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PEMEF IEBRTAPAARE R TG RAFERY P FAZE
P TR £ R o ALY #R % RE sub-syllable HMM 22 = -8 07 - 1848
4 74vig > Uncertain &2 Particle # £2 411 syllable = 4p ¥ - #- Uncertain % 4c
»FERE S V%G FERF o Particle %5 1+ > L 4o 4pin 411 syllable > ® £ B 3F
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Spontaneous Mandarin Speech Recognition

Student : Bo-Cang Li Advisor : Dr. Yih-Ru Wang

Department of Communication Engineering

National Chiao Tung University

Abstract

The spontaneous speech is-most close to the speech in natural cases of people
and can relatively apply to daily life"actually, so become more and more important
gradually. The first sets up acoustics model with mandarin sub-syllable HMM. From
the error analysis, the recognizing device doesn’t often distinguish between Uncertain
and 411 syllable, and between Particle and 411 syllable. Do not put Uncertain model
into the recognizing device, can improve the recognizing rate. Particle is in acoustics,
very similar 411 syllable, and the language purpose of Particle is only different from
the language purpose of 411 syllable and this is difficult to distinguish between their
acoustics models. The second sets up acoustics model with mandarin sub-syllable
HMM, and then can improve 3.3% of recognizing rate, and uses skip state to improve
Deletion error, and then that does not improve so well as expectancy. From Deletion

error analysis, we know Syllable Contraction causes the most of Deletion error.
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LA EE U BRI R 2 A BB e, 3
MCDC Zo ] /1 coooeveeeeeeeeeeeesse s 3
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221 BAEE A EGL S 5o 4
222 F RS ETE S 35 e 4

2.2.3  F R FE TN Fiiie s 5
R R AT L R RTR 5
MCDC T 37 20 $E B B TR e iteiusaatostannes ren it e stessestessesseeseeseessessessessessessessens 7
2.4.1 7 I % (Paralinguistic-Phenomena) ...........ccoceveveninencnecnennn, 7
242 2 FE T F1F (UNCEMAIN) oot 7
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244 R PG (PArtiCle)..cvce e 8
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3.3 L A T T s 14

3.3.1.1  Uncertain B~ 1 A 45 254 T i 15

3.3.1.2 Particle B~ N A4S 28 s 16

3.3.1.3 Particle model £ = 5 411 syllable model 2_ & 47 .............. 17

3.3.1.4 Particle £ I 5 411 syllable v duration 4 % ........ccccvveeneee 21

3.3.1.5 Particle 7 & SIHENCE T4 3T ovviviieciee et 22
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34 1 A TR e 29
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B 3.5: ¢ swsyllable pFRF =7 & i+ % 338 » 2 . GE> + & 06 i, 19
B 3.6 = srsyllable pFrRF*» i~ % ¥ > 2 A NE> T neeee, 20
Bl 3.7 1 NA E2 N T3 AUIALION. ...t s st 21
Bl 3.8 1 GE 22 ge e duration ... oo A i 21
B 3.9 1 NE 22 Ne t77 AUIALION .o ittt s iuenes ra bttt sn b 22
Bl 3.10 : sp_NA _sp ¥ sp_na_SP e dUIatION ..., duiieeereereeeeeie e see e 24
Bl 3.11 : sp_GE_sp £2 sp_ge_sp =77 dUrationN " 37 .....cceeveveeieiecie e 25
] 3.12 : sp_NE_Sp £ Sp_ne_Sp i dUratioN.......ccooeiviieniiininieieese s 25
B 313 ¢ A T Bl 26
B 4.1: =¥ % Syllable HMM /42 %] » + i % Syllable HMM 742/ () 3= #&
K 7B ) ettt ettt ettt ettt en e 32
Bl 4.2 1 SKIP SAtE 7T Z BBl cveviveriieieietee ettt 34
BlA3:  HEHBEF T LBl 34
Bl 4.4 :de> & 3 B 4p a8 state 22 K-L diStance & A .......coovoeveeeeeeeeeeseeeeeeeeeeeeeseenns 36
B 4.5 :shi> = & 4p a8 state 2 K-L diStance & Z........ccceevveieiieeeeeee e s sree e 36
B 4.6 : T %1%  Syllable Contraction @ % = Deletion 4 3E-.......ccoeeeveeeevevcrenenne, 41
B 4.7 : "iI&{J Syllable Contraction # i & Deletion 45 2%-.......ccccoevveveveeencrennnan, 41

VI



W 4.8 :T4F e, 725 | Syllable Contraction # i = Deletion 48 3-..........cccceeuee. 41
B 4.9 :"T e~ a0~ & & Syllable Contraction @ i == Deletion 4% %42

B 4.10 : T % 17 | Syllable Contraction & % = Deletion 453 F.......cccovvvveeeeeeeeeeeeee. 42

VIl



P

2,

P

%

P

%

P

%

D

%

D

%

D

%

D

%

D

%

D

%

P

%

D

%

A R = == <R 4
2.2 1 F BB Bttt 5
231 2 FHE B I Pl 6
| o (0 TSR 9
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B L B EEEE A 2 ettt ettt 11
3.3 1 BB B B s 12
K |V, (o T [ B - <ol TR 13
I A | ISV 1 o] Lo PSS 14
3.6 1 Only 411 syllable FHE8 3 .o BRI il 14
3.7 : F3E sub-syllable HMM Confusion MatriX............ccceeevieevieevesie e 15
3.8 1 All Syllable #%5 %  (URCERAIN 231538 ) i 15
3.9 : Only 411 Syllable 38 % (UNCertain 23 i £8) oo 15
3.10 : R sub-syllable HMM Confusion Matrix (Uncertain i i* £5) ....ccoveee. 16
3.11 1 NA £ na 773 ConfuSion MatriX........cooveiiiiieiiiiieiec e 19
3.12 : GE £ ge 73 ConfuSiON IMALFIX .......coveieiiiieiiieiiiiiisieeieee e 19
3.13 : NE £ ne 7 Confusion MAtriX........ccovviierieiiiiieeineiee e 20
3.14 : Particle 7 18 SHENCE A T cveiiieieeceee e 22
3.15 1 & #g Particle 7 {8 SHENCE A T viiiiiciice e 23
3.16 : All Syllable #5253 (L FTF 2 18 ) i 24
3.17 : W3 sub-syllable HMM Confusion Matrix (33 B2 {8 ) v, 27
3.18 : All Syllable 5#F (FEH 2 3 )i, 27
3.19 : 3% sub-syllable HMM Confusion Matrix (33 &% 2 #3) i 28

VIl



4320 %% FHRAFERD N 2 DB iiih 29
Fe 320 T BB T B L 29
% 3.22 1 All Syllable 3525 % (18 3 25415 )errimreeeeeeecseese e 30
% 3.23 ¢ ®3% sub-syllable HMM Confusion Matrix (i2 & 3EAL14) i, 30
F. 4.1 2 Syllable HMM 2_ 2635 i 32
% 4.2 1 411 Syllable HMM 4 1 20 5835 i 32
% 4.3  All Syllable 3% 5 (Syllable HMM)....ooooiiiiiiceece e, 33
% 4.4 @ Confusion Matrix (Syllable HMM) ........ccccoiiiiiiiie e 33
# 4.5 1 All Syllable 325 5 (skip state syllable HMM) ..., 37
# 4.6 : Confusion Matrix (skip state syllable HMM) .........cccooeiiiiniiiieniciien, 37
Ze A7 T SKIP STALE Hh2h i 38
% 4.8 1 skip state #» £2 skip state {6 2. Deletion 45 :% 17 FEE T e, 38
# 4.9 ¢ ¥ 4 syllable contraction 2. syllable £, Deletion 45 % ..o, 39
L AN - (B N B R 47
5 o S £ 14 1 [o] [ O e USRS USPRPTRRPRN 47
a4 = @ Paralinguistic Phenomena # ... 48



3
|
el

i

11 75 68

SEF LS o T LR D R A AR I A Rl P A e

4\125‘3” drip B3 A Ii‘a’ NS E'i

\_J

TP Pt I % F 5 R 2 L s E 2
B e (1] d 503U sLagl ~ i B 2 fr @ Pl AR & chie s 2 33 5 R
LS Do L ERRY AF S ey K iR blaeF s (Data
driven) = i# ~ BB Ao 2 #0312 = 2 8 2 B0 E i %HiB4 A (Dynamic
Programming-based ) 2. #& = ;= & [2]-
ﬁ&%%E%@#W@%%$%’E%Bﬁéi’%*iﬁﬁ*‘WB#i
S p S (Spontaneous Speech) eiapgzs it Fr S Arzbf K o A p FMHES
# 5 F P V% F (Read Speech) #7ikfson (54 % > bl4e @ v v (stutter)
& 4§ @3 (repetition ) ~ 12 * 39 2% (repair ) ~ £ 4-37:% (restart) ~ # 5 i*
(nasalized) ~ % § % £ (inappfropriate ) ~ 5 & & & (syllable contraction) ... % -
FEREG SV - BRI RN FFIFERTFEDLE RFloAH T RN FFECF

HREFAPE S H e 2 3 AN BFHAD 211708 R T el pEEE S

LR
12 @3 %

P B e A L F ¢ * Decision tree (DT ) £ maximum
entropy model (Maxent) =% & (DT- Maxent) & 18 ;g7 jnof B % 2_ ¢ %72k [3 -
4) ~ @ * EEAEEEe R R A i % 2. ¢ %78 [5] - @ * Kernel Principle
Component Analysis (KPCA) &k W ipl# 5 #2035 & [6)] ~ p #2353+
w2 A HrEy [7]

A o @ * WiEsub-syllable HMMzE = p B 1433 5 A A48 > S 47 H 5%
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TR m i B AR R (lag) s e B N F 2 F s o

MCDC 7 # 3% 5 7% § &

A i e S Bios K3E sub-syllable HMM z_2& = ~ s & 18 2 &%
P AT o T dred BN A FREF R G -

Syllable HMM z_3:% =

iz * syllable HMM » B~ & &% sub-syllable HMM - 5§ 2% % % % 7. Deletion
BER A < F o EEiR * skip state syllable HMM » k :c & Deletion 45 3%

ef 3E > e:cd 2 % > & 47 H Deletion 45 3% -
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BIRR AR REY e ARG 0 A B A SRR
RO AT R 0 P HIER 5 TR ot e R LR L
RFR ARG hea P ARG FAY TR E - BREO)FLEFFFLE
— A F v FHEF AR (Mandarin Conversational Dialogue Corpus »
MCDC)e & & & 8-/ S )2 B & J2 5 eV s~ 8 8 5% 4@ A2 MCDC

4~ 4o 7 MCDC © 3% > 11 2 MCDC 3 #4p M 3% -

2.1 MCDC 2 f 4

MCDC ##L & d ¢ L7 7 aF 2 BT 97 2000~2002 & 7F #réx% [8]) -

ot
“JH

FHED LA AR S k16225 3k  26~35 K112 36~45 K =
RESEE 0P 60 F g (TR AP 23 TP )0 S 30 s gt nE Y
BB ) 8 Biis TN A EREREY B 0 B G 16 iF g (9t
BT =9 H) ad Ipho B EEHE (FRY60 ~4h) FEIHEA

20 dodk 2.1 A7oF o



Z 21 HiEa 4

" £ . . gt s + 3 #h(n)

T N S F b2z EE H

é‘f\:\—"ﬁf‘ %1{» (ln\ﬁ) 53 B B F]vg'?%f (L/R) *i‘hw,L% %]_%]
MISC-08-male-25 *R |2 i~ ¢ P eI

mede-01 | 61 mae LT RIEE R 0100
MISC-07-female-29 L |A~-Ba
MISC-10-male-35 R [k EH ~ &3

mcde-02 | 63 O I
MISC-09-female-37 *Lo[TE s ]~ Fe
MISC-12-femalel7 R |%Je~ £+~ Bt -

mcdc-03 61 i 01~21
MISC-11-femalel6 x| |2 REHRL PR
MISC-15-male-40 L[ " R AR g

mcdc-05| 63 B~ e s B~ 4| 01~20
MISC-16-female-46 BANF-Y o SN
MISC-23-female-30 R |2 fF %74 &5

mcdc-09 66 - . 01~21
MISC-24-female-35 LR ~CRE R
MISC-26-male-23 *R |78~ Faip >~ B R~

mcdc-10 54 . 01~18
MISC-25-male-35 L [#3F -8 ~5&
MISC-57-male-43 L (R ~2i%~ /3%

mcdc-25 55 L 01~19
MISC-58-female-45 R, T T R
MISC-60-male-24 #R (3 T~ KB R

mcdc-26 46 Bam s RS & 01~16
MISC-59-female-37 SN T N 34

R AT R TR

22 F ARt ERP

221 Ris3 HhAIE S A

#cim4r% $ % SONY TCD-D10 PRO Il DAT thifci=di % » # * Audio
Technica ATM 33a = 5 5% & 5 b » B 545 5 441 KHz 33 5 3 < drg L A b
Bt 24 B o B B ELS H 3 S P o £ {17 #7048 Cool Edit Pros #-v 9 4 2] &

JAEREE S A RERGZ AT - BT enREo R o

222 3 Hhis A
d o G R B Y 0 B i Uk § (SUub-Tum)F o R 0 B R

(Time Mark) » 35 B cps B 4B 4L > 95 — SSEPEB RN 5 o > 23 f)



BB EER > MR EEE A B R A B PR AW
2.1 477 e B fs 2 1% Unix 1+ o sox § #3425 > i 7 Down Sampling & 16kHz -

= B

T

mcdc-01-01_L_0007725.wav

< <

YL BB AR $13% F crsub-tumn B 4o i ¥
Bl 2.1 721 F fhdh P13

223 3R R

AR R AR R RT 0 BRI (S AR e & 2.2 97T o

3220 3 F R

Sampling'Rate | 44.1kHz 16kHz
Channel Stereo Mono

23 * FHE BN RP

MCDC #7i¢ * cngl B #258 - AR N a3 #3550 ARV L7 gagn
XML 3Fi2 » it ~ =AU - i sub-turn kg F— BH~ o 4B 22 £ 2.3

R I



~—» checkfile
—»{ recordplace voicefile

~»( recorddate speaker

start

i

—»( speechtypei

—»{  language translator

—» samplingrate chinese

—» recordtype english

comment

@D
>
o

i

—»(  segment

B 2.2 N aE 7 50

# 237 2 F B b

<segment> (sub-turn F¥ 4~)
<voicefile>D:\MCDC\stereo_01\mcdc-01-01.wav (5 4% & F-)
<speaker>MISC-07-female-29'(5 )
<start>045432 (§ #h F 4o )
<end>045767 (§ 4% A FFR)
<translator>Fen (¥ 3 # & 4 )
<chinese> (p & ~ F #&7)

¥

</chinese>

<english> (P % %33 # 3 %7)

dui4

</english>

<comment> (;Lf% &1 )

</comment>

</segment> (sub-turn % &)




24 MCDC v 352 # 8 &7

PR FFREPANFTRI IR A RRCOFEFF Y oG F 5 A

Mg FlEMCDC rF2 @R Y 0§ F SR PR M e

2.4.1 #3% § 3 % (Paralinguistic Phenomena)
bz 32 Iﬁ,%ﬁhb‘_?—? PV AR KR
(1) & 2EF 5 P F 22555 Bl mid Lorg dalg o
EX : (inhale)st p # i€ 3 ...
(inhale) & i B2 &7 » @inhale »
(2) & ENEET PR AT B AR
EX : (noise in room) #t¥+%t

(noise in room) & i e 2 1577 . @noise

2.4.2 7y E F /5 (Uncertain)
*FEE G 0 7&@_;@ P T O BE L
(1) * 3BT R EEL 0 A ED
EX : NA #f £ 4 vt G % F A1 F
NA lai4 xianl shengl [nen2] nin2 cong?2 shi4 shen2 me5 gongl zuo4
[nen2] s i &2 #&1 > ~nen o
(2 *FHB A B2 EHFLFRINHETF > REFT U FFHEF LN F

o

mly

EX : (inhale) 77 -%_ (uncertain)...
(inhale) na4 shi4 [f]

[f] &8 /mi2r > ~f-



2.4.3 3#% 243 (Marker)

FH AL AEEY R RIEE CEYREEFT A AP RRE R L
LY Y RREEC R HRAREER c bldol (FH 30 Idﬂz T

CIRVIL LW AR o

EX : NA i 2@ vk, ..

244 R (Particle)
PEEREF LR L B L RE AT S LR LN
oo BHEY MIMAR T e 4

(1) 3 APEHBRF O g

(2) mAPHBERF Rt L@ -
EX : El (clear throat) = {7 4 .,
(3) 3t & 3F S s
EX:EIN ©# £ k...
(4) H#RaF o oy

EX:MHM % A =4 7 784 ...

245 %% ## (Code Switching)
FEERrEEnaEy (Wl FCERFCEE.LE)

EX : ok (breathe) (pause) B f% (breathe)

2.5 MCDC 2.4 B .3+

Ak 2.2.2 43 FHp J-&rl?ﬁ%—%ﬁ»;ﬁm p i ﬁﬁ'ﬁﬁﬁ‘lﬁ ;E*] ¥ @ in
fﬁﬁf%iﬁaiﬁkﬁi%ﬁﬁwg%*r@]ﬁ B B H ¥E g 4o @ 2 B chik gk T -

8



® sub-turn 3 H = #- B MCDC AL ¢ » & B35 sub-turn S fe szt 4 % o
i 240 b FEBING o T oLikyy MCDC FHRES -~ FER SRR
(tag) » P~ B & AJLNFE S T AvH 23 HfcH 24 HRP o A PRHEY 5

AR

(@ Particles (7 R w3 % 3F 24 3)
(b) Paralinguistic Phenomena (7 #73 #£3% % R %)
() Uncertain (7 #» F& 2.3 /5)
EX : (inhale) NA 4c% €5 B2 & £ A2 (breathe)
H# ¢ : Paralinguistic Phenomena : (inhale) ~ (breathe)
Particle : NA

411 syllable : 4o %fi s i3 & EA 3

.24 sub-turn &3t

Wiz R 3L AR (S 4) | sub-turn #kE
mcdc-01 61 871
mcdc-02 63 1397
mcdc-03 61 1109
mcdc-05 63 911
mcdc-09 66 669
mcdc-10 54 569
mcdc-25 55 683
mcdc-26 46 866
e 469 7075

Heitd < AFETE G St i ke 250 EORMGE R Wik 81% 0 d BT R A

TR Y ARG MR E WS BT D 2 BARR L Rt .



# 2.5 Syllable %2 :Z & 3 % ) Bt Fe bzt

= hg = >
Ny Medcd e AT

Paralinguistic
Phenomena

¥ | 127678 (81%) | 10620 (7%) | 12563 (8%) | 6511 (4%)

411 syllable Particle Uncertain

BE 157372
T 6656
PR E R 10.2 (hours)

4%t sub-turn 22 syllable #& & B¢ % » - & syllable #ic& 4 # B] > 4§ 2.3 #7

7 o 4 3 MCDC 54 8_E 81 A % g 4 o

sub-turn # &

3500 3246
3000 | O4i
2500 |
2000 [
1500

1000 |-
510 359 433 433

40
i 255
500 H H 1 195 i 16 77 3 24 9 g
0 ] 0 = o I —

1-5 10 11~-15 16~20 21~30 31~40 41~50  51~100 101~150 151~200 201~250 251~300 301~350 >350

8
6
syllable # &

B 2.3 : Syllable #& & 4 i B

10



=% MCDC # 235 #95%

i * nyeak 2 £ ARGV S F 4 03] (Hidden Markov Model » HMM) »
FABFEA Y KBRS R ARG S AP R Y 1 B R BR
&4~ & B3 o HMM Tool Kit (HTK) [9] = &% & ik A 4 5 & * chiFjic S
3% sub-syllable HMM #3222 = ~ R % 2 45384 47 > 7 ac aecd 2 72 > 1Y

% AL e b

1 P RGE R ERIEEN
AR F SRS R LAY GE R R REEF R AR anE 0 IR
FAREDPGE R e F A3 - fRehe . MCDC F 2 8 BLitE? > T E B 9/10
rsub-turn ok R RGEA - FIRITA0SER & 4 A o & 411 syllable e
FOERIRERE S W AR O3 R e S B 4ok 31 £ 320

4 3.1 RE AL st

BAHEES LB RE S
i Paralinguistic . .
411 syllable | Particle Uncertain| Filler Eng
Phenomena
3 i 104719 9690 11295 3736 1745 157
(79.7%) (7.4%) (8.6%) (2.8%) | (1.3%) | (0.1%)
B85 131342
ERLES 6168
PR R R 9.08 (hours)
%\ 3.2: Jvé‘ F% '}J‘ "‘L‘;J-
rRMES 2L LT
) Paralingmstlc ) .
411 syllable | Particle Uncertain | Filler Eng
Phenomena
3 14702 912 1205 557 263 20
.
(83.3%) | (5.16%) (6.82%) (3.15%) |(1.49%)| (0.1%)
BF K 17659
ERLE S 447
PR LR 66.16 (minutes)

11



d S8t s MCDC S8 ¢ it B8 » #7104 3.1 o4 3.2 chipfedr 4 2.5
- EC R PURGEAASF T A S SRR AT E N K

7z 411 syllable e33R > o

3.2 BB HA| >

321 ¥k
A g * cnddfic s MFCC (Mel Frequency Cepstral Coefficients » 1+ f 5]4f 3%

$¥c) > i@ 35 12 2 MFCC 4c + i £ £ 13 & » P~ Delta {r Delta-Delta » 4c 4=

k230 a B P HEI LA ERE S FR gk # 480 m F1) 38

»

MATE S AR B £ 3.3 5 SEc B B T o

+ 3.8 7 S EcP B T A

Sample Rate 16 kHz
Frame Size 32 ms
Frame Shift 10 ms
Filter Bank'.| 24 B = & 7 il gt B

3.2.2 HW3Z sub-syllable HMM z_3% *

I - B2 g g A REA] — 93 ¢ (read speech ) %4 (TCC300)#13"
sficd] o kret A 2 MCDC i &5 #0435 g I MCDC 3F4 ¢ - 5 3% 5 FoR
$-4) (Particle 3 ~ Paralinguistic Phenomena #-2] ~ Uncertain 3] )» €_% TCC300
FAOEF A 5 & #7120 & MCDC # 3 4p iz 411 syllable 0 Uncertain #-7] >
#-H ¥ 3 i1 in TCC300 # AL en B8 #-7] > Particle #-3] & Paralinguistic
Phenomena #-73| B E_i¢ * § % 7 £ % #ri2 = MCDC 2. HMM » 4] * izt %5 4
A2 pER 2 and (T BEFL G FRLFT g MCDC FH 2 383 o
MCDC #F#l2 3B 5 FE 2T o7 d ufI* 2 3B FR (F- K

R PER ) o k$EZE Y F 07 Isolated Unit Training ## it » H &% sub-syllable

12



HMM z_z= = ;i 42 Bl4c®) 3.1 #757 - & 3.4 7|41 & - B Model - state #&& > & —

% B3% sub-syllable =» Model # & -

Acoustic Model
(TCC 300)

Forced Alignments
(Hvite)

Boundary
Information

Isolated Unit Training
(Hinit)

‘o\

Forward-Backward

Algorithm
(HRest)
o (eS8
‘Multl-Mlxturw Initial Model
HHEd HERest

N
RCD HMM

B 3.1 : Ezz sub-syllable HMM %2 8]

% 3.4 : Model #+

state #& | model #&
sub-syllable_Initial 3 97
sub-syllable_Final 5 37
Paralinguistic 3 11
Particle 3 37
Uncertain 3 73
Filler 1 1
Eng 3 1
silence 3 1
sp 1 1

B % MCDC##L# > Initial f= Final model % 4% > 3 /4 % E_c_ 0~n_0~
so~eh-~yai~yo-

13



% 3.5 A * #7iE 2 AR FE sub-syllable HMM » 17 3] > 3% syllable cysas 3 >

\\\ﬂr

% 3.6 A * #7i2 = chRFFE sub-syllable HMM > {8 3|3 id & > yr i & & 4
% % £ 4 Particle - Paralinguistic Phenomena 2 Uncertain... ¥ syllable > 7 3 ¥

411 syllable sz & o

% 3.5 1 All Syllable 348 5

Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 46.66% | 43.56% | 16.57% 36.77% 3.09% | 17659

# 3.6 1 Only 411 syllable 3%z

Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 49.67% | 43.83% | 14.28% 36.05% 5.84% | 14685

331 WA

F A AFERS > T U £35S read speech 4L B (TCC-300) sz
% ot > TCC-300 ek A543 5 67.5% > v* MCDC 7 2% ¥ crygshs g d
9 23.94% > R EOER 0 T AR Ar s B R FRARERY o I IFE T
EXcas.C 0 LI :T‘/t»fé = Insertion ~ Deletion ~ Substitution '# & >t V4L > &
Mo PR TR o P AL ARz R % aE L (Confusion Matrix) g km 3R e 47 0 -

syllable 4 & 4 = w #§ @ 411 syllable -~ Uncertain ~ Particle -~ Paralinguistic

Phenomena o ™ i A 7% & F e ¥ » 7|30 4 3.7 o

14



4. 3.7 : B sub-syllable HMM Confusion Matrix

Ans ec 411 |Uncertain| Particle | Paralinguistic | Deletion | Total | %
411 81.2% | 0.44% | 1.08% 1.14% 15.83% (14702|83.25%
Uncertain | 54.94% | 22.08% | 3.77% 2.51% 16.7% | 557 | 3.15%
Particle 32.02% | 0.11% | 44.3% 5.7% 17.87% | 912 | 5.16%
Paralinguistic| 8.88% | 0.17% | 2.82% 64.48% 23.57% | 1205 | 6.82%
Insertion | 53.85% | 0.37% |13.96% 31.87% 546

TG A ;i!,ﬁ&,{s, T R F] A AT AeT

3.3.1.1 Uncertain B~ 3|48 %4 47

B4 377 g NI ApFEREA R .'rﬁfjf‘u{4ll syllable = Uncertain » e §_
Uncertain = g & 8 1 5 317 411 syllable ch- I % > F1 5 v 7 28 3 4%
F M o @ AT A TR &G AR R BB RO R kg i T
P - B B 0 A - Uncertains Model 4e X35 feoygas > >0 B -4 cngd g p
® (T E 4 ¥ %) ¢ Uncertain 73 > & F#-# #3017 411 syllable B~ % -Uncertain
£ 3 557 % » 10 B * 4piT Particle B m 3 547 i p| * 4piT 411 syllable B~
o4 3.8 F_> ¥R syllable egzs &~ & 3.9 F_% 4 Particle~Paralinguistic Phenomena

% Uncertain... % syllable > ¥ 3 § ™= 411 syllable sy#a 5 o

# 3.8 : All Syllable 35 (Uncertain i3 it 5

Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 47.73% | 44.25% | 15.93% 36.34% 3.78% | 17659

# 3.9 : Only 411 Syllable y#& % (Uncertain i3 i* {&)

Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 49.69% | 45.25% | 13.86% 36.45% 4.44% | 15234

d # 35k 3.8t > A F A * 4piT 411 syllable B~ Uncertain {8 > 7%

Mk L R B 0.69% d & 3640E 3.9 i AT L deiE * 4pit 411 syllable

15



P~ % Uncertain {s » 411 syllable ¥3 % +« 38 8 1.42% - 411 syllable %% & % =

SOty R A g 4 A B0 B LR R Insertion 453K R0 14% 0 et &
FEAGE RIS SR S A2 — o i2— # 4 {7 Confusion Matrix

4r# 3.10 -

# 3.10 : ®3# sub-syllable HMM Confusion Matrix (Uncertain % it {4

Ans ec| 411 | Particle |Paralinguistic| Deletion| Total | %
411 82.04% | 1.29% 1.38% 15.23% |1524986.35%
Particle | 31.24% | 45.77% 5.86% 17.34% | 922 |5.22%
Paralinguistic| 8.96% | 3.07% 65.45% 22.74% | 1205 | 6.82%
Insertion | 52.12% | 14.66% | 33.22% 614

d % 3.10 & 4v » #-4piT 411 syllable 2% Uncertain z_ {¢ » 411 syllable At 3%as =
411 syllable 3 82.04% - Ap# % 2.7 ¢ 81.2%4% = 7 0.84% > m ¥ Uncertain & &
7415 syllable 4% #ice0 3.15% 5 F)ptd 285 4-% 3.8 1t o * 4piT 411 syllable
P~ Uncertain 2 #4255 + 3% 8 069% » d % 3.6 % 3.9 * 4piT 411 syllable
P~ % Uncertain z_ 411 syllable %5 ~ 3% 8. 1.42%- 2% 7% 42" 5UpF 4 ~ Uncertain
#A) > 9 v &7 7 F2 syllable £ Kﬁ 7 % %2150 411 syllable model » + & ¥
f iz 2. 411 syllable model » e % 3428 p% > Uncertain model /& 7 4v » ¥R 8 » 5] 5
Uncertain 2k ~ + = § % ¥ 3411 syllable » F]* 2_ {8 § 56%;;&7» #- Uncertain model

4o N ;‘}'Jg'—_g"gv\;‘j,ﬁ °

3.3.1.2 Particle B~~ 345 32
d % 3.10 % 3 411 syllable £2 Particle =03 ApfEifiajy F s » £ H &
Particle ¥ ¥ ¢ y¥ah45 35 411 syllable » H % 5 % % Particle # 4 5 % ijApiT 411
syllable» % -7 8 —fi-—14k - F]#* & 35 ) Particle 11 3=% #cf 5 =0 &2 4 & 411 syllable
f % =t > k& 47 Particle ¥ I+ 5 411 syllable =33+ - B 3.2 %_Particle

E1
T dw N~ L2 k5 41l syllable J) =% $cens # Blod B 3.2 L 4 47 41 =k Hedp

16



iz e Particle ¥ 4p ¥+ & <17 411 syllable » EX : NA ¥ na ~ GE ¥ ge ~ NE & ne -

R

2000 1880
1800 @ Particle
1600 r 1495 B 411 syllable
1400
1200 1031 992
1000
800
600
400 r
200 r 11 1

Aa Oo MHM NA na GE g¢ MHMHM NE ne LA la
syllable

B 3.2 : Particle 1 =% #c22 I+ 5 411 Syllable o) =% e 7 [

3.3.1.3 Particle model 2 I 4-411 syllable model: 2_ 2 4%
% Particle ¥ § & #7237 5 411 syllable /»\‘EJJ R FIErFIT AAHRER
F TR & F7ies 4 Particle 220¢ Particle‘_%i’ 5 411 syllable ' .4 % e Particle
23 41l syllable - 5 7 { #reresn o Particle &2 5 411 syllable £ .F ¢ 274 >
Bh B PG R L 7 0 AP IEEE ¢ A Particle 22 5 411 syllable 2 pF B+ 2
FEOHT PRIRE BREV POrRES R AT €8 3 A1 HMM $H30
3% 4 Forced Alignments P~ 18 ¥ — syllable shpF 27 2] =% > #3228 30 B~
- syllable 38 & MFCC %-#)c> 23 {s i@ * ¥R By - syllable e MFCC »

4r@ 3.3 & B e

17



WAV

. S

— 3
4 NAHEE > 2] = 3

\
HCopy
\ 4

NA.mfc

\
HVite

v
@ne syllable 3385 5 9

@B 3.3 : = Zrsyllable P+ &

()

A LM FEER IR 871 & 0 B NA

22 na ehyEse fico B 3.4 2 A NA

4

E_NA > & #hT_NA chyEd o Bic SdhT_na e s Hcona &

+ ¥4 _na
oo Sh A NA s L fic o2

syllable P/ *» 2] i+ % 3 Ap Faenf v »

v syllable p ¥ *» 2] i ¥ 3
Frsyllable pr fF 7 &) = B 748 > %

¢ Fvsyllable peF /7@ i B FEE

# P>NAiz- & MFCC

7 B i A

e

other & 784538~ H

E4
9

&g

¢
TR IR 795
= fana @ Fsyllable pF R 27 3 ol il s ot i na 22 NA sy s #ic o B 3.4
W55 E R A nac fdhEna el

3.11 #:NA £ na ¢ Confusion Matrix » % -+ ¢ 4

# s syllable - o *>4&

RS %o ¥ H- N b Aru e other £ 7 o
NA na
-30 -30
-40+ o -40
L] L]
-50 - . -50 o
[ ° oa® '{'
* % " o °
b 60 [N . .4
% 60 R . & 60 S
2 A % 2 ~°
T o, o=
T 70 wee < 70 . gV
f * o« o Y )
%" et
80} Ooe -:’ -80 °
L] ) L]
L]
[ & o
-90+ -90
.
100 ‘ ‘ ‘ ‘ ‘ ‘ 100 ‘ ‘ ‘ ‘ ‘ ‘
00 -0 80 70 -0 50 -40  -30 100 90 80 70 60 50  -40  -30
NAfIY 55 B nafiy 7y B
B 3.4 : ¢ fwsyllable pFRF =7 3] = % y¥8 > 2 # . NA> + 2% na

18



% 3.11 : NA ¥ na 7 Confusion Matrix

Ans o NA na other total

NA 691 (79.33%)| 35 (4.02%)| 145 (16.65%)| 871

na 42 (5.28%)| 373 (46.92%)| 380 (47.8%)| 795
AP G IR 374 =% 0 #AGE © Frsyllable pF R 27 2] i+ B FEEL > L e GE &2
ge ey i o B 35 2 £ GE ¢ 4rsyllable PR > & =8 35 0 24 5
GE > # #h¥_GE gt & #ic » % dhH_ge (g s #ic o ge 3" HU3E s 43R 1303

=X o #ge © sr syllable pF R *» 4] i+ B yEs
+ 8 ge ¢ srsyllable PFRF 5> 2] = % 7438 > % ¥ %

fo o i GE kit 4 -

» b i GE ¥ ge sy s #ic o B 3.5

ge > # #hA_ge g

f‘n

GE ge
-20 ‘ -20 :
-30¢ 30,
oo [J
4 oo 1
40+ . 40 -
L]
J H (]
-50 . -50+ .
X 60| 12 =60t
u x g
70t (T -70+
: L]
o ° L) ’ °
80} 801 AN
(] L]
L]
-90+ 90+
-100 L L L L L L L -100 L L L L L L L
00 90 -80 70 60 50 -40 30 -20 00 9 -80 70 -60 50 -40 -30 -20
GEfvT B gefiy 73 B
B 3.5: ¢ ssyllable pF ¥ *» &) i+ % y¢h - 2 ¥ F_GE» ¥ 4_ge

% 3.12 #_GE # ge = Confusion Matrix » % -+ © s syllable p& fF > &) = ¥ 3 4p 3%

AR o other & 343

110 12 other & 77 o

wggira H @ osyllable o > AT

o H - DIk b

4 3.12 : GE # ge 1 Confusion Matrix

Ans C GE ge other total
GE 302 (80.75%)| 13 (3.48%)| 59 (15.78%)| 374
ge 21 (9.29%)| 726 (55.72%)| 380 (29.16%)(1303
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s 1L i NE &

ju)

NE 722" 3GEAL 23R 325 =% » g NE @ F syllable pF B <7 2] = ¥ 338
ne enygas o fco B 3.6 = ¥ F_NE © “wsyllable pF P =7 &) i~ % y¥38 > ¥ % NE- #
$hE_ NE 3eas o #ic o SidhE_ne shysid Ao #ic o ne 2 HE R 430 557 = > #ane
» 1t fiz. NE 2 ne

= e syllable p 27 2] = B crpr A e o B 3.6 138 L ne

¢ sesyllable FFRF 7 2] = % 353 > ¥ % ne B ihE_ne chyg s #ic fahE NE

SEAL L X

NE ne

-20 T T T T T T T -20 T T T T

-301 : -30+ 1

-40 N -40 | B

%o, %

-50 + ;.' '] b -50 ° B
& : 5 B
X -60) > -60f o o RI: 1
ey ° paell
© ° w ° o %
c =z .

70t o 1 70t ’ .

X R
o 4 L 1
° : L) L)
80} oo , =80+ oo 7
L] L]
.
90} ] 90} .
-100 L L L L L L I -100 I L L L L L L
-100 -90 -80 -70 -60 -50 -40 -30 -20 -100 1 -90 -80 -70 60 -50 -40 -30 -20

NEFY S5 8¢ neflv ;3 B

B 3.6 : = Fsyllable pF P&z i+ % 33t - 2 # F_NE > +:¥ 4 ne

% 3.13 #_NE £ ne 1 Confusion Matrix » % 5= ¢ Fsyllable pFRF <> 2] = ¥ 7 4p 3%
W o other %3453+ H s syllable » o > fsg~ 5 > B - D=t

12 4 other £ 1 o

% 3.13 : NE # ne < Confusion Matrix

ANS C NE ne other total
NE 287(88.31%) 4(1.23%)| 34 (10.46%)| 325
ne 39(7%)| 269(48.29%)| 249 (44.7%)| 557

HiF o ¥ O E P e

:‘rr' Sy”able ]Z—»é": ﬁ;’.&l)7 %'IJ fi‘a.ﬂ ;g_f’v:gé

A+

" F & Particle 2 5 411 syllable > © i° 3 dppEak 7 424 10% > e 4 E B

P+ FepEAraR g 31% A R £8P 745 4 Particle 22§ 411 syllable 4p £ 2 e

20



3.3.1.4 Particle £ ¢ § 411 syllable v duration 4 i#

NA ¥ na s duration 4 47 » 4cB 3.7 » ¥ #h 5 frames & > LKidh s O

NAZ nafiUdurationsJ #7
140 T T T T

120 - I i

100 - h J

80, \: |

= 60

20

0 [ L L N A A e L L
0 10 20 30 40 50 60 70 80 90 100
number of frame

B 3.7 NA ¥ .na svduration

GE ¥ ge s duration 4 15 » 4rB] % 3.8 > HF % frames B & - b

ETIRN

GE==gefiYdurationsj #r

350

300 | i

250 b

1500 1 7
1000 | .

50 .

~l | 1 |
0 20 40 60 80 100 120 140
number of frame

B 3.8 : GE ¥ ge = duration

21



NE £ ne s duration 4 47 > 4] 3.9 - # #h 5 frames # & - Sdh s MR dc o

NEZ= nefiY duration 7 17
120 T T T

100} | B

8ot | R

15

60 - R J

'

8
[

40t " i

40 50 60

number of frame

B] 3.9 : NE & ne = duration

d Fa A= B f b+ > 70 iE 3] Particle & = § 411syllable =n duration 4

WA &2 & 3% Particle &2 I 3§ 411syllable » = 4p it o

3.3.1.5 Particle # i silence €4 4%
EONLREE ;gﬁ . Particle P g is%g o138 > %&{&r% Particle = {5 3 silence >

MR E O R PR M 4o U R B 4 B Particle &2 e £1411 syllable- g% Particle

N

a0 {5 short pause » 4% short pause <~ duration 3 4z3% 1 # frame - ij.*‘ué&:iParticle

.,

a0 {3 3 silence » # 3.14 7| ) Particle =0 13 silence 4 47 ©

% 3.14 : Particle = {$ silence 4 47

sil_particle | particle_sil | sil_partilce_sil | particle | total
Particle | 33.15% 12.86% 10.28%
= ¥ 56.29%

43.71% 9701

sil_particle : # % Particle % & 7 silence -
particle_sil : % Particle & & 3 silence -

sil_particle_sil : # 2 Particle % & ¥% 7 silence e

* & o o

particle : i+ % Particle % s 4%iX 3 silence -

22



d % 3.14 x4 3 Particle = {4 silence & % P &> ¥ ik 7 56.29%¢ #7124 1335 Particle

T o e

e a0 LR H 1 o Particle & = T 4 ¢

S RFEFAEAFRIR TR F LV RBE T HAATRLE o B
v NA -~ NE...
S REPREEARL FAAHERT o blde AN AL
2~ PEPREARRL O AEHERF o bl4e t HEN ~ EL.
s REWREFR R SFE o b4e t EIN ~ HAN...
T~ B Beii® o Hde : UHN ~ UHNN...
¥ & — 45 4 47 Particle # {5 silence » 4r# 3.15 -
# 3.15 @ & #g Particle = {s silence & #7
sil_particle | particle_sil |silzpartilce_sil| particle | total %
. 25.36% 12.79% 3:61%
- SR IEE 58.25% | 1830 |18.86%
41.75%
18.57% 18.6% 6.42%
S HRERE : : S 156.42% | 4006 |41.29%
43.58%
. | 35.4% 11.65% 12.01%
ZCRAPHERF 40.94% | 1082 |11.15%
59.06%
. . 42.96% 9.22% 15.53%
T~ R o 32.28% | 412 | 4.25%
67.72%
e 61.11% 4.43% 20.24%
I~ H ¥R 14.26% | 2371 |24.44%
85.74%

K 315 F4e %k ¥
81.35% (61.11%+20.24%) - Particle # & § 1
CEARE ETE S -1 RO L SoE SR N

st Top o REFESELE S RA D

[0.44%] -

Fh

3.16

Fi 5% =3

Nud

o

23

TR R T L

g
<ﬂ
‘\1

£

7~

H_H s g w3 o silence # Particle 4% silence +* 5+ 2% 5 3

silence » 2\ i ¥ 12 £-4Fi 48 Particle

LB 7T B syllable



# 3.16 : All Syllable 338 % ({ 73 2 1)

Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 47.30% | 44.31% | 16.75% 35.95% 3% 17659

€ 3.8 814 316 vt WyERFHF 0 0.06% 0 431 77 & syllable syt £
#7 13.64% > fe 433t Particle 22 = 5 411 syllable 5 ip s fim 802 5 §Tes o
Fli B L ohE Particle 2 % - SFE % -3 MHEHERTF o APEFRG - X

Particle = {2 5 silence » #rr2#p F4 g4 + o i silence & » Particle ¥ 4p i 411

syllable = duration 7 4p £ 2_ fx ©

3.3.1.6 4t =0 {8 silence {8 - Particle & ¢ § 411 syllable ¢ duration & i%

sp_NA_sp £ sp_na_sp 5 duration #4554 8] 3.10  #h 5 frames #ic & - 5w

ERAE I )

sil‘NA=sil= sil-na-silfi¥duration 7 1+
T

1 20 i T T T
| NA
e na
100 ‘; B
80F J
e |
1‘4 |
7
A | In | L
0 20 40 60 80 100 120 140 160 180

number of frame

Bl 3.10 : sp_NA_sp £ sp_na_sp = duration

24



TS

sp_GE_sp £ sp_ge_sp v duration 4 7 » 4-B] 3.11 # #h 7 frames # & - b

TR=% He o

sil-GE-sil% sil-ge-silfi* duration 77 1
300 T T

250 | i

200F B

HERgE

150F 1 i

{18

N
L

0 \M/\/\/WMWW — e |
0 20 40 60 80 100 120 140
number of frame

Bl 3.11 : sp_GE_sp& sp_ge.sp =7 duration 4 #7

sp_NE_sp £ sp_ne_sp v duration & 7 > 4o 3.127% #h = frames & > 4idbh s 0

TR=K #e o

sil-NE-sil%Z sil-ne-silfi¥ duration 5 J 7+
90 ; : ; ;

80

~ ANN 'S A ! L
80 100 120 140 160
number of frame

Bl 3.12 : sp_NE_sp ¥2 sp_ne_sp & duration
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d ta A= B S k)3 o 7P 4 o i8 silence v Particle ¥7 4c % 18 silence
e4p 12 411 syllable #n duration 4 i ¥+ £_a& ;2 & 3% Particle ¥2 = 5 411 syllable -

VAT IR I VA I

3.3.1.7 & ¥ Particle & 411 syllable % # i &

d % 3.10 1 4v Particle #4545 22~ 411 syllable sh#ic & #2411 syllable #3845
= Particle 5 » #7234 B Particle £2 411 syllable 3¢ # % 5 » 3% 3 Particle 3 2
s 5> PR 411 syllable 3 24 i 5 0 k> Particle a5 5= 411 syllable
GO AL e A M- L R - RR T o R AR HTK B k2t
PSR HBE G - LR T N RRY A TG BRI A
AU G Vo € HPReE R i3 = Confusion Matrix 537 %% 5 £ 324 o B 3.13
SHP - BHF o BY oyl EiEssiEs deletion: To 2 FE LT ER

syllable » = &_silence, #r3e:8 &l @INHALE » HTK-v 335 yi 788+ @INHALE -

e
*

% <~ 238 Confusion Matrix sZFFe i o3&k = 4 & Partile £7 411 syllable

a5

APF TR - F A b ¢ FEEBE A T A AL 2
¥F%z2 >z % Forced Alignments snpF F 2> 2] i= ¥ » FEa2 % 2.2 F @ * FE8
PE R o RRRPFR R o A A > I 1 D)ok & 7 Confusion Matrix o

e 3.17 o

ANS rec

// nei nei

contraction
\ yi

[sil] @INHALE

B 3.13 © $+A 48 25 & R

26



% 3.17 : ®3% sub-syllable HMM Confusion Matrix (3% & ¥ 1$)

Ans ec| 411 Particle |Paralinguistic| Deletion | Total | %
411 82.12% | 1.03% 0.75% 16.04% |15249|86.35%
Particle 28.74% | 47.94% 3.15% 20.17% | 922 |5.22%
Paralinguistic| 2.57% | 1.83% 65.89% 29.63% | 1205 | 6.82%
Insertion | 43.56% | 14.93% 36.51% 871

B H 7 411 syllable %38 = 411 syllable sz

Accuracy | total
411 59.22% | 12522

B H ¢ Particle 33 = Particle sy &

Accuracy | total
Particle | 75.57% 442

e

H ¢ Paralinguistic Phenomena #%:8 = 'Paralinguistic Phenomena 34 &

|
d

Accuracy /| total
Paralinguistic | 85.14% 794

F 310 g2 & 317 i E g IR Particle #2411 syllable - Paralinguistic
Phenomena £7 411 syllable 13 4p fasds Ea RN H_Particle 3#3845 282 411
syllable :B & % :£ 28.74% - #7123 # Particle #2 411 syllable ¥ # % % - 2 3
Particle ¥ 24 % & » 23 i1 411 syllable # # % % - Particle # 2 s % 2 1.0 >

411 syllable 3 # s % 5 0.9 % 3.18 F_3 & Particle 22 411 syllable 3 # % & 14

FERF o
4. 3.18 : All Syllable 3 % (34 B3 4 8 5)
Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 47.19% | 44.32% | 16.75% 35.95% 3% 17659

27



k3.8 & 318 ant wmyrh Sk E 0 0.07%  Hink A s T LB F
#. 3.19 # Confusion Matrix > 7 123 JLE2 28 *5 4 Particle #2844 3% = 411 syllable -

s % % 411 syllable 343845 2= Particle » #7033 V J g 3 3 o

% 3.19 : ®3% sub-syllable HMM Confusion Matrix (33 &% 2 # 5)

Ans ec| 411 Particle |Paralinguistic| Deletion | Total | %
411 80.46% | 1.78% 0.64% 17.08% [15249|86.35%
Particle 23.1% | 54.34% 2.49% 20.07% | 922 |5.22%
Paralinguistic| 1.99% | 2.57% 62.66% 32.7% | 1205 | 6.82%
Insertion | 45.84% | 22.19% 31.97% 757

B H 7 411 syllable %38 = 411 syllable sz

Accuracy | total
411 59.53% | 12270

B H ¢ Particle 343t = Particle syt

Accuracy. | total
Particle | 75.65% 501

e

B # ¢ Paralinguistic Phenomena %2k = Paralinguistic Phenomena a3z 3¢

Accuracy | total
Paralinguistic | 85.96% 755

d % 3.10 i v Particle y¥2:45 352 411 syllable — & 3 2 % & » 4ok ffoz 3 &
Particle 22 411 syllable c7% # 5 » v © EZ A AT 45> T2 5 B> 2 o
g {74 3,10 Particle & 5 411 syllable 3 #p 748 251k Particle &2 411
syllable = #4pedids 3741 16.29% - H s 83.71%453%7 £ # J F] - F] & Particle &2
F 5 411 syllable # #% %3  duration JF’K A i B Ry 33 R R B0 BAo¥ Particle

#3410 syllable 3 Apspas > 7 B A tR ot ¢l 5 7 K_44.2504% 2 3 44.69%-
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34 W B FFHE

19952 3 eha 47 0 A PR 4R MCDC #tehe 33 > L5 F 3 P @&

L EH RS G §Tet o 1A - B osyllable e Frir 2] B 2 FER O 2 RS

§ 3321 Sk 24 E L hsERT N LR HuEd T 2 H B -
Forced Alignment *» £]45 3% » + # % & 4% % i 45 1 Contraction S 4 ##1% » 4
320 (TOPN)%+ ¥ %z dehsat 4 321 £(TOPN)® 4
qBLRE A A o

PN %I ehsat

PGE R TOP 20 TOP 30 TOP 40 TOP 50
4530 3399 2751 2302
411 syllable
(97.36%) (98.38%) (98.89%) (99.18%)
. 23 13 6 3
Uncertain
(0.49%) (0.38%) (0.22%) (0.13%)
: 58 22 12 6
Particle
(1.25%) (0:64%) (0.43%) (0.25%)
Paralinguistic 42 a1 13 10
d (0.9%) (0.61%) (0.47%) (0.43%)
4653 3455 2782 2321
syllable 45 &% &
(3.53%) (2.62%) (2.11%) (1.76%)
File #ic & 1589 1343 1184 1060
syllable total 131714
# 3.21 @ LRI S A
PVRGE AL TOP 50 Total
syllable 4537 #cs 2321 (1.76%)
131714
¢ gz syllable 45378 | 996 (0.76%)
=S -V A 569 (57.13%)
contraction 3 #% 216 (21.69%)
PR D% 190 (19.08%) 996
g I 11 (1.1%)
&* R 10 (1%)
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syllable 3%~ i « 24z > B = X 5 7 A28 5 B syllable 4 3F-ch4 4% - 2R

FRG2BIMRREE C FHGAR2HAAK A N s
v £

YU g =3 E"% ’ '/’2/
rTERFEB FTE I FER S AL 3220

4 322 : All Syllable 3338 % (1% & 3542 15)

Correct | Accuracy | Deletion | Substitution

Insertion | Total
syllable | 48.33% | 44.83% 15.77% 35.9%

3.5% | 17659

FiF 3.8 %4 322 et PRSI T 1 058% T I A PR 0 S A HU K

HMM 2z 5 { 4% > 7 3 569 B syllable iz i+ (0.43%) » #c 32 8 0.58 gk &

¥ 0

AR e R D RS o 23238 12 3# B Confusion Matrix o

& B3 % syllable 3 ApsascnfiasL § " i€ o

4 3.23 : 3% sub-syHable HMM Confusion Matrix (2 & 3% #113)

Ans ec| 411 Particle [ Paralinguistic | Deletion | Total | %
411 82.49% | 1.17% 1.27% 15.01%

Particle 32.21% | 45.12% 9.21% 17.46%

15249|86.35%

922 |5.22%
Paralinguistic| 9.38% | 2.32% 64.81% 23.4% | 1205 | 6.82%
Insertion 50% 15.7% 34.3% 618
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%z %  Syllable HMM 2z

P s > & - B syllable ¢ % % {5 syllable #2500 — &9 F %
3y 4 5 Fp i % FIE sub-syllable HMM + & #.7 it 45 it syllable 4%+ o ~ %
4% * syllable HMM » B~ X &% sub-syllable HMM - #p ¥ it 45 it syllable { 4+ »
F B & % 4 7 Deletion 45358 8 % % > E & * skip state syllable HMM » % #p &

:z XL Deletion 45 %R 48 > e L 2 % > & 7 H Deletion 45 3% -

4.1 Syllable HMM

f1* ®E sub-syllable HMM & Forced Alignments » B~ =% — i syllable p ¥
R o A ¥H P X EFEF L =8 falsolated Unit Training e#és i® > ki 4~
4+ — i syllable HMM- £ 4] * Forward-Backward Algorithm 2" &=+ — i syllable
HMM = jz &t > # {6 * Embedded. Training.2" % HMM = Jc&i > H /R 428) » 4o
41 = f o A R G & syllable I iE 2 & 2 iE = syllable HMM > ;
i syllable #-12 Initial 4= Final phone:model & = syllable HMM > H /42 R8] > 4o R
41 = - 4 4.1 7115 - 4 syllable model #& > & - & model state #ic & > %
4.2 7] 411 syllable HMM % i% 2_ %3t » & ¢ syllable HMM —«‘La‘;; i kB 4.1 g
#2Bl2= &) model 5 syllable - Initial-Final &35 syllable i3+ > 5% f1* Initial
f= Final phone model & = syllable HMM ei1syllable>no model €_45 i Initial - Final

phone model *Ka»r > esyllable » Flpt @& %22 1 model » & MCDC 3F4L¢ » 5 6

N

£5

i syllable E 2 # ¥ * 2_ 411 syllable % ¢ & 132§ & o

mls
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RCD HMM

RCD HMM

Forced Alignments Al
(HVite) \ Forced Alignments
Multi-Mixture (HVite)
syllable Isolatf_ed_ Unit -
R A 8 Training Initial & Final Jealee Ul
(HInit) R 2 2 1 B Training
¢ il s (Hinit)
Forward-Backward ¢
> Algorithm Forward-Backward
(HRest) > Algorithm
‘ (HRest)
Converge ‘
¢ Initial model Converge
Embedded . .
Training Initial & Final model
(HERest) i & Syllable HMM
\
Converge

Syllable HMM
Syllable HMM (One model)

B 4.1: =¥ % Syllable HMM /42 B]_swteig = Syllable HMM 7428 () 3=k #&
= %)
%+ 4.1°: Syllable HMM-z_ i3+
state " # & model #F
Syllable 8 417
Paralinguistic 3 11
Particle 3 37
Uncertain 3 73
Filler 1 1
Eng 3 1
Silence 3 1
sp 1 1

% 4.2 1 411 Syllable HMM 4 f# 2_ su3+

Model #E |411 syllable
Syllable HMM 366
Initial-Final 45 411
No Model |6 (%= model)
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B k%% ¢ £ 4.3 £_Syllable HMM £ all syllable ey &
# 4.3 1 All Syllable sy % (Syllable HMM)
Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 51.24% | 48.13% | 16.22% 32.53% 3.11% | 17659

JEF 3218 £ 43 v fmFFR ST R F T 3.3% B R A 45380 3.3%¢ 5 % & syllable

HMM ' 3% sub-syllable HMM g it # Fe 4w it syllable 34+ > % 4.4 2 Confusion

Matrix °
% 4.4 : Confusion Matrix (Syllable HMM)
Ans ec| 411 Particle |Paralinguistic| Deletion | Total | %
411 82.15% | 1.7% 1% 14.94% |1524986.35%
Particle | 26.68% | 49.89% 3.47% 19.96% | 922 |5.22%
Paralinguistic| 9.46% 2.9% 58.84% 28.55% | 1205 | 6.82%
Insertion | 59.74% | 12.39% 27.32% 549

d % 3.22 &2 4 4.4 17 11 aesg Particle 7528 Particle 5 49.89% > 4p#ic# 3.22 e

v

4.77% » PG B AR T o ib AR oA 3.21fr & 4.3

45.12% 4% = 73
B85 T % T 2.81% - it d 4 4.3 4 7 Deletion 4 358 €% i 16.22% » $3F
3 75 % 3 16.22%¢0 Deletion 438+ 5 o F]3t #-203 MCDC 3 #1574 3% & i
R T T oEE R 5 5.64 (syllable/sec) - ¥ 14 sriE MCDC 3% 4 3% 4
Wik B A - W NS o F1t Deletion 45355 € — R THNEF S

3\ e ¥ 2% skip state Syllable HMM » # & :c & Deletion 4838+ % R 3 o

4.2 Skip State Syllable HMM

B & 2% enSyllable HMM > ¥ &3% & - ipstatept v p @ ehstatefrpt ™ - B
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state » L LiF s Brw p ¢ chstate ~ BP T - Bstate > 2 2 BT T — (Bstate 0 §]4.2
% skip statesw % B o 4@ i 7 % — i state §_F & A skip » # i §_% pg Forced
Alignments*» 1} # — i statesduration % j&-€_- 3k % — statesduration 3 50%
+ E 1 frame (10ms) » % -+ igstate™ sv ¥ r24gskip » #-2% — BEA 5 50.01 0 L
- ipstatepr T T - Bstate B4 BEHA B I T AW o AT - BR AL Bdo

skip % & state » v #%&7 syllable# # 4% - % > i 2 v & H ©osyllable %

.m‘j—

Bl o bl4e i dan (57 5) £dian (57— 5) » BAc i § (—) eostateskskip » #-& % F
Adangdian o g iE A B~ R Al g o FEIRE T ORE o F]pt e -
KULLBACK-LEIBLER (K-L) distance [10] % *|%74p ztstate &_F 4p 02 » BAck B
state£? T — iBstate4p o2 » * v chduration 3 50% b E 11 frame (10ms) > 4 ¥

iE s state ™ 12 4gskip o

50% 12 *
1 frame

@Skip State

=
IN
w
®
.;\_\
SN

kS
NS
=
[
=
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421 K-L Distance

K-L distance % kiz2td BIIAGAPLE » AP R * U kB4 a B
state &£ F Ap iz 0 Bk p(X)frp,(X) # AP A B ostate ey I 4 & 0 S p(X) kg

K-L distance & D(p,, p,) 4=~ #F 54 + (4.1) ~ (4.2) » #p,(x) %5 K-L distance

3 D(p,, p,) * ¥ K-Ldistance % D, _ 1D p.) ; D(p, ) | |
D(p,, 1) = [ p.(9)-Tog 2. ox w
v ' pz(x) '
D(p,, p,) = E{Iogﬂ 4.2)
2

A g arzE Syllable HMM » & — i3 _state #_ % Multi-mixtures 3 #7/8 & 5 2 % &k

Fo EHAD(X) =D 0 N(s, Z) BB F Y 58 =3 #0485 4 & p(X)=N(1,2) >

CEArTERENF (43) - (44) >t * K-L distance 3t 4p #5854 B state
HEE2Ap0 o b+ 4r@B 4.4~45 5= ig.syllable (de) (shi) » = & 3 4p #8 state 2

K-L distance & % > # #h 5 4p 48 state > %idh 5 4p 4% state 2. K-L distance i@ o

b(x):ZCi'N(:ui'zi) (4.3)
= p(X) = N(u2),

H= Zci “H
Z]. = Zci (D21 IS 7 W 7 I Rl 7 X 7]

(4.4)

35



7.662152

—— K-L distance of de

55
ST 990522

i 5055

4
D(S2,83)  D(S34)  D(S485)  D(S586)  D(S6S7)  D(S7.88)  D(S8,S9)
Hi#BstateV K-L distance

B 4.4 :de> & & ip4p 4K state 2. K-L distance v 4t

13
12

H 10.653301

—e— K-L distance of shi

g o ~N o ©
T

9372

4 |
D(S2,S3) D(S3,54) D(S4,55) D(S5,56) D(S6,57) D(S7,38) D(S8,59)
fE#state K-L distance

B 4.5 : shi» = & 1B 4p 4% state 2= K-L distance & %

& — frame v log likelihood & %7-54.8 » A 20 5 4p #8 & 1B state < log likelihood
A0 £ 4238-5.48 (10% ) #-:2.% & B state 7 4p iz > F)p¢ K-L distance threshold & 2%
5-.d B 4.4 -~ 45 i¥ 5 de o stateb ¥7 state6 4p o2 ~ state7 7 state8 4p 12 ~ state8 £7
state9 4p v % shi &7 state8 ¥7 state9 4p iz - F]pt state £7 fp A8 T — B state 2. K-L
distance -] ** 5 ® duration 7 50% F &_1 i frame (10ms) - w3¥i% B state
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¥ 2 skip -

FEE% 1 & 45 5 skip state syllable HMM gz & o

# 4.5 ¢ All Syllable 3%z 5 (skip state syllable HMM)

Correct | Accuracy | Deletion | Substitution | Insertion | Total
syllable | 51.27% | 48.32% | 16.24% 32.49% 2.95% | 17659

d % 4384 45 v e FERSF 94 F 0.19% - e Deletion 4535125 ix L > @
#_Substitution 4% 3%"% 4 0.04% -~ Insertion 45 2£-*% < 0.16% > # 7+ skKip state ¥ it &

2 :x L Deletion 453% - % 4.6 # Confusion Matrix -

% 4.6 : Confusion Matrix (skip state syllable HMM)

Ans ec| 411 Particle |Paralinguistic| Deletion | Total | %
411 82.43% | 1.55% 0.93% 14.87% |15249|86.35%
Particle | 25.81% | 50% 3.25% 20.93% | 922 |5.22%
Paralinguistic| 8.8% | :2.99% 58.67% 29.38% | 1205 | 6.82%
Insertion | 60.65% | 11.32% 27.64% 521

d % 4.4 2% 4.6 v $2 > 411 syllable 3= 411 syllable 4% 3 0.28% > % 7+
Substitution 4% 3%-*% < > 411 syllable 7 Deletion 45 ;%™ "% 0.07% » @ #7 skip state
THMM B -7 o §_411 syllable <n HMM - # 7= skip state j #< ¥ — 28 Deletion

R e LA L oo

4.3 Deletion 48354 +7

F e sesg Deletion 453%™ *% 0.07% > £ 4 47984 skip syllable < Deletion 45
TR0 0 & 47 5 skip state #c® ki3t o I ¢ skip syllable ¥ % % > A 47 H skip

state #» ¥7 skip state s 2. Deletion 453527 #5385 » 4r4 4.8 -
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% 4.7 : skip state L3+

Skip Total
state # & 39 3659
model # & 17 536

% 4.8 : skip state = 22 skip state {¢ 2. Deletion 45 %27 3438 5

Skip state # Skip Skip state {s

Syllable | Correct |Deletion | Total |# & | Syllable |Correct |Deletion | Total
shi 68.66% | 16.47% 868 2 shi 69.01% | 16.59% 868
de 43.56% | 24.16% 567 4 de 44.62% | 24.34% 567
yi 54.63% | 21.55% 529 5 yi 53.50% | 21.93% 529
dui 67.08% | 17.70% 322 1 dui 67.70% | 17.39% 322
zhe 32.64% | 30.56% 144 3 zhe 34.03% | 31.94% 144
le 26.23% | 27.05% 122 8 le 25.41% | 24.59% 122
ni 69.58% | 12.92% 240 2 ni 67.50% | 15.42% 240
na 31.82% | 25.45% 110 ;- na 34.55% | 24.55% 110
ye 50.96% | 23.08% 104 1 ye 50.96% | 24.04% 104
ran 51.38% | 18.35% 109 2 ran 52.29% | 17.43% 109
ren 54.24% | 15.25% 118 1 ren 53.39% | 16.10% 118
yang | 59.83% | 13.68% | 117 | 2 | vyang | 57.26% | 15.38% | 117
er 30% 17.50% 80 iz er 30% 16.25% 80
me 46.07% | 14.61% 89 2 me 49.44% | 13.48% 89
yin 61.33% | 17.33% 75 2 yin 61.33% 20% 75
yu 22.41% | 20.69% 58 1 yu 22.41% 16% 58
Total | 55.21% | 19.76% | 3652 38 Total | 55.35% 20% 3652

@NOISE z_ skip state & 71| » szt

d % 4.8 {7 74 ~ skip state #& 45 1% 5 crsyllable « ¥% 4 237 iﬂ“ﬁ (ERLE i
ﬁﬁifi ¥R 30 & ¢ skip state = 22 skip state {6 > Deletion 45 3% ~ ¥ 5 < 5
Z7 % > 3 & syllable %4+ 3 & syllable % Z - Spontaneous Speech # - 3% 4 .35
BRBE AREF TR EF 7 EF ARG MRS bl T B S
;%—fg’;g} diggin b %@3—1 g ehEg o A2 % syllable contraction [11 ~ 12] - syllable

contraction I % 5 = & :
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~

+ = B3 A B syllable ¢ £ g A&

- & syllable » &4 Tig#k+ |
= ~syllable 82 & 4% > > ie frgRid - Az o EEL 7 E

= ~syllable & & 4% -> > e syllable 75 ,‘.,‘%ﬁajé B o

MCDC % #145 syllable contraction % # & = & 16239 =t » 411 syllable ‘&,

127678 i - syllable contraction % it 12.72% -

2

contraction z syllable # Deletion 4 :Ecffw - £ ¢ & -
4352 syllable » H jp|:&
IR =X :ﬁ:t)?lj

B3R 3Z 58 Deletion 45 3571

AL ¢ e Deletion #c& 730 % = #§ >
PR B

O
H 4 MCDC # #L syllable contraction s 4 713t %

:_1%:

\N

J = #>MCDC z_ 11 ;.3 5 Syllable Contraction z_ 3

Contraction 2_ z# i1 syllable #c P f -MCDC syllable %,

# 4.9 1 ¥ 4 4 syllable contraction 2. syllable #

% 49 LA ¥ g2

%"H}g’ﬂ

R RIS S

S EF A gEasyllable 40 0 AR A ¥ = B F = B syllable %

T FEA BEA B syllable 235 B3

e

syllable

W 5 7% % % 2 Deletion

RS St

4% A syllable contraction z_ @ ei) +

Deletion 45 3w

K

2
A

B4e s pFig enl g Deletion 45 3% 5 40.85% -
& MCDC z 4131

ZrL=t #ie3k » Syllable

1 2 3 4 5 6 7
syllable PR | PR ER % 2 Syllable | iplz#3%# (Contraction MCDC
Deletion | #138= # | Contraction 2. 3 | Deletion | # 2 F | 1%
P i 40.85% | 60.43% | 0.59%
el 20.49% | 35.77% | 1.13%
shi |144 (16.59%)| 868 G 30.65% | 46.47% | 0.47%
2 30.61% | 58.03% | 0.39%
27 2 26.92% | 70.21% | 0.09%
i 8 44.90% | 69.37% | 0.72%
E ch 19.57% | 33.63% | 0.28%
de |138 (24.34%)| 567 *\(“‘(T;B)';; ")\ 6500 | 35.78% | 0.26%
P i 33.33% | 33.33% | 0.05%
¥ e 37.50% | 33.33% | 0.08%
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- B 28.77% 24.62% | 0.41%
yi {116 (21.93%) 529 A7 36.54% 88.20% | 0.59%
R 25.58% 61.37% | 0.35%
I 41.38% 45.69% | 0.25%
bu |59 (21.61%) 273 g7 ¢ 75% 65.38% | 0.05%
A A 76.92% 70.21% | 0.09%
A |59 (26.94%) 219 sl 38.95% 62.02% | 0.97%
sl 23.16% 62.02% | 0.97%
dui | 56 (17.39%) 322 LSS 20.22% 46.78% | 0.33%
¥4 25% 75.76% | 0.13%
Eay] 17.65% 50.25% | 0.75%
you |43 (12.68%) 339 3RT 27.78% 62.16% | 0.07%
3 - 14.89% 45.19% | 0.26%
Ttk 45.24% 78.22% | 0.67%

zhe |46 (31.94%) 144 e -
T+ 35.48% 31.94% | 0.14%
F 10.91% 55.08% | 1.01%

wo | 43(9.19%) 468 :
A 10.64% 22.45% | 0.19%
ran |19 (17.43%) 109 R 18.18% 67.96% | 0.79%
hou | 34 (16.19%) 210 R 11.36% 67.96% | 0.79%
yin 15 (20%) 75 7] & 21.21% 66.88% | 0.80%
wei | 32 (27.12%) 118 3 42.42% 66.88% | 0.80%
xian | 8(8.99%) 89 T 16% 65.79% | 0.43%
zai | 24 (11.71%) 205 E1 e 34% 65.79% | 0.43%

Total 836 27.25% 58.38%

d % 4.9 gLz o syllable Deletion 45 3% 836 # - 411 syllable 2. Deletion 4% 3% 2268
B(#% 4.6) % %1k 36.86% H syllable & % £ syllable contraction z_ 3 ¢ Deletion
#4 Fg2TF > ¥ 4 syllable o Deletion 3 4 & + % 33 EM T HE > ¥ 4o

syllable contraction £_i% = Deletion # 2 £ & R Flo T & £F B b+ > 4R 4.6

47~48-~49-~410-
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$T% BmoAKEY

AR 4 A paE = F3E sub-syllable Initial + Final HMM #-3)] » 33 % 2
43.56%:> #-7% 3= Uncertain HMM 4c » ##38 B ¥ 3% 3 T 44.25% » 7 %3 Confusion
Matrix #% i ¥ 12 17 4o Particle 22 = § 411 syllable 7 % 3 spsEss > A &vgyllable
PR E R E TR e o E 2= R ¢ T AR R 10% 2 e
& Hets 5 ApiT 0 4 47 Particle £ = 5§ 411 syllable 2. duration = #p 62 o 2% 1 12 3F ¥
. Particle p% - % {5 € 84 ~ Y5 cndd e > 53t Particle # {2 silence > 3 TR % 4
ib#75  Particle 56.29% > ¥ 7 # 4%k ¥ > L 4 % Particle %3+ Particle = {&
silence > # 37 F F 411 syllable:2 Particle » J-3R % it 7 3| 50% > &4k & = § et
~ 3t Particle 22 I+ 5§ 411 syllable. £ & 474 » 3¢ {2 silence 2. Particle £2 4x » = {2
silence z_ 411 syllable = duration >pe -t 2 a7 o & 47 3 ¢ ¥ 1235 Particle 22 5
411 syllable & %5 + g 2L % 4p st P B B 303 3 - 4o Particle &2 F 5 411
syllable & Ap %357 & y¥acss 3% FRF U FEA T 4469% - @ * TOPN
K plE 4 2E > € ik MCDC 40483847 M H ppi ko F 42 B 44.83% 5 | ¢
* Syllable HMM» # 3438 % 5 3t & 3% sub-syllable Initial + Final HMM #-7%] 3.3% >
F2E i@ * skip state ;4 Deletion 4535 #5535 0.19% £ 4 #7 Deletion 45 3%
¥ 4v Deletion 4% 3%~ %4 Z_ Syllable Contraction i = » sV i &g — & Syllable

Contraction y#aspF » ¢ & = — & Deletion 45 3% Substitution 45 3% -

52 A kB ¥

v i arig Syllable Contraction ¢ « < R8RS > ok s F4H5 2 Fpt 4

A

* 3 4o % 1§ @) Syllable Contraction 2 iy > #-§ 12 = -8 f07] gy < < §T
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Bs 5 g - 33k Syllable Contraction 2_ 3 ¢risyllable » i& i < WA % B A

FHFFIESF 0 P B 5 1k 7 v Syllable Contraction 3 2 438 % ¥ *

a4

FEE K ® Y R4 @ wsd R %P F]a Syllable Contraction - e ¥ & 35 3

HW 2l o
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bk & —
411 syllable # iz 3 3% syllable

nia 7-=Y

den 75

dia =Y

kei F2AN

lyu *

nyu *

Y44 = @ Particle %

Particle | 5 411 syllable Particle f= 5 411 syllable
A a(Y) MHMHMHMHM *
Al ai (&) MHMM *
BA ba (£ Y9 NA na(7Y)
E e (&) NE ne (3¢)
El ei (\) NEI nei (3°\)
EIN * NHN *
EN en (&) NHNHN *
GE ge (K<) NHNN *
HAN han (=5 ) NO *
HEIN * 0 0(T)
HEN hen (I~ &) ON *
HO * SHEN shen (P L)
HON * UHN *
LA la (4HY) UHNHN *
MA ma (1Y) WA wa (XY)
ME me (M) YA ya (—Y)
MHM * YOU you (— )
MHMHM * ZHE zhe (£ &)
MHMHMHM *
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%4k % = : Paralinguistic Phenomena #

@BREATHE SR
@CLEAR_THROAT FrEe B
@COUGH %o
@EXHALE o B
@INHALE ES A
@LAUGH e
@NOISE 2220
@NON_SPEECH_SOUND | #:Z 4 #
@SMACK e s
@SPEECH_SOUND RS
@SWALLOW BrokE
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