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Abstract There are several attempts at correcting durational patterns of non-native speech towards language
learning. One of the typical approaches modifies a speech parameter sequence with Dynamic Time Warping (DTW)
using native speech as the reference, generating corrected speech from the modified speech parameter sequence.
Although this approach makes it possible to flexibly modify durational patterns of non-native speech, quality of the
corrected speech significantly degrades due to the use of analysis-synthesis process to generate the corrected speech.
In this report, we propose a method for correcting durational patterns using direct waveform modification for per-
forming DTW. In calculating a temporal warping function, statistical voice conversion is effectively used to reduce
an adverse effect caused by speaker differences. Moreover, phoneme insertion often observed in non-native speech
is also handled. We conducted an experimental evaluation using English speech read by Japanese, demonstrating
that the proposed method was capable of flexibly modifying durational patterns while avoiding quality degrada-
tion caused by the analysis-synthesis process. Furthermore, waveform segments suffering from quality degradation
caused by temporal warping was analyzed using the modulation spectrum of spectral parameters.
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(Hidden Markov Model: HMM) (2520 < 7 F A b &5 &
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FEREEE G AT U CEI R EHHE (Dynamic Time Warping:
DTW) [14] 2ftid Z & T, KSR ZH#ES 5. T ORI
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iz, aRMAEF O BEME 24 5. kb, (18] B
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(“waveform-based”) shows the proposed method using di-

rect waveform modification process.
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Fig.2 Transtion cost in DTW, where x and y show time-frame of
non-native speech and that of native speech, respectively.
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9 = argmax P(Y'|X,A) subject to Y = Wy (4)
y

ZIZT WX, FREE RS E F O 1 RO B RREE O
BRT MVRINZHERT 21580 CTH 5. S5 e 5% B B4
P(Y|X, ) %, #EAEMHREERBON (2) 2 5 MHTHICEHH
Ehd., 728, BRZTEEICEZEBRART MLIRFA—=X
DB ETENT 5720, RIINEEZ2EFT 5.
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GMM FEEAHIZ L D BRI N AN T TAN T LRFE,
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DANT TAS T LRINRIZEEE U, BEEDRIN DAL
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FAW2 BB IAN%2X 2 ITRT.
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e S N R A R D&, JERESHEIINLT,
WSOLA % W7kt A A ET Z & T, Fah) XAMIE
A7 S. WSOLA OFIEEK 312m_7. 22 TlE, R
kR Z2E< T2 (Thbb, HiGY XL2#HT5) Bo
WEARLTEY, eI AV (A) LI AV b (B)
DEFMIEZITS. LAY b (A) OFLKEZ S, &
LU, B A (B) obbRfl%Z S, £ $5. 22T, S,
&, W Sp_q BT BFETRERANICE D ERESI NS, F
7o, R ITAVIRIF2L &L, BEIT AV N (A) & L2
VI RNIREEPEHE T AV N E (A) 2T 5. ERICLDER
MWHEIZ B72012, e AV b (B) odub%Z > 7
FEE, WREIAV N (A) LERBEMENE REY T N
FdzHETs. fonzy 7 VRICEDE, S, —d Zhibe
TRREFEETA Y N (B) BRETS. LI AV (A)D
IR (Sp1 ~ Sp1 + L) 2R Z AV N (B) ORIER
(Sp—d—L~ S,—d) &&xtLT, BT 2L CEEMR %
7528 T, WL AV N (A) LEBET AV N (B) 28
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phoneme insertion errors for a word fragment “straight.”
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TaRHE S N5 ERALAH EAHBIGREL r(d) 2V 5.

@)= 2O GO
Vo) — el - /Syt — d) — )
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N DOIRIEEZ RS, pe BEP py 1, LT AV MzBY
LIREMEDOEE 2 RS, £7/2, V7 PREOEREEIX 10 ms, &
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2.3 HMM 2B%RAV/-EHRE2Y ORH

DTW IZ & 2 BEMEIc 50 < 36 A L MiERFE T, it
RETD2DODOEFADHKFENEDVHE—TH D LWV IREZ E
{. ZO7, HARANEEORRIZ, HHEFANEL BIERES
FEENRE THEICE, AS5PONIENBEL LS. DTW O
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S5NBH, HRAFEFEIZBWTH# > THAI NS B I3k E
NEWEZD, +RMEPESND LIRSS, 7z, MOHF
FRCB\WTH M) 2 RFE R 2 AT 2 REEL @£ 0, B
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BHL, 36> THANT 20 AT, HAAEZEDFHEMD
DA E L SIS NTE D [4], 470 OoRtz, FaE
TX¥ANDEHEFPOGHEMARY 2ELEHEXY NIV %
AR REEaTRETH B, ZOFELY b =22 HVT,
RFESHEICH U T HMM IZ L BRETSA AV b 2TFHIZ &
T, #HoTHRAINERLBIMRET S [20]. I hAH
FRIZRH LTI, EEEE 01232 & 5 MR 2 % e T
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HIRAEL R TV, INSIZOWTIE, REEIZEIBHEFTZY X
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WTH, MAGEDRITHRLBHG R EBEERT 20
PFERESDMENELEBINTE ST, REARGHESHEIERR
INBGENDD. uE, MErz KIEICH T3 &5 2kRHE
MifEE FAWZERICS, FROEZENELPT V.

ARTIR, FEHEED R WHIEMBOEIIZ @I T,
L S B R mE S bR B 72 & TEKICET 201 %
75, FEREIHEIC X D A U2 RARGHFE A IR 2 RE
LLUT, HTEART MR TA=RRIOEFART ML [17)

GED) : M4 1%, ERHAOAEZZRLUERSLY NT -2 TH5.
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3.1 ZRFEH

H AR GEREGE R O JEE T A 123§ 2 Fah ) X Al E ALz
BT, REEEFMMT S, HERFEFEOEHSITIE, CMU
ARCTIC FFET — X RX—Z [21] h O BMFEHE 1 412 &5 100
XEAWS. £72, AARGEREFEOREETF L LT, AFER
RO 72N H AR DFHER R EEERE &2 % 1T T E B P RZ A 2
PN K BE—FHFENAED 100 X & HWS. & HARGERGESHIZ
BWT, INSOREENFEFEESH 100 XH & HARERFERE
FHERM 100 XE2AWT, GMM 2%835. ZOW, SHARGE
REREREFZE LT 25 XEEIRL, #5650 XEFiT—X 2 LT
AT 5.
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EUT, Fo BL0 5 FBBHEIZE T 2 E53E RS [23)
AT 5. GMM OFHEHIIZ, MERMERE AT —c ko &
HHINZEET IV —L0AZFRE L, 1IRD5 24 IRD A
N TANT LMEEB L OZTOEWREMEEZH WS, ALT T
AT LRBUZKTT 5 GMM DRABUX 64 & L, JEREBIES
XTS5 GMM ORARIX 16 £ 375, FHI N7z GMM 125
DE, RV —ATHTBEMWBE 21T, ZTOBRIT, KEKH
WD —1IRFT D, 0RDPS 24 RETDANT TALS
LEREE F OBINRMSERICN T A MR EIc KD %, DTW %
15227, MREMIEABLO 72D Ml 2 HET 5.

TEMARBIZAWS ZEETIVIE, 5 IREE left-to-right 4
DFHWAFE / 7 4 > HMM &3 5. BIHRME IZIERGES S
DORMPE 24 RETDANT TANT LEE, KT, TD1
W, 2 ROBMRHE Y 3+ 5. HMM O AiEREREEBIL 16
BE GMM 2§45, FEETFFA MW LUT, Flite[24] 1245
T XA MR AR, SRRBIIEYPTE U, FRFASL (4]
WCEDE, E#EAx v NI ENMET LS. SEMAZEEHRV
HHERNEHNT, £/ 74 HMM 28 U812, 5F
3w b7 =228 DL Viterbi 7714 AV b 2FEML, FHER
EEHT D, o 2EREERL, AN HMM 21585,

REEOEMERAET 2012, UTOEHEEZHWTEE
B L OMREO BRI 2 EHEHII 2 £ 5.
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