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Taiwanese Speech Recognition System and ITS Application

Student : Chen-Feng Liang Advisor : Dr.Yih-Ru Wang

Institute of Communication Engineering

National Chiao Tung University

Abstract

In the thesis, a syllable recognition system for Taiwanese was established and
applied to a real application - Intelligent Transportation-System(ITS).

First , a syllable-based Taiwanese speech recognition system was implemented.
And the effect on the recognition performance of the syllable with entering tone was
carefully exiamined. Based on the linguistics knowledge, the syllable with entering
tone in database was re-labeled according to the tone sandhi of Taiwanese in order to
improve the recognition rate. In addition, Kullback Leibler distance between the
acoustic model before and after re-labeling was examined to verify the linguistics
knowledge. And the syllable bigram language model to the recognition system will
obtain the rate improvement. Finally, the Taiwanese Speech Recognition System was

applied to an Intelligent Transportation System(ITS)
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(1) Feature extraction : ¥t3 M iar? » fdiaw & 7 B3 F e 4, >
T4 E D DRI PR R o
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HMM) » Fed) - e B8 50 -
(3) Dictionary : MAhkiesrT BERANE A A & HREM % o AFRRpET
Ed Bt RE R end (T RMERS B A B B
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(4) Recognition network @ 1% 5 F¥ESPFATIR R (0 d it > Ao fERi T &
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sequence) » fic & HMM » k"R EE R - 155 25 FEhah 2 F 3] o A
FEBEE AR LR G 5 E 2 AR 2 5k Ic(Mel-Frequency Cepstral
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#1032 FH SRR T

B k48 16 kHz
o B 1-097Z"

RERA Hamming window

+ 4& & H (Frame size) 32ms

+ 4&  #8(Frame shiff) 10ms

Filter bank 22

Feature vector MEFCCED AN Z
Delta window size 7

Delta delta window size 7

delta MFCC » ¥ * #a Cepstral Mean Normalization °

3.9 BE¥#3

RenFAAE &L ENEAE LA I AU o3 (84 #7) (4evif 2 = £
) AT MM k2 2 SR en g A s F A P R & D RO HC] B ik B
185 1 o B % 4p ki fr silence model i * 3 B states 7 HMM model
ke z oo g5 RI* 5 B states 0 HMM model *E = > ¥ & B state $7 3 64
B mixtures-Short pause(sp)®_syllable £ syllable z & eisilence’ 2 model
4 - 1 state 7 HMM model > # * ¥ silence model » FFsrstate & * o

LR ALY o Ao A PR HTK[ 9] #7132 e0 5\ flat start>
B2 EGRE B4 et o HMM model %-#cw £ 5 - % > £ f1* Baum-Welch <7
2V ATE B HMMmodel shddic B 2Rt 2 € o p (%5 PpF R VP AR oh
BRI ST TR S PR YT @32 43 B (nitial model
2B ARACT L

g2 uniform segmentation 77 NEPIRGFE T IR - B
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3.0 FERER
S B AP PR R TR ke E ST T E e R AR

s B 3.25TRB e

A lang |
SENT- 1 : Short SEMNT-
START e \ pause |/ END
\ /A
4  bong |

d 253 2 E E[B]Yrg T % s MHGELE Databasel ~ Database? -

Databased szE AL & - ¢k $RpIZA(Outside test)Fs F 44 $£ 3.3 -

% ¥ 3.3 Outside test F#E&

3 & a(N) Sub(%) Del (%) Ins(%) Recognition
rate(%)
g 900 52.0 3 2.3 42. 67
-+ 900 49. 4 1.8 1.4 47. 33

Sub : number of substitutions;
Del : number of deletions;

Ins ¢ number of insertions;

N : total number of labels in the defining transcription file
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N-(Sub+Del+Ins)

# ¢  Recong rate= x100%

¥¥t 2 #77 1 Database 6 # M R »hdictionary S § & 4 4
FIRBEE LB o BT 4T
1 #RA%5E% 64#535* ou~ouN~ouh~ouhN > & » % 5 #f
2 BRAEDF8HHEF ngonhg M E % MR A momh B~ % 1 #F
3 RAHEA A D QU7 SRR 6
4 Sub-syllables cn#cp - o 206 (7 SP)&gF 5 187
IS PIRE FRELGERE > T RGER R L 5 105687 1 syllable s ¥ &

3 12211 B syllable % § ¥ outside test ¥+ % % 3.4 5 Dictionary

# ¥ 3.4 Dictionary & (s FFn ¥

Sub(%) | Del (%) | Ins(%s) | Recognition rate(%)

Outside test 12211 48.2 2.9 2.8 46. 1

EFALE A LY o Database dE L AT ALY 0 F - B A - Bpr AL i

50 B syllables > 7 & # 3 >t 4 100 12+ ehsyllable o d 3t A P2 RS
BAE R 7 0 A flat start > - B AhE LR 0 T ¢ RED S
FREdd e fpt A i d-database? g AT A 13 AT A KA TS AR
SRR EFRA S F BT ¢ 7 chisyllable B P 4 20 12T o A
Bl fhEATT 4 PTREF R A1 O R EFEA] D U R DRREEF N

BIRLE o FIldayries R AR 3.5
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1 3.0 FARRE S FRLE

5 &%k | Sub(%) | Del(%) | Ins(%s) Recognition
(N) rate(%)
Outside test 12211 48. 2 2.7 2.7 46. 4

AP — AR A iyl B el ae 1 3.6 3R ey

WHod 3.7

4 3.6 B Ly

5 &% 8 | Sub(%) | Del(%) | Ins(%s) Recognition

) rate(%)

Outside test 12211 31.9 2l 2.7 62.7

% I h s &

5 &%k | Sub(%) | Del(%) | Ins(%s) Recognition
(N) rate(%)
Outside test 12211 37.2 2.7 2.7 57.4
AT IFER e ALY B PRLF NI PRLE 0 on wRE kY
FPREZER RS BT ER FRLS AT A P - b it 2 B A 2 o B

* FHvS o d 3.8

%\’]‘é 3.8 2 %ﬁ,‘—’ﬁ—‘% LD ﬁuﬂ‘:ﬁ.& ;J%;:g}g?;

5 a8 8 (N) | Sub(%) [Pel (%)|Ins(%s)|Recognition rate(%)

2o BES FRLE 10202 34.3 | 2.7 | 2.4 60. 6

* BR R FERLE 2009 51.5 | 3.2 3.8 41.5
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S - SN > N\ 4= R e i SN -
TR SENEAFEAS TR 2

G o R L BT RE R A SR X i A SRR A Y PRl A
TR AR s A EY o B o FRRE A0 R DD SRALE

POBTIFER o BT RA P AT A BN E SRR L R

4.1+ confusion matrix 4 #7 ~ 3% » %3 (Entering tone)

2w 2.2 F & 0 Bp A Y B3l AR (DAE s e e
o HE DRI p R AR Y HE o 1T AP R3E confusion matrix A
Voo BRBFRETFLREFL o

d % confusion matrix * # 3 - {ai,aih} ° {au,auh} > {ui, uih} -
{oe, oeh} » {iu, iuh} - {iau, iauh}# #% inside test & outside test = > #Rix
F confusion ffiims 4 - o gk L5 ar AIg A Faihaih~ 7 g 5REA ai
i fed 3RS D= #ic? § (aih N30 18 &, auh M1 4 =, uih !
18 =%, oeh #1353 =, iuh M3 18=x, Tauh 18 %) » @ el ke BB
BA2 AR d A2 M A THERFE L RaG 913 7 °

EF AP ¥-entering tone » 5 8 &> 4 9| % {a, ah, ak, ap, at }’ {e, eh, ek} >

{1, 1h, ip, it} » {ia, iah, iak, iap, iat} * {io, ioh, iok} * {0, oh, ok, op, ou} °

AN

o

{oa, oah, oat} » {u, uh, ut} = BB H 4p 7 #5308 1

A AL 0.D:4& 7 447 Qutside data @ 3% » [.D: &7 & 47

Inside data F 3| hs % » 2 F 2T A PHFRLNE L T3 A apbi vl

A 419 AP F g I #E 5 confusion el & {a, ah}
3t substitution e ™ » A ¥ 12 IR subsyllable {a} % inside test
¢ > 3 4 substitution ehit#ic 3 1656 =t » @ 4 subsyllable{ah}®~ i\ eh= #ic 5

550 =t o 4ept - k> AP F g I subsyllable{a) § AP (R enfEA A4 BE 0
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33.3% 44t subsyllable{ah} #7B~ it o OQutside test Him® 7 33.19% &4%
subsyllable{ah}#7B~ % o

@ subsyllable {ah} & A B~ enf25% 4 pF > & inside test » » 7 53.8
9%#% subsyllable {a}#7B~ > outside test ® » 3 42.4%4#% subsyllable {a}

B ik

LA A1~ EERE A ARR 2 AR T FEEM

Ref a ah ak ap at other

0.D( I.D |O0.D| I.D |O.D|I.D|O.D|I.D|O.D| I.D | O.D | I.D

a | 4794828 | 166 | 550 | 46 |111| O 4 8 | 20 | 282|971

ah | 78 | 422 | 284 | 2045 | 124270700 | 5 | 2 | 13 | 92 | 316

ak | 16 | 13 | 16 6 22 | 6760 0 3 2 |13 | 38

ap | 1 0 1 0 1 0 I 259 0 | 0 | 11| 3

at | 8 8 1 ! 8.0 | .0 1 1345 9 | 9

1427 ¥ g 3Pt #E % confusion 0 & {e, eh} > subsyllable {e}
EF B e ASE 4 BF s & oinside test ¥ 0§ 41%4#k subsyllable {eh}#7
P~ > outside test ® > 3 32.1%%k subsyllable {eh}#7B~* o
@ subsyllable {eh} 3 A B~ 253 4 pF > & inside test ® > 5 82.1%
# subsyllable {e}#B~ > outside test ¥ > 7 Tb. 7%#k subsyllable {e}

B % o
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PR A2 ~ B S A KIER 2 AR RN G

Ref e eh ek other

0.D| I.D |O.D| I.D {O.D|I.D|O.D| I.D

e [894 8767 | 78 | 448 | 1 T | 164|638

eh | 88 | 266 | 45 [ 1111 O | O | 22 | 58

ek | 8 5 0 0 1 |301] 29 | 18

A1 4.37 ¥ g3l #E % confusion shfie A {1, it} subsyllable {i}
W AP~ eniEA 3 4 pF o &inside test ® 0 7 66.8%4% subsyllable {it}
B~ > outside test ¥ > F HT%#k subsyllable {it}#7B~i% o
@ subsyllable {it} &3 # B~ iR s pF > & inside test ® » 7 67.1%

# subsyllable {i}#7B~ > outside test® .- 5 51%4% subsyllable {i}#72~

FAVI

24 4.3 » BIR R BA AR AR T FERM G

Ref 1 1h 1p 1t other

0.0 I.D |0.D|L.D|O.D|L.D|O.D| I.D |O.D| I.D

1 [832(8598 | 2 |10 | 0 | 2 |183|1248| 136|608

ith | 5 5 3 (302 0 1 6 3 9 | 4

ip | 10 1 0| 0 0 |201 13 1 2 |10

it |8 (438 | 0 | 0 | O | 2 | 86 |3697| 83 | 213

4.4 ¢ ¥ g v gF % confusion i & {ia, iah} > subsyllable

{ia} g AP~ 253 4 PFo Ainside test ® > 7 22. 9% 4k subsyllable {iah}

7P~ > outside test ® > F 21.3%%k subsyllable {iah}#7B~% o

20



@ subsyllable {iah} & F # B~ 7% 2 pF > & inside test ® > 3 30.1
9%#k subsyllable {ia}#7B~ >outside test ® > 7 35.6%# subsyllable {ia}

B ik

FRAAL N BSRA B ARER 2403 SN e

Ref ia 1ah 1ak iap 1at Other

0.} I.D |0.D| I.D |O.D|L.D|O.D|I.D|O.D|I.D|O0.D | I.D

1a | 70 | 1444 22 | 4 0 0 0 0 0 0 | 81 | 249

iah | 32 | 34 [ 8 [1077| O | 0 | 0 | O 1 2 | 57 | 77

1ak | 1 0 2 0 0 |60 ] O 0 0 0 0 0

iap | 1 0 5 1 0 10, | 0 |16 0 [ O | 4 |0

iat| 0 0 0 0 R N | 0 1 248 | 18 | 13

18 4.5 ¢ ¥ rig v F b confusien i & {10, ioh} rsubsyllable

{io} &g A B~ ef2)3% 2 PFofinside test® > 7 17. 9% 44 subsyllable {ioh}
# P~ > outside test ¥ > F 39%#k subsyllable {ioh}#7B~t o

@ subsyllable {ioh} & F A B~ 253 4 pF > % inside test ® > 3 36.5
%# subsyllable {io}#7B~ >outside test ® > 7 48.6%#t subsyllable {io}
SEBe S o

240 4.5 » BIp H AR 24T FERM 53

Ref 10 ioh 10k other

0.Dy I.D |O.D| I.D |O.D|L.D|O.D|L.D

10 | 86 | 1265 | 44 | 28 0 6 | 69 | 122

ioh | 34 | 57 | 52 [1105| O 2 |36 | 97

10k | 3 2 0 1 8 |368] 12 | 9
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P G At R - AR 0 S e S B3t subsyllablefo, out 2 B
confusion #§ 3552 subsyllable{o, oh, ok, op} #& *§p* &2 » B3p* 2.
confusion eF35 5 B > 4o $2 4.6 911 o

Subsyllablef{o} 3 A B~ enfi-2)4¢ 4 BF > & inside test * » 3 6.21%
# subsyllable {oh}#72~# » #r5 48. Th#t subsyllable{ou}#72~#* - outside
test ¥ » © 3 4.5%# subsyllable {oh}#7B~ > 475 41.5%4% subsyllable{ou}
TS

Subsyllable{oh} 3 A B~ enfi-2)2¢ 4 BF > & inside test ¥ > 7 16.1%
# subsyllable {o}#73~ » 5 27.9%# subsyllable{ou} #7®- i > outside test
¥ 75 34.9%4% subsyllable {o}#7B~# » 5 18. 6%#% subsyllable{ou} #7B~
AN

Subsyllablefou} & # B chliAjahdap™ s 4 inside test # » 7 45.0%
# subsyllable {o} P~ 5 outside test™® » 5 33.9%4k subsyllable {o}

Sk

A6 » BIRH SRS 2 AP T RN G

Ref o} oh ok op ou Other

0.} I.D |0.D|L.D|{O.D|L.D|O.D|I.D{O.D| I.D |O.D|I.D

o [ 90|23 7 |46 | 1 |14 ] 0 [ O | 64 | 361 | 82 | 320

oh | 20 | 19 T 1730 1 3 0 0 |11 | 33 | 27 | 63

ok | 3 8 0| 2 | 3 [468 0 | 0 | 8 6 16 | 19

op | 0 0 0|0 | 0] 0|0 18] 0 0 0] 0

ou | 136 | 482 | 23 | 66 | 9 |38 | 0 | 0 |332]3997 145|484

FH 4.7 0 AR & B2 2 @ confusion shfA5iL 7R AP AE o
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PR AT B B A KRS AR FREM G-

Ref oa oah oat other

0.0 I.D |0.D|L.D|O.D|I.D|O.D|I.D

oa |191]2137| 3 2 2 6 | 61 | 181

oah | 27 | 2 2 |38 0| 2 |11 ] 10

oat | 11 2 0 0 6 (337 4 | 11

#4487 > A AFp* 8 0 B3 2 & confusion enfiFa54 L3 (AP B o

2R 4.8 » IR BA KRR 2 AR FERM G

Ref | u uh ut other

0.D/L.D 1 0.D/ LD |0.D} LD |0.D|I.D

u 295299710 0 5 34- | 87 | 176

uh [0 1 O aerrtm | (0 |0

ut |11 |11 0 0 28 1630 |21 |12

FeEMFEEAPT G i § 5 44 confusion s %G {a, ah}
{e,eh} ~ {i, it} ~ {ia, iah} ~ {io, ioh} ~ {o,0u} - &35 = & ¢ & 7| chiE H3p=2 (h)
EHBFE2Zm g HENERA R ENR ST pRE o

FEFAPRDPGTREERRERFR Y FRITR 0 RF T L hRA RN B
AR RN AR RS A MR hf & 0 train data Bk BT 6147 @
subsyllable » % subsyllable % :xent ()4 4.1 > Outside test data &% 2

¢z 7 702 1 subsyllable » & subsyllable i2 szt b4 4.2 ©
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>la

1ah

19%

4.9 ¢
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SN 3y
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901
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AR o
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& b .
AR < <
! O o o)
= O A =
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o = X

=4
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16%
B 4.2 Outside test data 2
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F 4.9 BT B (S Rl

2
5 a8k | Sub(%) | Del(%) | Ins(%s) Recognition
) rate(%)
Outside test 12211 45.5 3.0 2.2 49. 3
BFAPRBEEDRD > Bt SRR & ;T*U—fi;i’ﬁ B R (h) e
SR LFNIR Ak o BrIFRRERZ SFREEF A4 4,10
¥ 4,10 I3 Eaaees e e (8 cnyE g
5 & e 'Sub(%) [ Del(%) | Ins(%s) Recognition
) rate(%)
Outside test 12211 44, 3 v 2.6 50.2
FRERF AT 0 APT UF IR S B RS ArER Y O Hot e

o

pEl

L

R

L RN TIER [ 1

4.2 41* Kullback Leibler(K L )2 distance@ % » #3
HMM confusionfi=)

KLdistance[10]2 & * k% BAp R i S o 5 > I i

P2(x)z

4]

PB4 PO
BT - FEBF LG

R engp i & - P1(x),P2(x) 5 Gaussian
distribution » 2 P1(x)¢mean#?variances % % 4 ~ of » P2(x)<means?

variances H & u, ~ o) °
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#P1(x)FIP2(x) =KL distance KL(P1,P2) % & %

KL(P1,P2) = [ P1(x)-log FF:Z((X)) dx

(x- /11)

207 P1(x)
toe
«/2720'1 I Og( P2(x ))

P(x) _, 0O, _(X-#l) (- 1,)°
P2(x)_log(0'1)+[ 207 207 :

“ 12 D(P1, P2)™ B &

log

(% /ﬁ)

2 2
KL(PL P2) = ——~ _[e % [logZ2- (X=p)” | (X4t

2 2
270, o, 20 20,

i #D(PL, P2) A = 358

_(X-/Jl)2

fe = Iog( )dx 16(22)
0

1
B \ 270}

()’
2
. el

L = J'(X-/ll)2
? \/2770'2 2012

_ E[(X ﬂl) 1= 1

1

— E[X2- 210X+ 14 ]

. '[E[XZ]‘ZMZ + 1]

0-1
= 2 [Gl +/ul /ul]_ l
20 2
(x-mm)°
I(X 1)~ s " dx
\/272'61 20,

P [ (Xpy) = (X gy + i+ 11,)°

=[(x- 1) + (4 - 18,)1°

= (X-1)" + 20X - 1) (et - 1) + (1t - 11,)°

A A 3 0y~ gy~ 1y 3R A B RUE
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l

I(X Aﬁ) 22 “dx

«/27;0'1

E[(x- 1) =

2

2
20'2

2
20'2

(x-14)°
2(x- ) (4~ 11,), o )iy

1
32_«/27r0'12 J- 20,

-2 ey -0

2

(X ﬂl)z

1 () 5D
I e 2 dx
w 2707} I 203

( '/Uz)z ]
B 20'22 Bl

_ (4 - ﬂz)z
207

Sy = I31+ I, + 15,

(ﬂl 1,)°
202 20}

o 2R KL distanceser 3V e

KL(PLP2) =1, +1,+1,

[(/11 '/Uz)z +012 '022

O
=log(—%) +
g(al) 207

d e 2 A KL(PL, P2) #KL(P2, P1) » F]ut =

KL2(P1, P2)=KL(P1, P2)+KL(P2, P2)

% P1 > P23 4p b c9PDFPFKL2 distance® % o

#&KL2(P1, P2)4e

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)

A RHMMeE B state® B A& 02 - Bmean¥ variance kiT 2o f* J A

oAk elIMM &k &4 & % %:iE v gmean? variance °

g

:Zci'ﬂi

27
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S i

TUmean
;1% BT Emixturefyweigh

O ™

Elx]=07 + 4
E[x*]= ici CE[*]
=
6% =E[X*]- i (4.16)
67 1% Fifiuvariance
ot — koo A o w2 B HMME Bstatez B Ap Az 0 2 3 2B sub-syllable
HMMs 2o & Ap 0 B o igAZ 2% i 7ot g gk A 55 #+ 22 0 B35 * HMM2 & confusionsfi

o AR R AR sc2 W confusion iR AC B4, 30 1 2 FRAR R AR IF
JARRAREs,

1% 2z 2 {5 confusionshfi iR 4cifld. 4 5};%] PR AX R & 4 confusionshf A% B £
r.. !' — L__!'_.l! v | .'1.;..1". =y

B4, 371245 %3 R 12 sz 2 5 HMM2- ”F confusionsfiin
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a ahakap at e ehek i ih ip it iaiahiakapiatairuhoiohok o ohokopoaalabeetouwuhu uh ut uiuih

B4, 44395 %23 SR 12 o2 1 HMM2 R confusionefiin

ol i Fa
o a S _._:'-

i F ;.

& BFstatez F"’confus1onrﬂ'k"*-¢‘?»fl £ "f ol 3\ IF“ R 1 ERAE/ & RN

H= N

o

2.8 0 AR %ﬁﬁ—”* 2 :3%_ ,_?'félf., confusmnrﬂ'ld'-’?j et

-3 (N =

X ¥ d ] T r
L ,:_:_ : 18890 . gl

R e

3% 7 #-11(Language Model, LM) [11] > ¥ & 5@ f& > - A kIpiE 7 2

E S G TR - BRI RE Y N TR P LR F D D
(Rule-Based LM) & ¥ - AR FFd g~ £ % F Fof > 53t Mg g 2 B ehm
EHRP) A& > gE 3 4] (Statistic-Based LM) o A RN I AR

2R

4.3.1 F% HAI[ 4
AR FRF B 2 AR 1T A F AR T RE - B SR RIS
PR ST HEA c R A FRER o R LM TR U £ B 0

(Acoustic Model) F3t - i ¥ 7m0~ tgik B F¥a8 & SLamea o



EraZo i a ¥ Word A AAE i A A sEY o Ao T

AEE e RFIEN T AAAE RS REC RV EF TR S R F D
MTRADRL &K o bdrd - B (Word) & T3 - #REB@iTa B3 T3f
fr "#, (Character) & &R &2 EFTEE? 2 RAGFE - Fpt > AP gL

- B (lexicon) » LG TET AT APRRE* ang> uigEz M

e 2 ~

d3hak 7 A § 2 3k A g4 osest I v fehword-based LM > F] gt

—=\

P A PR * chBack-off syllable bigram word-loop network » B 4.5 & 7%

B -

&

P(w;|w;j) ie full bigram

B(w;)

backoff

weight

P(w;) 1ieunigram

@B 4.5 Back-off bigram Word-Loop Network(form HTK book[9])

BHeWi & F&4¢ %i ®syllable > Pwj|wi=P(Wj[Wi)* £ syllable Wiz %

W) 2@ -

4.4 ¥R 5 vt i
tipif AP = syllable unigram v syllable bigram 7 language

model (LM) » 4v » yeab s P > RARFER F K fa) o

AR AR TR P AT 6 A 411
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% 1% 4. 11 syllable database

syllable # kR g 5
HE R 156084 R R TR AR
A g ATHE 54604 PR F TS SES
- e FAp 8892 cREUY EE - Fﬂiﬁk”ﬁ 3
Minawwd SFE
FrIecE

#* syllable unigram LM 7# 3818 - 33 & penalty & LM weight & # 3|5

W eyEl g% o 7

rd 412

# ¥ 4. 12 Syllableé unigram 7#:3 5

5 a8k | Sub(%). [ Del%) | Ins(%s) Recognition
) rate(%)
Outside test 12211 39:8 3.6 1.5 55.1
# ¢  Recong rate= N-(Sub*Del*Ins) 16004

7~

AP F g IR 0 o4 ~ syllable unigram 2o 18 o ¥ EF T iE 55, 1% &2 7 6%

s FF At gyllable bigram LM

A BFayEdt o At 413

# ¥ 4.13 Syllable Bigram 3% 5

FER R 0 A% penalty & IMweight

5 &%k | Sub(%) | Del(%) | Ins(%s) Recognition
(N) rate(%)
Outside test 12211 30. 4 3.1 1.4 65. 1

31




FId FEACFEHETE Rk

(Intelligent Transportation System : ITS)

4’6—-‘5 y 3\ ,Fa;,rg_r FEFE';E‘:E' 7% ?ﬁ\‘ﬂ Lt - .@;? Kf_%m]‘*%’ﬂ ,< KN

Kﬁ&;}-& IF
kB AR A sdefe o

B A
SRS, 1907 [12] 0 & T EE S SRR S iR Y F g

et g TR R ARIA] 0 MR Al S B S B Rk e BT
FEGE S B PR R o i g S 5E ﬁ% I

phunebuuk e

Real Time Dial
atiich Man: Oeg;:m
Recognizer g
\ e

kﬁﬂj

@5.1 T Fp/’l.-— %"beJ .u_‘ J'Rbg]

5.2 ZEXI E & LApIRH @
LBD. 1Y TR RLEAR Y Ef BE A BT A ARy '
@]ﬁl}}ﬁ%«’ & x4 % gllidden Markov Model Toolkit (HTK) "% A& 4 o HTK#

TR FRFEF PRI ¢ 5@ * 4Ffentri-phonedd] 0 ' tri-gramficd] o

¥ 11 {¥cluster-based 3% = #-4) o TR 5

P
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FELBGIRG 0 AP EIRY e {E@]@Hﬁ < - d kehApplication
Toolkit for HTK (ATK) - 4-®]2. 2> “,f 7 e HTKAp 7 b > ATK:B # 2 & Windows
TERBE THGF AL F I o577 (%3 I 2% - BWindows™ T EFEFELE o

LAPATK: B % 0 #5in 2 % 7 2 & (Confidence) & it » AR+ =X §F%30.8 % s

B SR AT G R 0 T kRS HEAR 6

ﬁuu:ln Input B..lf Coder
{A‘:‘.mu’te} tﬁfu:de‘
| Flew of speech data packets Jl}!

-

P \
‘ Apphcation |d— Buf
LY g

:

= G e e

Fun-Trme {ﬂnumnds ;"' f REWWEE“ \.’/
£

r
[ l}ian:umr D.»::T::nuarj,r
i (AGram) o %Dtcrl
N Fy

ARNAn

e e e e e e e e e e e e e e et e

B5. 2 o ATKZE % ek & T 34228 (from Application Toolkit for HTK)

B fg ¢ * MITE 2 ) X enGalaxy communicator#-2 #iie mﬁis?J ﬂ'.ﬁia?J A

% o 4c§l5. 3#77F Galaxy communicator = — Hub-ServerZ # » & PIRE¥ b= 34
7o LB EEEubk B L o AR L ARG A L PIRESRT A
PRI RS BH T oMU LPIRBAT B ERF QI ARE R

B R R B AE A FH S ERER S A L e
S LB RO E
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crophone Array

SRy Microphone Arr:
Server
ITS ¥3 % 3284 Microphone Array Server, ASR (Automatic Speech

B®]b. 3 Galaxy Communicator softwarep

Recognition) Server, GIS (Geographic Information Systems) Server, Parser
Server, Dialog Management Server, Corpﬁg‘—%&%d Elg(%?—fo—Speech)

Galax:
Server, Natural Language Generation Server 4= Galaxy Hub. Servers #t

ks #i%E Galaxy Hub.”Servers #il e & - B Server f f ih# iy 40T

|2
Parser Server

Dialog Mana
Microphone Array Server: Serve

The Microphone Array Server i & jg i< %3 B & p IR AT P 58

i AT B A BLAL R RN A o RIS Rl g 5L S ASR Server.

ASR Server:
ASR Server i & #_Microphone Array Server @?] B AL RGE PR
IR ko ehx B B i¥ 4 Parser Server o igdt A A& * g1 E gkl 5 ATK

or HTK.

GIS Server:

34



GIS server i &% Bif Bt/ 2 @ * 4 | @45 Bhin B 730 (Point of

Interests, POI) o &34 4 2@ % ch1 2 #cfd 5 PaPaGo SDK e

Parser Server:
Parser server i & ¥_f%473% JZMTQ i R% o #- ASR server$ﬂ>~rﬂ%¥
BF P RfEIT ?ﬁ’*;%J T & PAAPRIEN o > TR L BiX % Dialog
Management Server - &84 1 & @& * efic481 £ 5 “Phoenix: Semantic frame

parser’ of University of Colorado °

Dialog Management Server:
Dialog Management Server i & 4xdil#t:57n4% o #-Parser Server &% %k

HTLEL AR B X SRl 4 B il oo

Natural Language Generation Server:
Natural Language Generation Server i & Jf?:b?;%%‘ j% LA R

A4 p R @%’4’j%§§@4QM$®mm%%eWS%Wao

Corpus-based TTS Server:

Corpus-based TTS server #-Natural Language Generation Server # #

GES T L =B ETE

Galaxy Hub:
Galaxy hub § # & B server 2 350 @iﬁﬁjiﬁ 2 0 FL iR B server ¥%it 59

FERHEF L phwhay o,

3 FERHCA] 2 R 5k

35



S3EITSEA-RF TSk £ 370 “7 1 » 1 & i3 #<ASR Server e#ta » i

:zeng B & 7t sub-syllable HMMs ~ Background Model ~ 2 % 3% ;2 éﬁ
5.3.1 Sub-syllable HMMs :
B LEEL AR A o B AR 6 0 B394 MFCC S

Pichd M2 kTR AL 1

F 15, 1 ¥ i 5Bk T

PR AR 16kHz

AF 550 Hamming window
4 =& & (Frame 25ms

size)

4 12T # (Frame 10ms

shift)

Feature ‘vector MECC_ D _A~Z 0

#¢ @HMCCDAZO 2 & &x513:4MFCC > 13%&Delta MFCCHr 133

Delta delta MFCC > # ® %Cepstral Mean Normalization °

5. 3. 2 Background Model :
% ATK 2+ 5 confidence score i * » — i bghmm $-%] 8 # states 128

mixtures e

5.3.3 F2 B¢

B TR AR R R R ks R o g2 (Fige o &
- B YR RFRAEDER A LB BEE R R LFD s
RF 7B Y BFL o F 307 ORI aEnd koo

- 7% grammar 7 i > & B EF grammar 7 AP B o0 @ B3 o0 grammar
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T R
Lexical items
Lexical categories

|

Phrases

Sentences

|

Speech acts

bl e ded 25, 2

# 1 5.2 grammar 7 #

Lexical NN B SIS RAE N ER
items
Lexical ¢[ID_user ]~ & [AUX] ~ 4 [V Motion] ~ 2 +

categories [PN_destination]~2%[AUX] ~ & & [Q_WH] ~ 2_[V_motion]

Phrases [ID_user] =>[ID_user_pp] *

[AUX] ->[AUX_pp] -

[V_Motion]=> [V_Motion_pp] ~
[PN_destination] = [PN_destination pp] »
[

AUX] [Q_WH] [V_motion]=>[Q_WH_ pp]

Sentences [ID_user_ppl[AUX_pp][V_Motion_pp][PN_destination_pp

]
[Q_WH_pp]

Speech acts | user_inquire_destination

EE B RF OITS ## kix? > 3 19 B speech acts 4 23 B
syntactic-semantic categories’ 4r# £ 5.3 2+ 5.4 %3 7% g ivpr

|+ B 5.4
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# #.5.3 19 speech acts in ITS Dialogue System

1 | system_opening 12 | user_opening

2 | system_prompt 13 | user_inquire_destination

3 | system_hold_I 14 | user_comfirm arrive

4 | system_hold F 15 | user_inquire_route

b | system_navigate 16 | user_comfirm_request_a

6 | system_correct 17 | user_comfirm_request_b

T | system_confirm_a 18 | user_pre-closing

8 | system_confirm_b 19 | user_arrive_destination

9 | system_answer

10 | system_arrive_destination

11 | system_closing

# ¥ 5.4 The 23 categories in ITS Dialogue System
[ID system] [ID user] [V_opening] [V prompt ] [V]

&S i i AF ;—;— R & *
[ADV ] [AUX] [V motion] [V_position] [V _direction]
X1 B& 2 £ e
[CN_route] [PN_route] [CN_destination] | [PN destination] | [N_anaphor ]
B Bl % - B TRET FELF 7R
[Q_WH] [Q_particle] | [Q_alternative] | [NEG] [affirmative]
R i vg BE * & X
[SPEC_position] | [ASP] [CONJ ]
Eri 3 Ie
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1 BREX T EREEENE

cBEEL FEAZ (FEE) BEEEFE
2 HE HEEM (EEE)

1 FEITEE

s EIERE— A RR0E

s BlmzEE (FIEE E+EE

Status  Time267.8s Score I HMM sil NAct 5553 WMode TMMA

B 5.4 % 5iF 79

-~ 3% grammar 7% % 2B FF grammar Ap e 0 @ F AR he S o AT - EF
Fed o FF SFREPF R G- 23 ¥ g NEE ITS grammar 7% # 0 8

BISFEM TR ALY O RE L

Y

AT I R EFY - B0 ke

MR- BRE oSS SE S kS o

user_inquire_destination:
R 38 & 4 24 OB 4
% 5 4

NS

S

&
SR TN TN i R 3
user_comfirm_arrive:
Bl R & 2+
S TE A Ak
user_inquire_route:
A &k &8 EA& 4
oo koo % E A
user_comfirm request_a:
Bl dd o @ % - #
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So1 ¥R - wE s e o -
user_comfirm_request_b:

B2 e E kAR oAl 8

g F g Cegp e - B4 g
user_pre-closing:

IR g

o Bk A

user_arrive_destination:

SRS VE S
e AT N e
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AT ¢ F ST SRS RS R A TS 1o &SRS S
HESEE S LA ey S TN 2 B L) AR R Fh e S
46.4%  ® - HrdEi S~ BB RARD] - RERA R T 2 By FH
BRREFA > TR PR BRI R 50.2% AP R B
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