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Abstract

Spectral over-smoothing is still observable in the converted spectral envelope when
linear multivariate regression (LMR) based spectrum mapping is adopted to
convert voice. Therefore, in this paper, we study to place a histogram-equalization
(HEQ) module immediately before LMR based mapping and to place a target
frame selection (TFS) module immediately after LMR based mapping. These two
modules are intended to promote the quality of the converted voice. Here, HEQ
processing includes the two steps: (a) transform discrete cepstral coefficients (DCC)
into principal component analysis (PCA) coefficients; (b) transform PCA
coefficients into cumulated density function (CDF) coefficients. As to TFS, an
input frame is first processed to obtain its converted DCC and its segment-class
number. Then, the group of target-speaker frames corresponding to the same
segment-class number is searched to find a target frame whose DCC are
sufficiently close to the converted DCC. Next, the converted DCC are replaced by
the DCC of the target frame found. In experimental evaluation, the outside parallel
sentences (not used in model-parameter training) are used to measure average
cepstral distances (ACD) between the converted DCC and the target DCC. When
the HEQ module is added, the value of ACD would be increased a little.
Furthermore, the value of ACD would be apparently increased when the TFS
module is added. Nevertheless, according to the measured VR (variance ratio)
values and the scores of subjective listening tests, the quality of the converted voice
will become better when HEQ is added, and become much better when TFS is
added. As to the reasons for why the measured ACD values and the perceived
converted-voice qualities are inconsistent, we have found one possible cause which

can explain why this inconsistency may occur.

Keywords: Voice Conversion, Linear Multivariate Regression, Histogram
Equalization, Target Frame Selection, Discrete Cepstral Coefficients.

1. 4w

F—{E A EE T (source speaker) Y aE & #EHLAY 55— (& H 1555 (target speaken)VEEE » 12
TEEE T Ry eE S A (voice conversion) (Abe et al., 1988; Valbret et al., 1992; Stylianou et
al., 1998) » SEEEHA A ERNEHFE ST GRERE » DUEBSRENGHIEETEE - B4
FefM G E sl DLER I % 8 &R (linear multivariate regression, LMR)ZREIE—FE ARG E I
(mapping) AR (T X 5 » 2012) » A& A TEE S A - AR DI RN S
B R& A (Gaussian mixture model, GMM) 7 #EEE S L% & (Stylianou et al., 1998)F & F|
F—{E R > g AR RS E1.4% (spectral envelope) & % 42 8 [ - /& (over smoothing)
AYER S « FAMEE B B dd 3 - 5 EE={(segmental) LMR S5 S B G (E A7 PR sn =
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AT LAEE 4R GMM SHEE S i i i 15— Se 2o » W H i tHeE = Y & B L H 4% GMM
LAY —LL o N > BRI S H Rt LMR S prigie H A AREg 6145 - (I2ATF
A BRI S » EEER ARS8 NERA — IR0 - AMEE A%
HHLER B - RIEEEIRY” " LMR - 2H5IME Rl sEER PR EEEEE - A
BRERNW/m, n, |, I )EEEZERIEETS BN LMR 5[ - 52 5 Tt —H%
(one to many)¥HHILY R (Godoy et al., 2009) » |5 A FEELAR AN ZAE > [ - FHES S HERT
A A SR Al R B SR A IR 72 S (B RS A 4 - TN A I AHRE IR v] sEE 2L
%% (artifact sound) i &Rl H 2K o

FAERRMATTAVEY LMR SHsE i 7 S5 S A 247 - 5 AR AR 0E 1 A
T ARREE R HAVEE S e B — R EE - AR H & E FHE A (LS ERY 40 [ DCC
(discrete cepstral coefficients) fF|$HzE{%%1(Cappé & Moulines, 1996; Gu & Tsai, 2009) 5z {H
MR EHRE s 353 RIE S B HERY DCC (R85 AT {EA R LR BAEE RN & B (segment) (E0H] »
SeAiH A PR — R A EL 2 GMM B ALl 7822 (maximum likelihood)Hy & B H Efi{H
MT77%(Gu & Tsai, 2011) - FEREURRI B EE RS E AT AAY & B » 47 mT R Y TERERY
EEE FHIAE CE R M AR RE TR LMR S 588 - i DA B e0H 7 SR 1 DA SE AT 50 (1abel)
T2 5 PR T s LMR gt 28 LMR FEF& 3 DU A #Y DCC [a] & (i K G #y DCC
& 27 LMR JEERYEIS 7% - AR S E M EFAERwSC(EIERE - 2012) 5 2 1% »
LMR L HHY DCC (a8 ~ K DA BT 2 H A B E - WE Rl 244 HNM
(harmonic plus noise model)zE & F & A ITHE » LAG A EEHAIR EE (S 5% - BRI (E HER R
IS A (HNMERE = B 95 G R AER - 71275 /i ARVEw S (Stylianou, 1996; Gu & Tsai,
2009) -

FDC| & B S
fo 3 gLxd MR Ep [
&
il #
AR | 7y
i el gLz

B 1. 27 LMR SRR 2 52 5 PR L B P e

BT ARSI SE - RITHAESE GMM HEL8 LMR $#5) > 25
B R CREEETE ? AR B LT T TR % R
% {f(histogram equalization, HEQ)AHL{t LMR i - £ 5 % (L SARE 7 (5 e 48
S » ELSREAT AR AR 3 25 B8k 83k (Torre et al., 2005; Lin et al., 2007) » Fil DL (G284
U2 A Y3 T R IS T 2 2 P A 3R U (mismateh) IR » 1 (515 M o 78 T
BRSO - AL TR e TR R L R R S R
OSBRI 2L e R (0, 8 TR R B SR i T R T sk s UE
RETTTREA FER R BHAR E BRE S TR DABOR MR A e 03 = P
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AUCEC - IR e AT FE R BT B S LAY EREE » A ()5 A iy sl s R s 28 2 e i > BA
ISR S SRR R H AR E AR - B AR IR T 208 2 Py EER BT E %
{EZ B S EHRH R AL -

DCC | [5e | pca = | [ooF = | ok || [coF = | [pcA =
[Pl Pl Maem s My [P e [
HNMSE 5 | /a4
@ AN
AR AR 7y
1B i

B2 BERETEFER LMR H2 a5% F iRiriE

£E 2 MEERET > RMAEHEZ DCC GR¥EFE FESE(L » BIEtE CDF
(cumulative density function)f%:8 - FeMHVEIELE - —(EEHE 41T DCC A% A A
BB MERE - M E A EE LAl S H R B S 41 LT - BRYE R EE HEE
(ERYZH A - R TR e B &8 5 B BRI Fr @ Ay S #E DCC a8 S #E1T E R 70 A
(principle component analysis, PCA) (Jolliffe, 2002) » Ff¢#E = 547 [m =N DCC {4 #iEiia
% PCA (%% » WA 0T 38— B HE S 4E Y PCA BB RIS E /LAY - IE4h o [E 2
thEy LMR $fBLTER » —BARRSERBINAL » N Hw i E R - &2
fE LMR $HtHypRBREY - 8 EE S iy & i r (D B e H S (E2A)
ARSI S Y2 NI ER LMR S5 2% DS amOE -

HNE 1 R BRI Em BRI E N - BRI 2 /D RifE
MU TT 7% - Bl 4tess B8 (global variance, GV) .2 88 BB 4 7575 (Toda et al., 2007) ~ I
FERENRS IE (frequency warping)ffy J57%(Erro et al., 2010; Godoy et al., 2012) » {1 Toda %
AHIJ5iE(Toda et al., 2007)F1 Erro Z A #9574 (Erro et al., 2010)E3 2 &1 % GMM % ILFT 5%
FHHY > 1fl Godoy 58 AHYJ774(Godoy et al., 2012)HIR 2§ ¥ GMM # sl LMR ¥t Ffas
G o REFRFTEIE S —E H A EEE | RIZNSCEEL - 7£27% Dutoit 55 AR
S (Dutoit et al., 2007) 7 1% » AR EIHY—EEA R (ER 17 LMR B J78 7 %4 A"
EREEEPREE" MY HE - BEZAZKH#E GMM 5 LMR Sl S S AUSEE 4% & 85 4 i8S S8
HER G - SN E#E LMR B G RIEE GEB A FE T AR - M2
AR IR R IR B AR CROREEE ) Y & BB ~ RO AUAFEE R 58 DCC) » E¥
6] — & BRI B RSB B AR B B B F = DI RS R R A L(EERETR /)
HYEEEHE » AR Y B S HE AR A3 S AU O I AR 58 A0tk e]
TR ARG BB LRI RIRE - Y B S IERN 2 & RS S M E]
FTIE B E REESEEEEENEE) - B BEEEN S R EZTE
I GRS B AETT - P DAREHARRE et v B E AR Bk - B lE 1 A7 HIR S ERkEE"
HIJTHRZ 1% » —FEAEL Y LMR 50k B RS HE K3 2 O ARE S R R SR AR s Al & 3
Fis o
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DCC EEERES RS
et [ || TR R [ ClEdE [ ¥
HNM 3% 5 g
&
AR g ¥
R i

B 3. EJF*LMR B R B IR E ek i IR e

BT Al EIA B B E bR HE SRR N R EE - IR T SIh—TEE
HURAE > B ERH S AR S EI AR 1| AEREDRAZ T > b HrsEE s n
DU RGNS AU KBS E ? B UET P EEREET - tboh > EE 12
3 ALY DCC fHET 2 73k » Rk M ER FH B EIIHER (3 (DCC)(Cappé & Moulines,
1996; Gu & Tsai, 2009){F Fs#HaEFHESE > A0 B FEEES F 40 P > BI—{E B HEZETEH oo,
C1, €y ovr, Cao 5 41 {HGE - (HZE R ZFE ¢y, 00, -0, a0 ETESHEFIHANTETE o & i H & (E
HHEM DCC RE 2 1% > Mt i iciE & ZFHEN DCC HEEsTE HEE 4% (Cappé &
Moulines, 1996; Gu & Tsai, 2009) » A& FHKIBAEFEI4E ~ BHATVEAE » EREZ S
FERY HNM #5150 7 SH0R 28R 2 81(Gu & Tsai, 2009; Stylianou, 1996) » 7 15k A &iE
6 S8 2 A U SE TS (S 9E(Gu & Tsai, 2009; Stylianou, 1996) ©

2. PCARBEIREAE 5B 1k

EERIEE 2 FY R B ACHE TR S AR B - QIS EHEAE K DCC Bz 1% » #E
FLE(E PCA (REEHAR] CDF (RBUEHARIBIE > V&AL LMR B2 1% - BI{F PCA
WEHAA] CDF SOEHRAVEN(E - DURHHEERF o8 R DCC (¥ - [NIE - fE22 —Eimiai B PCA
{HEEAR] CDF (RS e AeD -

2.1 PCAf&E A
FREHIH— (AR HHERY DCC (B8 AR PCA 48 > RITE S SRPE B sk B S R RE
EEE BRI FTUEEEIRY DCC [ &= AE PCA 43#7 » DUKEUSREE (8 8 BRI 125
Sy o AHEM > ZEESTHE—{E LMR HIRFHER PCA (GBS #EHARL DCC A% Hi
TEB)I SR P Bt B2 5 ¥ H A8 258 B BB P i &2 2] DCC a2 /F PCA 734 » DASKHY
EI R S8 BRI Z AT 1A & o ZAIMEATY PCA S3ArAEL » TRAFT 8 & R Ay — {1
SEME - BEAE S F Tl AR S ER B R EZ ol R Us: - I H R AfE
PCA 73 DUKELS B E R AR » B2 0 R TER sE S [E] — & BRI B AR S AEA]
HEEEERAE—-EELE PCA 43#T 2 X BT IR AR S HEA B AR B F — 4 a7y
EEYE ? KL > AR L E B st iy 5 =R RET b —5Ef -

PCA 47#r2 1 K. Pearson 2 1901 FF42H - £F 1933 S FH A H. Hotelling JjiLL 2=
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(Hotelling, 1933) - PCA #iGE —FH IS8 & A DU IR A 4E L R AH R A [R AR B i A
i 25 4 FE ST AT B - P B (F PCA EHRATHTEAS - E MRV EE R E (variance) Bl JF 1A
BIZEEHRE RN - gt/ PCA EHAAE IR FIGBARAVERE -

2.1.1 Fpk5r5h

B —F BRI PR 3l SREE R B HE VIE KoK HL DCC (4% > P —1{F 40 4 DCC

B BIE S - BT EBIEEE PCA 5347 UG B4 fE = By oy & 5 F4E

IIATRAZAIT:

(a) fBEEH— B BRI IEE = 48 2L T Uk M (EEAE » T - = AL FRE R TS 8 —(E
DCC 4EIIE & » AR HHERT DCC [a 85 IR & (column)HY 558 » FmRpA
/INEy LM YRR T = [T}, T,...,Ty ] » HAt L &R DCC AEHIFEE - M BYERRL -

(b) BEEKHE M {EFHEZ DCC HERIHYHEY - W {FEE M [EEELAR DCC
EE%a

(c) R T {EFHER DCC [ EfFEEE(L > BIREFHEEE Y » MEE—(EEEAE O

(d) BERFTAIEERE O;  AETREE—(EILEEIEEEA -

A= %cbicbiT (M
i=1

(e) HIFEFE A SRHEAFH{H (eigen value) A BLEF ) [E & (eigen vector) y; °

A-yi=Ai7i, i=12,...,L )
(O KEFEREy 12 - BP0y (FIEHL > DS LEER S ERAE 14 -
vj =\/(7i1)2+(7i2)2+'“+(7iL)za i=12,...L
o = (3)
y,z[gz—{)—t} L i=12,...L

2.1.2 ERSHEER

BT BBURIE ERr o3tk - sLAS 2B HY DCC P HEY ~ L
{6 Epl oy BIRFE 4 53 > FEHEA(ESHERY DCC (Bl Kk PCA ¥ HLit—(E
FHERY DCC [m & T JiZE DCC VP HE ¥ S EIZEFE ©; » Ff ©; /3[R &
EERDEIRAE pj - B A

@y =) @i, j=12,..,L )

SOBERE RIS DOC (618 T 19 L (R4 RBRFE B PCA (i) » T DGR L 4EREr
R EBIPCA (B0 1 -

Q; :[a)ilsa)iz’-“a)iL]T 5



ZEP B AR I Z 35 B A 770 21 103

2.1.3 ERTRBI R

FEE 2 FYpRBERAE T > “PCA RO TibEntie Rk &Ry PCA fREUER 2] DCC {4
BRI EZER > DS EIEHR{RAY DCC AEL - [ MHUS—FPY I EHERY PCA HELZ [
B o QBB RE S S HE D HIFT A& BB - A se S EEAE I A EE R
L5 EEHERTE S B Z SRR Ry Ko R PIm ZEEH 51| SR PR B HARRE A 228 K B
BeFrat S Ay DCC P HEE W ~ ke L {E LR ERAE o) HATHEHRRH) PCA [H1E O
BRI HA{R N DCC MR - AT (6)FTR:

L=+ 35 45 o (6)

2.2 HITEFE

HTEFALATERRE 2 24 “CDF (A¥ig " Bl “CDF ™ WiTBEAYEREE -
FRESIE —(E AR EHERY PCA (REUE AR CDF (28 » FITESSRPE Bl 2 e AR 8
F Al BRI AT SR 2R PCA (R 2 (F HEQ 53 » DU IS ACRRE & 25 (62 BEEIHY HEQ
FAE o A EEESHE—(E LMR B L ZHERT CDF (RES AL PCA (&> AFER
R PR B th B e Y HARRE B 25l BRI AU SR 21T PCA (A& (F HEQ 734 » DU HAR
sha ol B AR HEQ A% - iSRS HEQ A% » EEHHMTARIUE A Y RAR A AE
1L PCA {48711 CDF {482 R E T B (LR -

2.2.1 HEQREEHE

BEE —(EACH ARSI BIER > S AHEIER B EERECR M > Al M

HEFE Ry L HY PCA (RBURIEE R AB R (R TSP BRI S HEQ F£A%:

(a) SEHEER N IHEREGELZ > =12, -, L 3HIE TP ERAEE -

(b) 5 M {EEFETATAALIES | 4EMEHY PCA GREBHkL AR RAEENF /NI Z R
HEFF 12 RIS M { PCA (ABRIER BP9 BoE N (EE&R -

(c) EB[EGRTT 1€ 1 EEIN - $505 j (EER Y PCA (28 > PREEDERALFY o i (median)

[ PCA (8081 > SRR E0HE% PCA (R8UE B Fp) » 36 3044 EC FERY CDF {85 Fe) >

CDF {HitE% PCA (80T 2 B(M (E) G EHER P AIERER A M
(d) EDHEEE | 4EFE PCA (GBI A(E B FpN ™! o HE0sRECSIMENY CDF {58 FoN ™ =1 ;5 it

Yb o SCERES | 4R PCA (RIRII R ME Ry ;) > FLECSHELEHERT CDF {E)% Fof = - -

EFTA YR e B R o AL EERIAY HEQ RASRILSER T - B EH
BN AR IR ERTAS B E 5 T 32, 64, 128 22 =i - HEQ FAR i 12 Ay VN By ] 2
TEREER—E LAY BET - 5%¢F 20 (EEHE - PCA (GRBUR R 1 4 - H PCA (REUFY
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BEptely 1,2, -, 20 SR E IS EUR N=4 > AlzEE Y HEQ RASWI TATS -
2 L.—EEEATHEQ A4 F
B | 0 1 2 3 4 5
Fp} 1(min) 3 8 13 18 20(max)
Fc 0.05 0.15 0.4 0.65 0.9 1
2.2.2 CDF {4 8iEHa

%A —(EFHEN PCA (AEEIE P =[P, Py, P | BEHHER - ifiia% S HE AT B S B
Hifl o AR 2 By “HELEMT J7sE AR o BT AP AT DAR R B A A 2RI
EHEATHISRHIHY HEQ FA& » A& IR MENHERY )7 At B L E1ERY CDF 4% [ &
Q=[Q1.Qu.+-.QL] » &R Z AT -

RF) | -
(Fpij+1_|:pij) ’ T

IS | RTHETERS > Fo) - Fo) 53518 HEQ oS MFTEC #1955 | BRI PCA (58
{ti + CDF {1 » i FLBRFEPIE (F ISR B (0(E5% 5% Fog 52 Fp)*! 2 -

Q=Fcl+ (Fcij+1 —Fc) )

2.2.3 CDFjz 3t

A —EEHERT CDF A8 Q =[Q),Qy, -, Q| ZH S AL PCA BRI & - M SFHE
BB RIS BERIE R - CEEAER 2 1Y "F RN HFEAELA - A o] AR 3%
B BRI HAREAERTII SR HAY HEQ FA8 - MR ASRIME R T A AGE T R H 1R
PCA (R# & P =[P, P, PL] » SRMERFEZ AT ¢

S o (@i-Fe)
— el B+ ,l.('—' i =
R = Fp, +(|:pI Fp,) {(Fcij“Fcij)} i=1,2,...L ®)
AR | FTUERERYE - Fo) - Fo) 5917 HEQ FHEFRESRITEE | RN PCA (2
{8 ~ CDF {8 » i H AR5 3 M2 (F B8 S 550 Q UG R Fo)l B Fe) ™ >R -

3. BEEHEDkEE

FERNGRIE B - BAFT AT TR HARRE E R B S (R B S A SR B 1T
HE ST A EFERIER - Z R AR AP B - sl rI IR A (RO Ay 3 B (USRS A
BV SRS FAIE TR LAY DCC HE XA FEE S ENIE s EpkiE -
LYy Yo, e Yr 2SI T E#EEA LY DCC [RE > SR DUZ ERECHhE 3
“LMR $#fi” J7BRAGE] - 202 LMR B & {F CDF fOEHAEL PCA RZEHA 15 2 (fE 2
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AYAR) o B T OCEBHR N AYRE S RIS E > AT AR Yo SO ERY = B IEU51 (AU5R
I(t) > i HEEREE Y I(OF By B E SRR DB —(EIRE FET Y Y EE S HERY DCC [ &
Zy o ZRMIPEEE ZoHUHER] > A EIUZHE Y B ZAYUCECEERE dist(Y, Zo) > EHEREAHAE
HEZ [EIAY L RERE R dist(Ze, Zo) > DB SR8 A0 2 AN - A EEEE e iz - £
ARG > PEEEREY dist(, )Z R AEEEE - BR 7K1 Dutoit Z2 AHYGR S (Dutoit et al.,
2007) A% 8 H HE MRV EEEE - MV EIIH E T 55— E N o B

AERE o (R BREAEEPEEE S S0 dist(AY,, AZ) > (T AZ = Z; - Z. T BN RA (E Bk
HHY DCC A&~ IS & -
RIS ATy =FErERE - BIUCECEERE - A E Rk BB R R PE R - M3 T — R
R ENERR B E B AN BREE SRR B0 BN S (E#EHA R DCC A& Yo T4
REFELAm ST 1) > 1258 |(OEEERE LT KAERSE Y (BUEE Y 8VrERES N EE
HHER DCC [ & » fEIE K IVEREF 16 » 83 > 2 UL, DFRRIERFZI 1 FFZ1 t AV /MY
FAREEEE - MR Z] t APk B RS R R K (B AyEs i fE - 2t - 3
st el 15 240 T Ay e A =
U(ti) :OminK[U(t—l, ) +a-distz) .21+ a-dist(Y, - Y,_,.Z{ —zt{I)}distm,zt‘), )
<J<
Hot o BB FPEOES R CIER R 0.5 Z] FoRIEZ t BEFTSHAN K
(5 HE AP VSR 1 = HE DCC A1 - 5550 B AGR L (Dutoit et al., 2007) 4 & 25— (x5 >
B Z{ 1 Z) | wekn s R AR [E]—E S A A AR S B A (0) T a A E KGR
Ry 0 DUEEICEERUHARNY BAR SRR A ARRE A BT B 24 - (EILRR Mt IE A T i
oo 6 AR SR Z{ f Z) | R R EES I E T ES S EE MM
Ttz t—1E L & o A E B E R 0 -
SERREE T S SBRE P EREE AT AR TS A S A
AT)= min [U(T. ])] . (10)
<<

BESN > BAFT AT FF PR [ (backtrack)BR B » DUIRHIfE R B AE B2 {ERFZ] t TSy B A=
HELRSE k() > ARIE t RFZIFTEEEIAYES k(O{E HAEZHER DCC [FE > SRAURHEHR L
1 DCC [a& Y °

4. WAESR

WFIBEE T AL BN A2tk skas & > Hoh LS LI MA 1 MB B85k > MiZs —fi
ZCMERIEL FA R FB RyfUS% - 30U sk & o0 i BIRE & ok i == Rk 8 375 AJ(3E 2,926 (&
B Z BREPATERRL - U 22,050Hz - 45 375 AJAYEERLT > A 350 AJH A (ERE
SRR > TR EY 25 AJAIEREE 1 Ry MG F - FEREER TS B T DURERE &
B 7520 0 47 hliE(@MA % MB ~ (b)MA % FA ~ (0FA £ MA ~ ()FA £ FB > iU
BT AL EACORES > MREE HEE
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4.1 FEEER LG 258

B4t FPHRE HTK (HMM tool kit)# B8 » 45 Fy3 B 75 (forced alignment)4¢ F E B -
H— (BB A S (B ~ BRI TR A SRR (F WaveSurfer §0ES » DURE 1 B)
ERIR RSN A A TEE - 8655 (ISSE8 - REBEE FoHE R
WAALE - BRET R ELL BRI S ENEE - T353R 5708 B 21 JEAEREH 36 M8
e

S EEEEE - RIS BB (ZCR) - DUE ZCR (REHTHEE (unvoiced)
TR (S A s P i — R £ A R U, AMIDF (195 (2001 75325 (Kim et al., 1998) »
A IR R AR S A - % 0 — (BB 55 15 8 (voiced) T HE (301 1 1195 754
SRAE T ERAT AR » PE DU T S Y T (B A TP A 2 At R A5
Fifd FH S S 28 - T — (B E RIS E 512 (HEEARE(23.2ms) » TS AERRE AL
By 128 (EHEAREE(S.8ms) ISP » B —(E RIS (48 - FPIEEAIJEATESER DCC
iz 12 20(Gu & Tsai, 2009)53 FELH 41 4ffy DCC {48 -

TEHISE LMR SSUSERE > 7] > FRPTIE— B S EEE - SR REE AP R T 8 2 2 S
fE DTW TCRD - LME B ACERE BTN 09 S (B EE - 25 BB 2 AT st
IEFEITEHEACHITE - SA% » O EET S BB E T B H T B —(E% - R
KB T — BRI A B HE R B AT HE R DOC [ S EAL S > (Si, R) =1, 2, -, NI >
Hob S ZoR0E HEAOREHER DCC [ 8 R, #2755 | (E4E DTW BRisfF1y B BEEER DCC
B8 Nr Rt — S S AELR B - P (IBPT A 2 G055 HS » 25 400 3 fyte
B (62 ~ R AP RINY— FE 7 Y AR E E R EE S I DCC [RAR S Sh A e
43T EL LMR S 35 T SR (8 35 % » 2012) ; 2ATT 8 A SRHUGSHE R LI 2 Frme
SRS » BB - BREPERIN DCC FREATT] - (S, R) =1, 2, -, Nr» Hrp &
YL S B R BEAMESEE PCA (28] CDF (28 » DUVR CDF (S8 840
& 0 PRt AZF S LMR S0 SERE -

%S - RAEMIERO THF]

S~=Fl s, ...sNr} Ii:[Rl R, ...RNr} )

1, 1, ... 1 1, 1,...1
HrP ST S B R E ISR 1 LA — (B3 BOE B 2 R R £
i FE R > 41111 » LMR ST 54 5% (: (least squared error) EHAENE M - 17T DL 1A= (i
R 2012)5K A -
M =R-§'.(5-§H)7!. (12)

PRY% - T fPTRk AT FAERE M O2RIE LMR Sl > BIS[Y, 1] =M - [X', 1]' H X Er—{#
AR E B HERY DCC =t CDF (A8 m & - 1 Y Fon&El LMR Bl AR E -
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4.2 FEHERTREZ A

2 WIRRERAZ M > PCA (BB PCA SOEHARI(EREH T BE - Bl E A —4E
oy [ B A g bedr 7 [RSe A ER O MEAVEN > R "PCA (REEHA” J7BR6E
FHE LR & AR EAE(F e B By JI FE/E PCA 3198 > i “PCA SO J7BE
{58 Iy Loy S i BB EAE (R 52 & By SR FHE PCA S35l m 2 By &
LR A — & BRI ACRZHER] B AR Z S RE —#E A ME PCA 7o > ORISR —
HERSTEE

AT LA HIGE R AP R 2 0 T 20 ZREEB A ] oy m B 2 (F
% o £ TR ZPATEERERIZRHY 25 A2 EREE R 2 SN - B —EAEEHEAE
HEEHATISE] DCC &2 1% » FfIst e &N DCC & B fER H AL HHE DCC [[&
Z [EIR 5% o BE e - AE AR A B A A Rl 22 - B S E AR 2= IS R AT
wL A PR ERGERSE - 155N - RFIIEE 2 ARV E T EF(E(ED CDF (h#iEik
L7 50 7y e SRS U AR R B B - B2 70 BlE e YR N By 32~ 64 ~ Bl 128 - 4LiH
HERENE > WIS 2 Froray Pk EE -

W% 2 HYERERZE P E AT DUE H - [8] 2 Ty PCA (R B B S T B 2 (5
LAY PCA AR > RINFIEIRER A A G 0.5447 [ 0.5414 > E520 T (EHAA
Y PCA RS AIER - A] DA e+ AR 8 H AR S AE 2 fi] PCA (REHIAERETE - MR B8
/N LMR SHREYERZE  BEAD - BEFS BT B EAVEREAVEOE - RIBR 2 AVEER =1
PEE AR > 3Ry 64 BB 128 EmfEE/R A 2= 51 -

7K 2. ST I L)) (B Pr R sE

e A3 PCA [HE 4L PCA &
ot 32 [&fE 64 & 128 EERE | 32 &R 64 &Y 128 &
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
iy 0.5449 0.5447 0.5447 0.5422 0.5414 0.5414

4.3 PCAEE R Z DA M I,

HHAE 2 FURARE 1A “PCA f4BEH" Bl “PCA [ J7¥REE R EM ? 1
HAI LA E B SR A PP AR 2 0 T 30 2REE#E PCA (REEHAIN A B A AR E S -
Pt A IEAEE R ER 22 Y 8O DT =X - A 4.2 SRR —i% - JRENEE A SEATRE R % 25
APPRAESMNEHIE > I H SRS 21 DCC Ja) & B FEN B B HE DCC (A8 2 7%
B - TR EERPIIEE - b - ETEE bt sl = BORFE R -
Bl 32~ 64 ~ 81 128 {l&fH] - &@HEpE 1R - WFISEIWR 3 Frorey PR s(E
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HPGE=MBEENER 2 (G E =M -
3. (FHT1FPCA (REBUBIR - AR~

RS E PCA (B E PCA {48
ot 32 [&f 64 & 128 EERE | 32 &R 64 &Y 128 &
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

% 3 HVEE AT LIE > 1F PCA (RBOE A ] (E155E 2 IR 2 I E TR
£ 64 B E T B BRI T - PHEfEREaTE 0.5462 [#5] 0.5414 - IS5k T EH T
B b ZRIJefF PCA (R B IR A Y ~ FREHY -

4.4 HIEFEMEZERERE
H R HE Bk 288 m] F DA 0 3% AR AR FE PR A R > HErnv R AT S =6 - 18
BEFAIRIERE 3 2 HEAE - st B AR ED R & o] DR S A P2 i) 7
e AT PALEE 2 R BURIZ A © 18 3 RARAVEE S EHATTE OIS H S HE D
Bk A > IR T 595 — BB S @I E - MAE S HEFIEEL > B
FEE 2 A2 "PCA SR B "HNM sEEH S RO ZHEEA “HEEZEDkE
ZI78R - B EJTE % B(CDF S EL i) AR E > Sk 64 -

HH AT B AT Bl S A H B AEDREE L - TP A BRI sE R A= H &R
2o A1 4.2 BRI —E - JRBIEE I SPATER R R 1R 25 AZRMESMISE 6 H 8 EEHR
FE(#Y DCC [m & B IEAY HEEEAE DCC (A8 Z ARV (TEERE - HatE i S g7
i - SORERENR - WPVSEIAFER 4 Frne PR - Bk 4 sfREARH
PR HE PR SR 22 P E (E & RNy 0.6029 - IS BARALETR 3 /Y 0.5414 3§10 751
HE > @oTHESEEENE SR P ETEEE A > 0.6121 - RIFEFEEAR
ZHIEREPHE > BR LG G HEATBE SR QS SEPRERE - Frid i HAsE S
eSS CARDUEARE S '8 ERRIRS - AAMEIE_ EER MR E R ATE S - 5%
BREE AR AR B & 80 H AR E PR T HYRE S sE S W E AR S S B R (E
EFEAEEEE DCC 1y&H) » I HE O PUEEIA =R - Frll > EiREMH DCC [
B 7 [ MR EE R R R = I E > HBUE AV IRIRE & a8 Z FE DA 2 IR L BT R
e
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F4 RSk FPrIgRRE

s TE gk e
MA=> MB 0.5990 0.6087
MA=> FA 0.5706 0.5791
FA => MA 0.5925 0.6032
FA =>FB 0.6493 0.6574
S 0.6029 0.6121

AT AR —B M0 - BIER R R S MG 2 A ARE B o0 E - BT R A RL
Y ? Ry TR RN - Sk —2t H AR A 2 MR Bak i ar - HNEEE
FREHE - FMHE LMR HBLHHY DCC & ~ K HEEENRER Ry DCC [[E ~ k#ZH
FEEHERY DCC [ TR =F K E A 4RI B S AR IFELR 45 R IWMTRH T—
625 52 7T F DARERE A A0y AR — 2 » —EBI7-20lE 4 B - 8 4 FAYRE SRR /song/F i
(16 B AR HER L B4k 4R - R EERAER LMR $BUSEIRY DCC (a8 Fr AV
LR FEOFEGAIARERESERESERY DCC mEFTR AR &R Ehig
B REAEER > TR SRR AR A 2,500 Hz £ 4,500 Hz Z [ > JREOERNP
AR ELHEE IR B B SR TR R BT RE AR A AR Y SEHRIGHE AR » BT DLE 7 DR o (78 B A
FHESCERE S OE A S Z R AL RS > FEREEIA AR 5,500 Hz %2 11,000 Hz 2
> RO ERGLRBOERE RFETRERMLR - LU DR R LMR $ik
AT A REsHERE - STE RS EPRE AT AR EHARR A -

=== = Target ConvLMR

RealFrm

10

Magnitude (dB) .
[\®)
[w)

(=]

~
(e
T

L L ! ! L L L L

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
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[ 4. EFEIsong! B — BT E HERY = AR EIR5 T 4R

\®)
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W% S AR B A ] SR BRSSP AT A/ NG R RS (R BB
S B IR » BEENE AR AL ELCERE T 0 ATl Godoy 25 A (Godoy et al.,
2012)$% ] DA% S8 EL A (variance ratio, VR) A S HIEEHAE 5B F 1Y 'E > S SRBIELERT M

~k
VR=&TE T T (13)

Hef C R ERIERIS - L S e B > of SR e S
S K A I SR of BT B IR HESS | T B K 4Ry B S o

B AT R Y PR R EOR AR - BIFEAEE T - (FEAE H RS EE
POREAH & > FURIE A3 EBENE R R S IENE RS EZ MV B RELE - &RE
F40% 5 s VR {H » 13 5 /Y VR EHA[E3R - S AF HARSHEDREE - AP VR HA
F 027245 HEEMAHESENEEZZ - sUrl#F9 VR E2715] 0.5 DLk > Frbls
B EACE - RS EDRE Z S FE n R i B G BRI - ERETTEE(E - #
TR E R % VR (B N2 - [ VR {E NS RN Bt S B R
o EHEIR? B R TRENE e

%5 BEBILEZIIR

i AT EkEE H HEEEDkEE
Bio 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
NIsS 0.2222 0.1528 0.5634 0.5104

4.5 EEmE EHEEA
BAPIE ARSI RN SRA A TG &) > e 4 AHIFREF B TENREAE - 5 4 EEE
fIAERZE VD ~ VH ~ WD ~ WH > il Hfg—4 &AW EFAE > 22 H MA=>MB 8l
MA=>FA 7 SEE U ARV Eah S A A A LH A B AE - (R DA B 2 2 (RRARIEE 55 -
5% VD Bl VH iy V ForoRIF B EEEHEDKEE - 1 WD B2 WH iy W AIZRA 7F B R
HHEDKEE 5 15D - VD Bl WD iy D R E# % DCC [a 2 A F LMR HBl > giglE 1 2
FRFRAZ - 11 VH B WH 1y H R DCC [m] 8 %5t {F PCA (¥ & CDF {8k -
AR ME LMR il > i 2 ZEERE - 2 4 SR MR E A T EEEE:
http://guhy.csie.ntust.edu.tw/vcHeqLmr/ ©

fEFE 4 4HEHE - FMedmBs —TRIVTRRIE S - 55— TREDAE M - 20+ % -
&EFE(VD_L, VH_1)¥L(VD_2, VH 2)f B EEAGAEE - AR 2 ME o hlaE—HEfE—
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{EwF5 > DUBUR 18 H R HYRE S an'E LA 18 AR i E e 4 B 55 I BE B B -
2B et EERR(WD_1, WH_1EZ(WD_2, WH_2)M ¥ SR AATE - A2 HEH 7 BIGE
—EEE Ry > DBURAEB SRR M ELE G B S EN M E R BUR - £
TR B > HEHZERN 12 L824 - A FIRE 2 #A PEEE S R 2 Tk -
ERFFITHEEER > 2 () Fon A () E SRR S i E LA (R E SRR - 1
(DTGB SRS SE LR () B ST B —E 0 DFOR PRI
AWM EEETE - £ HEENER 2R - RPTRZAEFTGEHSEFRE - &GRS
FA0FR 6 FRAYF3aE - ek 6 AV IA-PHIRFsT (R 0.583 B2 0.375)AI1341 - #7781
HEIRE » FOREFETEF(EFE(E LMR Bt (S DCC [mEE#{F LMR B
B —LAVEE 2 E 5 AN o 55 TIEERNEY P IgEE>(0.375) - ELHEEE —IHERMIAY S
aFo3(0.583) EAH R & > FoRAE(FiE H RS ERR BRI EHE 2 & - H 5B F (BT 2RAY
B U o g B GECRR

7 6. FEEda BT [LE DCC HEQ

DCC vs. HEQ
(i HEEEHEDLEE)

DCC vs. HEQ
(F BEESENE)

fEER

0.583 (0.776)

0.375 (0.824)

AVG (STD)

P IFIFHRIAACHY 4 SH SR (EdmPELAETT 50 —IREE M B g - 125 = THEE N B
o I~ RESR(VD_L, WD_DEL(VD_2, WD_2)Ri 5 fE Al » 2812 2 M+ 0 Al
G -HERE D - DB EE SRR T i E LA B E RN E R R 1
VIR B S - 2 W R BHFE(VH_1, WH_DEE(VH_2, WH_2)Rg 5 E fE2AGHTE > 28
®ZWE DG E - HEE—ERFD - BN AR SRS mE LA E SRR E
RAFEUE - EH = FIUHTEAE M - ZHE T IA 12 (824 > tTRE A RERE
HHRZ T ERIE > R YRR By S R DR A — B Pl Y — % - fE5E —THEEN
TE o1& A2 EFTEITREERE > SEREEINR 7 Fromiy- sty - 1% 7
IAPHRFSY 0.917 B 1,125 HISAT HEAA HARSEDR R E EE > wt SRR R
A B S BRI Tt - M BASERAHET T LR 6 MRV RARRIR S - A bliE IR E
BREVEES - fuIgk S EENHEY VR [ H EEIER -

K. BRI LR ~ HEREEE R

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

N i: S

R 0.917 (0.584) 1.125 (0.680)
AVG (STD)
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5. &im

BT FECHE T &1 2% 2 B R (LMR)SHEE B0 Ry BB RE S R T4 - R HURE T
AR TTE b B SRR 2 fE BV B F LU R S S 0 E « EIMEE
—fif2Hy DCC {hiEtEd LMR it A “ENESL" RE(EE PCA (B
CDF {8 2 1% » B 28BS AR I3 2= ERE e Hh 0.5382 (RIS 3RS > 2012)8 Ak
Fy 0.5414 > {HIE EEERNEERAIGEREUR - SRS B AZ LRI E 5 E (b
AY%F - BT LLET B Fbpa 2 AT A DAAT A% LMR WA G s SHEE P08 2 TR - ST
B ACHEE B R HARRE S e B eI By M BAVRER - BERAVEEREUT - ERjEEE
RSy F BB IEE > il aE S WA PHIERETE 0.5447 JF/INiE 0.5414 -

Gy TSGR S anE AV AR EE 1 TAEAY LMR $BEL HNM 555 H &k 2 [E
A “EREEEDREET 2 pa P MEAASE S A VYRR A EE RS H 0.5382 B KR Ay 0.6029
EEFE VR (HRVEN K EEETENERAVEREEUR - SR 52 Hy i E e B S IR
$EFT > AEm LMR BRGSO 2 ATA & E 8 BT B EAVRE - Tl “HEEENK
BOLhl "EAEEE o BREREEES 2B E AT IEH VR EARE R
A EHFEEESE © 550 - B FY SRR A K MR ERF RS e o B
—EMERVIE N - R R — LSRRI B AR AR 1R 3 T > AL 2 SR BER 2 L
Wi i HAEREI 4R AE 2,500 Hz 2 4,500 Hz > SEREE - & B PSR - It
HLECHEIA B Ry i H AL ek dh 4R - ZRMMAE 5,000 Hz Z R HSHAREE - S 2R
FHIHRE AL R B PRI ST (B 2 LR I8 Gl B AT B At B sk ih
Bl g st St bR YRR 22 B -

B
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