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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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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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1. ELC®IC

JUAY) VHNEFREGRIE, H2FiEOREH DOEHE
ERESEOGRGHICKMTEIEMTH D, FEEEICE
BIEMIROREZMRL, MiERaIa=r—Yavefil
THZEEMS. FRCHATIE, HEMIZBIT 5 EREH
DOFENE L, FHEBRY AT L, JEAMRE DK =5 2 %
CALL Y AT 4 1] NOHAMFINS.

INETIT, MATHFEELBES 2] PRAYILVITET
)V (HMM: Hidden Markov Model) (23D < FHE &% [3]
2B BEEEHEICHAN [4) 1I2BWT, HEARFEL T 55
HOEFIFUT, NAY UANVEFEPHAGEER L 0o
ERMEDENEF T — X 2IGH U 72 5h 8 A H LI % i s
Fik [5], [6], [7] BIAL AT NT VDS, T DFEE,
i m WA R ORGSR E AR TE 5 —5T, [
—SRHICB I 2 ARERE LR T 2, FEHEEOSE
<A D 5 [5].

Tz U~ 1E, HAAZKEE (ERJ: English Read by
Japanese) [8] ZFMH UL 7-E T IUMEE, £/, HRAHEED
AR D T ERAMERIC L Y, FEEEERRKERL
DOHRMEWET 2 FEERELTWS 9. LrLi
Mo, RBEEOFMGM L, HAGENZEEE» S KSR
i & DEBHAFEE DA E > TH D, FHiliE DEEE & ¥
g DEFEHAE I L ZHEPNFEI L TORY. £z,
HANKGEO HRMAR T OERETH 2 EHER Y BB @S 1
TWiaWizd, JFohd HARMIEERRIZRESNS.

ARETI, M DREE & FEEEE D JEEE S R D IR
EOMPIZGEZ B8 e TETHL LI, BETEAN
7 MVEBIZEED  HEEMIEEEZRET 5. FEERNEHIGIC
&b, (1) NT—fIEI & 2 BRMEOUER R, HEEH
AR IZ K BRI B WTHHETH D T &, (2) HFEEN
BIZBEbL 5T, BEMERIZE ) HRE RET S Z L,
(3) HHEMEED HRMUHEIIASTHL Z L &2mRT.

2. HMM EEEKICS T DB

X 12 HMM EEARICBIT 2 ETIVEIGOMER %
RY. HMM EFRGKTIE, EHRDANRT MULNT A =X,
TN T A — &, REEGEEZ, HMM (1250 <$E—7e g
MATETIMETS[10]. IVTFFARZTARY VIIZ
£227 7R c DHIIMERDA b (0) 1, MATERINB.

bc (ot) = N (ot; M, 2(:) (1)

B, o= [¢] ,Ac], AACT| T &, Wil ¢ 1251 B K
FE e, & T D—IRE ZIRDEHHFEE Ac,, AAc; DiE
BRI MVERL, N (e, Do) &, T4 p,, 8475
S B O EBN RS

HMM HHEEGRTIE, EFVEGEMEZHWEZ LT,
U R A A AR R
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Fig. 1 Model adaptation in HMM-based speech synthesis.

H BE5ED HMM H 5 HEGEE O HMM 2 METE 5. F
OEBFLTBWHEIGTET VL HEGZZEDHIET — X %
AWT, MIGTETLVDNRTIA—XE2ERTEHI LT, H
BEEANLHEISINEZETAREONS. #EIGEDOTEN
7 NV, & D EATH S, IR TERE S NS,

fo=Ap.+b (2)
. =Ax.AT (3)

ZZT, HISTH A LN T ART M)V b IEAEFENT A —
RTHY, BRONGVET B0IFEI T AT LIZHES N
4. HMM ZEAHTIE, ARZ MURT A=K, FiFN
TA—R, REMGEENP EHIATET VLI NTSD,
ZTNHSE2TITH U CHEBUE M fTON S, Zhutkbh, &
HHRF RO AT 70 < FRERAVAFBR S [FIR I B R T REIC 20 5.
INT A= RERRFZIE, ANTFANERTTHI LT
BondarvrFrF A MIESE, X HMM 2kt 2. 2
D, MHEETIVORERAIC X DR E % Ik
EL7=D0b, #Hi - BIREEM O RN ZHIF O T T,
HMM D RERRCIZE DT A=K ZLK[11] L, K
I—RICEDSWHEBRNUEZRCEFHEBERINS.

3. HRAANREBFANICHIT2EBEREEE
HEEMIEE

3.1 EFIEISICK ZEBEMEE

X 2 IZETIVH#EIGIC & 2 REMEEOMEZRT. &
T, WFERIREREE O RFEE AR VT, JEEREGERRE (T
T HREEMRT HMM 2%8 3 5. BT -2 L THWS
FENT A =L, JERT —, AT MVEKT A —
R, FFENTA=RTHYD, HEXT A =R 5H Ik
oA LR R ARE S NS, RIZ, HEHARGER
FEEEE OREE M A KM U 72 EE S A A EUH HMM % M4
57017, HEGEEDOHANEE SR ZHWT, HFERE
FEE D HMM %#ind 5. AFETIE, HRAEESEOD
HAMEZZEEEEHERNE LT, MEERCRY —IZEH
L, JREEMEGE & S BUS T —DIAMZH T B E TINS5 A —
RDHEHEIET DI LT, HiEREEEEORMEE2FE L7
HAANKGED HMM 28T 5. AMEGECE b, HEH
AFERFEEHE OFEE 2 RO R L2 £ £, BARM
P I N ARNKGEEFH OGN AHEIZ 25 [9].
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Table 1 Synthetic speech samples used for evaluation.

Fik4 YT - HIGT— & SRR IE HHRIE
ERJ HAAIEGE - 77U 7L
HMM+VC? YERERERE R T - - -

Adapt PeEBREGEGEH DNEE | HARNDEEE 72U 77U

Dur. WEEREGEGE A NEE | HARNDEEE AREEMESE R 7L
Dur.+Pow. WEERREGEH GE | AAANDGE | RS, dBsT — %LU
Dur.+Pow.+UVC | HGERGESAEGE | HARANTGE | IREBHEER, 87— | METEART ML
Native BN A - - -

3.2 BEFEARY MVERICL Z2ZEBEHEIE

X 3 ITER T HF AR MVEBIZHE DL FEMIEED
FlEZRT. REETHE, EEREFEDOART MLAT
A— R EEAHNMEHT 22 8T, HARAHEZED S B H
Ed 5. SEPEFIEEREERRICREET S [12) — 4
?,ﬁ%¥%®ﬁﬁmﬁ%imém FHEINE., ZD7-
b, ARATGEOMESE THFOEBIZL D, FEVEZHER/L
DOHMRMARETELLEZOND.

9, WEEMEETE HMM & BEAIE S iz AR AKZE
HMM 225, ZNENFENTA—REERT S, 22T,
% HMM 3R — O EETFTLVE2ET L5728, £S5
A — ZFBFFNZ G SN TWE Z LIZIERT 5. X
2, HAREREFEDART NVRITA=ZRFIDS L,
HWETHICHIE T2 7V —L DA%, KEEHEJHD AR
RN TA—RIZEIT S, BHMOBIZ, BHEO AR
J MVETTDER/EEHHROAN B LV EL 2 EES
b2 T 5720, EEFZDOT L —LIBI) 5 HERE
FEHED Fy WERETHDIGE, Y7V —LE2ERLUR.

4. SRERBIFTAM

4.1 ERFEMH

¥R T -2 LT, CMU ARCTIC /T — X R—2A [13]
FORGERFEEEDOBLEZ 1 HI2LD Ay b 593 X%
Anag., FfliT—XIEE B2y b 50 X&$5. ¥HT—
R, FMT— R, K, BT -0V 7TV v IR
16 kHz TH 5. HFE/8T A —ZDHHIZIZ STRAIGHT 43
Br[14] ZBEHL, A2 MUREE S LT, HB7—8 X
LIRS 24 RDANVT TA DT LR E WS, i
FrE L LT, M Fy RO 5 ARSI 81 2 96
@mﬁ%mwé TJL—ALY 7 MEbms&T5. ZhHD

FNT A= 1IRE 2IROBRHEZMZ2ED%
@ﬁ(ﬁJf\ﬁ Fve U, 5 K& left-to-right B HSMM][15] D
ZEEITD. WEAT =L AT T2 5 LMMEEUILE— A

2 fEkIE 5] (272U, —NZEEHEAM TR HARNKEGEZ AW
f:giﬁggﬁ%‘%@%{%ﬁﬁ) LZ%O%, ﬁau uunﬁ%@gﬁﬁﬁzr
HSMM DHAEFE T A =R I LT, GMM 12D HEFN
A
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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.

MU —ATHEET S, ETIVEIGE CSMAPLR+MAP[16]

ZRHL, BEURTHNIXEREE, 1 RE 2 ROBIFE

BEICIG U278y 7M7) AWS. 7272 U#EnkR

ik, ST — X OFEE & H UM O HEEEREEREE DT —
%E?éﬂf: HMM % W3

%;%%?ﬁo: E?ﬁE@xﬂ%éuﬂﬂﬁﬁ“ét 2, &1
%Tiﬁﬂiéémam%ﬁVT,ﬁﬁﬁ,ﬁ%@&v%

VR BE 9 & BRI 2 S 5.

4.2 ETIVEBICL ZEBMEOYR
4.2.1 BEWEZXICS T IFTMEEOREOHE
EiaEEd, 20 REMOHAGENGEFGE 24235, W
— NI, “”ré%ﬁﬁﬁo)ﬁﬁb\jiﬁéﬁ%ﬁi7?35 D, HARDEHEMZ:
WEEBABE 2 ZIITEGEETH S (“Monolingual”). 5
—ANIE, 1HEHA =T ) T AOREERERD H 5 KFE
Thb, HEEHMENEVEEETHS (“Bilingual”). L
50 2 BDFEE U7z ARCTIC BT — X R—AHD A & v
b 593 X & #EIET—X & UTHHAT 5.
EEMEOFHETIE, HEEHAGERGETE OHARESI TS
BEEEY) 77 LYy AE Uz 5 B DMOS (Degradation
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Mean Opinion Score) #F-iffiz S 5. §Hiid 5 Fikik
“ERJ”, “HMM+VC”, “Adapt”, “Dur.”, “Dur.+Pow.”
D5 O2THD. HAVEDORHII T, EFEF A O HARME
B9 % 5 BBt MOS (Mean Opinion Score) #F-Afli % 5 itk
95, i 5FILIE, “ERJ?, “HMM+VC?, “Adapt”,
“Dur.”, “Dur.+Pow.”, “Native”® 6 D THbd. 1H, %
P, BREEEEEICERL 2Ry bEHWT, HAR
FEROHEERGEEE S 6 BT X D FEMET B.

4 L 5 IzENTEN, BEMEEIINT 5EEEME S
HARME B 25HiliAE R 2R 9 3. £9, #MiEMRLOFE
(“ERJ” & “Adapt”) (281} 23HiiH OREEDREIZEH
T35, M4D(a)k (b) DHERNS, FEHEEDOZITIE,
R HRFE2ROFMEM CREETHS AT, Kb5D
(a) & (b) DD 6, HERFEFHEICL2BREDOZR T
&, HARGERGEGSEICX 51:17 tﬂﬁfh’C K& L P
FTAHRMERADP RS NS, RIZ, FEFERFERHE DAY —% K
U7zFik (“HMM4-VC” & “Dur.+Pow.”) IZEHT 5 &,
512 mR T HARMIZBI T 28Ik RI2B W T, KEEREFES
FIZ K BEHMNTHE, HARGEREESEE IC X 23HM & ik L <,
MR RAI 70 ERBALNS., 2o ORI, KEEE
FEED VY A LB I OB LT, NFERGELE ILHAGE

REEEE L DB EBMTH B 72D eEZoNS.

%E, MHFEGEEIZXL2BRMEICET 2FMMIIE VT,
“Dur.” & “Dur.+Pow.” IZDFiEL D EEH AT %25
BLTWD. F£7z, FEMEICEAT M BVWTE, “Dur”
& “Dur.+Pow.” IX “ERJ” L AEDFHEHEMEZ AL TWD
ZDZENo, BET HEEMEEOFL [i?b‘ﬁﬁu/uf%é

UL®ﬁ%#b HAGEREGEG & & JeEE R & D

TIEFHIAE RIEWAE U TH Y, HEREFEE O D &
D%En SEOBABIIN LU TR TH B Z DR TE, F
7z, MEFIZIDZMBEERTIT —HIEIZE D, HARGES
FERE DA E R U DD, WEEREEGEEICE > THR
MDOEWEEEFRZ AR TEDL I LB DN5
4.2.2 BEMEXICSITDREEDES %ﬂﬁw n

WIGT — &k, AANZEIZLZHMA LT EESH T —
AN—2Z (8] HDmE (“High”) B U < I3BAR (“Low”) HEEE
BHAER T 2 FEOH LG 4 £12 K5 TIMIT[17] 60 X &
T5. 2720, ARMOEFEFNEL, T —XRX—ARTER
SNTWBEBDOENE (GHRER, ) ALE) T8 55
MO 2T, AL 4.2.1 fi /R (72720, gi&M

DFHUiTE, BEHARFERFEE OHARALEZE SN ERE
FEY 77 VAL T HMDOARLD) THY, HEMOF
flicld “HMM+VC”, “Adapt”, “Dur.+Pow.” ® 32, H
RO FHTlE “HMM+VC”, “Adapt”, “Dur.+Pow.”,
“Native” D 4 DOFEZ NS 2. 2B, &FHmE, &H
AFERESEEOEF 2 EAREREY MEHWT, HFES

3 722U, K4 (a) L5 (a) 1F [9] OEETH .
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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.

FEEE 6 BICK DFEMT B.

72, HEEEAE (“High” & “Low”) IZ&EEH L7z,
BRAMEIEIRIT 0T B EEEME & BARMEIZ BT B BRI AG SR
ZRY. e SRR IZEWT, GMM HE
Za AL -FE “OHMM+VCIZEBRT 2 &, “Low” i
FHUT, BETNNNT A =X EHEHELUZFE “Adapt” &t
BUT, @EEERRE<HT2MEANESND. “High”
WHWTH, HIEOREIINI K REH, FAEOHEAVR
bhd. —HT, BEEOMGES U7 —2HEL
“Dur.+Pow.” LB LTI, HEEHEIZHIER < “Adapt”
LREDFEEMNEZR > TVEZ W05

Iz, BRMECET 3SR RS &, “HMM+VC”
L, “Adapt”1¥"Low” IZE W T KIRLREIEZELD X
BB Wb, ZHIKRL, “Dur.+Pow.” %, SREH

WO HARME RS ZEDABETH D, HFEGAE
R K “HMMAVC” L FED BRI RO ND Z LA
Db

J/J\J:U)ﬁ‘*%ﬁ‘b PEEERE I D 5T, FREIEA R
ICHIfET 2 2 L 2R TE, MR A O —fiIEIZ LD
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(E=FRiEE

6 HHEARTHEDARY bBZ T L (FEFHEXFOD “consonants”
EN S BERITHE) DB
Fig. 6 Example of spectrograms of synthetic speech samples

for a word fragment “consonants”

HARANEZEDOFEEEZ R L DD, BHRMEOS WEKES A
BERTEDZ NN D, £/, FEMERIL, FIEHH
EOBRWEHIZEWTHIZENTH D Z W0 hd

4.3 BEFEARY MVBRICKL 2FBBEOHE

W7 — X, 4.2.1 #id “Monolingual” K& ' “Bilin-
gual” 12 & 3 ARCTIC /45— X X— 2D A £ v h 60
X, Wiz, 4.2.2#Hid “High” & L <X “Low” IZJ&9 5

%’iéTMﬂNﬂﬁtTé.%ﬁ%@ﬂme,H$

REGERRE D HANE GO ERER 2 ) 77 LY AL L

TVIT77 VY ATADN (XAB 7 AN) 2FEWMEd 5. §F-if
Té??ﬁ&i, “Dur.+Pow.”, “Dur.+Pow.+UVC”"®D 2 DT
H5. BARWEOFHETIE, HEZFFEOHAMLICETS Y
77 VVAT AN (ABTA D) 2E T 5. §HfiT 5 Fik
&, “Dur.+Pow.”, “Dur.+Pow.+UVC”, “Native”® 3 D
THhd. £, 2TCOHAEREFEOEREZEAT
EBty NEAWT, HFERGEEE 6 KTk D ERTS.
7272 U, PG RIS REEEAE G IZEE L, “Monolingual”
& “Bilingual” X Z N Z 1, “Low” & “High” IZJE@T 5%
DET5.

612, FFHEICLDART MVT T LDHERT. E
5, “Native” & LB U, “Dur.4-Pow.” Tl %0
(/s/72E) IZBWT, FHZEBABEBGEBIZE T 5 A7 b
NEABEDOIRDPKRESRELRZZ e nrsd. Zhik
T—EEEML BRI, REE2AEUIELERERSD.
ZHUZH U, “Dur.4+Pow.+UVC” Tlk, “Native” FBkD A
R NVEREIRDE S ND 728, X7 —HiEIZ & 2 HEY
BT ehTE, BREOH EPHIETE 5.

8 12, WIEHME (“High” & “Low”) HIZHEIL
7o, BEHMIEIRIIN T SE6E M & AARMEIZEE 3 & LR
FEREZRT. “Low”IZEHT 5 &, “Dur.+Pow.+UVC” &
“Dur.+Pow.” L I U T, Fi&MEz RSEREICREL DD
AN AUETE DL Z W 5. £/, “High”lZBWT,

© 2012 Information Processing Society of Japan

5 H 95% Confidence interval 5 H 95% Confidence interval
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Fig. 7 Results calculated in each English proficiency level

(prosody correction method).
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q)0.8 © 0.8 B
o o
e ° 0.6 B
2 2
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go 500
& &
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g 3 5 3 £33z 833
T3 T 3 r T2 1=
s 2 s 3 s 2% 5 3 =
8 B8 8 2 & 8 a8 2
* + t t
= = E
a a3 a a
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(a) Individuality (b) Naturalness

8 TEFEEMEMICEE U2 RBEHER R GEFRMELR)
Fig. 8 Results calculated in each English proficiency level

(phoneme correction method).

“Dur.4+Pow.+UVC” (X “Dur.+Pow.” & % D H R M KO
FEMERRTESRZ RSN S, AB, “Dur.+Pow.” &
“Dur.+Pow.+UVCIZX L, t MREZ{T-722 2 5, “Low”
DHAMDOAEEENHERI N (p < .01).

M EDFERM S, BARIEE & FRRIZ, RBEL &Sl
EED BAMUEGECENTH D, FHTRFEYEAE DKW
BHIZBWTHMTHEZ D005

4.4 BARRMEICER Y 5 ET4

RERITH LT, HBEMEICET 22 SRR % E
3 5. FHiiT — %1% SUS[18] 50 X & U, #Hiis 5 Fikik
“HMM+VC?, “Dur.+Pow.+UVC”, “Native”® 3 DTH
5. E, &ML, SHAFEHNEFGEOEFEEARLE
Rty MEAWT, HEERFEGEE 6 AL DHERT L. 72
72U, RS R EEEAE R ICEEL,
& “Bilingual” & ZHhEh, “Low” & “High”
DEd 5.

X 912, WEEFHME (“High” & “Low”) HIZHEE L

“Monolingual”

IZEd 5%
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Fig. 9 Results of dictation test on intelligibility calculated in
each English proficiency level.

7o, HEEWMOVABEREZRT. “Low’lTHFEHT 5 &,
“Dur.4+Pow.+UVC” it “HMM+VC” & Hhlx L T, B
PHEBLTWEZ D0 E. ZhiE, “HMM+VC Izt
U. “Dur.+Pow.+UVC” DD HRMIERIRIZ L b, S
FEEROHBMENIAE LU0 7ReEX 6N, 7,
“High” 12 B W TIE, “Dur.4+Pow.+UVC it “HMM+VC”
EAIFEOHEMET, “Low” & HEVHEERESHh TV
3. 128, “Dur.+Pow.+UVC’ I, “Native” & [T % &,
BASETE S DB k% “High”i2BWTH 5 %, “Low” Iz
BVWTH S %Iz ¥HBILNTES.

5. BbHWIC

ARTIX, HRAEESEAGRIZB I 23EEM 2L
7-ERMREE2H KL LT, € TIVEC & 2 HEEHMERE
WX U T, FHiE ORERE & FEEHE D EGEERIE N5 2 b5
B2 OWTIHEL, /2, THEARYZ MIVFHIEIZ LB 5
REEZRE L2, EBRWFEMz LD, (1) N7 —FHIEI
L B ERMEOUES R L, HFEREEREE IC L BRI B W
THETHLZ L, (2) FEFAEIZEDLS T, BT
Bz BRMEAWET S22, (3) BEMEES BRM
WEIZENTHZ 2Rz, S1F, HiEZEEEDOS
IR RE B IEE 2 R T 20 E R H 5.

BEE ABFEO—ERIE, ) EHBEHT 2N O Z5TT
25 THIER - SV v NITEIK TV TERRRZE Y A
T L DOFSERF] B KO ISPS B E 26280060 D B % %
ZIEMLZHDTHS.
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