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An Analysis and Modeling of Syllable Contraction in

Spontaneous Mandarin Speech Recognition

Student : Li-Yen Sun Adviser : Dr. Yih-Ru Wang

Department of Communication Engineering
National Chiao Tung University

ABSTRACT

In this thesis, the effect of syllable contraction in spontaneous Mandarin speech
recognition is exploited. Syllable contraction is a phenomenon of serious
coarticulation between two consecutive syllables and is a major factor to degrade the
performance of a spontaneous-speech recognizer. In the study we propose to construct
separate HMM models for syllables with and without contraction. Performance of the
proposed approach was examined by simulations using a Mandarin dialogue speech
database called MCDC (Mandarin Conversational Dialogue Corpus). Experimental
results showed that the recognition performance for contracted syllables could be
greatly improved via building HMM models for contracted syllable pairs with high

frequency. But the recognition is still difficult for the case of very serious contraction.

Keywords: syllable contraction, spontaneous Mandarin speech recognition, MCDC
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3.1 A& 411 F &5 e

By p sduE 2 g o SR R W al - F R eha & OHTK (HMM
Toolkit) [3)e £t i i = 411 F & ehfh A yEah k50> (5 PR B v 2
* oo L2 4 e MCODC FEAL s VRGEAL  WEAE 2 AR Y § YV HGEAR T PF

P ARLT R A A2 o GRS o4 31 HER
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@32 * 7 100 i Final-Dependent Initial =40 ® Final &= 411 § & #
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Sv b B R % Ao 40 B Particle #53] 276 1 Uncertain #3]~15 # others(#
ZOE s e - 2T S i) o I R AR kSR E 2 0 271
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L & B RO K & (Model State) 7"z 5 t=(frame) ¥ 7 % > X 22 iR
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N, =min ( [n/50 |, 32 ) (D

#¢ Ny : State Mix no.

N : State Frame no.

103,20 AArES RS G ad

BoR| fa AR 411 § &7 Particle | Uncertain | other | ALL
i 100 RCD 40 40 76 15 271
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A i B 3 5} 3 3 3 -
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8
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Final - __
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B13.3 5 2 P ASE S 3eiitde ] 7 FET L AP A e H v A o o

ETIES

«)-

iﬁiﬁﬁfu #£ 2 2 p] (Free Grammar) eni®i o« A R cie b B2 AP HEF & &

R ATH e 4 A ST E Rl B TR AR -

S1
I & Frc

A 4

Sentence 93
Start " e & Fe

S2 v . Sentence
le & Fic End

Vg

Y

Bl 3.5: & EMgE S PR B A G

3.2.3 &2 %L1

2 AP A A IR 0 3T 20N RA B Bk 6 end

T

Rood 27 gdi 33— gy LprBE S SN iker o 2 0 FIL & - @ Initial

& Final # B & &+

N
~=h

AT NP i L UG R 0 A PR 2R

2 3T RAJFES R EES S U G SRS R

FRAS | DRSS | MBS | FAASE | B ASE
#- | 39.20% | 46. 6% 10. 6% 42. 8% 7. 4%
Sk | 38.84% | 47.1% 9. 8% 43.1% 8. 2%

uliE e A EEE EEA Al F SRR 218 APt T P A PR R AL
LRSS P end R & 308 5 EEIR] AFEERS o ant o B R RS

Ly SRS TIPS SR E e RS E S
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prnd | mas | #0pA | FeA | 0
sw | my | my | ww
AAFER L 39.81% | 45.8% 12. 9% 41. 3% 6%

FLEE 2 éi &l il'] 411 5 & | 39.20% | 46. 6% 10. 6% 42. 8% 1. 4%
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*

A AN AL § e AEs R R EE R £ E 4] § e
=
¥R e F WL WE A4 F EFRLE PvE 445 2%
shi 4&_ 64. 4% 120 64. 8% 83
wo #' 60. 9% 61 63. 3% 43
yi— 47. 8% 104 51. 4% 80
de =1 43. 4% 98 43. 8% 71
jiu 67. 1% 15 67. 4% 12
you ¥ 55. 6% 37 59. 9% 28
bu # 70. 5% 30 69. 8% 25
dui #t 1. 9% 46 3. T 29
ge B 45. 2% 18 44. 4% 15
na 7% 17. 8% 18 17. 9% 13
ni i« 60. 8% 31 60. 8% 21
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19




3 I8 - £ R
3.3 #¥L&ERE g HHF)
Flef @ eERE S5 aBFApIT BRI #7 ayest Vi g2 § ¥ ob
EEF a2 411§ EEAIREL BT RAPE RS | S ik

(Dependent ) 7] % ¥ 32 F] 5 & & & I % #rig & FEa 5 KR AL

3.3.1 %3 & %&# 1 (Syllable Pair Acoustic Model)
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zhe_yang (iztk) suo_yi wo (#F123%)
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ran_hou (#X{s)

ix: AL Particle s mEgaEHI 4752 7 a8 -
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3.3.1.1 #3222 iE4
BB 34 E 0 AF A S S HR R AR $ R g g Fe
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RBREGHRER
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; Independent
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Contraction Independent
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TETHEER
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Syllable Pairs
Ex:ke yi.wo men

Y
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EFe B35 PRL L A2 R AR SRR ke A T4 3127 o 1Al -
G ESCIV S PRSI

8120 G S 3 R A S e

Bt g A FRRA | BAEE FIEAL | FRAl

S | B m& i

= & EA 411 F & 8530 | 39.20% | 46.6% | 10.6% |42.8% | 7.4%
bEE2 LEA AL F &3] | 39.89% |47.5% [ 10.3% | 42.1% | T7.7%

APRPRLAHFTFLIISLEERE D & RZF EMHFBTF AT IF &
FERA R L R PR &8 HIR G TE b i S R B R E o

AR o ded 313 o PREOFAFELEER Y NS &0 BATH

™

GRESEACE A = b SRR e RN E e R, A
Wi 3F 5o ek - oy TR LT g A g HR G AL § S
HryERT R R £ g A F L AB T o A e v SR e

Fp TR

H- 3 &ypsdk = pmde / ( Eredk + R348 )
2 3 I3 RFFATEEHEMEZ D F AR AT RS R S kR
AAALF &R | 2R E 2 £ A4 5 & ) 228 E A 411 F &
BRI S § & 85 & %5 & %5 H7
FL o o8& | s i LK kol R A AT ko
F 8| FERSF TR R F i FER i
shi & | 64.4% 120 68. 6% 83 67. 4% 95
wo & | 60.9% 61 64. 6% 47 65. 4% 50
yi - A7. 8% 104 52. 6% 80 52. 4% 100
de e | 43.4% 98 A7. 9% 74 A47.1% 78
jiuge | 67.1% 15 69. 7% 14 70. 3% 21
youd | 55.6% 37 56. 8% 33 62. 2% 37
bu 7 70. 5% 30 68. 3% 27 68. 9% 32
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dui ¥ | 71.9% 46 69. 2% 36 72. 9% 44
ge B 45. 2% 18 41. 0% 13 44. 4% 26
na 7% 17. 8% 18 20. 0% 11 19. 7% 20
ni ix 60. 8% 31 64. 4% 25 63. 6% 29
ta © o7. 8% 47 62. 6% 30 62. 0% 44
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B30T ATH 5 G R BB UM EA AR A £ WG LG B R

R = AH AL ARG AL 3 &R
& %3 & EF A

PRz b | AFALHRG | FALHERG | AFALHERGE | FALHERE

B EF 2% & 2% & 23 & 2% &
A5 & (FPF3s) | (PIg3lss) | (MPFAs) | (FIFAI&)
#A | dui | 76.7% (6) | 60.9% (28) 7&% (10) | 63.2% (26)
A | 35.4% (12) | 46.1% (26) | 39.7% (13) | 63.7% (24)
Ttk | zhe | 33.3% (4) 8.7 (11) 37.3% (2) 28.2% (9)
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wel 57.1% (6) 14.7%: (18) 66. 7% (4) 45.8% (4)
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wo_men 3% i 52 |weng & (5) |men i (5) |dong L (3)
ran_hou ?#Xis 48 hao % (2) nao % (2)
zhe_yang =1k 53 jiang "3 (11)|yang # (2) | shi #_(2)
yin wei %3 43 |yin 7] (H)
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Syllable pair : zhe yang.
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Sd (logp/per frame )
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Sentence S3 S4 v S2 . Sentence
Start —F I & FaR [ 47| l2& FaR E&F [ f | FEnd

Syllable Pair
Ex:ke yi,wo men

B 3.13 : RCD #-3lyHa ¥ &

3.3.4.3 ATH MR AR EEFE LT
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