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English-Read-By-Japanese Speech Synthesis Preserving Speaker

Individuality Based on Partial Correction of Prosody and Phonetic
Sounds and Effects of English Proficiency Level on Its Performance
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SATOSHI NAKAMURA!

Abstract: Cross-lingual speech synthesis for generating naturally sounding English speech uttered by
Japanese speakers based on voice conversion and HMM-based speech synthesis tends to cause the degra-
dation of speaker individuality in synthetic speech compared to intra-lingual speech synthesis. To address
this issue, we have proposed an ERJ(English Read by Japanese) speech synthesis method to preserve speaker
individuality in synthetic speech and a prosody correction method to improve its naturalness. However, their
effectiveness has never been evaluated by native listeners: the effects of each speaker’s English proficiency
level on their performance have never been evaluated; and incorrect phonetic sounds of ERJ have never been
addressed. In this paper, we evaluate these points by applying the proposed method to multiple speakers with
various English proficiency levels and also propose a correction method of some incorrect phonetic sounds
based on spectrum swapping for unvoiced consonants. The experimental results demonstrate that (1) the
effectiveness of power correction is well confirmed by native listeners; (2) the naturalness of ERJ synthetic
speech is successfully improved over various English prociency levels by the prosody correction method; and
(3) the proposed phonetic sound correction method is also effective for further improving its naturalness.

Keywords: English-Read-by-Japanese (ERJ), HMM-based speech synthesis, prosodical correction, phonetic
correction, speaker individuality
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IBA) VHNEEERIX, b5 SiEORKEE DA
FERSFEOGHEHE KM HMiTH D, FEEMEICEX
LIEWMROREEML, MBRIIa=r—Yarvifit
TAHEEERMS. FCHATIE, HEMIZBT AR
DBENEL, FHEBRY AT L, MEAAREOR X # 2
CALL Y AT A [1] ~NORHADHRI NS,

THETIT, MEMAEELRRESN 2] PR~ ILVaT7ET
) (HMM: Hidden Markov Model) (235 < %7 &K [3]
BT B EEFBEIGEAN [4] KBWT, HEEEREL T 55
HOZFHEIIRHUT, N1 ) U HVEHEPHAGEEH L Vo
THAMEDE NG T — X & U i AL %
F 5], [6], [7] IR TN T WD, ZhsDFIEE,
g E W EREEZ R OREEEH 2 AR TE5—HT, [
—SEICB ARG HE LIKT B L, REEOLLE
BN D B [5].

Tz Ui~ iE, HAANEEE (ERJ: English Read by
Japanese) [8] ZFIH U 7=ETIVHEE, £7-, HAANKED
PRAR D (TR AR IR K 0, FEEM R KL
DOHAMNZUWET 2 FEERELTWDS 9. LrLA
NS, REBREOFMZGM I, HAREREE D S K551
fli# & DBKFRHE DA E > TH Y, FHH DOREEE & F
REH DOREHNE I L ZHEENPFEI N TVRY., £,
HAANFEGEDO BRI T OERNTH 25 GHHR 0 BEE S N
TWARWED, /Bons BREREDNRIIRETNS.

ARETIE, FHAIH OREEE & FEaEE O HEEEE N AN RS
EOMBICGZ 2 ELAET LI, BETHANR
7 MVEBUZEED  SEMIEEEZRET 5. ERRINATHMIC
0, (1) R7—FEIC &2 BERMOBE R, HKFEH
FEREAEIC K BFHMIIICBWTHHE TH D Z &, (2) HFEHHA
EIZEb 59, BAMTEEIC X ARERRET S 2,
(3) BEMEED BRMLWEICENTHD Z L E2RT.

2. HMM ZEE/RICS (T DB

X 12 HMM HEHE &I E 1 5 T FIVEIEORE %
AT HMM EFE AT, SHEDARYT MLST A=K,
HIFANT A — &, REEMERE 2, HMM (12560 < fii—i 7 i
MATETIMLT S [10]. IVTFANITIARY VI
577X c DHIHERIA b (04) 1%, A THRINS.

be (04) :N(Ot;ﬂcvzc) (1)
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X, RO ERN R KT
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Fig. 1 Model adaptation in HMM-based speech synthesis.

H B aE#H O HMM »* 5 HIEGESE O HMM 25 TE 5. F
DEFELTPWEMEETE TV E HEEEOMIET — X %
FAWT, HIGTTET VDRI A =R EZERTLI LT, H
TELEANL LI NAEETADNESNS., HIHEDER
2 MV, & EDERATH B BIRARTEHE I NS,

fro=Ap.+b (2)
3, = Az AT (3)

22T, IS A LN T ARY RV b IKEENT A —
RTHY, BEROSADVET ZMFES I AT ITHET N
%. HMM BHEAETIE, ARZ MUATA—&, EiF
TA—X, REMGEENP EHIMTET VLI NTSD
ZTNHETUIH U CHEBMUIE M fTON S, 2t kb, &
HRREE D A C 70 < FRALRFE S AR BB P BEIC 72 5.
INT A= REBIRFIZIE, ANTIFANZMTHI LT
BonsdarvyFFAMIEIE, XHMM 2#ET5. %
D, WEETIVOIRERKIC X 0 Rk E % Ik
ELDL, #HiY - BIfREE M O IR 2 HIF O T,
HMM DO RERRAIZE D NT A =R ZERK [11] U, &
I— RIS PHRAERNEZRCEFFARERINS.
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HEEMIEE

3.1 EFIIEINIC K ZEEBIEE

X 2 IZEFIVEIGIZ & BTREMTEEOMELZRT. &
T, VERERERERLE OPERES A 2 VT, JEEERMEEGEE TR
T HEEME MM 2583 5. BllT—X2 UTHWS
HFENT A =KL, WRT—, ART MLEKINST A —
R, FIRNTA=RTHY, ZNNT A= 9 B HIIHE
oML REBHGERS GRS ONE. KIZ, HIEHARGER
FERRE ORGANE R I U 72 BEEEE A A B HMM % #5E5
57-017, HEGEEDOHAANEESHZHAWT, HiERGE
FE D HMM %@ d 5. AFIETIE, HARAKESHO
HARMEZ PSR ERE LT, EELO ST —I2EH
U, AREEMEGER & BT =DM T 2 BT IR T A —
RDHEWIGT B LT, EikRFEGEOBEEEZE L2
HARAZEGED HMM 257 5. Ak ko, HiZEH
REEREEGEH ORiA 2 HR DR (AR L2 £ £, ARMN
DUEHE S N HARARZE S HE OGP AHEIC 725 [9].
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Table 1 Synthetic speech samples used for evaluation.

FiES FETF—-R G T — R FRAH E H R IE
ERJ HA AL - 7L L
HMM-+VC? SEFERERE AR ST - - -
Adapt B HARNTEGE %L AN
Dur. pE HAAZERE IRNERK: B AL
Dur.+Pow. i HARANTEGE | RS R, WS — U
Dur.+Pow.+UVC | Gk HARNTEGE | REBMMGE R, HBosy — | S 73 A2 dL
Native JiEh - - -
3.2 EFEFEARY MVEBRICK 2EHBEMEIE ERJ speech
BT T AR b OVEHICIED < FHIBE KO R

FIEAERT. REETIE, HEFERFEFHEDOART FILART
A—R BRSNS S Z & T, HANKZEDSIHEZ M
ES 5. S idahiam i 8T 5 [12) — 7
T, MEFEOmEREN NIV FRENE. D7
&, ARAHFEOMET-FOEMBIZE D, FJHEMZERHL
OOHMRMERETEELERZONS.

£9°, WEEREEZEE HMM & B E S - H AR AN EE
HMM 225, ZNENFFENTA—RE2EKT S, 22T
% HMM 3R — O EE TV E2ET L8, £l
A — R IR SN TWB Z 2 IciERT 5. K
12, AARGERZEGEZEDANRYT MLISTA—RZIDS b,
HBE IR T B 7V —ADAE, HIERGZEETHD AN
I MV T A —RIZERT S, BEOBIZ, BEHED AR
7 MV ETEDOER /IEFEEROAR BT L 0 EL 55ES
bz BT 5728, ETFEDO 7 L — LB 5 HiERGE
WD Fy WEETH DG, Yk LV — L&k ERL R

4. RERBVFTME

4.1 ERBREH

¥PF— 2L LT, CMUARCTIC HRH T — X RX—2A [13]
HOBEFERFEFREDBRLE 1 HIZED Aty b 593 X%
W5, FHliT—213FE Bty b 50 X235, ¥HF—
R, FHliT— &, RO, #ET—2OY > T v IR
16 kHz TH 5B, FH/8T5 A —XDHHFIZIE STRAIGHT 4
Mr[14) Z2HL, AX2 MUREELE LT, T -8k
T LIRS 24 RDANVIT TA NS LMEEEH WS, HiR
R e UC, s Fy RO 5 ABEEHISIC B 5 P 9EE
WD 2 WS, 7V—AY 7 E5ms &5, 26D
FRENT A= 1IRE 2 ROBFFEREREZMA 2 D%
BHIRZ bL e U, 5 kA8 left-to-right %D HSMM([15] O
HEELTD. W AT =L AT TR T AMEBULE— A

2 pekE ) (272U, —WZEREAMTIE R HAANTGEZ AV
Fe—X—EE LA IO, WENEEEOFEEKRE
HSMM DHAEFET A =R I LT, GMM 12D < HEEk
P2
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Fig. 2 An overview of the prosody correction method based on

model adaptation technique.
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Fig. 3 An overview of the phoneme correction method based

on spectrum swapping of the unvoiced consonants.

M) —LATH¥ET S, T IVEGIZ CSMAPLR+MAP[16
ZRAL, BRATINC SRR, 1 Re 2 IROBHFR
BERIHIE Uz 70y 734752 W5, 7272 UG
i, WIS T — R DOFEHF LA UM O RGEREEEREE DT —
KX THEEI N HMM & AV 5.

PRFEIRIZ X B EAMHIE DR ZFHEd 5721z, & 112
AT FEICEDEHEFEEHCT, i, HAMKROH
VE I BE 9 B IR & T 5.

4.2 EFNEIGICL 2BEREOHR
4.2.1 BEEEEXRICS T AMEOREDHE
BREEE 1L, 20 RBUEOHARENGEEH 24275, K
—Ni&, HFRBROMNKFBETHY, HARDEHER L
WEEAE 22\ T T E 7254 Th 5 (“Monolingual”). 5
— NI, 14EMA—=ZANT V) TADOEERERD H B KFHE
Thbh, HFEHRENEVGEHETH S (“Bilingual”).
G2 DA L7 ARCTIC HHE T — X R—AHD A vy
k593 XEMIET—& & LTHHT 5.
FhEVEDFHIETIX, BREHAGEREEEH O HAGE &
g RE ) 77 LAk U7z 5 B DMOS (Degradation
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Mean Opinion Score) aFflliz EMEd 5. FHMid 5 Fiklk
“ERJ”, “HMM+VC”, “Adapt”, “Dur.”, “Dur.+Pow.”

D5 DOTHD. HARVEDFHMCTIE, HFEEHDOBHRMIC
B9 % 5 BB MOS (Mean Opinion Score) #FAfi % 5

5. §Hlis 5 FEIE, “ERJ”, “HMM4VC?, “Adapt”,
“Dur.”, “Dur.+Pow.”, “Native”® 6 D ThH 5. b, &%
SEAM L, HESEEBICERLEREY bEHWT, A
FE KO EERIGEGE A 6 AT K D FEET 5.

M4 &H 5 22N E N, BEEMEECTT2EEENEE
AR BT 2 fiE R 2R3 3. £9, FEMLOFIE
(“ERJ” & “Adapt”) (281} 5§l O EREDREIZEH
$5. M4®D(a) & (b) DS, FEEMEDOZA T,
Hp b RFEE R OFHliE R CRBETH L /T, B5D
(a) & (b) DD S, HERGEFEEICI2ARMEDR T
1%, HARGEREEGEA T J:‘él:l?é:kl:ﬁ*b“c K& L A
THMANE SND. I, WEEERZEHFHD/NT — % Kk
U7=FE (“HMM+VC” & “Dur.4+Pow.”) IZEHT B &,
B 5 1ZR 9 BARMEICEY 2 FEMRG RIS WT, HFERLEERS
FIZ KBTI, HAGEREEREH IC &K 5 3l & ik L ¢,
MR A I T O ERABRALNS. T o OFERI%, HEE
FGHD ) X LB L OTRBIIN U T, HEEREGES X HARGE
REERE LD BB THE7-DFLEZ NS,

TP, WA IC L D HARMEICET B BT
“Dur.” & “Dur.4+Pow.” IO FTiEL D HEEH WA T 2 JE
BFLTWA. £/, sEEMICET 25HiilcBWTEH, “Dur.”
¢ “Dur.+Pow.” 1% “ERJ” ¥ A DHE M2 LTV 5
ZDOZ N5, BET HEAMEEOENED wf%é

UL®#%#b HAGERFREGR & & JEFEREGERR & & O

i%ﬁ#%ksh#%bfﬁb YEREREREGREH D Si s &

FEFGEOWEAIIN U TR TH 5 Z L AMERTE, £
t,%%&k;é%wﬁﬁonv—%mkib HAGE
FEERE DRREMEZRR L DD, WEEMGEEFICL > THR
OB VIEESFAGRTEDLZ LMW
4.2.2 ﬁﬁﬁE%waé%ﬁﬁwﬁﬁgﬁﬁmﬂ&

WIST — 2%, HARNZEEIZ X 25iH B REESH T —
A= [8] D EE (“High”) ® U < 1EBAK (“Low”) HGE
“%FXHY%ﬁO%ﬁJ4%L;éTMHnnmoia
T5. 72720, ARMOEGEHNEL, T —XRX—AHTE
éhfmé@ﬁ@%@(aiim,UzAé)La&é%i
HOFEET. FHiEZ 4.2.1 @ik @R (27U, @FEE
DFHtiTIE, BHEHARZEREEREE O HARANKZEA NGBS
FEVI7TLVVALTEEOARELRDE) THY, §EEMEO
fliTix “HMM+VC”, “Adapt”, “Dur.+Pow.” ® 32, H
SRMED R CI% “HMM+VC”, “Adapt”, “Dur.+Pow.”,
“Native” D 4 DDFEZ T 5. b, KMk, ©H
AREERFEGRHE DS HE 2 G AZERY Y N2 HAWT, HiERE

5 7L, M4 (a) YK 5 (a) i [9] DEETH 5.
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Fig. 4 Results of subjective evaluation of individuality for

prosody correction method.
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Fig. 5 Results of subjective evaluation of naturalness for

prosody correction method.

FEFLE 6 ST X D EMET .

X 712, HEEEAE (“High” & “Low”) fIZHEE LTz,
SRR IR IS T B R EE & FARTEIC B 9 2 FBIRTAM S R
2T, 9 aaa BT 2 FHEFE RIS B VT, GMM HE
2 FAL 72 FE “HMM+AVC IZEBHT 52, “Low” i
HLUT, BEFINAT A— R &G L 72T “Adapt” & 1
BUT, @EENPRELHIT2MEANESND. “High”
ZBWTH, HEOREIXNE A3, FAEOMEMIRE
5hd. — T, REEOMFEES XONT—2HIEL T
“Dur.+Pow 1B L TlE, HFEHFAEIZEFRR < “Adapt”
CREDFTEMEFE > TWBEZ BN h D

Wiz, BEAMECBET 2R RE RS &, “HMM+VC”
L, “Adapt”!E”Low” IZ a‘amfk@@%ft%i (021
Jd‘é ZEeMahb. T U, “Dur.+Pow.” 1%, HHEEA

;Dam@%méﬁézaﬁﬂ%f%b,%&ﬁﬂﬁ

L%%a<ﬂmmuvmaﬁgwﬁﬁﬁﬁ%6M5:aﬁ
/\73)

ML@#%#b LB HEIZED 5, REEAHEE
WCEIET 2 2 L 2R TE, MR RO T —fIEIZ&D,
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6 HBEARGHEDARTZ vAZT A (FEEEXHD “consonants”
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Fig. 6 Example of spectrograms of synthetic speech samples

Frequency [kHz]
@ e w o @ e e n o m e e o

for a word fragment “consonants”

HANKEGEOFEEMEZ R L DD, HAMD S WIEEEH A
ERMTEL I NN DE. 7z, MHERIE, HFEEA
FEOMWEEHIZEWTRIZAENTH L Z L 0h D

4.3 BEEFEIARY MVBBRICL 2 FHEFBEDOHR

W7 — X%, 4.2.1 fid “Monolingual” & U “Bilin-
gual” 12 &% ARCTIC HFET — X RX—ZFFD A £ I 60
X, WMz, 4.2.2 i “High” £ L < 1X “Low” (28T 5
4 %CZJ: % TIMIT 60 X &9 5. FEEMEOFMTIE, HA

REGERE S O H AR NKGEE T EHE 2 Y 77 Ly AL

TVI77 VY ATADN (XAB 7 A M) 2FEfEd 5. FHf
Té??ﬁti, “Dur.+Pow.”, “Dur.4+Pow.+UVC"®D 2 DT
H5. HAREOFM T, HEEFROERMEICET S 7Y
77 VVATAN (ABTA D) 2E T 5. §Hfid 2 Fik
1%, “Dur.+Pow.”, “Dur.+Pow.+UVC”, “Native”® 3 D
Thbd. iy, ETOHAERIEFEDOEREZEAT
Rty P EHWT, WEEREEREE 6 AT K DERT 5.
72720, GRS RIS SEEEE RE IR L, “Monolingual”
& “Bilingual” 1ZZ N4, “Low” & “High” IZJ89 %%
DETB.

Bl 612, FEFHEIZLDANRT VT T LDH%ERT. X
M5, “Native” & LI U, “Dur.+Pow.” TR &0
(/s/72&) IZBWT, RHIEHPEGHBIZ BT 5 A~ b
NVEAMEDIRPRKRELS BRI 2015, Thik, N
J—fEEFEMmL BRI, BREZEUCIEIERNE LS.

WXL, “Dur.+Pow.+UVC” Tl, “Native” [AlfkD A
RI MVEBIRB S NE T2, T —HEIZ & 5 HE
BrmMTosIenTE, ARMEOR EPHIFGTE .

B 8 (2, HEEEEFE (“High” & “Low”) HIZEEHL
7o, EERAHEIEITN S B EEE M & BARNEICBE S 2 FE R
FERZRT. “Low”ICEHT 5 &, “Dur.+Pow.+UVC” &
“Dur.+Pow.” LI L T, FEEMEEFRSFREICRRLDD
HARMAZWETE L2005, £z, “High”iIZB 0T,
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Fig. 7 Results calculated in each English proficiency level

(prosody correction method).
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Fig. 8 Results calculated in each English proficiency level

(phoneme correction method).

“Dur.4+Pow.+UVC” 1% “Dur.+Pow.” & [d %% D H R KO
BN AR TELZ 0B, B, “Dur.4+Pow.” &
“Dur.+Pow.+UVCIZH L, t MEZIT-72£ 2 5, “Low”
DHARMEDAFEENIHERI N (p < .01).

M EDKERD S, BEMIETE L Rk, BEUZ S8
EED BARMESCEICAEMTH D, R RGEERE OGS
FIZBWTHMTHDZ B ah b

4.4 BRERMEICEET BT

REFIZHLUT, HEMEICET 2 EZ 00 AR %2 FE i
5. FHliT — X1k SUS[18] 50 XX & U, #Hillid 2 Fiki
“HMM+VC”, “Dur.4+Pow.+UVC”, “Native” D3 DOTH
5. 8B, AFHIE, SHAENEFREOS 2 EARE
Bty bEHWT, KEERGEREE 6 Al & D%Fﬂ?ﬂ‘é 7=
72U, FEMASERITTEEEEAEEIZEHA L, “Monolingual”
& “Bilingual” IZZ N ZEH, “Low” & “High” IZJ§9 %%
DLT5.

X 912, JEEEME (“High” & “Low”) HIZHEEL
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Fig. 9 Results of dictation test on intelligibility calculated in

each English proficiency level.

7z, BEEWMORBREREZRT. LowiCEHT 5 L,
“Dur.+Pow.+UVC” I “HMM+VC” & th#Eg L T, HHBEME:
MBEELTWDZEBNO0 5. 2k, “HMM+VCIZHR
L. “Dur.+Pow.+UVC’ DO EEHEMEDNRIZ LY, A
FEEZOHBMEREE L2720 EI NS, 7,
“High”IlZ B\ TlE, “Dur.+Pow.+UVC” X “HMM+VC”
RGEOBEMET, “Low” & b HEWVHEMENE STV
5. 728, “Dur.4+Pow.+UVC’ X, “Native” & g3 % &,
BRGS0 L% “High”l2BWTH 5 %, “Low”iZ
BOVWTH S %Iz ¥HBILNTES.

5 &bhHYIC

ARTlE, ARAFTEEEFSRIZB T 55582 AR L
7-EARMENEEZ HE LT, €T IVIENT & 258 EE
W20 UC, FHliE OREEE & FEEE O HEEHRE N G5 R b5
B2 OWTHHEL, /2, THARZ MUFIEIZ L 55
MEEZRRE L 72, EBWEEEC XD, (1) N7 —HEiC
& 2 AR OYER R, WEEREEGEZ I L Mz B W
THEETHD L, (2) HEEHHMEIZEDL ST, HAHE
HIZ X 0 BRENNET Z 2 8, (3) SFHEAIEED BRM
WEIZAMTHD I E2mUl. 5151, HESEDBDOS
IR0 IZE D S R Al EIE 2 M T2 B ED D 5.

BIEE ARBIRO I, () TEHEEHT 2% RN D Z5ET
g% THEE - S3B270 v RICHDOLK 7YV T ERAZTR LB Y A
T L DWSEEEFE 1 B X OF JSPS B E 26280060 @ Bk %
ZIFEMLZEDTHS.
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