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An Implementation of HMM-based English Speech Synthesis

Student : Kuan-Yi Liu Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

The thesis establishes an online English text to-speech system. Using the data base based on a
woman whose mother language is China read TOEFL. article. First through a good tri-phone model
to segment data base, then using CMU-dictionary and Stanford-Postagger software labeled phone,
syllable, word, phrase and sentence five level structure relative position and prosodic information, to
establish vocal cave, fundamental frequency, .and duration-model, expected to product more prosody
and rhythm.

According to experiment result, the'synthesized prosody still not natural enough. Although
compare with speech synthesized from foreign web-site, our prosody is more ripple but more blurred
and weird rise and fall. Suppose to use rule based method to estimate variety prosodic labels still not
accurate enough. So synthesized speech prosody right in general, but having strange ripple in detail.
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211 GERY LA F R

AA 852 IH 3584
IY 2167 OW 548
AE 1437 EY 1003
EH 1339 UH 110
AH 6237 AW 209
UwW 616 AY 784
oY 131 ER 1491
AO 825

F L2 3" HGE R AR S R

DH | 1521 | M | el ] zH 19
HH 423 L 2440 G 379
CH 401 N 3959 F 972
H | 325 P D3 | K| 1985

D 2167 S 2711 \Y 1324
NG 501 R 2674 Y 356
TH 317 T 3588 7 2015

B 858 W 719 SH 570

213:5BF&P LA 3 FEENN MK

CCV 995 VCCC 11 CV 7452 CCCV 25
VCC 576 CCVCC 242 VC 2810 CVC 5415
CCCVCC 12 CVCC 1405 \ 1321 CCVC 728
CCCVC 83 CVCCC 240 | CCVCCC 18




% 1.4:

word * 5 & B #iceh,

4& > 1L
L @

1 7306 4 661 7 2

2 2847 5 196

3 1473 6 44

# 1.5 & f @ word B Bt

PRP$ 96 VBZ 336 NNP 305
VBG 232 DT 1393 VB 368
VBD 280 RP 32 WRB 73
VBN 537 NN 2133 CC 504
VBP 247 TO 314 LS 1
WDT 97 PRP 188 PDT 8

JJ 1207 RB 572 RBS 13
WP 15 NNS 1292 RBR 24
CD 208 WPS$ 4 JIS 20
EX 13 MD 153 JIR 47
IN 1306 NNPS 11

34 * The Penn Treebank POS tag set » 4% 1.6




# 1.6 : The Penn Treebank POS tag set[14]

Table 2
The Penn Treebank POS tagset.
1. CC Coordinating conjunction
2. CD Cardinal number
3. DT Determiner
4, EX Existential there
5. FW Foreign word
6. IN Preposition/subordinating
conjunction
7. 7] Adjective
8. JIR Adjective, comparative
9. JIS Adjective, superlative
10. LS List item marker
11. MD Modal
12. NN Noun, singular or mass
13. NNS  Noun, plural
14. NNP  Proper noun, singular
15. NNPS Proper noun, plural
16. PDT Predeterminer
17. POS Possessive ending
18. PRP Personal pronoun
19. PP$ Possessive pronoun
20. RB Adverb
21. RBR Adverb, comparative
22. RBS Adverb, superlative
23. RP Particle
24. SYM

% - % : HMM-based i 5 & = ,x 2t HTS -
B EESES LAY
TR RE Y TR YT

1=y
el
e
e
1%
>\4_
>_'L
bl
I

Symbol (mathematical or scientific)

25.
26.
27.
28.
29.

30.
31.
32
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

fo

Interjection

Verb, base form

Verb, past tense

Verb, gerund/present
participle

Verb, past participle

Verb, non-3rd ps. sing. present

Verb, 3rd ps. sing. present

wh-determiner

wh-pronoun

Possessive wh-pronoun

wh-adverb

Pound sign

Dollar sign

Sentence-final punctuation

Comma

Colon, semi-colon

Left bracket character

Right bracket character

Straight double quote

Left open single quote

Left open double quote

Right close single quote

Right close double quote
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a0 RiBURA BECAL 24 & 0 R RAF P OEDEGE Tl 25 & ¢ A0 S8R 26 & R
FAEFSIHA 278 2 MpMHEA 288 2 ¥ Rk

21HTS £+ #H 8 4
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R G o 3T E RPIARET FIFFEFL VR APAFF ES pY o ERRTAEE
HEEE L BEMEE A FHEY A EFFE

R A B TS o 2 i Sl a2 2y g [10][11] PAL NG R
Flangy -

AEFR*FAOHTS 5 p A L E~EFT A7 TR I kv HTS 2.1(HMM-based
Speech Synthesis System, version 2.1)[8] » ¥ ,x %t i &>t HTK(Hidden Markov Model
Toolkit 3.4)4kjir » #74F B A4t * BRSE T A AR aE S £ A s e TR
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N _47 Speech signal
SPEECH

DATABASEJ
—_— Excitation Spectral
parameter parameter
extraction extraction
Excitation parameter | ] | Spectral parameter
Training of HMM ini
- g Tralm?g part
- 3 Synthesis part

34%&»
s “‘8*8*8"‘;_%%3 Conteﬁ I\clllt;;lnsendent

1 !
Text analysis l
| Label Parameter.genération
from HMM
Excitation parameter l [ ] l Spectral parameter
Excitation Synthesis SYNTHESIZED
generation filter SPEECH

2.1 HMM-based 374 & & & 4.2 1 R[12]
4eB] 2.1 97 0 HTS A G 9330 A 8 & 3040 » A RIRA > d 357 f BB ok
= TR R E EE S 8c(Mel-Generalized Cepstral coefficients, MGC) 2 H # fi 4% jic
BB R A l0g FO 2 H 65 i e B o G H PSS R Sl WOEGE

HOERE AR BB FAEAL Y TR B R AR Y RAPH N

3]

SRR £ B B AL 2 A e HMM 5 & 250 LA~ 2 3
S FATEAL EV G A e FiRedh 0 S84 Y v FHCART)WE 4
POEH RS HMM 5T 0 0 3 & Sliow Bk 0 A 4 Sl R U Al |54

¥ HH B ¥ T g B (Mel Log Spectrum Approximation filter, MLFA filter)[13 ] & 2

F’F’ Fl P%{
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high

e W
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back.

® 0

low
Bl 2.2 382 & 3 P53 o chjp it i % [14]
3 ERARET AR 04 LF G tense: - faipE - 2 v g Fpigeant 50
Az K o Bldofifp s 5o tense #* 500 mlthgs S luxX # F o Julak s 5 otense * 0 @ [uldk
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B3

3 bt Kb g 57[14]
Vowel high low front back round tense
Iy + - + - - +
in ¥ i ¥ i i i
ae - + + - - +
aa - + - - - +
ah - - - - - +
ao - + - + + +
ax - - - - - -
eh i ] ; i i i
ow - - - + + +
uh + - - + - -
uw + - - + - +
F R AR F o F R FFRER U RPN PR PIURGES LG T ARA B G B2
£ BT bldom BF 5 T EIFZI T A FEF S AN T A S Ark 22
202 2 s S 0
73 = 26+ |Word 5]+ EE=y il
Y (Plosive) Ip/ tat, tap CIPEEAE
£ (Nasal) /m/) " team, meet SEWEAE
JEE 42232 (Fricative) /sl sick, kiss HEET R RBLER
P& % (Retroflex liquid) fr/ raf; tar Vowel-like & 5EE H H&#HE
557 & (Lateral liquid) N lean, kneel |Vowel-like THEETE] H R MIES 18
75 E (Glide) Iyl fwl | yes, well Vowel-like
3 E G P Ak BT R DAL SEE S B A 5 2 4 (semivowel) 3 §

FERREEF oA F g B A (sonorant) - & B G AdRE hE
R R ZEF G Fh R AR R S &4 F (syllabic)hd 4 o

Gldog I/ AR T 4o 3 edible o

€53 o WA TRt RS ,Tﬁ{il’;}—‘* N3 [ulpFed=dei=% > 7 i Al -

FH T PRE RFIEF LR T PRI E R i TR A R T P
SRR G 0 R AT IS R S Bokeh- # o
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(affricate) » &]4c— B & 5 (e.0. /t)i5 & 45 % -

- faxTenE ~(e.g., {t+sh} =ch) -

& ¢ G AJjl(d+3)felch/ (t+shy » % 2.3 £

223 E I3 B8 oA

Consonant Labels Consonant Examples [Voiced? Manner
b big, able, tab + plosive
p put, open, tap - plosive
dh dig, idea, wad + plosive
t talk, sat - plosive
g gut, angle, tag + plosive
Kk cut, oaken, take - plosive
% vat; over, have + fricative
f fork, after, if - fricative
z zap, lazy, -haze + fricative
S sit, cast, toss - fricative
dh then, father, scythe + fricative
th thin, nothing,-truth - fricative
zh genre, azure, beige + fricative
sh she, cushion, wash - fricative
jh joy, agile, edge + affricate
ch chin, archer, march - affricate
| lid, elbow, sail + lateral
r red, part, far + retroflex
y yacht, onion, yard + glide
w with, away + glide
hh help, ahead, hotel + fricative
m mat, amid, aim + nasal
n no, end, pan + nasal
ng sing, anger, drink + nasal

EE2 o @P(Word)Es | A AE = & BPF p 2 o7/ ane 2 (Part-of-Speech,

POS) > # #3#'d — I BB & (syllable)*f = » @

=
E]

G - BA G HEBS LS

FH o PR Y A3 g o
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2.3 XiRigA BHET

F N enTTS & LA AT kiR it & #02] (source-filter model)- 5 7 & figtk e 5 3
BRI RE Y P S R B 1 BB i S e B mﬁk{—» TR R D
COVERERM > KB ARG RO ELE U OVERCR] S I8 o 18 G RN E S A S BGE (T
it o AN S PE iRk BHECA

TRER A B A 0 KRR B A B AR Y ahd a2 o
ol 2.3 EA S B HO B T 8 o B LR > J 3 5 B AR L
Tod FrEAELE G B AR S - BRI PR B PR S - B fe o

g s e(n)id - BRERFF LR Sl L B H@) A A F S s x(n) o

EHH HpE2 8
EEEERETEES
apCE e — > SRGEEE
T O e h() x(m) =h@) * e(n)

B 2.3 kikip st BH
FE o jpes 3t e(n)fe v R HEA] S04 5 B h(n) A convolution ¥ & £ 3F 5 315 X(n)
x(n) = h(n) *e(n) (2.1)

f e x4 2y en convolution o
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24 B 41§ s Rk

R o R G Sl 23 ¥ 3 A R A W] AU 2 (linear prediction)
22 s HE 3 A 4772 (cepstrum analysis) o (1) FF 52 - a5 ARG LR * h3 2 > 7
RED R 2 BB MR B AT F Y R N R he R EF A -
Q)EPHEE AT EA1* A B A7 FAEF S B IEE R A AR ¥ B 4T E e
WA T G oA BE R R BRI E R RS  F A S BT R L S B &
FRFER A BT A ERAMI G2 o R RO AR €7

X PR AT R R fe 2t en R RE[15]

Aemw @ F R EAF PR B [16] R BT ¢ R RCE] o B &S EDIE G Gl R

H A L A RE JI R 20 R TR R & Sl o 3B R

i (warped frequency scale) ™ i£F EF1HE e o ¥ B A (2-1)5¢ ¢

5, (X(E)= 3¢, (mpen 22)

m=—o0

29 X() 55 WX PRI EEE S, WA RS R AT

(2.3)

g _ (0" =11y 04 7K1
" |logw y=0

SHy RBFRIFHT e R o T RE (o) T& G- B2 LAY (2) 99
= %8 & (phase response) T_s 4o

p (Z)_l‘l——a

_ o iB (@) 1
-~ e Ja] < 24)

z=el

(1-a®)sinw
(1+a*)cosw—2m

B, () =tan™

(2.5)

Fot T E A HZ) T ML B A e T S
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H(2) =sﬁ[ica,y<m)‘1’:<z>j

(1+ 2y cw(m)‘PZ(z)j o<yl (2.6)

expY.c,, (M¥I()  y=0
m=0

9 (23) ~ (2:5)7 1 Ak (a,7)=ODF A &5 ST A 15 E SR 4T 5 (a,

7)=(0,0) % 5 5+ EAEH A 47 o Bl 2.4 2 % 24[15]4 7 S#c(a, v ) s fEA 45 E o

lall, -l=v=0
a=0
EREERAN | R
7 =-1
ST A GIETHR RE I

7 =0
HERRE R T A ﬁ@%%ﬁﬁﬁl
J

B 2.4 % &4 F G Ao v 2472 M 5 )
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2.4 RAEEHEA AT S B

a=0 la|<1#0
BB E T
=_1 ] w.jtl
7 2R (warped all-pole)
7= Ll 1 F s
7= Ely 3 8 Bl >R BT B
-1y =1 R & i5|4E 3# R &1 F 69

REF EHEY B S (a,y) o 7 s B kg sikdi(a,y) 0 bAp
rigciinT o L F B and TR R TR AT AT > FI AF S IR

EERY S RN D RO
2.5 A4 i3

+ Fe

J
=

AR (FO) it 5 B(voiced)d B £ Bl el > » g B5pF5 00 Ft
#* H g F HMM 2 = FO AR i35 * FO Wy s R S A B
Z 4 MSD(multi-space probability distribution)[17] » #2 €28-F0 d - Mg 4 S84

AF EERFOMPE - B0 & EES -
251 2B X L0

BARLAL S A 7 B S 4 & (Multi-Space Probability Distribution) - 4 jg — &

wAZFQicR 24
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Sample Space Q2

} Space

ke Space pdf of x Observation

01 = (.\.‘1. ‘{1. 2. G})

x,cR

1

0, =(x,. {1- G})

x, R

s
X eER

B 20 5k dn B0 2 74 [12]
Qg E- BNl B R B R g BLE QgF p L g
% g 1 P(Qg) =@y 4ok Ng>0 FEZEF - B3 B A 3 Nyx), xeR™
:g@jR Ny(x)dx =1 s imipe§ ng=0pF > Qgr ¢ § - B Ag - 13351 i > P(E)
TS A AP

P(Q) :ip(gg) :ia)g Lne N, (x)dx =1 2.7)

EEALDEBARYT NG=0> F12 QyF e 5 - BRI NM)H 5o 5 G
Fm 0 AP EEE Ng=0FF Ny(X) =1 -
A2 P Y e E BEEE AL T A - BREBREEO J - mn i YR

Rng ¢, s L - 2 b, N
B X € fo— B2 B &5 X ot

0 =(x, X) 2.8)
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e Z R A XAt En & O BRI S LK G
b(0)= Y w,N,(V(0)) (2.9)

geS (o)

V (0) =X, S(0)=X (2.10)

LR 257 § - LERIBG)F o - BERIZEOLEd - Bz e B xeRr- 2 g

25 X={1,2, G}l o F g Sl X 2= BB 231Q1, Qo QeeR’? chd

P BARE D @ X F T?ﬁ}iﬁ:ﬁ{{WINl(X)+W2N2(X)+WGNG(X) °

PR KR F A AR P 2 ERF AT 0§ ng=0frng=m>0 4
R RACed A oo L H o drdk S()={L,2,3, Gh et b A & A -
G-mixture $ 5 % & Sofic o F]pLS 7 BB S 2 o A B B ferE A B - ik w

eI

2.5.2 HMM 13 7 B & i

CHR PN TR A G AT

—

MSDHMMF‘AIB‘;}Lﬂnmjﬂzﬁﬁ s Hd ha -

Yk ho — B N R ESMSD-HMM A - Badop iz z={r}, s pip

Zo i A :{aij}i,\,ljzl ﬂf‘“ﬁ] Mg g B={bO}, - e
b(0)= > wyN,(V(0), i=12..,N. (2.11)

geS(0)

)’j‘-‘ﬁfg'»f?] 26 F B i3 GBI AR IENL(-), Na(-), = No(-), fov i

SHEE @i, @iz, ' @iG °

16



"""""""""" n“ ' “:1 “31

Q =R" AN ,/F\\ S
b Ny Ny Ny) 1
"""""""""" 111, I n:,/\ 113,/\

=R 25 N (x N
_________________________ No) 1] N ] Npx) |
"""""""""" We N || We /N |IWe |

— ng

i N (x) N, (¥) 76/;:5“

............................ LAY V1 1 0 1) T30S0 SOl B SOOUStut: A S S R
_ VAN e y,

B1.2:6 520 i At S EHMMLT]

ﬁ/?q%:% O:{O1, 0, - OT}—‘;I ?}t?’ o

P(O | ﬂ’) = Z H aquI bqt (Ot)

allq t=1

T (2.12)
= > 1200 Ng, V(0)

allql t=1
TR Q={qy, G2, Oyt EFT R R E A I ={l, 1 - I} €{5(01) x S(02)
X o x Sp)RF R FIBRIEF] Oz BRI AR A TR e
CIR TR SR -3 A
(i) = P(0,,0,,--0,,0, =i| 1) 2.13)
ﬂt(') = P(0t+1’0t+2""0T | Q. = i,/l) (2.14)
% &g - 4 HMM ehme 5 (355 B % > 7 REF N e 495 20 (2.12) F e T

2L F
Faca
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P(O[4) =ZO& (i) =Zﬂ1(i) (2.15)

ré,—f;\ré,{;%ﬁ'{;jé’,_é_'r_,]‘éﬁé%ji %ﬁ%[ F‘L\‘\Ao

2.5.3 MSD-HMM "' S fe i enE Frie it g & &
¥ - L TP B 7 | O fr- B4 u:E 25 MSD-HMM » i@ % i~ fp i & 5 3+
HEZEB A PO|A) T Z_MSD-HMM g < fp it B £ 37 3 o058 o

- B S QA AR EACT B¢ A A Bengli 1 LATRE

Q(ﬂ”’ ﬂv) = Z P(anal | /1’) |0g P(anal | /1) (2.16)
all q,1
2P B ng( )E- BB e m o THEs Ay %i’.—ﬂ?"‘iq‘flg Ytz - B

BURIA 7] O fr— BHERN A F = B ATOHCI S 4 0 # 19 Q 35Y 5 bk i - j(2.12)

logP(O,q,1|A) ¥ 2 % 7% %

:
109 P(0,q,1] 2) = X (100 a8, o +logm,, +logNy, V() (247)

t=1

Fob Q &% (2.16)F 1Ak & ot

Q)= PO,q =i| )logr

N T-1
+20> P(0,0,=i,q,; = j| 4)loga,
i,j=1t=1
N G
+> > > P(O,q,=i,l,=g|A)logw, (2.18)
i=1 g=1 teT(0,q)
N G
+>.2, 2. P(O,q =il =g[4)logN,(V (o))
i=1 g=1 teT(0,q)

T(0,9)={t|g€S(0,)} (2.19)
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\\\?{r

&%Z:MmAB)%Eziﬂfﬂ,ZL%:Hr ° W, =15 i 9 (2.18)
SRS S

7= 2, ni,9) (2.20)

geS(oy)

1
& (1,])
=g (2.21)

DDA )

t=1 teS(o,)

P ACY:)

teT (0,9)

S Y siih)

h=1 teT(O,h)

> 7 gV(o,)

& teT (0,9) > 0

i O , N
,ng Z 7/t(|;g) g (2.23)

teT (0,9)

T=

W,y =

(2.22)

D 7 (@) V(0 =)V (0) —p,)'
y =09 : n >0 2.24
' S 7.9) T (2249

teT (0,9)

B g5l Lhaphsoo a &0, ]) Lammt

By

EAL g (i, h) E ARt s R Al

ARG LT A BT - BEARE G o i@ e B e B R a) - £i()
‘?‘J'-:E*': » 4T 5N
yt(i’h): P(qt :i,lt :hlo,/’i)
__aB)  wyN,(V (o) -
N .
Sai)p i) 2 MaNa (/@)
i=1

geS(o;)
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&1, 1) =P, =1,0,,=]]0,4)
a (I)au J(0t+l)IBt+l(J)

N (2.26)

Z o, (h)ay, by (0,,1) 5.1 (K)

h=1 k=1

FFOGRBELT F FRFFE- PRAYE > aFAEFTFLZ 0 PP UHGR
TAEER A ] 0 b BIERpIFaOF0OE > N A- BT F > MEXRS - B
(G-1)-mixture ¥ & % & S#ic X Tng=1Qg=1,2,,G-1), rama B i@ NRAT R

2 o Ng=04cTF ;¢

S(0) = {{1, 2,---,G=1} (voiced) o2

{G} (unvoiced)

2.6 FEFFEFEBF T

WAL am BRFFAVRALL ToRBFEERESFFFERFAEZ] > pIRLE
- kA A7) q={q;, Oy G, O} 0 1 (2.29)58 Ak K (2.28) N 5 Ak

K
T=>4d, (2.28)
k=1
K
logP(q] A, T)=) logR(d,) (2.29)
k=1
Pu(d) % 77 ik s KIFFRFE S deed 5 > KEFOZR S 7 L 037 ahk i

Blco Fl2 - RAEKY »P(): H - BEHSI AT » i # FQR20)5 4 Lk i

FpEm s {d ), 5

k=1

= f(k)“‘P‘O'Z (k) (2.30)
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T- Z ¢(k)
ZKlaz(k) (2.31)

ERFro(K)A S E ki ke » HEFETFAF AT OEf$ Bl d (2315 >

p:

o e T AN » “h0 T B el p Sirdl & S3EF Ed 5 0 d (2307 5 40 F A
P AN kARE S A R S EAPTIEE > B p R 5 00 phE LD A f

EH R R F S o (R AN K BT R A

A B Rk EFEEERE MRS - B Al R ea o 29 Snk
R AR AR S AA 3 Y DS N B T BERERNE T A Ak i S

R 0 F OHEEE o "EAGY % Rk R A G T R K 4o 25 o
AR B 0 T R 2o B | 21 I MEsS

R q88éi>§é%8£;"' mgxg

l

OFIERAET AR YavaWallaWaWatiNaWe We WaWa e
Ex Lo P I .
i {ZI [ {!: -‘I |
i { L. . . L
T

el - ’ . T

FEA R

Y

A

MLSAJER 2 > AmES

Bl 2. 7% 4P s A A3F 5 & & e B R EI[L7]
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He 5 QRNFHAGY hTEEN)E R B0 () 7% T 53

Z Z Zto,tl (I)(tl _to +1)
(i) =2 (2.32)

ZZ%J)

to=1t,=t,

D X (D —t +1)°
o’(i)= i —&%(i) (2.33)

ZZ%&)

to=1t,=t,

Ry TR FRF ARG FEFF D b s - 7455

X, tl(l) - N, L () H]/t(l) (- M 4(0) (2.34)

Ato

B oy (ks aPFF (s R iP iy - ¥ TG R

Yo (1) =y..(1)=0 (2.35)

2.7 = *4p M 3

FE s AT (3 F £ CREFER)

IR
g
=g
&
puds
Tt
Sy
Fm:
i
@&

PERF o k2 — B2 AP T 0 T BIF 5w {8 2 (context) F1 & o A iAot (BT
- B SR KA o T FIRR AP v PSS ¢RI B 4 o T A
FRUAPGERT > mFE s - BERAS AR S E (AT R B - B F A T
2B LR E o
2.7.1 A3 *p b KA 42
ORPRPAERRE > AR 7 - B AW 1S 2 3R A 18] A sEaEcE
FOfrk G FHR « FIo 3 - FORBEFHRF > F v s p nBBRE > 113
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RS A SRR L PR A E T LR F L ERE S R

3

AR L B AR IIA] ) B R AA G g AR 0 U 2 5]
IR B R ARG RATR A RO e B T TR P RGE AR
UG F R T A X S BAHY R At R ABE X H G B
kA BRI FER TG ARRA A RETE -

AR fis A F - SR - BB SR B TR
EREEBE A S AN SR RAHIINE A 0 F B E BN - BARM AT AP PR

=

—4—‘ lﬂ;*ij\’r‘l% U'\?j\"f““bﬁ: {i{]l,,.]——bh‘i?, #ﬁég_,é;\zk\?:é; :;o

i

BT - FER AR S PR E o v AR TP E L AP0 T

L - FERAEDRS - BEA B AT AL SR BV RERY 2T IR

m

ey Al g o S T Y AR S AR TR B o d R

%Jﬂ
45
T
gt
&
\\\?{r
i
3

T APMTFF R o AT A e G U R paE A 4R 2.8

AR REFF 4R ] AR

'
é
-

)

SR FE T M

s 5 E
LA A )

AR REFF 4RIy P ISATR A Rt

BRI SRR

Bl 2.8 i §A{17]
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BRI AR L A HRR L Fp L ESRR TR FAR TR

ol

i3 &, A 2:(minimum frame occupancy threshold){e & b ik B & 2" 3/ K e0 T &) 4R
02 A B TRt BE 0 T 5 B & chRE-E (> & 1Y (overspecialized)?t REE L 0 & 7 - At
AR ILTF A o ¥ - 2 g i) iR B S 2 A FI S BB D A SR o @ i en

Tl B R B A MRS Dk e Tt TS B anp Bk R o

2.7.2 Bt R
B ] 5 it o 3 (MDL Minimum Description Length) /& 72 [19 | figAk @ * 3 (%4 K #f
ik AR SRA] AP - B orhE R R G FHR S 2 o 135 MDL R - %
HER K =Xy, e X LA BHEA Y D=1, e 1R P - B2 ge R4S DRG]

RlFET bl fo it & R | ORRAE SR Al B Al B R R 1D Tk 5

(i) =~logF;, )(x )+—'Iog N +log | (2.36)

BY A8 ¢ > pd Slieaip B A1) B HA) 79 % B IR FE 2 22
o F-BEAANARGDE BN S AR IR ~ F 2B D A AR B

FoBEARELHR T i d SEPU IR R - FHEE R
EEH e~ M LB F o WL A B PRAP S § IRE B
.

£ B 4cF 2. ) £(236)7 ¢ H M o MDL RIZZ § & i #F 03 Bt > 0

BERLE hE 0T € p B EHCA Y ARE D
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%] 2. 9 The MDL criterion[19]

MDL 524t i * & MSD-HMMI[20 |4 K sH4 342 - 4% ki = fO 3] - B3R - B
A#(cluster) & S A #tsenit % > 2k 5 S={S1.Ss, -+ Si, -+ Sw} e $¥cAp 0B LAk
BdeT s

& 1
L=->> =(n,(log2z) +1) +log|=, | 2logew,) > 7(s,9)  (2.37)
seS g:12 teT (0,9)

FRYIELZF R wgd WA GREAHES Y (g - T(O,9) L~ mpF i >
BERBR R NI T RV hE g ER o (s, Q)L AR R BB
Fd rHEIEs?P TR gAZ I FoF A0RT FE &(237)50 ¢ thilog)| Xy =0

ErgpmAE L kA ARA TS

I:ZZ%(ng(log(Zﬂ)H)HogIZSQ|—2|09605g) Y. %(s.9)

seS g=1 teT (0,9)

{Zi%(z% +1)M'°9 >3 Y abs g)J &%)

seS g=1 seS g=1teT (0,9)
F-BELRARLABI SRS B SN EERID HiEE R DR

tEOIART N
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ol=1"—1
- Y Y (oglz,|-2l0ga,) > #(s9)

se{S;, Si_} g=1 teT (0,9)
c 1
-2 ZE(IOQIZsg |-2logwy)- D 7(s,9)
se{Si} g=1 teT (0,9)

+£g§;%(2ng+l)]-[logZi > m(s,g)]

seS g=1teT(0,9)

drk S1<0 §8AgA % > £ 2 pl3 o

26
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1
Jin
Sl
it
d.
-1\3;‘\{
ol
1>
g
b33
1
a‘\

AEYER A pdfptFedoral2 (¥ KT OEBEFR £ Al RA
RR* P ALy EASEFIAT B FHHTS21 - HTS 2.1[8] 5 &+ HTK 3.4[22] hig
e o HTK 24 B RaIG - ETW IR F I RPEFS 7 A B g1 8 & ix
TR Sehdp s R FF TEFSNE T AR w20 R AIFLEFR IR
HTS i 7 <384 HTK chy £ > R 43 63 e B Z R & - B AT 4

SRR Pl B3ET 4o 31

ieg= i
4 4
SRS 2 SRR 28
(ESPS) (SPTK)

N @ A ]

ElE S SEIPS

FERI(HTS)
@2 (Python)
ST & 77777777 N - b
/ SN FGRE Sy
[ AR R
******************************* - Y & duration 57 e
‘\ (HTS) \\ I
XF \ :
I - l,,,,,,,iv’ R
e
FHRE S rT RS A A
(=4 4 ~,
)53 M (python) ZUHTS)
Excitation {485 Spectral %1
A A
EELEExcitationz A5k BRI #MLSA SpET
(HTS-engine) "1 filter(HTS-engine) PRI

4L

M3 LANERSI 7 AHIF2FF 64 5t
27



PavehHTS A ¥ 87 & 22 et > Bt p & % Python 55 % 7 - B ¥ ehe
PAPTE S VAR 2 0 2 5 d Python T E B AR c R A HTS ¥ &=
N fh B A S Bt 4 0 i@ * SPTK(Speech signal process toolkit)[23]2 £ 5 Jd B~
#g S BcInA o % Tl 33 31 ~ Snack Library k& > @ Bcfs & 304 > @ % & = 048

HTS_engine[24] & & #2135 5 -

3.2 Zkl e pd?

B ERGER

iy
q?]
Tl
Jat
iy
T
3
N
pliaig
E
s

FL5 )T Rhem g F e @iz g g il o 3 g BEE R AT
Train data : WSJ all + TIMIT
Tied states (approx) : 10000
Gaussians : 32
Silence gaussians : 64
i % 7 i ehacoustic model ¥ & ezE okt & A forced-alignment 35 A7 4t BB 0 0 H
Fr= 18 > ®F 7 3] phone level = feature -
BRI SGER e &R
d >t 2 % i force-alignment p 7 * «H3 £ §_cmu 0.7a > 1 import iz B word 3 &
IMPORT IHOMPAOLRT
IMPORT IHIMPAOORT
P A F- A word oAt word 0B o B G 3R - BT 0 ©
oA AFEEF LEAEF 24X EF 004G o M FLARRIFEE (Y
13F) 245§ A2 i &% &3FF 735 — B2 5 multi-pronunciation =73 <
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A G G ek o B A VIR § -5 VARG REPE B2 E

3 7 force alignment % % » )'j-.%’ﬁ % i phone (ApF > 2 T3 > & F 5 7 F 3 cmu0.7a
A P B &R e o Y E_R % festival[9]iE E skt hemu 04 FE (B - S

cmu.out) 2 34 3P 40 > ¥ 17 word 3 syllable boundary ¥t o F & cap F 40T

1 2 3
{ { {
("import" n ((Ihm) 1) ((paort)0)))
("import" Vv (((ihm) 0) ((p ao r t) 1)))
("animal™ nil (((ae) 1) ((nax) 0) ((max 1) 0))
FoFRAF R FRARRBRORE Ak B AN FLEY R - AT S

N

Bl T et T nil (TR 4 o BEFRLGERFIT 2 R - B3 &7 hd 2 ¢
HhdEA R Se i LR A ERgEEAF EF D 0RILTF o

41 * Stanford POS Tagger, v. 3.0[26]F #-% 4 & 221 11 POS ﬁi%l N4
They_ PRP breathe_VBP through_IN lungs NNS, , not_RB through_IN gills_NNS, , and_CC give VB

birth_NN to_TO live_VB young_JJ ._.

A {s o e Bl & 7R B 3 A1 e pos o Stanford POS Tagger 42 i 577 % & e 4o i

160 7 R 5E 364 « FDanizBF ot *F ;gr} FZ cmu.out 2| %7 £y

gVE 5 o M IiE El_g’? 4 AR RE o B4

Q1: &t force-alignment #7i& * < triphone model - #-/A/, [o/iz % & phone 384k = AH >
FEEfeA a0 * ghemu 0.7a G457 2 - $ o @ cmu.out E_#-E A B phone 4 B[R T
» AH~ AX > p i enfidid2 s Sok-cmuout @ 97 d IR AX e 2 gRBe ik s AH o

Q2: 4 particually & 8 F 5 &) > cmu0.7a @ 5 & fdsF 5 > oyt H &3 fErgiz3mg 4
R AR RERFEG S AP LS e g ER
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PARTICULARLY PAA2RTIHIKY AHOLEROLIYO < force-alignment
PARTICULARLY P ERO|T IH1|K'Y AHO|L ERO[L I'YO < cmu.out

@ force-alignment n. % » Bk E 315 F (% 3 12 i phone-5 &+ §)- ¥ 4_cmu.out
# particularly sz 8 5 7§ - &% 35— F(%F 11 & phone > 5 #* 3) > § &7 s
*A4e b Bl SR o F]gt o 4ok B cmu.out F & ATdE - ehg & F 30 3 force-alignment

%%

g% E & €44 phone #5ic? £ A M A eT Rl SEE D5 - By a0

RFAFooakis- BFaP ey s B2 F ad i
PAA2 | R T | IHL K Y | AHO L | ERO L 1YO
Q3£ 5- B+ » wemu0.7a F & ¢ patural i& B F 5 & A% 5
NATURAL N AEl1|CH ERO|AHO L < cmu.out
NATURAL N AEl1 "CH-R AHO L < force alignment

@ force-alignment i 3| 7 & F fhig (6 ¥ phone » 2.+ 4 ) - fx cmu.out ¥ ¥ § = +
% 5 (6 1 phone» 3 B2 3 ) oG & 22 E4e !t Bl sMET » 4o% * cmu.out e

a3 o 4 force-alignment i %22 3 & 0 E FRACT B2 EEE R - B &

g

o4

NATURAL N AEl1 |CH R| AHO L
g endE 3 BRF3F 5 00~ 25 & cmu0.7a ¢ force-alignment =7 phone sequence P &
TR ¥ - 25 BEEomuoutshg & F M o S BRI ApEERPE  AER T BT
BER L R*PHUTIEoF &3 FeT o
d [27]18 &

L FABAFFPRRLG I > R EABAFPR
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-3

Am2 53 B

ml4
X
o3
=i

ml4

DAV MR G 0 2 B G R o B
e E P RESEE S o EAR LR RD TS 0L 0 B

SRR G AL L BIE L G)

ol

AR FABAFPRFFF - FEe-BFF -
KR4 FABAFPRF B FF > AR

HARRAARERI e A 25 cw G ik A w2180 & 20

)
iy
<
N
|
Y
=i
g
15
4
o4
N
=
AC|
N

KT F Y o s 20 B RFHERL2AE A
- BIF UL AE 2RI HER)PF W 21 660 0:3F 160
ARz eRP 23 12 L5 5720w g @ ehg & 2H7) > #R 0 1.3 a3

18 6] » 2:2 07 26 » % A ¥ew BF SRR LS LB dept 0 AT T B e ind §

W

$ZH R4y (Accent) R
#err g A & % 3 (content word) <2 v S (function word) & 58 0 H ¢ 1345 [14] 4 i 3R o
AL TR I A kSN £ 2 & 0 44 Stanford POS Tagger #2.5:¢ e

% » #'CC,'DT,'IN', 'PDT', 'PRP', 'PRP$', 'WDT', 'WP', 'WP$', 'MD', 'RP', ' TO'£ 12 ZE\FTET‘?‘
B TSN FIP 0 s (accent) Rk ¢ % festival[28] ¢ ¢ m g
Bk izl o b- MFAEY 05 5 aE 80% S ¢ NIk & contentword ¢ £ 5
MR E

WA P MY en® & o festival ¢ R P H S 2 b g T & 0 BTG s

AR 9 LW HT KT

(1)in : of for in on that with by at from as if that against about before because if under after
over into while without

(2) to: to

(3) det : the aan no some this that each another those every all any these both neither no

many through new between among until per up down
31



(4) md : will may would can could should must ought might
(5) cc : and but or plus yet nor
(6) wp : who what where how when
(7) pps : her his their its our their its mine
(8) aux : is am are was were has have had be
(9) content : #]™ =3 word
Aop e g o Pl %4 Stanford POS Tagger #z;% en% % » ¥R 2 ch 36 55 L & 5
14 47 A~ w5
(1) aux : isam are was were has have had be
(2) in:IN
(3) to:TO
(4) cc:CC
(5) uh:UH
(6) md: MD
(7) wp : WP~ WRB
(8) det: DT ~PDT - RP - WDT
(9) pps : POS ~ PRP$ ~ WP$
(10) n : LS ~ NN ~ NNP ~ NNPS > NNS ~ CD ~ FW.» SYM
(11) v:VB-~VBD -~ VBG ~ VBN ~ VBP : VBZ
(12) adj : 33 ~ JIR ~ JIS
(13) pro : PRP ~ EX
(14) adv : RB ~ RBR ~ RBS

AL RE Y F o 145 festival[28]457 i+ #r % & ehphrase, ¥t P FE R i
FovuikiaEor Zesilence§ F2wm oo o WEAPRIFE S PEERM A AER

BB B 8 b oo fopause & & = 200ms g 3 o

A Pl3RFR £ phrase boundary 7 & iz R iR BL S B8 b oo "f gz ek

\\\Xr

festival[28] ~ ¢ » & & T 7]ig i+ ¢ 4131 phrase boundary -
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(1) A word 3@+ &_contentword: @ * — i word %_function word > *» % Fl 2R o
(2) At - BAREER L BN g 2 B oword Bl L FAZET B o
() HHEhixE > T - BIRELP L2 B ahword Bl % FAZET

iz42 function word enE & F 435 [14]° che x5 TS L0~ A ko~ &
L3 ) £ wig o f 43 Stanford POS Tagger #2;¢ éh % » #'CC', 'DT','IN', 'PDT', 'PRP’,
'PRP$', 'WDT', 'WP', 'WP$', 'MD', 'RP', ' TO'% 12 éﬁﬁf% % function word> # **+ % content word
Sentence boundary » % 5 IR EELEL(N) ~ BPEL(?) ~ P EL()EZ AP ELTADEE o F

bR  TE B AF o0 # & phone & prosody feature

3.3 FHcFHH B

SPTK(speech signal toolkit)[23]H.— 1B 7 it 58 ~ &79:F § ML AJT 1 £ » Aie (7 53]
K CE I I L 2 bl B RGER N e ¢ REAEH Sl M Sk e
AE IR A it g B SPTK A v 3 A erB~ 3% % 16k 5 12E & 25ms-~ 3 == 4
5ms ~ AL % 5 Hamming window o #:# S8R A & * 24 1F 0 B [ G Gl 2 H
B it & e £ (delta & delta-delta) > @ = 3+ 7 7 g 0= 5k i HMM o 47 S8t i@
* ESPS % % #ic#8 ¢ ¢ get FO.tcl script> 31 » snack library 3+ 5 » 3% £ & 35 A 4pent T 11
% 80Hz~350Hz » £ @ A4 2 H i Ffixe £ - B A e e 18 0 £ #5 N

Afpcr BRI T S X emp B L HTK #358 « T~ ] & F_p & * python 3=

\\\?{r

Benfz sl o -2 A o forcealignment B {8 e BT 0 S F LS 2 AT T o

34 % AR FREFEERS

2 AMETFERGZHTSAH S £ & ch- TR % FREZ S S8icé B 458 Fcontext dependent
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model sk fi &~ B & & 5% % o iZAL AT e s 4 2 2k dxPenn Treebank project[29] + 36
A FRB228 TR R NE 2 F AT e P I B AP M Sl B2 AT
AT TR G SO T AR A T <815 & & = (phone level)~§ & & =t (syllable level) -
# & =t (word level) ~ % 3% & =t (phrase level) ~ &+ & =t (sentence level) » F-im#7i¢ * 2

ARR I A BN L T o BB N L 40431477 ¢
p1°p2-p3+p4=p5@p6_p7

/A:a1_a2

/B:b1-b2@b3-b4&b5-b6#b7-b8!b9-b10|b11

/C:c1+c2

/D:d1_d2 /E:e1+e2@e3+e4 [F:f1 {2

/1G:g1_g2 /H:h1=h2@h3=h4./I:i1_i2

1J: 1+ j2- 3
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# 3.1 2%Fn

level ID Description

p1 the phoneme identity before the previous phoneme
P2 the previous phoneme identity
P3 the current phoneme identity

Phone level Pa the next phoneme identity
Ps the phoneme after the next phoneme identity
Pe position of the current phoneme identity in the current syllable (forward)
p7 position of the current phoneme identity in the current syllable (backward)
ar whether the previous syllable stressed or not (0: not stressed, 1: stressed)
a» the number of phonemes in the previous syllable
b1 whether the current syllable stressed or not (0: not stressed, 1: stressed)
b3 the number of phonemes in the current syllable
b3 position of the current syllable in the current word (forward)
b4 position of the current syllable in the current word (backward)
bs position of the current syllable in the current phrase (forward)

Syllable level b6 position of the current syllable in the current phrase (backward)
b7 the number of stressed syllables before the current syllable in the current phrase
bs the number of stressed syllables after the current syllable in the current phrase
bo the number of syllables from the previous stressed syllable to the current syllable
b1o the number of syllables-from the current:syllable to the next stressed syllable
b11 name of the vowel of the current syllable
1 whetherthe next syllable stressed or not (0: not stressed, 1: stressed)
C2 the number of phonemes in the'next syllable
di gpos (guess part-of-speech) of the‘previous word
d the number of syllables.in.the previous word
e1 gpos (guess part-of-speech) of the current word
e the number of syllables in the current word

Word level — -
é3 position of the current word in the current phrase (forward)
ey position of the current word in the current phrase (backward)
f1 gpos (guess part-of-speech) of the next word
fa the number of syllables in the next word
g1 the number of syllables in the previous phrase
g2 the number of words in the previous phrase
h the number of syllables in the current phrase
h; the number of words in the current phrase

Phrase level — —
hs position of the current phrase in this utterance (forward)
ha position of the current phrase in this utterance (backward)
/1 the number of syllables in the next phrase
/> the number of words in the next phrase
J1 the number of syllables in this sentence

Sentence level J2 the number of words in this sentence

J3 the number of phrases in this utterance
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ZdE e AR 1 R FIRA L BRI AR M AR > S 2
FHER TR CWMNAEE WP T

% B8
% 9 73 (accent)
& 5 _Ff 4o & F (stress)
» (A s i MR E 3

S L i dkcenaE A 5 (accent) B

(stress) B #c

SERCRRER S L SEIREN > S EL AR - Sk
- {HE s MR P T - BHATLFELG AR E
L PR EY A

3 & =t (word level)

2 {8 Yemp e

- BPRARP AP W RFY iy
- AR matE e > UL~ fAfs Hc o N E 3 (content word) e B #ic

| - B p g P (content word) 2. B e 1 #c

= 3% K = (phrase level)

Hos 2 BN EY 0 R BBk
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- TR

3

PR E e e
5. e+ K =t (sentence level)

- e g E s P E R

e AEEt 0 ke 7 6 1400 B RATE W ALE N pEmenp F o GHE-

FEER 2L AHTS 2 5l B Fh- £ HMM 5 A#E < 355 £ % 5 5o

3.5 2R

B EHAL FEEY AL AR FRAAFESAEEEIELS A A2
PR e BeniE > BB FERE B(F FELD RS BT T
RE RGBT 2 03 o B (likelihood ) Al B o e A S BA 4 Y E 0 F A
GRS S IO A B A AR T gk KRR A HER
THRM AR EIEF IR T R RIEER TR HTS 4~ 0 2 AR R
(Global Variance) % #c 2 4 7 5% 2] e @8 mFI 2B S B chiw 82 > 2 LA 4§
Bk der BRI 3 R 4 B RS E T AR dp 1 B RS 28 R

A0 0T  FFS BB R TR Bl (oA O 0 i R R £ SR R AR

3.6 AR

LR R EG ofe  Bchde s MAEPERFLL > TYRLERNET
£ 4]
2 5ﬁ+}} ,%vlzr'—r :

- ¥ S BcAe e 1Y 2 £ 273F & (initialization & reestimation)
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> " 3§ s mmf £ % (making a monophone master macro file)

Pt s B 03] S8 AT B (embedded reestimation(monophone))
A EE S mmfigx = 5 > A4 mmf 4 % (copying monophone mmf to fullcontext
one)
Pyt 22 03] S8 E AT R B (embedded reestimation (fullcontext))
A M & & 4F (tree-based context clustering)
kN A % 1S 0T S € #7 & 5 (embedded reestimation(clustered))
fAR -fick 3 %45 (untying the parameter sharing structure)

3N 2 B 18 P A) 4-37F & (embedded reestimation(untied))
A X B> ~ & #F (tree-based context clustering)

€ ATA B {8 i) AR TR «1”; ;% & 778 = (embedded reestimation(re-clustered))
L2 H ,%vlzr"f :

- 3= mmf % % # 3% = hts_engine & = o8 &7 F 45 5% o

- ¢ * hts_engine & =3:F§
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v
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Yr® PHBEFEL

AFEAZPE S AU AL JOEE B R 42 3RS R R A3 RS A
oA HTS g 2 eng i R v RRE R ApF 515 > B demo i< & = chg 4

iEL ﬁ?& o

4.1 A AF R

<~ ¢ — : No matter where you live or travel on Earth

Hz
300 -
200 - e i T s

wy o QY 00 & e

(@) p 2RX3% % Pitch contour

Hz
300 |

200 s y

100 |

(b) ##% < & = 55 Pitch contour

Hz
300 -

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

100 -
(C) B¢t =k & & e3E 3 Pitch contour

B4 1P~ %o 11-1 & 3580 RF 5 A0 AFIHR
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<~ ¢ = @ Some storms are deadly or cause great damage

Hz
300 -

200 . e

100 -

(@) p 2RX3% % Pitch contour

(b) ~# < & = aF 4 Pitch contour

300 -

200 -

............................

.....................................................

(c) Wtk & =% 5 Pitch contour

Bl 420~ %m511-2 & 355 &2 8 8335 A Y ABHRE
d B A427 R pARFES R AT RE S P R B p e EanEg 0 Wb
b3 anEf Ay B MASK T A d FALT iR A ahg 3 ko3 £ S ) %k ehpitch

PG B BIA R AT A S 38 A e

4.2 3 BTG

AR BHRNE X FF TR ARNITRZ R E S L RRE- HanThe o Y Lo
#-% % #ir(Mean Opinion Scores, MOS) it & =5 ek [30] » iofdi®f = N #-& 235 4 ﬁi%]
M REALZBRASAF S FF L BAT BEEALBET 5T 1A E ko

ST L F R KR A

¢

RIFFA R AIEE ~F R 1

BlzR A d [Bl]gesbens P T demo s BT L i S et 2 H
RHER R - A AR A LB G EIGERY it o d B RlEEA | 0 B
SR I EE S R R S0 SR NCE A B

By o1l RAE L (A)B) RERFTIAARREISLE -
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(A) s S EA)™ f oo s o

(B) /’( A

IR A N S I B
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Z\ 4 1 W’Fﬁ‘ E},’I"_‘i

T 32 MOS
(A) 2.1
(B) 3.2

d P ARETHER P EE AT HTIS I B iy o DRFEA TR 4pk 3]

B kg T B8 3 iR

4.3 FHRZE% L1

PP A B A S kB 0 A S R o AR RI e R F 4T

1. [N, [9/iz i phone » fefl R & S PFEGRIT MG AR - BF F A 0 AL
G IR S SRV AP 2

2. % wydd o §03% &2l > #8F] force-alignment shib & 2T L %2 LpF S P
AR o PR TARAZE TS TR AR 0 b2 R 3 F R R
2120 e ivkE A f

3. HEAvp g B BRI LP]IE B4 s R contentword ¢ E F IR o 7 E
¥p[28]% 2 ot qE ik 0 v 20%4 F0ES 6

4, B2RVPFDTERIALFIHN - BAF R K AR - Bk ST

contentword » @ T — B £_functionword > ¥ {4 @ #E T <

T
&
[
|
3
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ix
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W5 R AR 0 A SR
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*/wigﬂ!:'

F_k
IR

S

PBELE L BT Rk S o ¥ g BRI Y 977G pause shit i o
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- AR AR A
1. Phone level

QS B ~m— B ~Pm ~f5- B ~f= Behg 4

QS# =B ~m- B ~Pwm ~fe- B~16= Beng F4F3 > [P D]FF 56 £ 604F
QS Is left second phone is Vowel

QS Is left second phone is Consonant

QS Is left second phone is Stop {B,D,DX,G,K,P, T}

QS Is left second phone is Nasal {M,N,EN,NG}

QS Is left second phone is Fricative ~ {CH,DH,F,HH,HV,S,SH,TH,V,Z,ZH}

QS Is left second phone is Liquid {EL,HH,L.R,W,Y}

QS Is left second phone is Front {AE,B,EH,EM,F,IH,IX,IY,M,P,V,W}
QS Is left second phone is Central {AH,AO,AXR,D,DH,DX,EL,EN,ER,L,N,R,S,T,TH,Z,ZH}
QS Is left second phone is Back {AA AX,CH,G,HH,JH,K,NG,OW,SH,UH,UW,Y}

QS Is left second phone is Front_Vowel {AE;EH,EY,IH,IY}

QS Is left second phone is Central< Vowel {AA /AH,AO,AXR,ER}

QS Is left second phone is Vowel {AX;0W,UH,UW}

QS Is left second phone is Long \Vowel {AO,AW,EL,EM,EN,EN,IY,OW,UW}
QS Is left second phone is Short. VVowel {AA AHAXAY EH,EY,IH,IX,OY,UH}
QS Is left second phone is Dipthong_Vowel {AW,AXR,AY EL,EM,EN,ER,EY,OY}
QS Is left second phone is Front: Start” Vowel {AW,AXR,ER,EY}

QS Is left second phone is Fronting” Vowel-—{AY,EY,0Y}

QS Is left second phone is High_Vowel {IH,IX,1Y,UH,UW}
QS Is left second phone is Medium_Vowel {AE,AH,AX,AXR,EH,EL,.EM,EN,ER,EY,OW}
QS Is left second phone is Low_Vowel {AA AE,AH,AO,AW,AY,0Y}

QS Is left second phone is Rounded_Vowel {AO,O0W,0Y,UH,UW, W}
QS Is left second phone is Unrounded_Vowel
{AA AE ,AH AW,AX,AXR,AY EH,EL,EM,EN,ER,EY ,HH,IH,IX/IY,L,R,Y}
QS Is left second phone is Reduced_Vowel {AX,AXR,1X}
QS Is left second phone is IVowel {IH,1X,1Y}
QS Is left second phone is EVowel {EH,EY}
QS Is left second phone is AVowel {AA AE, AW ,AXR,AY ER}
QS Is left second phone is OVowel {AO,0W,0Y}
QS Is left second phone is UVowel {AH,AX,EL,EM,EN,UH,UW}
QS Is left second phone is Unvoiced_Consonant {CH,F,HH,K,P,S,SH,T, TH}
QS 1 Is left second phone is VVoiced_Consonant
{B,D,DH,DX,EL,EM,EN,G,JH,L,M,N,NG,R,V,W,Y}
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QS Is left second phone is Front_Consonant {B,EM,F,M,P,V,W}

QS Is left second phone is Central_Consonant  {D,DH,DX,EL,EN,L,N,R,S, T, TH,Z,ZH}

QS Is left second phone is Back_Consonant {CH,G,HH,JH,K,NG,SH,Y}

QS Is left second phone is Fortis_Consonant {CH,F,K,P,S,SH, T, TH}

QS Is left second phone is Lenis_Consonant {B,D,DH,G,JH,V,Z,ZH}

QS Is left second phone is Neigther F_or L {EL,EM,EN,HH,L,M,N,NG,R,W,Y}

QS Is left second phone is Coronal_Consonant
{CH,D,DH,DX,EL,EN,JH,L,N,R,S,SH,T,TH,Z,ZH}

QS Is left second phone is Non_Coronal {B.EM,F,G,HH,K,M,NG,P,V,W,Y}

QS Is left second phone is Anterior_Consonant
{B,D,DH,DX,EL,.EM,EN,F,L,M,N,P,S,T,TH,V, W,Z}

QS Is left second phone is Non_Anterior {CH,G,HH,JH,K,NG,R,SH,Y,ZH}

QS Is left second phone is Continuent
{DH,EL,EM,EN,F,HH,L,M,N,NG,R,S,SH,TH,V,W,Y,Z,ZH}

QS Is left second phone is No_Continuent {B,CH,D,G,JH,K,P, T}

QS Is left second phone is Positive_Strident {CH,JH,S,SH,Z,ZH}

QS Is left second phone is Negative_Strident {DH,F,HH,TH,V}

QS Is left second phone is Neutral Strident {B,D,EL,EM,EN,G,K,L,M,N,NG,P,R,T,W,Y}

QS Is left second phone is Glide {HH,L,EL,R,Y W}

QS Is left second phone is Syllabic_Consonant: {AXR,EL,EM,EN,ER}
QS Is left second phone is VVoiced_Stop {B.D,G}

QS Is left second phone is Unvoiced_Stop {P,T,K}

QS Is left second phone is Front_Stop {B,P}

QS Is left second phone is Central_Stop {D,T}

QS Is left second phone is Back_Stop {G,K}

QS Is left second phone is Voiced_Fricative {JH,DH,V,Z,ZH}

QS Is left second phone is Unvoiced_Fricative {CH,F,S,SH,TH}

QS Is left second phone is Front_Fricative {F.V}

QS Is left second phone is Central_Fricative {DH,S,TH,Z}

QS Is left second phone is Back_Fricative {CH,JH,SH,ZH}

QS Is left second phone is Affricate_Consonant {CH,JH}

QS Is left second phone is Not_Affricate {DH,F,S,SH,TH,V,Z,ZH}
QS Is left second phone is silences {sp,sil}

2. Syllable level
QS{z# ~ pw ~ 2 B}eng & ¢ § & BT 5 {IH2HBH4HOH6H T}
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QS{z # ~ P % ~ 2 {4}
7}

QS{z # ~ P % ~ 2 {4}
QS{z_ = ~ p m ~ 2_{s}eg
QS B % eh3 & fp

QS B 4 hy & fp W

QS P @ i & P o iR
QS P % ehd & AP

QS B % g & fp W

QS p # e & fp

QS B % g & fp W

QS p % eh3 & fp W

QS tp etz

QS A p bt EF P »

QS tp etz e

QS A p kit E P »

QS &p #ent T o

QS tep men Bt e

a0 3% PELT{=1IH{=2H{=3H{=4H{=H=6H=

a4_F 7 %34 (accent)

a8 F F 4v £ F (stress)

we Lwdeeni ¥ LE G {IH{2HSH4AHEHEHT}
e o gcehiz ¥ £ F {1 =2H{=3{=4H{=5H{=6H{=T}
Pois ez AT 5 {IH2HBHAHBHEHT}
wie i geehin ¥ L {SIH{=2H{=3{=4H=5H{=6H{="}
Y Lw ke i 3 5 {IH2H3} ~ - {19320}

T pndahiz L3 {=1H{=2} - {=19{ =20}

S Lt B 3 5 {IH2H3} - - {19H{20}

n oY s eeiia ¥ AE {<1H{=2} - ~ {=19{ =20}

AW e E 3 (stress) i 2.5 5 {1233} ~ ~ {11}{12}
118 fieend  (stress) BEc{ =1H{ =<2} - -~ {=11}H{=12}

L #ieenag 3 5 (accent) B B2 F 5 {13{2}{3} -~ - {5}{6}
iw fesed 5 (accent) BAcE F {=1H{=2} - - {=5}{=6}
18 Beense 3 5 (accent) B B2 F A {1H2H3} - ~ {6H{7}

Ate B 4 F (accent) B A E{=1H{=2} - - {=6H{=T}

QS /L #c » 3T - 5 o iAlT S {1H2K3} > ~ {5}

QS 7% i A E A {=1H{=2} -~ {=5}

B ~ E
QS tst » ¥ T - BEF 2B ng &8 E 5 {1H{2H3} - - {5}
QS Ltsd ¥ T - BEF L P &8 AE Z{=1{=2}+ - {=5}
QS /itw#ic» FIT - BN 2 Fend &L F 5 {123}~ - {16}
QS M##c P T- BHBI 2 Fend &I F {12} {16}
QS /Lis#c» FIT - BN 2 Fend &L 3 5 {123}~ - {16}
QS s FI7 - B3P 2 Fend &8I F L {=1H{=2} {16}
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QS - > p@ ~ 8- B3 &FLLE S L5

QS w—- B > p@ ~t- B3 &FLELTELRDS

word level

QS{z & ~ P ~ 2 {$}amp et

QS{z = ~ B w ~ 2 fs}emedr g hg & BEAE S {IH2H3}~ ~ {7}
QS{z # ~ p b ~ 2 (5}erer 3 chd & BEHEE L {S1H=2} {7}

QS A il %

-

Paveria i p o B 3EY chiek §F 2 {AH2H3} - - {13}

QS L i %

hpas)
=
2
i
F_k
hpas)
£

nr g i £ E A {=1H{=2} - {=13}

QS /its #ilE k

-

paaR el @ REe ey 3 5 {123 - ~ {13}

QS Mis#iEk » P p A F P g LT L {=1H{=2} - {=13}

QS tp #en B F ¢ » A% Bl k bh 7 2 (content word) B i EE 5 {1H2H3)} - -~ {9}
QS P meh®iFd » AandicE X o p ZRaBic i {=1{=2} - {=9}

QS A p wentE Y 5 115 Bl k o N 2@ (content word) s B B E_F 5 {1H2}{3} -~ ~ {8}

QS ap menyFY » AiSBER 2 P EFOBELT Z{=1H{=2} - {=8}
QS Awi i > I T - B F Bae B E L {IH2H3} - - {5}

QS s 3|7 - Bp Fiw2 B A F 5 {=1H{=2} -~ {=5}

QS Ltsd > ¥ T - Bp Fwa Fee i E 5 {123}~ - {5}

QS /iifs#c» P T — Bp 22 o B #d 7 2 {<1H{=2}- ~ {5}

Phrase level

QS# - B ¥EY » 3 &enB i 5 {1H2H{3} ~ {20}
QS# - BYeE? » F B L F{=1H{=2}- - {=20}

QS — B HE Y » B EEE 5 {1H2H3} - - {13}

QS - B ¥ Y iR dcLE 5 {=1{=2} - {=13}
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QSmtreni ¢ » 3 & enip i F 5 {1H2H{3} - -~ {20}
QS AP #® » 3 &L T i {=1H{=2} - {=20}
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