TEE a 2 b OEEA I
TE5.

BHRFIZ1Z, ADMM RX— 2 @ Semi-NMF # T, Al
AR PVIZEE S ASREERIR OB G TR SN,
ADMM % f\>7z Semi-NMF % 2% Z LT, #ihE%E%
A7z Semi-NMF L T, kXD A=A THIEDE VT
754 ETaDEoND,

3.2 HEZT

BEEBO 0, av oy FaiEEE2rE T 00, AT
FHEHIFEZE DT VIVEEEL, 7 LAHIIN & Semi-NMF
ko THEESI NS,

HEvBE% % TRl & 9 ITE®/ T 5.

min  dp(V°, W'H’) +dp(V', WH") (12)
g L = F[f 4 X[JEE[ 1 4 A [E] s

subto H°=H},H},>=0H =H) H, >0
22T, VE, VL WE W HY, H BZEznEh, ATiEE
EWNEEBED AT VIVEE T -8, T 5 AJIREE L HIER
FHDNRTVIVREETHN, ANTEHHTOT7 7 T4 ET 4 %2KT.
NRIVIWEERF—=ZIZDTW TP 74 X v b RSN/ b D%
vz, ek Nidzhzhn, A7 LVHKERE 28— 24l
RBAZET. R12) DI 7707V E Pl XHIcks,

L,(W° H*>, W' H' H ,H},) =
dp(VS, WH®) + dp(V!, WH?) + %HHS —HY]%
+ A[EEC |1+ (o, HY — H3) + 5||H° — HE [
+ Al + (e, HY — HY) 4 2| HY - HY [[f13)

ZIT, p BNHEERET 2 F 2 —= v IR I A= TH D,

K(13) 13, BLIKFRINAETNVITY XL %2EHT 2 LT
Hihah s,

#1 BEEEETLTY XL
Table 1 Algorithm of Dictionary Learning

Input V¢, V?
Initialize W*, H*, W*, H', H% ,H , aps, gy
Repeat
W* (VO HST)) /(O (HT))
W (VHET))/(H(H!T))
H° «— QW*TW?* £ (p+ ¢)I)
\QWTW? — ay, + pH3 + cH! — X)
H! «+ QWTWE + (p+ o))
\@W!TW? — ap, + pHY, + H® — )
H? «+ maz(H® + %O&HS,O)
HY + maz(H' + %Oth7O)
apps — ap, + p(H® — Hi)
agpe + ap, +p(H! —HY)
Until convergence return W* H? , Wi, Hi

3.3 & 1
VR PN T VIVERERTH Wo, W' BHEE S -1,
AHAZ PV VI, ADMM 1285 ¢ Semi-NMF % >
BA R b VE B0, BN TR0 X 5 I0E
05,
min  dr(VS, W H*) + \||[H*||s (14)
subto H°=H H] =0.
R DITFIvPTVIERDEI IR B,
L,(W*, H* H) =
dr(V?, W H") + X|[H®| |1
+ (ame H' —HY) + Z||H° - HY |13 (15)
22T, WP RBEES N, HS L 2RI N7 LY XL
ko THEEINS,

F£2 ETALITY XA
Table 2 Algorithm of Conversion

Input V5, W?*
Initialize H*, HY , ans
Repeat
H® «— 2W*TW* 4 pI)
\QW?*TW? — oy, + pH3 — ))
H3 « maz(H* + %aHs,O)
ags < apg, +p(H° —HY)

Until convergence return HY

WEINLET 75754 T4 H® LEEEEHICE->TERDON
7 HHFEEATH WP AZ X > TEHIZA R PV VEEMTD LD
IZRD SN D,

Vi =W'H* (16)
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BFENTVAXLES0OXETANTFT—F L L THOL, REFE
ICBWT, pe MEZNnZFh, 1,1,0.1 &£ L7, Semi-NMF @
RO FEE A IS 1 50, AHIRFICIZ 300 E L. I
5DRF X —FIFEEBRINIRKD 5N b DTH 5.

REFHEE GMM FEEHICE T, FHEOTARTE [25]
ZRGTHEEI NI ARY PV 5 EE L 72 Mel-cepstrum &
ARF A=y rREE L THOV ., FEBEORITEIL 48 T
H 5. —F, NMF =EZE#TIE, STRAIGHT AX7 L&
i1 7L =020/ Ay VREEZ AW, ORI
1% 1,539 TH 5. GMM DEAEE 128 L L7,

AFETIE, FOITIZ Y, iz HE L B A % A
L [16], FERIHR I ASIFEGED b D% Fv iz,

4.2 BREEER

%73, ADMM _—Z® Semi-NMF &, #iBhEIS % w7z
Semi-NMF DRID AL Z Ll U 72, B O HEEE 1,000
E L7, fERERK 3R T, Ml ER R, ftd log A
F—icE T3 HWBEKDfETH S, KLk D, ADMM %M
o8, p WS K % BIC L7dio TIRE M EL, fERkD
MBIBASGE I HD { Semi-NMF % ERl>Tw3 2 E3bh 3,

——— ADMM p=1
, ——— ADMM p=100
10 ADMM p=10000 |3

—MM

Objective Value

0 50 100 150 200 250 300
#iteration

X 3 BEETIC X 5 HIBIBHEDZAL

Fig.3 Objective value as a function of iteration

ZEIEMifEAE & L C, Normalized Spectrum Distortion
(NSD) [26] % V> 7,

NSD:\/th*Xt\lz/llxtfxsl\2 (17)

IIT, XXX RENENAHNARY B L, AR
Fov, ZARY FLeRT, M3 ICZNZTNDTFEICEIT S
NSD & EMEREZ R T, IREFIEICBWT, HHOLER%
1,000 & L7854 L 5,000 & L7234 TlE, NSDICIZFEA E#
MW EWbo 5, REFHEIE NMF FEERE KL T,

DT HIT NSD 23K E L 2o TV 2 5B R A3 KIS I 1% T
T3, RETFHEE GMM FEEHOMBO NSD 1ZIZEA L
DT\,

#3 KFHEICEIT S NSD LEHHERH
Table 3 NSD and computational times of each method

NSD | times [s]
GMM 1.66 2
NMF 1.54 916
Proposed(1,000) | 1.69 12
Proposed(5,000) | 1.70 310

FHEHLI & LT, 15 AOHKRFEFEHICEZ2~y Fharzfv
TR % T 7. FEEHT OS2 S, REFERICE TS
FEHOREEIZ 1,000 & L7,

4 oFEMNC, EE O R 2R, FliEAEE LT,
Mean Opinion Score (MOS) IZ & % 5 BBl 4 (5 : & T
HEW, 4:HW», 3@ 2, 1 ETHE) %
w7, Kb, REFE, NMF FEEHIZZNZF N GMM
FHEHE D OTUPENTVDE I E8bh s, ORI ¢
BoEic X D ABHEAPIRINT VS,

X 4 OAEMNCEEE MO FHIRE R % R 3, FHlEEHE L 5 BERERE
fili (5 : & THE, 4 13Ew, 3@, 2 1, 1
THim) ZHVE, KED, 320FEOMICITAEESESA
WZ EDBbD B,

D EDRERD S, REFRIIERD NMF FEAHE L 13T
FASOEEZEo N, HEaX 220 T2 28 TERLE
LD B,

4 35

SemiNMF  NMF GMM

SemiNMF  NMF GMM

4 HH () LEEEE (F) 2B 5 MOS il
Fig.4 MOS test on speech quality (left) and similarity (right)

5. b Db

ARG TIE, ADMM 1237 < Bl FE %2 H A L 7 Semi-
NMF i & 2 FEAEZIRE L 7. 3R NMF FE A
DORERTH oA Ea R EXEYFEHEZHEIRT 2720,
NMF i Semi-NMF T &z 60, khav 7 bRy
FVRHEEE AT 2 2 EAARBIC R o 7. I 51T, FEROH
BiB9%dc D < Semi-NMF (XGRS H - 7272 &,
ADMM 1235 ¢ Semi-NMF # 2L L, X h A 7% wiHHIREH
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BIEB DD 25085 VVEERTI R RD 5728, 8T LIVEEE
EEERE L 7, FHEiSEERIC X D, REFIEIIEKED NMF
FEAH L ZIZFEPREORE AP TH h 2035, FHE
Rl 2 KIRICHE T 2 2 E DT REIC 2> 7. ZOFERIFFE Y
7 BTN, oy 27 ICHIEHAEETH B EE A
5N,

SHROPEE LT, R E U THREFEDFHE 2 R Fod GMM
P E L TEV 2 RS IF o5, Wu b [9] 1F NMF
FEHEMOFR I A F 28I ART IV E XNV ZRT B L DS
FJUNERHEEZAVE 2 ETHIRL TE D, ZoFEEEA
T22LT, MEaX OIS HIEEIT) ZENTED
EZEZoN5,

f7, SREBRETFELZHEREE OO OFEEL[27] 1
JEAL T FPETH 3.
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