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Department of Communication Engineering

National Chiao Tung University

Abstract

In this thesis, the issue of precision speech segmentation is first addressed. A
segmental k-mean algorithm is used to réfine all syllable boundaries segmented by the
HMM-based forged-alignment method. Then each syllable is:segmented into several
HMM states. A characteristic matrix is then constructed for each type of syllable by
collecting the state-averaged feature vectors of"all syllable samples. Dimension
reduction is then performed by the singular value decomposition (SVD) method.
Vector quantization is then applied to divide all samples of each syllable type into
several clusters. A representative sample near the cluster center is then extracted.
Lastly, a decision tree is constructed for each syllable type to build the mapping from
text to these representative samples. Experimental results confirmed that all
representative samples had their own distinctive properties as we extract 5
representative samples for each of 10 types of most frequent Mandarin syllables. The

accuracy of representative sample prediction was around 60%.
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State » H 44 & 5 8 B State > A fok 2 B3 7 pe§E o VIR ER S E

4w 5t deS ~ yi4 ~ bud ~ ren2 ~ shi4 ~ you3 -~ zai4 ~ wo3 ~ yi3 -~ tal o
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2131 2 a ~pIGRETHER
4 & |statel|state2|state3|stated|state5|state6|state7 |state8
| TE B (ms)| 1112|164 [23.1]25.4 184 |13.7|13.6
des(47E") f (ms)
L 359 | 8 |17.6| 24 |189| 94 |11.5
yid(— ) T 3aE B (ms)|151.3]32.7(39.2| 30 |18.6|15.9|14.4
T L 47.1 1308 |37.1/28.1(13.9|105] 9.3
T o F
bud(5 A N ) 5 }%Fms) 113.620.6 | 214|268 | 18 |13.6]13.2
T L 409 | 11.1]159(23.1]199| 79 | 7.4
T 5 E
en2(8 5 /) = F%Fms) 213.2(30.1 209 |31.8|34.4(23.5(222(31.5|17.4
T L 55.6 1208 | 11.4[225|274(16.7]165| 24 |13.3
T aE
Shid(7 *) = }it”(ms) 216.14 29.6'|65:5 | 21.4 | 41.4 372|222
N 543 | 2281324 (1031302256159
T o
you3(—X7) = }i"(ms) 182.3138.1 [25.2 | 34.7 ] 36,5 25.5 | 21.9
L 228 11221 111056 (122:7 | 24 4'21.6 | 102
Lok
LT T ) = Eﬁ(ms) 213:11 337 | 13.8 1 18.61:38.1 {3156 | 29 [26.7|21.5
5 433 (2281 5 | .86 [30.8|274]18.6|168]19.8
3o E
WOl (X T) b ‘E.”(ms) 1269/239| 10 | 10 | 10 |[49.1] 25
ORI 447 12221 0 0 0 | 41 1268
. |FEEE B (ms)| 14531281 | 36.4 | 28.2 | 21.5 | 17.24 14.1
yi3(—") —
o 1 44 872535 A 233 13.9:0 12 | 9.6
tal( ) T ¥5E B (ms)| 163121205 253715 | 23.6 [ .31 | 168|154 |16.6
T 494 1168|168 | 8.4 [21.7127.1110.8|10.3|12.7

3.1.2 MFCC -~ Energy ~ Duration # g L 2 &%

LETERLY B

>

2 ’ »,{,\

y:id

©
mly

PR -

® MFCC # e

> x4

N

e B 16 > A4 i 2 tonal syllable 3# B~ 3

2k & 5 20ms’ § == 4 5 5Sms> & %]z > MFCC-Energy ~ Duration

LF BRAEY P 128 MFCC 482 T35E > - 7o £ @, » I 7 #4p

7 tonal

18

syllable 2_ ¥ fc 7w & I £ = — i super vector @ o T :




S S S

V1,1 VZ,I VN,I

S S S

V1,2 Vz,z VN,2

(I)MFCCZ[(I)I,MFCC (I)Z,MFCC (I)N,MFCC]: : : :

S S S
_VI,Q VZ,Q VN Q |
(3.1)

He Vo o2& By pP 12 8 MFCC $dkc2. T30E » N4 T4 ¢

(3.2)

I MFCC %#cv €

S
n,t

q;,t 5 Ofm R

® Energy ¥
Ex.
Ex.
D =[P, E i : (3.3)
| Eo
pe,,  Pe;, P, n
pe;,  Ppe, el |

Be By s FBRAEY N Sl TIHE BN AT AT

.
z Oe;,t5(q;,t =q)
Bra="3 34
2.5(e, =)
t=1

oe,, = tonal syllable s % ni# sample ¥ 7% t I F =2 it & %8 o), = O, ¥ /&
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71 HMM state index ; pe;, ~ pe;, 4 %] & % n & sample & = ~ {2 - B § & & short
pause (sp)® it & fE ] £ (energy dip) °

® Duration $ L

Dur’, Dur;, Dury

Dur;  Dur;, Dury;

Dur’; Dur;, Dury
Dls,l DZS,I lel,l

D[“ (3.5)

D,‘Z,Q
pdtf,N
pdey |

# ¢ Dur} & for

2

syllable s %

3.2 @& #* i 2 4 & #7172 (Principal Component Analysis, PCA)§ & &

#3115 - tonal syllable efF et @8 > AP LBEF - PR H T

B PR L S QR KEY § 0 AR 3 T3 super vector @ A

R

$ @ % f#(singular value decomposition > SVD) °

20



A4 0 0
, : , , 0 4 :
D=0 D, - (I)N]MXN:[ul u, - uN]MxR <. 0 [‘I’]RXN
0 0 Jglon
where R = min(M, N) (3.6)

WYY YN
BT BRI e e R L edh R S i) - i ML A e B

@ per £u {rEAl Y & - B tonal syllable 2 T35 E S S B @, foiap
o @IE - BO AL phud EREE
Proj, (®)=®"-u, (3.7)

Fedipt & PR PRI RS 92 i £ T30 (Energy, mean) ~ 5 & £ & (Syllable

duration) ~ Pitch 4p B i » 22 H 324 ¢

% & 322 MECC # #cg" 2. a4 Pitch/Energy/Duration 4p B 7% #ic

#h 1 ([ 2 | 3o dfedih S th 6 | BT | $H 8 | #h O
Pitch7| 0:11 |[0.17 {-0.11 | 0:34+=0:12 | 0.327] 02 | -0.1 | 0.21
de5 | Energy 1-0.13.-0.19|-0.02 | 0.39 | 0.11 |-0i16 023 |-0.14 | 0.22
Duration | -045 | =027 0.16 | 0.05 | -0.08 | -0.07 | -0.04 | 0.02 | 0.03
Pitch | 0.6 | 023} 0.05 [-0.21[-0.15"| -0.2 | 0.08 |-0.25|-0.05
yi4 | Energy | 0.55 |-0.07|0.17 |-0.08 |-0.08 |-0.38| 0.18 |-0.29 | 0.03
Duration | -0.46 | 0.04 | 0.07 | 0.05 |-0.13 | -0.05 | 0.12 | 0.02 | 0.01
Pitch | 0.11 | 0.37 [-0.27 [-0.25 [-0.11 | -0.2 | 0.06 |-0.04 | 0.17
bu4 | Energy | 0.12 | 0.12| 0 |-0.19|0.09 |-0.03|-0.13|-0.03 | 0.27
Duration | -0.48 | -0.18 | 0.2 |-0.08 | 0.25 | 0.25 | 0.03 |-0.07 | -0.09
Pitch | 0.28 | 0.53 | -0.4 [-0.06 | 0.14 | 0.24 | -0.04 |-0.16 | 0.03
ren2 | Energy | 0.3 | 0.46 |-0.41| -02 | 0.21 | 0.18 | 0.13 | -0.09 | 0.05
Duration | -0.1 |-0.18 | 0.06 | -0.12 [ -0.35 | 0.27 |-0.07 | -0.01 | -0.05
Pitch |-0.44| 0.17 |-0.27 [ -0.05 [-0.14 [ -0.08 | 0.06 | -0.1 | 0.07
shi4 | Energy |-0.21]0.12 [-0.17| 0.1 |-0.16] 0.11 | 0.08 |-0.08 | 0.08
Duration | 0.38 |-0.36 | 0.09 | -0.09 | 0.08 |-0.12| -0.1 [ 0.03 | 0

21



Pitch | 0.13 | 0.27 | 0.54 |-0.04 | 0.12 | 0.02 | -0.14| 0.36 | 0.02
you3 | Energy | 0.29 | 0.29 | 0.35 | 0.19 |-0.02 | 0.13 |-0.25| 0.17 | 0.03
Duration | -0.12 | 0.01 |-0.01 | -0.05 | 0.06 | -0.02 | 0.03 |-0.03 | -0.01
Pitch |-0.03| 0.08 |-0.71| 0.06 |-0.13 | 0.05 |-0.03 |-0.33 | 0.11
zai4 | Energy | 0.2 | 0.27 |-0.25(-0.14|-0.02 | -0.27 | 0.03 |-0.23 | -0.08
Duration | -0.18 | -0.24 | 0.03 | 0.09 [-0.38| 0.04 | 0.03 | 0 |-0.09
Pitch | 0.21 | 0.3 | 0.36 | 0.08 | 0.15 | -0.2 |-0.24 | -0.02 | 0.04
wo3 | Energy | 0.22 | 0.46 | 0.4 | 0.02 |-0.04|-0.22|-0.17| 0.11 | 0
Duration | -0.35 [ -0.53 | 0.04 |-0.14| 0 | 0.31 |-0.11 |-0.06 | -0.09
Pitch |-0.26 |-0.21| 0.18 | 0.31 |-0.36 [-0.04| 0.22 | 0.05 | 0.04
yi3 | Energy [-0.44|0.01 | 0.15 | 0.41 |-0.43| 0.1 | 0.1 | 0.03 | 0.06
Duration | 0.16 | 0t 7-0.07| 0.1’ [0.18 | 0.01 |-0.11 |-0.08 | -0.04
Pitch | 0.06 [<0.26 | 0.21 | 0.15 | -0.35 [-0.43 | 0.15 |-0.13 | 0.15
tal | Energy { 0.08 |-0.27 | 0.08|.0.07 | -0.32 | -0.08 [-0.01 | -0.07 | 0.15
Duratioft -0.24 [10.36-10:16-| |0 [-0.03} 0.3 | 005 |-0.05| 0.12

d LRV F Rp MFCC #ice'L ta SVD 18 3 fhsrg{edp & S ledp i > 7 F o0

G 7 b bl @ 8 SEF A B i fod] & Rl fp Bl 1 L o

% #.3-3 Energy $ /i "= 2_ 1 #hfo Pitch/Duration 4p-f¢ % #c

whl, | #h2 | “#h3 | #hd | §hd | #h6

des Pitch | -0.48 | 0.3 0.02 | -0.06 | 0.12 | -0.02

Duration | 0.15 -| 0.19 | -0.25 4+0.19 " 0.33 | -0.16

yid Pitch -0.1, 1 -0.58 | -0.27 0 0.06 | 0.13

Duration | -0.03 | 0.41 | 0.06 | -0.06 | 0.04 | 0.27

bud Pitch 032 | 0.19 | -0.03 | 0.12 | -0.08 | -0.06
Duration | -0.45 | -0.04 | -0.24 | -0.15 | 0.02 | -0.09

ren? Pitch | -0.69 | 0.1 | -0.27 | 0.09 | -0.01 | 0.03
Duration | 0.39 0.3 -03 | 0.08 | -0.07 | 0.04

<hid Pitch 033 | -0.34 | -0.12 | -0.04 | -0.13 | 0.05
Duration | -0.32 | 0.19 | 0.19 | 039 | 0.16 | 0.03

you3 Pitch | -0.28 | -0.46 | -0.21 | 0.21 | -0.09 | -0.07
Duration | 0.04 0.1 | -0.01 | -0.01 | 0.01 | -0.05

Jaid Pitch 0.38 | 0.05 | 0.02 | -0.09 | 0.18 | 0.04
Duration | -0.24 | 0.29 | -0.08 | -0.13 | 0.04 | 0.18
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wo3 Pitch 0.27 | -049 | 0.09 | -0.05 | -0.02 | -0.23
Duration | -0.53 | 0.3 | -0.09 | 0.17 | 0.02 | -0.2

yi3 Pitch | -0.16 | -0.41 | -0.41 | 0.11 | -0.07 | 0.09
Duration | -0.18 | 0.17 | -0.13 | 0.11 | -0.02 | 0.2

tal Pitch 022 | -0.14 | -0.21 | 0.02 | 0.11 | 0.21
Duration | -0.59 | -0.1 | -0.01 | 0.01 | 0.02 | -0.14

# & 3-4 Duration # #c#E*L 2_ 2 #h{e Pitch/Energy 4p B % #c

ghl | #h2 | $h3 | #hd | §h5 | 6

des Pitch 022 | -0.02 | 0.09 | -0.07 | 0.1 0.06
Energy | -0.13,=0:27 |- 0s5_| 0.01 | -0.01 | 0.09

yid Pitch 0.37 | 0.12}-0.12 | 0.18 | 0.07 | 0.17
Energy | 0.37 | 0.13 | -0.04 | 032 0 0.17

bud Pitch 0.24 0.2 | -0.05 | 0.03 1 0.01 | 0.09
Energy | 043 | =042 | =0.09 | -0.15 |--0.04:| 0.03

ren? Pitch 037 | -0.13 0.1 0.02 + -012 4 -0.12
Energy | 042 | -0.11 | 0.08. | 0.03 | -0.16 |"-0.26

<hid Pitch 052 | -0.03 |.-0.01 | -0.11.{ 0.01 {,-0.05
Energy | 0.32° (#-0.06 | -0.07 0 -0.09 |-0.19

you3 Pitch |"-0:02.] -0.05 [ 0.19 | 0.06 | -0.17.| 0.08
Energy | 0.07 1| -0.27 | 0.13 0 -0.23 | 0.06

Jaid Pitech |.-0.26 | 0.19 | -0.07 | -0.05 |.-0.06 | -0.03
Energyi | <0.37-( 0.11 | 0.24-7 0.3l 0 0.08

w3 Pitch 0.384| 0.19 | -0:09% -0.01 | -0.06 | -0.05
Energy | 035 | 0.17 | 0.02 | -0.23 | -0.03 | 0.02
yi3 Pitch 0.19 0 -0.19 | 0.15 | -0.18 | -0.14
Energy | 0.17 | -0.02 | -0.1 | 0.25 | -0.19 | -0.14

tal Pitch 0.14 | 0.15 | -0.02 | 0.12 | 0.29 | -0.1
Energy | 0.36 | -0.04 | 0.01 | 0.38 0.1 0.04

e ke, SAPF i@ * Energy 43 #cE'L ~ Duration 2 #cE it 7~ {odf & S Hcip B o

SLE L bt B e 4 o AP B PRAE R o
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REERARD KAl i AR R v p[R

K
LA

R ==L x100% (3.8)

LA

i=1

GRLE G BEACEL 2 H 8 15 > £ MFCC ##ce" K =10 > Energy ~ Duration
BHELK =5 @i BT ALY Beniphs 1T 5 £ B S EAE L2

B 6|R

4 035 iRl H KRR 2R % B 6

MFCC R’ |Energy RZ |Duration, R’
deS 68.51% 93.82% 98.77%
yi4 61.92% 96.45% 97.12%
bu4 67.13% 94.23% 99.62%
ren2 60.20% 95:72% 97.78%
shi4 60.05% 93.76% 98.90%
you3 68.15% 97.09% 99.09%
zai4 55.45% 90.14% 98.94%
wo3 69.56% 98.21% 99.62%
yi3 60.84% 97.37% 98.05%
tal 57.03% 91.08% 99.19%

AU - A phu o2 B TI0E 82 FRFEO A R VQ #
T AR 12 8 BB AR N i o s Bt s ch K LA fhude

R H T EE 2 R A
P=®"-u=[P, P, - RJ;

A u=[u, w, - w ] #F% VQ#-3 HA L SE > ¥ AT - &4 MFCC

PRz SRR ERRA SN .

24



33 AN B HHRR

331 % - A A2 EE S

AL MFCC B e ¥ — 4 gt d erfied int] 5 ¢ (5 - 8o L =
) APFRIABHLET D R B dopk A B R ES AR R
FRERA(E- RS R A A FFFLFFEeR LR EE)ERFF 20

Po#FARP-RoNMT G =B+

Bl1: TEPe@EAAabyc~dzMEAu S zaid s tal ~ zaid ~ tal

CORS-1L A A w F e s

AR F RS A BRI R BRI RERA A g orRg e

I,}IJZ—TE]T} ‘Ifﬁ;ﬁ‘ila‘b‘c‘dfﬁ“lﬁfé};—”% :y0u3\yi3\you3\yi3
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! H‘illll

.I am{ltrlf‘f || ‘|1.

B 32 @3 L8265

OIS IR RS (2T e & R B S U L

13 TEIY s @EAAa~b-c~diErmEs sl 2 bud > bud - ren2 ~ ren2

LLL o webob PLLLLLLE L L L] O ey ey o | aal bl P |

(@

dRY T RNREA G EPET R
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332 K i ph2 A2 i
Wb - & AP R ACE L 2 3 RhaET B SRR R L

- L HY A PRR AL BT - A PR B K R B R T R s

B BI(RY) AP E AL SH -

2F & Hipim @ ARTHEY w2 65 R RENF L P Fp

APERIEEY ShF LR LRA AT RS EF P L

Mg o T A B it ¥
Bll:yi3en® - sg B d v b ot - 884 0 TRPAFR S yi3e

P21 deS i T A HEY < ¥ et - 3 EEES 0 THP A RS S deS
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Frd FRATBEE LA

Aiz- ¥ ¢ o ARt Decision Tree :£— #H Z%HE - T ¢ /TR % >
Fe p# ¢ * Decision Tree #-F &~ #g2. %% > frip & S8k~ F 7 S8l 5o 548
#-MFCC -~ Energy ~ Duration $ #x<E*L & 5 » @ * Decision Tree 43 11 45 44.4p 17 4v

7 #p i enode MAELE AB test :£— H FREFHE o

4.1 Decision Tree 2z_i% =

2% class i 25 > C, 1 syllable 2 class > N, # node
t® 2 sample # > T % tonal syllable 2. # g #c> &7 - | &P %? T=5 ¢

stop criterion 7 N, <20 & AH,(Y)<0.01H,(Y) -

® T % Decision Tree #7% 2. F* 48 &

FA- P ERF EAT g ?
FiH- B3 aET ek ?

RAT= 10 B3 B3 5 - 3500

29



RAEw @ gt B 8 ALF A ?
PRAET 0 ER G a8 A ?

RAE B 8 AT Ak ?

A= @ T - F a2 B BT L/ A (Null)/?

RN DT - &2 82 LT L/90b) /7))~ /K@ °?

RAE4 T - E2 A L EL/CH/ /T /T /P sh) S L) 2
AL D T - FE2 B2 2 EL/Mm) /M)~ HA) /R ?

MR- T F &2 82 EF 5 /<@ ~/4(ch)~/5()?

FARL - T - F 822 B2 LF 5 /RO - EW /T K)/?

ALz 07— &2 82 1T 5 /YG) /RS TP ) ?

Fi-te @ - 82304 £ 35535 %k i* (Nasal Ending Vowel) ?

/5 (an)l~ /5 (en)l S 7 A (ang)/~ 1 L. (eng)/ ~ [ =5 (yan)/ ~I— L (yin)/ ~ /— &
(yang)l ~ /— L (ying)/ ~ / X T (wany)/ ~ /A L (wen)/ ~ /A £ (wang)/ ~ / X L

(weng)/ ~ /U 5 (yuan)/ » /U & (yun)/ ~ /U L (yung)/

I~y

AT b= &2 3p % &7 sfo(Open)ip

IY (@) ~ (o).~ /E ()~ [ (eh)/ ~ /H (a1)/ ~ /\(e1)/» / % (a0)/ ~ / X (ou)/
/)L(er)/ /= Y (ya)l > —+(ye)/ ~ /— % (yai)l~'/— Z{yao)/ ~ /— X (you)/ ~ / ~
/=T (yo)/~/ A Y (wa) /X T(wo)/ >/ A F(wai)/ ~/ A \(wei)/ > /Ut (yue)/?

PRt - &2 35 £.F 5 H 352 (Single Vowel)

/= (yi)/ ~ /A (wu) ~ /U (yu)/ ~ /Y (@) ~ /€ (0)/ ~ [E (e)/ ~ /4 (eh)/ ~ /L (er)/ ?

_F:
&
I
\
|~
|
mly
3

2 3p* £.F 5481 * (Compound Vowel)

/% (ai)/ ~/'\(ei)/ ~/ & (ao)/ ~/ X (ou)/ ~ /= Y (ya)/ ~ /—H(ye) ~ /—F (yai)/ ~
/— %.(yao)/~/— X (you)/~/— T (yo)/~/ X Y (wa)/~/ A T (wo)/~/ A % (wai)/ ~
/A N\ (wei)/ ~ /Ut (yue)/ ?

4+ £ % % % 4p* /FNULL1/ ~ /ENULL2/?

FFE’EE'L AL - 2{"—1

am\q
“Fmr

mly

\v
frt.
2|

PREE-L4 B a2 5§ &2 Prosodic Break Type % B0 ?

i
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.

- 2_ Prosodic Break Type 5 BO & B1 ?

oy

=
&
Iy
I
=
=
b
e
mls
BN
1%
ot
2|
mls

f

=
&

[
.

|

=
by
-
o4
N
1%
fot.
2|
o4

&> 2_ Prosodic Break Type 5 B0 ~ B1 & B2-17?

2z

& Z2_ Prosodic Break Type

<

=
mly

BO ~ BI ~ B2-1 &

B

FAL= Lt - g agd

B2-27?

1%
s
2|

RER- L= B 4> 2_ Prosodic Break Type % B3 =t B4?

mly

N
a~

1%
Nud
[

(AR I o R 4 2_ Prosodic Break Type 5 B0 ?

ol

.

4> 2_ Prosodic Break Type 5 B0 & B1?

N
2N

PRPEE- LT ot ER

1%
et
[
mls

N
o~

~

PRRE - - 1t B &> 2_ Prosodic Break Type 5 B0 ~ Bl & B2-17?

1%
et
[
ml4

1%
g

O R I Al ot -0 & 2. Prosodic Break Type = BO ~ BI ~ B2-1 &

-6)0
iy

B2-2?
PREE- LNt B g 5 H {838 2 Prosodic Break Type & B3 & B4?

4.2 & 5+ &2 Decision Treef |+ 2 ¥t &
421 A3 F2 B

B L& * Decision Tree B fudbeyipd eifidodinho s LA ©

® i3 2z Decision Tree

138

B 4-1 yi3 z Decision Tree
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B & B B° 8T it node” 7 B S iifc 2P node ™2 E

N

ArAR R 2 B AR & > @ o = B node e W] Z AR A Bl HRe ko
Rootnode © #f %] = 351 = » 3 50 =t & fr@ § & 2 Prosodic Break Type

BO# Bl A7 difrt - $RBMEE- K> ED3 &4 PSS L -

® de5 2z Decision Tree

110

Q]?\'/.i-ln Q13 Yes

/
4

B 4-2 de5 z Decision Tree

Bpw| T en227 ¥ g 117 ¢ 818§ & 2 Prosodic Break Type 5 B3 & B4 >

FOESER T 2 51.6% > 2 d BlP Aeghaidiinoded ¥ o 5T o= Bp AR R )

B ggn] o %3k noded ¥ 62.9% Al R o AT DAEWT 5 T AR Aol
BF A - A P B EL - R

422 &- H2 L5
Y B ACE 2 A R A HAER S REE A b hd B0 4 b iR e &
FATAR o RAPEY B R - R F R AP AR

¢ > Az B A e e 2 Decision Tree #r4t 01 enm T i % Fe ef® 48 o

ol
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# ¥ 4-1 L+ 3 & % Decision Tree ® A& R i 5 1B 7 fe cnf® 4R 2. Szt

B L

MFCC Energy Duration

4 IR =% #
9 =x
8 =x Q27 Q21
7 =x Q27 Q22/Q24/Q27
6 =< Q25
5= Q25 Q21
4 =% Q22 Q9/Q19 Q28
3= Q13/Q20/Q28 Q8 Q1/Q30
Q2/,Q4/Q17/Q22/
2 =% Q7 Q29/Q15/Q26/Q20/Q8
Q24/Q26/Q30
Q2/Q3/Q9/ Q14/
1= Q7/ Q10 /Q14/Q20 Q3/Q14/Q23/Q9
Q16/Q19/Q29/

A e Sou e RV ORI 4 o 2 MFECC. ~ Energy ~ Duration
SRR e SUETEORERE T Lt SIS TR

I F AR % ~ # T e Break type e

M EE T AEC G R T T R E AL/ ST s 2 EE ]

T H R/ R -

am\q

B+ 2.7 5 % % E$p* (Nasal Ending Vowel) %

%ﬁ?%%9’@ﬁﬁﬁﬁmx%ﬁégﬁwwiw%o

4.2.3 Decision Tree2_ #f | it F£ &

A -7 B leafnode BE ¢ #7 W45 & 0 #-leafnode ¥ 1=t #icde § i B4R
%' — node z_ &4 0 BN FRRIRELEF 5 Decision Tree 88 #f ] #7 2| W] 2. I Fx
o
b
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AR 42 Z R bR

MFCC(%) | Energy(%) |Duration(%)
de5 47.59 49.5 63.35
yi4 50.56 66.61 93.58
bu4 52.08 58.11 88.11
ren2 59.27 64.51 77.45
shi4 53.15 66.33 85.92
you3 49.69 68.92 88.75
zai4 50.19 64.4 75.49
wo3 58.6 60.64 82.22
yi3 52.73 63.9 85.99
tal 56.03 62.5 82.37

MFCC~Energy ##ice & 785 £ % 4% & 60%.F F42 & @ £ a Duration
HACEL B R TR R et A R IR A (L ) A AR g
ﬂ‘/\leaande E:!;"'#E}F'J}':L}' ’E}—éﬁﬁ‘ ) PE'EE%‘A ll}‘“’ é.f,l"‘] LAJ .ILJ):F'— ~'7~ i .

AR E BRI RE R AT G G F R TR R R

4.3 & & st 2 Decision Treef |t

43.1 & & B et

AP ik ghz B e £ (MECC ~ Energy ~ Duration) & & = ¥ — 3 icaerd

@ . FiRiE* SVD R-frjapl 2 R s 3 20 1 & = Decision Tree °
(I)l MFCC (I)Z,MFCC (I)N MFCC
(I)supcr = [(I)l,supcr (I)Z,supcr T q)N,supcr] = q)l E (I)Z,E ‘I)N,E
(I)l D q)Z,D q)N D
(4.4)
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Fde 43 AR 0 B A K =205 fR 2 $ B b

ml4

& R2 (%) 3 & R2 (%)
de5 99.93 you3 99.97

yi4 99.98 zai4 99.98
bu4 99.96 wo3 99.98
ren2 99.97 yi3 99.98
shi4 99.98 tal 99.98

4.3.2 Decision Treez_:%E > #2 KL distance

-

Aot 7 & Decision Tree #11¢ # 2. o> 3% ¢

AL? = _(log Z‘tqcov + 10g ﬂtc,lmean ) (45)
n xng, R

ﬂt(jmean - (1 o n (/ut | /utcjr )tW i (lutcfl o= :U'Sr )) k (46)

t

a (1-a)
. e
ﬂ‘t,cov = ( ’Wq| ) (47)
t
nd nd
Wi S50 4 L3 (4.8)
r.]t t
nq
al =2 (4.9)
nt
n =n,+n, (4.10)

P Alnean Aoy & R @ SVD {82 %dici node t¥ 0 433 K question (

fgir kT e EApMARSLEZ oy RREEEE RN R R E

2l WA S node ¥ AR R question g s rA A 0=+ node 2 %

2

l“‘b

EL BEEZFEEEL N ~n, ~n, A5 5 node t? 2 sample #

fe A B i 2 4 & node 2 sample » @ stop criterion B 3T & N, >30 &

n. ]
501 i=lorr & ALY > 50 .

n,
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PP node t¢ »3-B & BRAEQHTA 4 2 5 B node 2 K-L distance d :

u()

))dx+jf (X)log(~ ”( )

))dx) @4.11)

(jf (9 log(

t,I
2o 500 ~ LS00 A B 5 AR R ALA B e B node 77 5§ 214 G T 4 d]
wEL

= (Zt_ll + Z:t_lr )(:ut,l - ;ut,r)t (/Jt,l _/ut,r)+ Z:t,l Z:t_lr +Zt,r Zt_l1 -2l (4'12)

433 REF %2 - HhRaE

F i Ap 7 o7 e R e Decision Tree s 5 P B deiagd 2 A% b R onf® AEAx
BN A ARG fade 3 S e e s B K 0 de gt it 17 5] 348 % o leaf node H
B AREAR S 208% o 1o A B~ C = i sample G RRAE § a0 & *FRAp R 0 A
BB-ARCRE G- BRIMEAF ARBARaR s ALS « ot taa A
B CH AR A AL S ) PR BB A S ha IR B 0T 2 A
Hed B & Co B 5 Biid RindaidbmitidiesanC 4 2 17 5 F
Pt - 2R R i A - R

LSS - A A PEER T B3 & kB fefootnode ¢ AL 4r KL distance
d A3 NE BRAELE RS KFITE RE

1. #-rootnode ¥ AL #+ e 4E4L 5 B E B2 584 2 MR QA > i g -3 &

PH AP ORI @ kY g AL 4o KL distance & & 9 EAR 5 &

7 ERES PR QB o HTiE 22 R 4EAeT
]

e 44 T BRES EELLRH

tal | ren2 | yi3 | shi4 | de5
QA | Q22 | Q27 | Q21 | Q21 | Q27
QB [ QI5 | Q3 | Q16 | Ql6 | Q17
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0P fo i) 5 (i AL 4- KL distance ¢ < |-} 2 "g B ¥ ) °
QAfrQB #° 5 YES et d » ' = B3 & 2“1 e+ > - B
PR ASEE LRI O0 PRI EERHIPT A0 PI AL
A2 & plE S

YES @ QB i NO e/ ? » N5 015 |

Wi

QA

O 3] Bl ~B2 & ipl3& o

pat)
)
ml4
47
=
5
N
b
4
U

QA ZNOA QB3 YESi#wd » Rgifdia B4 & FHILF
O #F Cl~C2 3 HlEa o
#-A1~A2 BISB2-Cl~ C2 S 7] R 12 B 5 L JCiB R 400 5

LR BRI el 2T A AL ER I RNLES AR 0 H
A BEMF o REE TR FE RN Rl 1 LR Rl 6o
B-AISA2 Fa e s Riee > Bl vB2 e 2 QB# e - C1-C2 &
s QAF Y & & 12 B REASBAE ST Y > 51V 50 TR
570 R34 papEEfiteie w6 AR FiRE AP o

PE 7 PR R e AT
A: N

E oo { wit (V)

T Z 5
i Bf | 575 30 12.5
QB ## | 383 52.5 9.2
QA # 4.2 17.5 78.3
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R A P EHETHSSO I kPt AR QA LR 2 HE s FliHEE R
FUPREERLEED R FPABRETERT T83%RT5 5L > a2 * QB
AR 2 Fe FIEPFeFP A RipF e L i) F A ST o R 4

Hez FFEF4r QA EH B KPP > 4ot 2R aurEF o AP R Y el
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ek & 1 ¢ MFCC # #cse L 2_ 5§ %) Confusion Matrix

Confusion Matrix Confusion Matrix

KU1 |82 %03\ K04 %05 total K1 |%2 |53\ K4 K5 total

HI1] 53169 (262 4 199|202 M1 33 34| 6 | 14| 13 |100

des H2121.6(31.1(27.5] 9.6 |10.2| 167 you3 X289 |626] 73|24 187|123
H13127.2| 82 |48.6( 3.9 |12.1] 257 H13(11.4(18.6(443| 7.1 |18.6| 70
J4111.3] 6.8 23.7(503| 7.9 | 177 4|12 (227113 |40 | 24 | 75
X15014.5] 9.8 [20.7] 2.6 |52.3| 193 HIS519.1 |14 74199 (595|121
KU1 | 812 | K03\ %0455 total K1|K2 |53 | K4 K5 total

M 11423]12.6(162| 7.2 [2H6]| 111 K1| 0 |13.7(353(17.6/33.3| 51

yid H12]143]43.9(163 |42 423.51 98 =y BI2( 0 |28.1(33.3|53|33.3| 57
J13110.1(17.3|36:7(16.5719.4| 139 JI3P 0 5.6 | 58 | 3.7 |32.7| 162
X4111.6|11.6,14.7|53.7| 8.4 | 95 4| 0 74156 (324|549 71
HI5)89 | 7.2 10 | 5.6 1683|180 500 {'3.5(156| 8.7 |72.3|173
KU1 | 812|503 | K425 | total 2 | K12 (05 3 |5 4 | 56 5 | total
J1(32.7|145('0 [41.8(10.9] 110 HI1[ 25| 25 [156| 0 (34.4| 32
bud Z‘%Z 1595121 0 |26.8] 6.1 | 82 . 12126.7(333[.,0 0 | 40 | 30
B3| 19 | 95 524 6 |[13.1] .84 13183 | 0 452 7.1 |39.3| 84
4196|4212 |759 97166 A 2.1 | 2.1.(43.8(41.7|10.4| 48
HI5014.8] 6.81712.3.144.3 3158 88 MIS1 34013194 | 2 (839|149
KU1 | %12 | %3 | K455 total K12 (%53 |5 4|55 | total

B1| 50 |27.5| 15 (i7.5 | 0| 80 M1 40 | 0 [229(343|29 | 35
ron) J21 42|62 |21.8] 0 112|142 vi3 B2 6 [31.3(23.9(254(13.4| 67
X13]18.1]14.7(67.2] 0 0 | 116 ¥3]61 |61 (585227382
H4]9.1(18.2/13.6(59.1 66 4| 4 |65]10.5(68.5/105| 124
M5 48(21.4(17.3] 0.6 | 56 | 168 X150 88(62]7.1(30.1(47.8|113
Ki1|Ki2 |53 | K4 % 5] total 1K1 2| %03 | K 4|55 total
J11(59.3(/20.4(123| 8 0 | 162 5 1(32.8/19.7| 49 |31.1|11.5| 61
<hid H12017.1]545(18.7| 9.8 | 0 |246 a1l X2| 14 (342 4.1 |46.6|13.7| 73
H311.9[143(79.5|42 | 0 |259 M3] 1.1 |53 (62.8[13.8| 17 | 94
K41142(442|11.71 30 | 0 | 120 X428 |16 |28 |72.6|5.7 | 106
15(21.8(25.7|50.5| 2 0 | 101 M50 1.8 [105(53 |21.1|61.4|114
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t4% % 2 Energy # e 2 5§ %] Confusion Matrix

Confusion Matrix Confusion Matrix

KU1 |82 %03\ K04 %05 total K1|%2 |53\ K4 K5 total
X11]142.4120.7(10.3]|24.5| 22 | 184 11(48.4|258| 21 |48 | 0 | 62

des J2] 5.1 (452(13.4(263(10.1| 217 you3 H12(16.9|662[11.7| 5.2 77
HI3| 38|65 64327 (227|185 30 0 190.3] 0 |9.7]206
§14113.8(23.3| 5.2 [49.6] 8.2 | 232 4| 3 1364 0 606/ 0 | 33
HI510.6 |56 |46.1| 1.1 [46.6| 178 S| o0 0 541109 45 | 111
KU1 | %12 | %03\ K04 |55 total 1| %2 |53\ K4 K5 total
H11625]3.6 |24.1| 45|54 112 X1(652| 0 | 1.5(28.8|4.5 | 66

yid H121102]69.5| 7.6 |11.9,,0:8 | 118 Ty K12| 47 |57.8(32.8| 0 | 4.7 | 64
B13113.2] 1.9 |64.8 [77.5 {12.6] 159 3007 (152(762| 0 | 7.9 | 151
a1 14 | 201797 4 |100 40719170 | 0.8 |66.1] 14 | 121
H510.7 | 3 4224|13.4(60.4 134 IS5 0893931850 |112
K1\ K2\ %803 | K41 %05 | total K1 K21 %03 | 54| %15 total
H1(733] 52 [10.3/10.31 0.9 | 116 X1(51.4,143 5.7 |28.6| 0 | 35
bud M21438] 51 | 3.1 | 2.1 96 i M2 5 (23310 |61.7) 0 | 60
H13(21.6| 17 |68.1| 8.6 116 M3 67|17 75| 0 |[16.7| 60
J141204| '8 [19.7 [52:2|19.7 | 413 141136 58 [0 [80.6| 0 |103
J15]124| 34:123.6(20.2|40:4 | 89 S50 0 0-36.5| 7.1 |56.5| 85
JE 1| 250 29 2 30 15T 4 | 3§15 | total K 1| B2 | 2513 | K 4| %15 | total

1) 70 | 1.1 | 3302564 0 | 90 X10563(31 [42 (85| 0 | 71
rend 2 0 [61.8)252(77.6 1 53131 yi3 12122.1|558] 0 [22.1| 0 | 86
X131 06 (28.7| 60 | 69 | 38 160 HI3/450 0 [ 8 | 0 [155|110
H41162(11.7| 9.7 [623] 0 | 154 4112717916373 | 0 | 63
50 0 |27 |54]27(89.2| 37 FI5(012.1| 1.1 1352 0 |51.6] 91
JE1 |02 | %03 | 5 4|55 total 1|52 (53| 54|55 | total
H1|548] 0 |24(405]24 | 42 X01(44.3|343(15.7| 1.4 | 43 | 70
<hid 202619 |164| 0 |62.1|116 al H2(17.5|51.5(21.6| 72|21 | 97
B3 0 | 15671 0 [31.5]343 M3 68348076823 88
J4113.1] 0 |23 (83.1] 15130 K4l 0 |22|441659(27.5| 91
5104 1]19(17.5] 0 |80.2|257 HIS5129| 1 ]3.91(255/66.7|102
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4k % 3 ¢ Duration 3 #cE "L 2_ 5 %] Confusion Matrix

Confusion Matrix

Confusion Matrix

KU1 |82 %03\ K04 %05 total K1|%2 |53\ K4 K5 total
11959117 0 |24 ] 0 |536 ¥1(923| 0 0 [77] 0 | 26
des H2176.5(10.1| 0 |12.3] 1.1 | 277 you3 2379 0 0 [62.1] 0 | 29
B3| 0 |12.1163.6(21.2| 3 33 30 0 [ 100] O 0 |360
J4146.2| 10 | 0 [40.8] 3.1 | 130 K4l 0 0 |153(84.7| 0 | 59
¥S| 0 0 | 25 0 [ 75| 20 S| o0 0 |100| O 0 15
KU1 | %12 | %03\ K04 |55 total 1| %2 |53\ K4 K5 total
11923177 0 0 0 13 MI1| 74 1254106 0 0 | 181
yid N12(34.6|46.2 19.2 . 0 | 26 . Ki2| 24 1727133 0 0 | 150
30 0 | 97 |40 3 67 B30 0 (32833 0 [13.5/126
4122120 | 0.1444733.3| 45 X470 933167 0 0 15
s o0 0 4 1.7 0.4 (979|472 5| 0 0,1 48| 0 [95.2] 42
¥ 1| o 3 | 4| S | otal ki 1 K2 2 3 | 1 4 | 2 S | total
H1]100| 0 0 0 0 16 HI1| 0 [77.8{=0 (222 0 9
bud J12146.7| 0 0 |533| 0 | 30 o 20 0 (711[22 (267 0 | 45
30 0 |100| O 0 36 3|0 0 [88.4] 0 |11.6| 69
¥4l 0 0 0 |64.5|35.5.62 4| 0 |353(23.5(41.2| 0 | 51
Hs| o0 0128 | 0 [972] 386 50 0 0 406| 0 [99.4] 169
K01 | %0 2459 3| KT 4| BES  total K0 V| K02 | 513 | K1 4| 815 | total
%11196.8| 1.8 | 0 | 14| 0 |281 H1040 [T00| O 0 0 | 16
ren2 J12157.9(30.3| 4.8 (13.4 | 34 | 145 i3 21 0 (641 0 (359 0 | 39
M3 0 |74 (821 0 T10.5] 95 B3| 0 0 |93.5] 0 | 6.5 31
¥4l 0 0 0 |100| O 17 4| 0 |28 0 |76.9]20.4|108
500 0 |59 0 (94.1] 34 500 0 {09] 0 [99.1227
Ki1|Ki2 |53 | K4 % 5] total 1K1 2| %03 | K 4|55 total
J1]64.1130.8/ 1.3 [3.8] 0 |156 1l 0 [100| O 0 0 | 29
<hid 2061 1(913] 0 |[26] 0 |459 al 20 0 |99.2 081 0 |120
3109 | 0 (844 0 |14.7| 109 3|0 0 [100] O 0 | 19
54 .1 0 [989| 0 | 93 4] 0 [329] 0 (562 11 | 73
5 0 |155] 0 [84.5] 71 500 I |63 ] 1 |91.8]207
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e

q
%14k % 4 1 Rootnode * & R*4E+7{¥ 2 delta likelihood ( AL )

de5 | yi4 | bu4 | ren2 | shi4 | you3 | zai4 | wo3 | yi3 | tal
Q1 - - |1553] -- - ]229.6|168.8|181.2[127.5|239.8
Q2 -- - - 1200.4|239.5] -- - -- - --
Q3 -~ 120.59(36.61|34.89|125.7]45.67|61.82|137.8[106.3|137.8
Q4 - |140.4|84.72| 163 |144.2]99.85| 0 |151.9(100.2|185.1
Q5 - 9442|4436 -- -- -- - -- -- -
Q6 - 1201.1]166.8 |88.36|121.6]125.1{56.58| -- [133.7| --
Q7 |478.1] 105 | -- _.|137.2]144.50100:6] 117 | -- |113.7| 142
Q8 ]229.3]84.99 59.33 |62.54|27.891116.960.52 | 104.8| 37 |105.8
Q9 |448.6| 1117 [84.51| 141 |78.24] 68.5 [65.91(32.99|67.69| 98
Q10 J410.64. - |211.6{171.4| -- ]136.6(89.021197.5|57.57|148.6
Ql1 | -- - -- -- = = - - -- -
Q12| -=.[47.66]73.61 -- = = 143.29| -- - --
Q13 | 156.2195.28|129.7|52.67 | 91.4443:81 (40.13 | 53.31| 100 |58.51
Q14 ]233:2|75.55|27.37|57.01 |;57.65]160.34| 521'|46.03229.7 |35.83
Q15 ]1166.5[90.86 | 55.73152.81:110.8 81.11.94.48 | 49.271106.5| 61.7
Q16 |1076137.1729.32{38.23 | 45.4 | 21.8-115.14|21.46{49.19|52.29
Q17 |66.52160.49 | 34.23443.5962.82179.91|71.02:{42:46 | 72.27 | 42.65
Q18| -- - - -- - 138.49|33.22139.82| -- --
Q19| - |[265.6] - |158.8| -- 1297.7| = |101.6]252.7| --
Q20 | -- |[278.2]158.3|% -= [[380.9]1320.8/302.8[205.9|260.1|304.9
Q21| - 31591822 -- |633.31360.9]322.9(280.6|296.5| 342
Q22| - | 301 |265.6] -- | 517 |324.6|328.6(264.3| 257 |350.8
Q23] -- - -- - -- - 194.35]112.8(82.08 |144.4
Q24 |323.6| 206 |180.5|217.6(208.31114.6|101.2|116.6{91.99|158.1
Q25 1321.3|300.2|180.2|276.5|367.3]175.77|86.88 | 86.51 | 121.3 | 109.1
Q26 1479.5(370.8| -- |385.8(518.7] 91.8 {95.33|110.3|1349| --
Q271 -- |[301.5| -- |280.8|415.2] -- - -- - --
Q28] -- -- - -- - -- -- - -- -
— %7t - FPEEA 2 & split criterion
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q
“t4x% 5t Rootnode ¥ & B 4% #71¥ 2. KL distance ( d )

de5S | yi4 | bud4 | ren2 | shi4 | you3 | zai4 | wo3 | yi3 | tal
Q1 - - [101.7] -- - ]129.4|46.01 |64.5858.34| 49
Q2 -- - - [108.4]1279] -- - -- - --
Q3 - | 854 |11.76| 8.56 | 8.38 ] 9.25 {26.99|85.18|20.43|38.87
Q4 - |18.74|17.47|35.62|26.84]26.07| 0 |97.19(32.22|61.18
Q5 - 127.01|27.39| -- -- -- - -- -- -
Q6 - 139.64]46.98(17.53|22.23]137.24|46.23 4693 0
Q7 |31.36(35.55| 0 |37.08|15.81]127.48|29.05 41.31]67.02
Q8 ]26.03[29.17|34.67(26.02|13.89]33.72|17.49(50.43 | 41.26 | 28.08
Q9 |17.39]17.89(26.12/25.88| 9.98 |214114.74|36.85|18.28 |32.45
Q10 J24.521 0 .['39.6 |35.76| 0 ]34.83[32.8688.55|81.65(31.33
Qu | -- - - -- -- - -- - -- -
Q12| -- 437.85|48.84| = -~ - 4733 -- - --
Q13 |21.81127.94|38.6942.01 [;13.66]34.87 36:6 |80.43]38.61 |36.28
Q14 | 5.6L [10.24 6.78 | 9.64 | 6.97 }16:49| 9.28 (46.62115.59|22.54
Q151398 [9.21 | 10.6 | 87 | 7.57117.65|12.22|20.87|18.79|13.55
Ql6 | 469 | 7.33 | 7.46 | 9.11.4 5.74 1 16.08 | 12.2 |38.63 |'10.77 | 17.07
Q17 | 2.96.| 9.66 | 975" .10.7°1°6.74 119.94112.65 | 21.25420.12 | 14.51
Q18| -- - —- - -~ 148.03132.12 |37.81| -- --
Q19| - |[32.08 -- 144.67| -- |64.01| --4167.93]60.22| --
Q20 | -- |3495/28.73| -- |[38.33]175.66/35.49.[79.53|54.06 |54.49
Q21| - |41.42]28.68| - 61:281100.3| 37.4 [99.84|62.48|59.44
Q22| -- |70.97|5598| -= H75.47)1121.2|45.02|87.89|61.81|57.27
Q23] -- - -- - -- - |79.47]59.35/107.4| 49.3
Q24 |34.02| 32.7 |36.82|41.42(27.61]125.95|32.1947.74| 36.8 |41.16
Q25 | 14.44149.97|65.18|36.65(29.82]115.55|12.56 | 38.99 | 22.65 | 22.22
Q26 ]127.19|75.26| -- |64.16(50.14]131.86(40.48 |258.6|37.37| --
Q271 -- | 163 | -- |1029|132.4] -- - -- - --
Q28] -- -- - -- - -- -- - -- -
- %7t - FPEEH 2 & split criterion
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