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JF46 GMM S5 2[4 1A hil Z Y RERE - i HHIAR RS .45 (spectral envelope) & HiEi
A (over smoothing) VFR 52 » —{Ef+21E—F/R > BEERHI AR HEEE — s
TERVIRES 4% - B4R M AR B ACREE & S e A AR 4% - BHERR] B R 4
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HU LAz /N5 77 (least mean square, LMS)ga 722 fy BRI > L ST 43 M % &8 & 10 7 (linear
multivariate regression, LMR) 77 NAVAHEEE IR T77E » AR DI B S g -
G20 8 B TR (R A 5 LMR AV E - TEISRPRER RS TaER » DAGIISR
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cepstrum coefficients, DCC)[ 11, 12] P& Fy 40 P> Bl —(EZHEZE TR co, c1, €2, -, cao
F A {HERE - BREHRZE o, o .. ca0 BFSEHEHARIGEE > FTLIERE dHIER 40 - &
AT S EFERY DCC (B2 1% - Tl AlRIESEHERY DCC REAH R HHRN
&1L, 12] > MR EAGEMEE B - BHAHAVASE - RUE% S HERVRE R IR 1A
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.~ LMR ¥JRysa e
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fEEAER: T, T, -+, Ty HELE dx1 K/N2 DCC [A) 5 T4 €8 DTW #{UCfc %] DCC [A1&
Sk o By T EHER » T BESHEPE S = [S1, So, -+, Syl > MFEFHE T=[T1, To, -+, Tn] * 1R
BHEEMHNEEfE S KO T YR/ INEDZ dxN « B o BRI —(E K /Ny dxd 1Y LMR ¥
Bk M oSG T RGBSR

M+«S=T . (1)
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E=E-E'=(M-S-T)M-S-T)", t:transpose. 3)
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TTHIEE S By 0 ZEFE [11, 12] - AT >
d(tr(E))
oM
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M=T-§'(s-sH™ . (6)
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SR - B — (BT HE © FPIEFISEATEEAY DCC (AR 120A B 41 4
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TERE R A S A (HNM) > — (A AR AREE 02 0 B AR RE B 70 R = SR A IR
EHbSy oy E S W B o WY PR Ky i KA R (maximum . voiced frequency
MVF)[13] « & T LB S (S5 G AR - (IR SEE & S HERY MVF (E#
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{5 HNM A D SRS B &R R S (S G i B L2 Al A & ek &l
TTHHESR - RERHHEE E o aESE - AR E T HIE SR04 - B EFT & ERAVEE = (&

5t o RN FRAMMESC RT3 RAYER LS, 1218 EaRH] HNM B3 (S5t SRl 7ARVAET - By
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A~ AR EEE
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ZNEERVAENE - S SRPE RS - fE[E = HY”DTW alignment” 1" Train LMR matrix” R J7
PR f > S HI—{E”VQ clustering” J73H » S — (R ERREERIFTUEEE]RY DCC #:a &
(joint vector, #E[S 80){F K-means s3EFAYEREE - LTk L BFHY DCC #2& A& @ I HECEk
L BFrER LA S Z &R DCC [ 857 hI 2314 —{E 5 FERY LMR $iE
M > FEREFRMIE R L 3%k 4 NSRS RIG S8 g &4 SiEga)
HITEML -

PEE AT A NS By - (82U TP AY”LMR mapping” 7 B8 7 il 420 3 il — (& " Select
mapping matrix”J788 > PAfE L {(EAHRE R ch PR — (] > FMIPREAPREE AR - R
AEHERY DCC [m & (4EE 40)FI/I SRS ELaC sk NACHY L flE i A EAYAT 40 4> 22—
ST RERE - AR AT RE AR NN E L 5] B AT A A S e - B HY L A LA LMR
SR

5.1 ZRZEFEHER

HBY 375 AJPTEERIT > A AT 350 A=A LMR B - RS A Ay
DCC [mIEAI HAE DCC [ & Z YRR R » BP0 pl A ERIE(EE R AT 350 A7)RISMET
AEA(EEITR 25 &) ~ 3£ 209 {EEEDRIEE T RIS EMN » 3 R=Ri, Ry, -+, Ry — 5]
B DCC [m & > 1 T=T1, To, -+, T s R FTESERYHE DCC [M &5 > FEIEH
LA N AR,

Davg:% Z diSt(Rk’Tk)’ (9)
1<k<N

RENERIREE 2 P EEE - AU dist( )RRz o iR By -

FIHORTAL =AW 772 > P57 BIE P ELHE RS NS AR 5 T > 22 HAUsH
A HC 25 B B PR 2 B - MR A IV URH R A RO 2 P AR = AP (E
SRS EINR—FrYIVEUE - ek A ZMAVEE AT A - SeBRIAY LMR B4
(LMR_F)PERERATIR SR FTA(LMR_B) » A £ A SRS MR B m s
BNGTRIE 1.6%H1 1.7%) > S HHISCERMEAM FIHNY — 20 A - EERR—1& HirY
BE > B AEAERII NP A IR A —2EYEN » 455 VQ R LMR Sy 574
(LMR_FC) » fEAN BTG 7 IR B Ay SUE - PIEiRaR2=H 04956 =
0.4672 - RICHE 5.7% > ZAMAESMED G - ~PHMasi 22 Al i 0.5382 82K 0.5493
BIEEFET 2.1% o S5—{EEIRE - I8 LMR_FC /A7 NELHERAT T2 E 0.4672
A—EEE  ERNRREMTE G MG PRI LASGE R 0.5 LUT ¢ 4
2GR LMR_B JA 7 NEDHERAV 5 2{E 0.5038 TEAIRA - JERN AR E#H LMR_B
EEEINBNEH PR ECE R 0.5 BUT -

5391 > By 7RI GMM Ry BRI AR ERR > FERE Rt (58 A AH R AVsE-E BC HTRE
FEIRIAEFEIAEREHY DCC SRk A% - Kl ot {H458 GMM S RI[4]0 280 > DU B
GMM #fHitf5 7 (Segmental GMM) [S]HY£:# - Hrh{#5 GMM HfERI AT 128 (&=
o > TS B 5 Bea GMM BRI A 8 {#l S o34 - 281% > AN ESIEAELS T
EIENWRR TR T > M7 ml A 2 HIVUHREA ECH S H BT GMM BRI P
ZEERE > MR HUSHEE SRS 2 PR =Y P H - SRS ENR YRR
{H > BEZER AYERER P (E AT 343 - F s GMM VR RIR I AGRE - A EmiE
AERES MR HIEEDL - B RS GMM BRI/ - (B > ASwSCHTTERY e 3
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LMR $#A(LMR_F) » JIEE A — 25 i s P E RV N T 0 EE#dR— LMR_F 7ARY
ERFREMIZE Y AR > AT40 LMR_F SAFE SRR - A S s = ot
7.1%(ELfE4E GMM ) ~ F1 4.5%(ELE Bzl GMM %) » TIAESMIHIEE I » RIREST R
TREAAEIUE 1.5% ~ M1 0.7% - NIL > $FHYr BRI AVEREZ EHE - LMR SREERHVEIBLTE -
HEE A O SR S A

T~ =M LMR S5 A 7 PG

S SR LMR B LMR_F LMR_FC
M 1=>M 2 0.4890 0.4794 0.4475
M 1=>F 1 0.4782 0.4705 0.4451

WERHIES F 1=>M_1 0.4967 0.4881 0.4612
F 1=>F 2 0.5514 0.5443 0.5149
N 0.5038 0.4956 0.4672
M 1=>M 2 0.5467 0.5331 0.5398
M 1=>F 1 0.5174 0.5106 0.5188

SMEHEL F 1=>M 1 0.5388 0.5307 0.5413
F 1=>F 2 0.5867 0.5782 0.5973
1 0.5474 0.5382 0.5493

R~ [ITE GMM SR 7 S-S s

SZ P A s GMM (128 mix.) Segmental GMM (8 mix.)
M 1=>M 2 0.5058 0.5096
M 1=>F 1 0.5012 0.4910

WECHIES [F 1=>M 1 0.5412 0.5095
F 1=>F 2 0.5853 0.5673
A 0.5334 0.5194
M 1=>M 2 0.5346 0.5403
M 1=>F 1 0.5147 0.5146

SNERHIER [F 1=>M 1 0.5551 0.5361
F 1=>F 2 0.5806 0.5766
A 0.5463 0.5419

5.2 SEE B B

FAIE AR S IIER SRV R E = R A 2RAEF o (E{FsE s BRI E1E - B8y
REFrRE X1~ X2~ Y1~ Y2~ Z1 ~ Z2 > {EE X1 B X2 TR {E4E GMM Sl
[41FTHEHA LAY EAE - Y1 B Y2 R LMR_F Sl AT B AE - 1 Z21 Bl 22
FERHEH LMR_FC S5 AR AT EAE » Beoh - A58 X1~ Y1 -~ Z1 iy 1 TR
FM_1 F M_2 ZEEERCEAVEER R SRER 28 > A X2 ~ Y2 ~ 22 iy 2 F/oRfE
FM_1 £ F_1 ZeEECEER I SERI 28 - 75 6 [EEiE e MR EZE THEEt
¥5: http://guhy.csie.ntust.edu.tw/VCLMR/LMR.html
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(EFIE 6 {EE1E - FMIERPERIKAVEEHE S - 55— XERE > Rk X1~ Y1
ks A B2 B ZHE > ZNRIKIFIEI A ~ B HiEsa &S - HERZNES—ER 7
DIEUR B SERVEEE b ELLIE A SRRV SR B RERE > BIREIR Y1 - Z1
Rk A BB EAE > NRIEIGG 2T B EERAE > BEREEIR X2~ Y2 5 A B
B FHE - ARRIRIAGZNETE © SBUUE R > RIBEMIEIR Y2 ~ Z2 pify A B2 B Z4E
ESEIGEZ AT o EVUTEEE B > =R 15 824 - i TRE sy
A B Z IR 2 BRI - EREERIEAEE > 2 ()70 F0R B (A)BETEAVEE S A E
EE A B)EERVIHELF - 1 (DR B (A)FEHRES EEE A B)EEAVIE Rlr—
B 0 RN A - B EERRES ALE -

TEIREEAE B2 1% - PP IRS2 B et (R R SRS FAIR =Ry
HREsT » R =SB EE(H) 0.867 B 0.467) A 3437 > AI{HGr GMM $fL/7ALE
LR > AGRSCHTFERY LMR_F S5 A RE S H s S AR i — EBAYEE S © 5991 k=
FMEYPHRES (B 0.267 B2 0.000) m] 5435 - LMR_F SN LMR_FC $U% > fiE
P sE T Y anE > FPREMEE A 2R > MM E CIEE RS » LMR_FC
BIWUR PR HEE S B an E LR LMR_F SRRV i — 2L -

K= sEEmE TS Ry

AR =) GMM (128mix.) vs LMR_F LMR_F vs LMR_FC
B AVG

M_1=>M 2 |gpp, 0.867 (0.640) 0.267 (0.915)
B AVG

M_1=>F 1 | 0.467 (0.704) 0.000 (0.378)

B AT — BT RIHEE S s BTSN Z GER - AR &l LU L E] (spectrogram) ZEf#
R - & A {4 GMM A —(E RS I FiEiR - S A AR TUE (R
ZE7) P A aE S RN E] 1 () AT B REY © & E A LMR_FC S AS AT (]
AR EE R > RIS EI4A0E 71(0)FrRavEREE o LhiE A (a)f(b) eI 5830 - B F(b)
A H AR (formant){FREX ELIE] 71 (a) AV > BIA0EE (&7 By SRl FRa - fEE 71
(b)#EAYVIE ~ BEEE(EIE « HEAGAYEE)BSEGRS > MAEE FL(a)EAYIE - TR > 5
MRS PR SR A - NI - [ (b)Y SE S R G LR 1. (a) YA — L& -

Hz

7000 -| 8
6500 -| g
5000 © 35
5500 -| AR
5000-| w8
4500 -
4000 -
3500 5
3000
2500 -
2000 -
1500 -
1000 -
500 -

13578
-15456

Eimel 1.5 1.%0 1.85 2.00 2.05 2,10 2.15 2,20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.85 3.00 3.05

(a) 45 GMM 2L o 5 2 T
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