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SFESE AR > B3Ry 64 B[ EG 128 BRI A ERN -
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R~ BN R A8 2 PR

AR N PCA [ & HH PCA [a] &
(k) 32 EmfE | 64 WM | 128 [EfH] | 32 &R | 64 I&f | 128 W&
MA=> MB 0.5442 0.5438 0.5442 0.5389 0.5389 0.5389
MA=>FA 0.5159 0.5158 0.5156 0.5155 0.5154 0.5154
FA => MA 0.5387 0.5386 0.5384 0.5369 0.5344 0.5344
FA => FB 0.5807 0.5806 0.5805 0.5773 0.5768 0.5768
et 0.5449 0.5447 0.5447 0.5422 0.5414 0.5414

(2) ~ PCA B2 NI

B —HRAEE > MIAPCA (REBEEHA B PCA A" TTHRIE A R bR 2 FEIHEF
LS EE S B A IR a2 ny 5 20 2REEE: PCA (REBESIR I A LA I AR (&
% > BT BB EE R IR Y BT 2 > R0 4.2 SERGIy —4¢ - JRENE P T ek
1% 25 AIARAESNER A - I H 2RSS Y DCC [m) B ey H I EHE DCC mE 2
AR EERE > BT R F RN PI3EE - AN B EF bt sl = MR E
B0 Bl 32~ 64 ~ B 128 {HIER - &BAEERENR - FlHSRINR =FRAEHEii
aAE > HiPhE—MEEENER_AVEE=M -

R~ (FSLA{E PCA (REEEH 7 IR

AR AME PCA (R85 {E PCA {Z8iEH
[ifsEa) 32 &R | 64 EmfE | 128 EEfE] | 32 [&fE] | 64 EfE | 128 E&fHE
MA=> MB 0.5454 0.5450 0.5446 0.5389 0.5389 0.5389
MA=>FA 0.5177 0.5172 0.5171 0.5155 0.5154 0.5154
FA => MA 0.5410 0.5402 0.5399 0.5369 0.5344 0.5344
FA => FB 0.5826 0.5825 0.5823 0.5773 0.5768 0.5768
iy 0.5467 0.5462 0.5460 0.5422 0.5414 0.5414

feR=ZAEE AT UEH » fF PCA (ABISRNRE o] (15 sEFEHRANYE VI9E T
[ > 12 64 BRI E T EFEAVEIL T - P ER = a] it 0.5462 2] 0.5414 > 35570 1
HTEFEZ AT fF PCA (REHEHIE A Y ~ FEHY -

() ~ RS R SRR

H e AR m] P DA o 2 AR AT AR PO YRR - HERRI R AT RS =60 - 1F
BEF MR E = 2 PR AR et H RSPk BEE A ] DARREE H AR PR 22 el b 2
&5 A DARCE e BURAR A ? [ = ARy sE T - TP R AR B AR HERk
B AN JMIHE T SO TR E A MR SR HIREIERERE > w2
FEfE AR T PCA SEHATEIHNM 5E5 F o R W TR Z A H RS ek 2 75
B - ERYEJTIEZL(CDF #HfAE S0 By RS 8 - S mlaefy 64 -

B AT FE AR B S 7 AR ﬂZ?JISL/Zi HefP (s Y RIS RATRR ZZ R BT
2\ H 4.2 By —1 > JRENEE AP TR R R 25 AZRIESMNERHIE - i H A
HISEHY DCC a8 B B HAREZHE DCC o) & Z FHY S (T e - TR A ERY
IRRAE - ZORERRENIR - TS ERIUFT R AR - R A AR
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T H AR e PR B AR 2 I (E T BRI Ry 0.6029 > iEIHRALER =HY 0.5414 JEHI T
§T% 0 B ol H IS ER R AR P E TS R - 0.6121 - fRIZE —(#
BERIRZHBAEFIIE  BR DG Gl AR BHE G H AR e L - gt
HEEE EE S OOV REEZ a8 _ERERIR S ARME IR L E R M BT R s
I - SR AT SR SR H AR e BT A A EE S > S E mE IS g B EE R
HIT(EREMAEESE DCC /&) » I HE CHELEEI AT - ALl > B EH
W DCC [a1 8 Z 5% EE R R P (E - HEE A IIEEE oS ZE PR IR
EEGIRYRH % -

R0~ HEEEEDkE PPt
ARTE

ey TR Ryt
MA=> MB 0.5990 0.6087
MA=>FA 0.5706 0.5791
FA => MA 0.5925 0.6032
FA=>FB 0.6493 0.6574
g 0.6029 0.6121

AT AR —BE L - RIERZ IR A MG 2 A ARE B B BT IR ISR
Y7 R 1AL IR Mt —2t HIR S A R e MR st dh 4R - ¥ &(E H
FEEHE > FAFIHE LMR $BLHEY DCC [H & -~ 48 H S EDERSEIHY DCC 1 « K& H
FEEHERY DCC & - st EH = A AR B dh pall H & A FELEE - SRR T
— {3 5 T A DR R T A — 2t - —(E G20 VYRR o 8 DY SRR R FR/song/
I — (& HARZ RV AR LR > EREERAFR LMR HUYSEHY DCC [HEME
HEERL Bk R - R OEGRAIAR BESEES RN DCC [HEMRFE AR B4
& Thims = REsdeR - BfMn] R i Bl R G & 2,500 Hz & 4,500 Hz ZfH - 51
EEGRAVIIIREERE IR OB SRAVTA IR Ry R 4T fom SR SR Y HARUEE IR > BT LUZE ] DU
Fof T B RS tEPR R AE S A B S e IS - FEREERARERE 5,500 Hz &
11,000 Hz 2 - ZREOEFGLLRB OB ST BIETESR IR - ArLUS AT DU A
JE LMR $HJoFr 8 ARVEHGERE - GEE B TS EPERTE ARV RG] -

FEA % A A AR RS ) & 2 [E]) 0 R A R I ERY AR/ NI A BE S (AR E &
nE VR ERIYIETEAERT AR P ELFER T > AL Godoy FE A[15]ER A DLEE
FELL{E (variance ratio, VR)ZK &M ZEEZ I E - SREILENENAT A

&k
VR:%Z; % llgzla_ilf ’ (13)
Hih C FRSEIVERS > L ForE B > 6F s S IE T T
B k {ESRE AR R O',-k RIS~ B S HESS 50 k 4EPRs ARy S 5y -

AT EIR R U EUR AR - BIWEELAEE A EE( (& PCA) ~ (FEAEHIES

MEPREE 2 DUREAH & > FRFMIBE A T(13) L E Al % B iE B H A SE 2 Ry 8 =L

B > SREGFWERLFTR VR (H - BRAA VR EA[3R - S F HIEEEDREE - A
B VREAA 02 /24 > HEEMABESFIEREZ R - sial# 15 VR EHIETTE] 0.5
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RealFrm

— — Target ConvLMR

80

Magnitude (dB) .

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Frequency (Hz)

[ElVY ~ 2 Ei/song/—{EZHERY = FRAFRL ELas Hh 4R

PLE - BT i EACE - HAE ek 2 B v DU S s B (S IR T T - B
ETHEAE > T IR B TR VR E NEE—28 > [ VR (B R — 2 S R
e RE FEE S M ERER? TR TINE RS

RI -~ BEHCLE LR

it HEEERLEE H HIEEEDEE
i) DCC+LMR | HEQ+LMR | DCC+LMR | HEQ+LMR
MA=> MB 0.2463 0.1671 0.5893 0.5245
MA=> FA 0.1994 0.1290 0.5182 0.4485
FA=> MA 0.2367 0.1775 0.5814 0.5383
FA = FB 0.2063 0.1375 0.5648 0.5303
iy 0.2222 0.1528 0.5634 0.5104

(1) ~ SBE mE EEFTEH

IR IE AN SREVARIREE ) - 2B 4 4H1FeE s B MRS HE 18 4 HE1E
HIAESEE VD ~ VH ~ WD ~ WH > i HE—#HP EHMEETE > 7hlEHERH MA=>MB
Bl MA=>FA 7 EATCH R EaE S A = A HAYEAE - fERERA_1 B 2 2 RFBRIEE
73 o 8% VD B VH J1iy V R AR F HEESHERKEE - 1 WD B WH f i1y W RIIFRRATE
HAREHERKEE 5 50 > VD 81 WD 1y D RoRE 5 DCC [/ & A fF LMR $k > i
i — 2 RS 0 1 VH B2 WH H1Hy H 7R DCC [a] 22251F PCA %85 &z CDF {4
FEH > 28 F LMR S0 gilE — 2 BRHERAE © & 4 4HERE el N E A T
0% http://guhy.csie.ntust.edu.tw/vcHegLmr/ °

(EFE 4 HEHE - B amP R —IHAVEEN & - 55— IHEEN E e - 2R
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&ERE(VD_1, VH_1)EA(VD_2, VH_2)ig$ ZEAGATE - MR 2 A& sy hlsa i — B EE—
&y - DR SRR S aE ELe A B AR e B R B S5 IREE I E R
# > G et R RE(WD_1, WH_DEBU(WD_2, WH_2)Ry skt » 28tz i 05l
S HERE—ERFy > DEREB SRS mE DA B S R i E B - 1
“IRIEAE SR - 2R EIRERY 12 124 TR E A PEEE S R b5
HI > EFRPTIIIEREE > 2 () Fon A () BB RS B A (L) B B ER
iy > 1 (DO FoA () E SRS mE LA () B BRI Ry —8L - 0 3Fomsy
PR E ~ B EEREE S - £ HIEAE R 1% - IR 2 IZ FraarsT o R
B (SRS IR N FORHY o - R 7 HY —IE PR (B 0.583 B2 0.375) AI#54]1 -
s BN IEE - FoRJEFE T EZFEFEE LMR $it > (e DCC REERE(E LMR
H GRS — L HYRE R onE - AN > S T IHEE IR EEY 5 (0.375) - ELRLEE — IR
PR 53(0.583) E AT E—RL - FonfEfFl HARZ eGSR 2 1% > E5EF(b
BT ARAYSE S anE AU - S ES AR -

TN sE e ETRH--LEE DCC 81 HEQ

DCC vs. HEQ DCC vs. HEQ
(e HAESHEPLEE) (B BEfESHEPLEE)

THR

AVG (STD) 0.583 (0.776) 0.375 (0.824)

P W R AT 4 HETEFRPELUETT 50 IRIEAE 5 - 1555 = HRe N =l
# > I ~ &EERE(VD_L, WD_DEL(VD_2, WD_2)Ri A S fEAEATE - 22 i 7y
RlssE—HERE—EF D DR AR S E ST E b A B S R E S R
FESR VUSRI E S > A2 R SLIREERER(VH_L, WH_DEL(VH_2, WH_2)R{% S fEAG
55 MR R —HERE R DBUR AR SRR E b G 8 E e
A B B - AR = SBUUEIEAE I > 2N IE 12 1824 - thfIRE s
AAEREZ A Z TS > B R AR B 7y SR E R AT AT — B2 AR Y — 1% - 215
CIHEENE R 1% AT PTG HEE O (F R SRS EIAIR CRTRHY PR
73 o MR THY ZIEPEERE Y 0.917 B 1125 agAl - A BN A BIEE e ER a5t
AR S Y E S IR EEAY T - I SRRV LR ST IR % - Py
LUiE RIS B yaa R - IR B AY VR [EHEAH G HEHY -

Rt BEEIEN--TEER ~ T ek =R

TFS ' TFS no vs. TES yes TFS no vs. TES yes
(Target Frame Selection) (DCC+LMR) (HEQ + LMR)

SRRy
AVG (STD) 0.917 (0.584) 1.125 (0.680)

h -~ &5

BTt T &1 2 5 B A R (LMR)SHEE i S B sE 2 85 72 e HE
IMAEEFE K B EEE eSS pa P B > H DR R B S By E - & HPIEE
— 2RI DCC {di5TEd LMR i fifii A B 7% b B (Bl & PCA (R8s CDF
B 2 1% - HEZAGE S AR PR IE € Y 0.5382 [4]88 KRRy 0.5414 > {HIZE
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BTSN EBRAGEREUR > B SR E Y B LS ER I E 5 B bR RIS - BT A E S 1E
FAbpa B AT A AP A% LMR S ATS sl G AR 0 2 FIRE - RS - B ACIREEE AT
HERRE & A £ ROy M EAVREH > BRI REUR BN EEE A LR R ER
EERUFHIIEE - AR S AR PR NE 0.5447 JBU/ NG 0.5414 -

Sy TEBGEREH B R AE - {EE—REHY LMR $id HNM B8 H SRl [H
A HESEE" 2 B > S RGE S R PR R S 0.5382 RSy
0.6029 - {HZFH VR [HAVEMN K LTSN E BRIV REEUR > SR SEZ Ay B E
EHEMTET T > Awm LMR SHEESIOTER 2 B G F AR E T E bR - Ll H
R ESEELIE BT " NSRS Z BRI T AT > IEH VR fH
Kig BRI EHEEEHIGEE © 5351 - B PHRR iR R S S B A iy sE & o e
EREA—EERIEI > B ERE — B EAVRE E S R 3830 - A Z SRR
LLE i - i HAREE B4R AT 2,500 Hz & 4,500 Hz 2 AERHIE - &8s e -
TRTE - b H EEREIE I i Ry e H A Ak 4 © 28I AE 5,000 Hz Z R HIHREE -
A SRS B AR S R B PR HIIETE - (B EERL A& AR R e i H SRR
fughaR - AT G ET R EEEY YRR R -

B

RGBT 2 E SR > BRI EETERST 101-2221-E-011-144

SH R

[1] M. Abe, S. Nakamura, K. Shikano, and H. Kuwabara, “Voice Conversion through Vector

Quantization,” Int. Conf. Acoustics, Speech, and Signal Processing, New York, Vol. 1, pp.
655-658, 1988.

[2] H. Valbret, E. Moulines, J. P. Tubach, “Voice Transformation Using PSOLA Technique,”
Speech Communication, Vol. 11, No. 2-3, pp. 175-187, 1992.

[3] Y. Stylianou, O. Cappe, and E. Moulines, “Continuous Probabilistic Transform for Voice
Conversion,” IEEE Trans. Speech and Audio Processing, Vol. 6, No. 2, pp.131-142,
1998.

[4] 6K - TRZ4E - FaldE T DI R A L oy B & S AE 2 sE S R Tk
B2 AR S A R PRS2 diE > Session 1 (speech processing) 2012 ©

[5] E. Godoy, O. Rosec, and T. Chonavel, “Alleviating the One-to-many Mapping Problem
in Voice Conversion with Context-dependent Modeling,” Proc. INTERSPEECH, pp.
1627-1630, Brighton, UK, 2009.

[6] O. Cappé and E. Moulines, “Regularization Techniques for Discrete Cepstrum
Estimation,” IEEE Signal Processing Letters, Vol. 3, No. 4, pp. 100-102, 1996.

[71 H. Y. Gu and S. F. Tsai, “A Discrete-cepstrum Based Spectrum-envelope Estimation
Scheme and Its Example Application of Voice Transformation,” International Journal of

103



Proceedings of the Twenty-Fifth Conference on Computational Linguistics and Speech Processing (ROCLING 2013)

Computational Linguistics and Chinese Language Processing, Vol. 14, No. 4, pp.
363-382, 20009.

[8] H. Y. Gu and S. F. Tsai, “An Improved Voice Conversion Method Using Segmental
GMMs and Automatic GMM Selection,” Int. Congress on Image and Signal Processing,
pp- 2395-2399, Shanghai, China, 2011.

[9] Y. Stylianou, Harmonic plus noise models for speech, combined with statistical methods,
for speech and speaker modification, Ph.D. thesis, Ecole Nationale Supérieure des
Télécommunications, Paris, France, 1996.

[10]A. Torre, A. M. Peinado, J. C. Segura, J. L. Perez-Cordoba, M. C. Bentez and A. J. Rubio,
"Histogram Equalization of Speech Representation for Robust Speech Recognition,"
IEEE trans. Speech and Audio Processing, Vol. 13, No. 3, pp. 355-366, 2005.

[11]S. H. Lin, Y. M. Yeh, and B. Chen, "A Comparative Study of Histogram Equalization
(HEQ) for Robust Speech Recognition," Computational Linguistics and Chinese
Language Processing, Vol. 12, No. 2, pp. 217-238, 2007.

[12]1. T. Jolliffe, Principal Component Analysis, second edition, New York: Springer-Verlag,
2002.

[13]T. Toda, A. W. Black, and K. Tokuda, "Voice Conversion Based on Maximum-likelihood
Estimation of Spectral Parameter Trajectory," IEEE trans. Audio, Speech, and Language
Processing, Vol. 15, pp. 2222-2235, 2007.

[14]D. Erro, A. Moreno, and A. Bonafonte, "Voice Conversion Based on Weighted
Frequency Warping," IEEE trans. Audio, Speech, and Language Processing, Vol. 18, pp.
922-931, 2010.

[15]E. Godoy, O. Rosec, and T. Chonavel, "Voice Conversion Using Dynamic Frequency
Warping with Amplitude Scaling, for Parallel or Nonparallel Corpora," [EEE trans.
Audio, Speech, and Language Processing, Vol. 20, pp. 1313-1323, 2012.

[16]T. Dutoit, A. Holzapfel, M. Jottrand, A. Moinet, J. Perez, and Y. Stylianou, "Towards a
Voice Conversion System Based on Frame Selection," Int. Conf. Acoustics, Speech, and
signal Processing, Honolulu, Hawaii, pp. 513-516, 2007.

[I71H. Hotelling, “Analysis of a Complex of Statistical Variables into Principal
Components,” Journal of Educational Psychology, Vol. 24, No. 6, pp. 417-441, 1933.

[18]H. Y. Kim, et al., “Pitch detection with average magnitude difference function using
adaptive threshold algorithm for estimating shimmer and jitter,” 20-th Annual /nt. Conf.
of the IEEE Engineering in Medicine and Biology Society, Hong Kong, China, 1998.

104





