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Improvement of Naturalness for a HMM-based Korean
TTS using the prosodic boundary information
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Abstract

HMM-based Text-to-Speech systems generally utilize context dependent tri-phone units from a
large corpus speech DB to enhance the synthetic speech. To downsize a large corpus speech DB,
acoustically similar tri-phone units are clustered based on the decision tree using context

dependent information. Context dependent information includes phoneme sequence as well as
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prosodic information because the naturalness of synthetic speech highly depends on the prosody
such as pause, intonation pattern, and segmental duration. However, if the prosodic information
was complicated, many context dependent phonemes would have no examples in the training data,
and clustering would provide a smoothed feature which will generate unnatural synthetic speech.

In this paper, instead of complicate prosodic information we propose a simple three prosodic
boundary types and decision tree questions that use rising tone, falling tone, and monotonic tone
to improve naturalness. Experimental results show that our proposed method can improve
naturalness of a HMM-based Korean TTS and get high MOS in the perception test.

» Keywords : HTS, HMM, tri-phone, decision tree-based clustering

W88 ALLE B3 el el 91, o
[}
\=] E
= A9 12 Bl SAT AP ¢ zwf sag

o $295, LB £8) +, LA §4
A, £ 9 e elsl gl o) 4o, oid & e
HolNe] ol 97 Bu 5E TN, A o2l
S i ﬂ% 575l Fedelets] 24

Model) = °]&ste] 78 4 UrH1-3]. -
7ABA 8 Speech Vision and Robotics Group?] H;L S
Steve Young> HMMe] £33} Q4o oat duz|EES L
gle]B8j2lsket HTK (Hidden markov model ToolKit)
< 1989 HE3IGH o|F HTK: B2 MAags AA -

& A v‘i—“—‘.@l%-% cBe PYHL Y 1§02 B
AR HMMﬂ‘j}—j q—:gw&aa APl B AE gy Do quges asen, ol oo $98
O x A = 2.
53 UEH4). S48 ol E K. Tokuda® HMME o agme) dapeie A} 9ohs)

o] &gt SAFAIAI=H] (Hl\/ﬂ\/I—based speech synthesis
system, HTS)& A|<I8l4A
Source-filter Z4d-& A}&#— HTSE S48o] "

= B E deslsliar agdos 2
e I & e EoEA WA LEAARE, &
SAAREE Edhehe o &R He ik Z2FERY A
IS

RS, ZRFSE ASA A B EMM g 01 o gele e delar ol o8% FM
s} el Basieh. ol Ao A1E SIDAE HIK g oo pante oo oo e o
& Sgoiel T AEY 5 AwS A Aol ABAD e s

Ree olF olgsle] St A HMMES 29121y o) Do gos) ot wiA 24014 o)~
£ pon FAVHE6L PIDVRE BB o o oe e DI 4 A/ Al
GRETE o8l £UE MM =t WIE AN Sge amun ggeide Ak e Aee £
2 a3 FH I & Yt MLSA (Mel—Log SPeCtiUm 2oy g wy) AR Eee] WolB el Ho| B T
Approximation) BHE ol&slel &S VAR = g0 cogae gwme aman 4gas 289 2
A= HTSE ol83fed HMMZINE @5i0] 49801 A7 1o e okl wpwe] 49 slolaka 50 A2 A
HITHT-8). g

gpkd oz HMM7IWHe] 9382 8 Jsds
3l tri-phone@Hj2] Fulo]ZHHE o] 83le] T 2 7



£ o83 HMM7I%E gho] TTS AAd ¢ A+ 77

gt HVM 22
AHEEE 7129 HMM Bde #39E<

=5 sl A5 FenlEe] delta, delta-
delta® AMH-3ICE 2] tri-phone?] FHojERdS 14
stal A E ] 7|ukele] tri-phone?] 4ol tial &
Helste 2y BodolE HMMS 33

a8y A S daiMe AEEA gelug et o
2} 7|33 (fundamental frequency, FO) FEe} 24
AEAI gk HEIL 3712 QFE Ee]EH Bejlx
E FHeR e #uoE eifo]l eTdth uEhA
HTSelM & #5HE & =54 seple, 712595 et
vE T2l SAREARE gerE R FAs 2P E
719k 2~ERlo)E -l FHSPIH S AMS-git) ol ARS
3 gEulEe 03 AlFE E38HE mel-cepstrum Al
(MCC)eF MCC9] delta, delta-delta A& AMHE3SIAL 7]
Erug geHE log 3719 7123 (logF0) 9}
logF09] delta, delta-delta Al57} AF-ETHA).

1 =3
AR AEEA gl = HMME] #59E| 25
F @tk MFCCe 249140041 2] ALg-st
AEEA Rdolxwt oM IHHHZ = AR ¥
o} wE MFCCS AR 545 7R b 9492
E]7} #A181= mel-cepstrum AlFE 7-AISH BE AR
mdEgsty MCCE MLSA 43H Ing= Ape-sio]
52 A9e9-10).

ir o
o

e

i
2o

2

[}

1.2 FO 2&

FO9] HH-& dapelel A 7H-AIQ BER BdE =
A5 oiHy 73R Bds=
2 71E S04 A
HMMe FO sjels 483 & gk, wlebA] FO s =
d3Js] 913 475k8 2elQl MSD (Multi-Space probability
Distribution) HMMe] AH&-#lTh(11-13].

1.3 HEfRISAZE 2
a0 3 et s Adsh] feiie Y =
o] A& Aol drt. Sael g HMM 2de

FHER FH] Bz Fae] AEA 7 dEe] A
EAZhel ofe 2 Ert. HMMZ I 3332 =/lolA 2
BJAISAIRE Rl 2 e ZReARE E2 R R, o
HMM®] eiAIEA1ZE dee] 29 4= HMMS 7438k

i

=

ol

o
L_(Z .
=

U] 9t REH12). AAASALE T
SHTAN TR WAEEE (e 28 5 9)
2 HMMES] £ 394 Agsoz 245ne 1Ak
oY $473A4 R B sk el Yr,

it
i
dlo

2. HVM 2@ =&

AL a9 100 B nie} o] A A4 24DB
g HMM 67y es et =4
A28 SADBERE 421359
T FEEAWEE oJu|ehs MCCE &3t

HMM EA7Pg-2 19 2¢] BRI upe} o] $AJQ124]0f A
AMgE e EulolESa HMMS Fdzby e fARE W
7} tri-phone® stateel tigr HMM =4 ghejn
&h(4). Boot-strap €8 S4DBe A HZHE

kil

et
Mot 1% o
i mf; Lm

o] AoHd Fd Egoaie AT AAEAS
T3t} a8l mHTKS] HCompV EES o] &35k] 27
HMME 7#437] 98 27138 Aldkele] F88 g vy
A HMMel Axke 2713& @93t 27)3ke] g
HMMEYE-2 boot-strap TH =4DB HAPYE] E
e AR PEe} mHTKS Hinit? HRestZES o4
afo] 7F adE HMMe 2713 et 203 £
o] 3" HMME-S thA] mHTKS HERest &% ol&

alo] A5 dagFos FHAL

o 5 o]FojA mHTKS] HHEd &
£S5 59 @24 HMMES tri-phone3e]e] Fwlo]&d4
HMMoZ Wgleith wighe Fulol=ga HMMES th
HERest2E< %3l £¥9t. &3 54DB 234 &9
ofEEAhe] FHo| o] Zojx]H FHDBe E3HHA|
e FUEIAE 9o AR EN TR ] 9



78 Journal of The Korea Society of Computer and Information September 2012

EFp "
=2 T = = . =d J.Pgl ;
ENEETIES FO Mz
(71 2Fat=) atzjo|g
5 x5
a4E
atato| g

AR

b =

IO E8%
Fig. 1. Block diagram of HMM training

(log FO, mgc
e g
HAtEE 1
! ETTDEEPS
HMM 2718t Al &k Mek-=35k =7
(global variance) J
EPN-ERESIE
S = HEZ| 7|4 235
(Boot-strap Data) 29 [712r 2 &=t
l =8 st
Mek-=8k 2E EdjelES s s
(Baum-Welch =3 EA
Training) (Baum—-Welch
i Training)
sS40 3 i
=elolzgs dat =& &l duration, myc,
(mono-phone to tri-phone) If0 =&

I

J% 2. HMM =3 s8%
Fig. 2. Flow chart of the HMM training

HFHoE PooEeLd Yl FAE HESA, FO, 1
o3 JepASALE 2] Thak pdis ZFE ARE,

2.1 ZdEg| 7|¢t HMM &t

AR Erld] 7|9k HMMT-3he A 24z A=
A AE A ERE o] 83 v o g Adn A
ZEY AAgL = % Eﬂ‘ﬂ”ﬁ = FAI8t

e gor RS § Stk

A e] refee wEFE] likelihoodE
Hulgl sl=s st LAY FARNLE =i
°Jg likelihood®] E71X|el tiall 28 kS 283l Ee|A
A& A3} w9 likelihood %t 1818 7$- likelihood
o] /A7 FEA| e E=Esl717EA9] Adk]| 8ol HlolE ol

LTc=
)

upe} Hslrb ek A7} 3l
ol& Heslr] flaiA HTSOHH% likelihood %+ ol
g} weid) g -t o] EATE description

lengthE 53 $43l2 description lengthE A= 3=
Wefor  wER@S  490se  MDL  (Minimum
Description Length) W< AM-3415-16). mHTKS]

HHEAZES ©]&3le] Foizl Bdo| =Y MDLYH

dLlcis ‘JEE %, FO, ZeIAIEA HMMS 2% EelE A

35

HTSOHH*E AEEA, FO, a8z FER&AE 2l 7}
Zyo]l A2 e 5‘—"‘3—1 Q2] J3g W] widol 27 muhy
2 AR ERE T3 stream-dependent T3} WS
AR, gl 543902419 AS- tri-phoned] 45471
YT HMME #o] S4a4 HMMEE #3318 93}

A9k, HTSoll A& HMMe| Y3t el Fol Jed= +
33} gt} HTSe A E7|W +33 Bydde 44w
AEEA, FO, JEiAEAIRE HVMME @@Eﬂ—a— o] &3}
& mHTK9)

2 MOl E HVMM
& HENAIZAIZEHMM

dz
hetolE

T2 3. HMMZ |2t SAEH opdol 285
Fig. 3. Block diagram of HMM-based speech synthesis

gL 18 3ol Bl nie} o] A4
deix2lE B3l tri-phonePEl2] FulolE
b ARE FHoE SAYRYE ZHoE
d 24 HMMS g8k HMM7 ko] #4213t
&3] ZF tri-phone ZHe] JH A&
Log Z7]% ¥ el 93] RdlE 0|85
A= 92 & AHeh 035 T 343ke] MCC
23 ~dEY giein|g] 2dS o] 8dle] ZygdE= 3}
AR MCC WEde A3t Add setnld
MLSA ZHE AH8-ste] 5oz Heheni(9).

HMMe=E 55 Adsk] fsie HMM 2d
Ash A ALARRE T7F FARE W, 2 (Delle] 53k P

E HPI; i
12 fjﬁ
i

4 ox —r
ox o T

~
tlo
It W lkmo o
_2: rg(j mlo o=
= o

e o?L Nlﬂl d
fo = mot g -



£ o]&3F HMMZ|9F 3k=to] TTS A1 3 A+ 79

2 3kt UMY Qo B3uEId 0F Agsl] e
288 PYstetole S AYATH10-13).

(_):manargmaxP(O,Q|/1 M
o

o714 dit KA ekl FeiAEARYE, mki ks 4
Hle] BRAEAIZE okt klHl gele] EEAA, Ke B4
AR oI5 E ol 4 (2)2 Bl kA e A%
e ARY 5 9w
4 HMMS A8k

2} Agepd e AIe] A B
A 4ue Q7F 2y

32 mEu

[ R |

2] (1) Bayes ruledl] &l 4] (3)3} 2o] AA7jgt},

E.I of 7:! X'I

P(O,QI\, T)= P(QI\, T) »

(3)
AeE Qh Fole W A (3)9] HERS A o
@29 08 2935}, AL 0% 4 ()5 2ol 5
SuE Weh HEEAUE C2 PHT 5 gk

POIQN,T)

o)

A EQUE

- 1=

o= WwcC (4)

4 (3)e] A ()E vigdeln Pl logE A ¥ A
=4 ol i) WlEe A} 0o] HES ol H4e|
cg 7o 4 (5)7} 9k

RC=r (5)

g, R=wW U tw, r=w'U 'y

71N U 2Eaad, e Heat e S depan), 4

(5)2%e HAe] 0B T3 4] (4)% ol §ale] ASE
£ 253 % Qomw, e Bad 10, =54 T}
HE] MCC WEIDS 44T 4+ o

HMM EdS olgste] A FAFE shepn|eel
MCCE °o]&sle] MLSAZHE 4 3HH9).

MLSAZE = mel-logedS A3 A DEjo]7] uf
ol A Fee] ESEs /Rt Ag5Er FH9
SH= 7HE digital BE1E AASk= AL E7Fseb] o
ol derE o @ 2(7)3 o] PadéAsHs B3l Ads
£ s 2AEsle Fadit

H(z)=expFlz)= R, (F(2)) N
L
1+IZ:)ALJ{F(z)}l

= T
1+;AL71{—F‘(2)}Z
=0

M

E ce(m)z™™

m=0

MCC, AL1& LA} PadéAlske] 1914
PadéZALs} AlFE 9ulgit}, Padé2AtslE o83 MLSA
FEl& 1 7= 29 49 2 a8y PadeA e o%-
s JJEiL delay-free loopE E3Hs}7| wjfo] F&o] £7}

B F(2)=

ol c¢(m)

Output

& O

J% 4. MLSAZE(S| 7|2ZE{e| E8%
Fig. 4. Block diagram of MLSA basic filter

et F(z>$p(z>$m)$m)g7
i i Al.l L 4

T2l 5. MLSAZES| E8MT
Fig. b. Block diagram of MLSA filter

Output




80 Journal of The Korea Society of Computer and Information September 2012

w8 59} 2] delay free loopE A A HE| T
Z2 W733la MCCATE A8 wglsle] Hejuein|g o
HE Fett. HMM 2d& 0|83t A9 7| EFargo
2 PeE Adstan, B4E 7KEE FegEaEY
El7} A48 MLSAZES] 4gAA Zgdde SANES
it

aH
waEe THS M=

A SRS A
B 71%0] a7 B AT E B0) 453 229
Wolg BF /152 B 1, E 29 o] Felalsich.

1. B850 220 =3l e 2R

Table 1. Vowel clustering according to the articulation
= 23 32(E|3)
g N2 F(a),4(v)
=M A=DF (o), T(u)
clEs o g 128 | (i)
M oz —(U)
M g FOng I(E), H(e)
M gx | E(al),d(v)wlol),mhul, H(j
ze E),dl(e)
ooe | spoe | Hlwa) Hlw]HwE), i(we]
= TR lwe), Twi)
=& g
Tme —(Wi)
oE BE L a), 4 0v), 4 wa), Hiw)
= PN ja), q (v),twa), ™ wv.
=A : )
oo | o))
=g
e gx )
Tme i (wi), - (W)
M " | HGE),AIGe),HIwE), Hllwe),
Z02s | Hlwe)

E 2. 81=20] AI3e| =34l mE 2F
Table 2. Consonant clustering according to the

articulation
27 s sxE3|E)
Hig L(n),a(m)
THS
HES 2(r)
o T(G), (D), 1u(B)
== M(S]), (2]
)
A = (p), E(t),7(k),%(c)
=p¥I=
T8 oHs T1(g),=(d), = (b)
oiEs Als), =(2)
BEdoEs | sh)
Hlg L(N),=(M),o(O)
THS
24 HES 2l
=) Has (K, =(T), =(P)
== #e,#l #s

agx £ 19 £ 29 B/ VIS wEe 2PEDE ¢
gk Aolo} 1 Aolo sFshe FuleEuge] Fo)glojof g
o} AR E doje EFaA 77 tigtd Hel=xn
o9 Aolo Fgsle T Y il &3 3478
24 Holsltt, B5<] A e AlxE £, #ol9r]

55 2dslr] As Al 7 fAl Rt 7155 Aot




SEARRE

o] &gt HMM7 |4k o] TTS #Add &4 7+ 81

3 28TARYY 8|5 Fo
Table 3. phone symbol according to the prosodic
boundary type

oS 25t e
oA A oA A OfEARA
(B471%)2 (B3 (B471%)0
BoE &) g ndrm ... (M aija v, ..

EHKNTL ..

3. 22ZAYLEE 0|88 HUMZ & 5t
TERAREE wHER R FUks] wEel 71E
tri-phone T} wHj o] & Kol o] 7 S7Iet. wet
A 2R E AeARl adelw 7MY Fasith
TERAR R 7F E7A7} ohd Fd3h T3] A
Aol vl 2 BARIErE W] ol 233t 93 B
of Wtk E3 EA e 2SR g Fdsie
Fo= Qe 5ol A Wb} Rtk YR wlie
o stz Qg HMM| B3t d3< Hast & dart
it 22l3 MDL= o8ste 2% Ee] 7d4dr Ed
9] depth7} AR5 HRtes %— FeAl €. wrebr E2
9] depth7} =883 AAA| Res 2735l et
Adejel SHAEEE #8747} obd f‘ﬂglﬂé%iﬂ el
ol W&l AlEs7lE PHeR FAIS dsisit.
=B B8] o3 Bl SUkE Hagker] lsiM &

&O

SRS ¥oshe dole] A BaAE shiel A
SHetos afsehe dols TSk a TdREIt of
TR ARglelel aggeitt. ® 1 o] Ao =
& LA RE TP &2 ”“U g Hjg) @
7 olTEes o fA (WA, jﬁ) % R
(e, 99), 2813 89 &o EES ARE, MRS,

WA 5 T3 o] AlE3}sie] AHelo ——Tau,HE—]—% xoqg] 9
o X 4] 2aelsl SYoE 74 ol vhehiglch

# 4. 2|20 of

Table 4. Example of context question

Ho

WY Zo| SEHE

L_Monothong-Flat_Open {a=*,v-"}

L_Back_Rounded {o-",u" jo-" ju-"}

L _Back_closed (U=, Wi-*}

{0, u=", wa~", wv="*,we-",
L Front_Rounded WE=F Wit}
L2 Monothong-Back Rounded | {02-*,u2-*}

L2 Monothong-Front_flat_closed |{i2-*}

L2 Monothong-Back_closed {u2-*)

L2 Monothong-Front_Flat_SemiC {02 E2-")

losed

L2 Diphthong-Front_Part-Front_ [{ja2-*,jv2-*,jo2-* ju2-"*j
Flat_Closed E2-* je2-%)

A4E 93 AR GEAR W3 2,0002782] &
Zo] ETRI &7 DBE ARSIt 242 4~12 ofd& +
AEE WERS, AR ZseoA wEEA e
46,242 €4, 13,264 @ol2 FAH T Aoy &3
283MBeltt. o] F 1,800%782 FHZH AMg3taL 200
T4e s Hrtl AREEsl ETRI &/ddelHe
16bit, 16kHz2 EEs}=]o] gith. HMME@l= HTSS
o2 $£4¥ HTKE AHgslsien] ~4ER sepe= 04
g 238 347ke] MGCE ARt} HAMEe ETRIC
Ai zﬂ T AN RE 7|nko 2 B =R Aet 2874

F7tete] At 2R E7INE 2R3 B el
= vgg%ﬁ]@ig ¥313t tri-phoneE} HolE 2 -43}0]

Ea=C ey

AYERE % Aele] ARssh BRE AP 287
A WA g Bl Eesel B & WFE 1FSeH: 49
£ AT GY2) Aie] ot ABE B
aPn $87A A Bl Eene] B Bl PAL Al
SA05% G2 Aol FURL FAAsket. web

$877 HA L BulojEs A Hojol SYH S 2 MR

o 2SI e 1R 22 clollng sl
877 Ag BUEghe] A% AR 7AE E

depthﬂ AAA e AEslE ages FPosii



82 Journal of The Korea Society of Computer and Information September 2012

A Eee 71 TRl dutz AgE A e e #Ed
o] HHE ARste sl ar] Wake & 5 vehhsl
o 2YEee] Aot Ikl £84A a4 BN =
7F 571 Wiel] AR ek EUEgre] sale] =] W
F 24 5S4 F 3t

5. REBZARE ZE oiFof| e ZXER|QL SHELUTET
Femelo| 37| Hiw
Table 5. Comparison of information file sizes between
with and without the prosodic boundary information

FH

= tree(Kbyte) pdf (Kbyte)
FoiolEMHat o|gst
e 202.3 7815
L74HIX ag_ﬂ
RS 211.0 806.5
TES}

1.80E+02
1.60E+02
1.40E+02
1.20E+02
1.00E+02
8.00E+01 . FO
6.00E+01
4.00E+01
2.00E+01

0.00E+00

J8 7. 28 Al=o| msEnt mix| M
Fig. 7. The waveform and pitch contour of original
speech.

1.60E+02

1.40E+02

1.20E+02

1.00E+02

8.00E+01

6.00E+01

4.00E+01

2.00E+01

0.00E+00

= EEa el =4-E8
D (= G @

yes /\ no yes /\ no yes /\ no yes /\ no

gl 6. ZYERFES| of
Fig. 6. Example of the decision tree structure

B 6. MMEl ZYER|0] 7Y
Table 6. Structure of the generated decision trees

O2 8. 2EXTE ASSHK| 2 SMFe| oint x| =M
Fig. 8. The waveform and pitch contour of synthetic
speech not using the prosodic boundary information.

- ‘i- ?P, 4 e la Fim . - “ R
1.60E+02

1.40E+02
1.20E+02
1.00E+02
8.00E+01 —F0
6.00E+01
4.00E+01
2.00E+01

1.80E+02

B =5 Algter Euldo 2 re) YAHE A =54, FO,
FHAIEAIRE Bd AR Ez|C] dle 17 67 2 ALE B
] A Ee] FHd] £ == § 181 leaf =5 F
£ E 69 vehhsioh

O 72 W g ARTR o)ES dUTRE 559
249 A 933 9% A& Jepdc) Taela §49
7t AHE A9 FUS FF] AAREE o] g3l
TEHRE FIHA] & AT 2 =RoA Al &
ERAAREE 71 I ST EH 93] FH2 a9
87 11 9ol 247k YERfIRIcE

o

0.00E+00
e Sogmol & | z=4 | leafze 4 TRUI65R885ARRRAAAREE578880585
MeiREARE 2 7 - )
i 1 166 168 T2 9. SRAMNE AIRS B0l DT T 34
FO =4 26471 1267 127774 Fig. 9. The waveform and pitch contour of synthetic
MEEMDD 22074 8697H 87971 speech using the prosodic boundary information.

X 7. MOS | Zzt
Table 7. The results of the MOS about the synthetic

speech
=2 HET Aoiy
ZAHO|EAMHOE O|Z5H B LY 3.20 2.72
DELAEEE 0|88 A iy 3.44 3.10




o]-g-3 HMM7|¥t g=te] TTS A4 3 A+ 83

1S

A

‘LE

3]

A

oL
lo

oL ¢

-

Ak S A HMMS] 3859
< MOS (Mean Opinion Score)& &3l
37y 3 79l VERASAT

MOS H7} AFeA] & 4= 9l%o] ofdA A ek 8
o] && 7371"@32 AHESIA] ghe AR AR A
B257b 45atdaL, 5ol A BREoA e RS
g1 4 v}, w3 o AAAG BT} Bol AHEE o

T4 ol 8Pt B25E AdAol A

A& A9 5

o of o
il
o
e 2 o
ok

2]

<
WE

=2

—_

V.

M

£ =ZAE HMMZ|He 2 dhoo] gl2EE 3402
Hgkeher] Slold Eel AAgE FINTN7) A8 &
AAREE Al 7P FEeE Hofsta, weAAYES 23
g tri-phonese] A EL|7IN A3}t WS ARSI
83 EEAREE iﬁ?‘*Oh: %‘1‘1” TR HE i
o], agja &g Aol el

2 R A PHE 1 gt g ne) S8
& EWsH) A3 T90) et Teln $RAAPRE
ER PUIEYRE 018310 FH8E AH3a MOSH
Ve U A3t LEHAYRE ol HMMII ol

2~
e =
TS W8l AVIol PARE @

—

o

1:! .

o,
i
rla
rlo
“‘*ﬁ
5‘.:
i)
kI
re
£
=2,
10
ol
=
re
-
_@

F0

¥
Ao
rot

(1) K. Tokuda, H. Zen, and A.W. Black, "An HMM
based approach to multilingual speech synthesis,”
Text to speech synthesis: New paradigms and
advances, S. Narayanan, A. Alwan (Eds.), Prentice
Hall, pp.135-153, Aug. 2004.

(2) A.W. Black, H. Zen, and K. Tokuda, "Statistical
parametric speech synthesis,” Proc. ICASSP 2007,
vol. 4, pp. 1229-1232, Apr. 2007.

(3) H.C. Lee, and J.M. Seo, *

An Embedded System for Conversion from Text

A study of Implementing

to Speech ,” Journal of the Korea Society of Computer
and Information, v.13, no.3, pp.77-83, May 2008.

[(4) S. Young, G. Evermann, M. Gales, T. Hain, D.
Kershaw, X.-Y. Liu, G. Moore, J. Odell, D. Ollason,
D. Povey, V. Valtchev, and P. Woodland, “The
Hidden Markov Model Toolkit (HTK),
http://htk.eng.cam.ac.uk/

(5) K. Tokuda, H. Zen, J. Yamagishi, T. Masuko, S.
Sako, A.W. Black, and T. Nose, The HMM
based speech synthesis system (HTS),”
http://hts.sp.nitech.ac.jp/

(6) A.W. Black, P. Taylor, and R. Caley,

“The festival speech synthesis system,”
http://www.festvox.org/ festival/

[7) S. Kim, J. Kim, and M. Hahn, ‘HMM-Based
Korean Speech Synthesis System for Hand-held
Devices,” IEEE Trans.
vol. 52, no. 4, pp.1384-1390, Nov. 2006.

[8) J. Lee, “A Tree-based Reduction of Speech DB in

a Large Corpus-based Korean TTS,” Journal of

Consumer Electronics,

the Korea Society of Computer and Information,
v.15, no.7, pp.91-98, Jul. 2010.

[9) S. Imai, “Cepstral analysis synthesison the mel-
frequency scale,” Proc. ICASSP, vol. 1, pp. 93-96,
Apr. 1983.

(10) K. Tokuda, T. Masuko, T. Yamada, T. Kobayashi
and S. Tmai, “An Algorithm for Speech Parameter
Generation from Continuous Mixture HMMs
with Dynamic Features,” Proc. of EUROSPEECH,



84 Journal of The Korea Society of Computer and Information September 2012

vol. 1, pp. 757-760, Sep. 1995.
(11) J. Latorre, and et. al., “Continuous FO in the
source-excitation generation for HMM-based

TTS: Do we need voiced/unvoiced classification?,”

Proc. ICASSP, pp. 4724-4727, May 2011.

(12) Q. Zhang, F. Soong, Y. Qian, Z. Yan, J. Pan,
and Y. Yan, ‘Tmproved modeling for FO generation
and V /U decision in HMM-based TTS,” Proc.
ICASSP, pp. 4606-4609, Mar. 2010.

(13) K. Tokuda, T. Mausko, N. Miyazaki, and T.
Kobayashi, “Multi-space probability distribution
HMM (Invited paper),” IEICE Trans. Inf. &
Syst., vol. E85-D, no. 3, pp.455-464, Mar. 2002

(14) S. J. Young, J. J. Odell, and P. C. Woodland,
“Tree-based state tying for high accuracy acoustic
modeling,” Proc. ARPA Human Language
Technology Workshop, pp. 307 - 312, Mar. 1994.

(15) K. Shinoda and T. Watanabe, "MDLrbased context-
dependent subword modeling for speech recognition,”
J. Acoust. Soc. Jpn.(E), vol.21, no.2, pp. 79-86,
Feb. 2000.

(16) K. Shinoda and T. Watanabe, “Acoustic modeling
based on the MDL criterion for speech recognition,”
Proc. Eurospeech, vol. 1, pp. 99-102, Sep. 1997.

H X & 7K
IS
2010 @ &2kgtw
AFEIRENTI FI,
SR RS CLE]
ARG REANTAR Akl
PRl TR EAE, L4

Email : gadama2@gmail.com

oy &
1984\ : Mgt

ARzt F3AL
19884 : Mgt

ARl FEAL
19984 : Aedigta

3l z]:z'—é‘l-‘r]_ :r_é—nﬂ]—/\}
1985 ~2000 : ETRI A<
20004 : L&H Korea A&
2001 : () Ho 2 AELY
20024 : (P FHETEA] AYATY
2002 9€~4A| -
g A7ERE Rag
TilEol  REAEAE,

=AY, S43d

Email : jungclee@ulsan.ac.kr





