The Mandarin Distributed Speech Recognition
System Using Pitch Information

GEIERE 2

BEFE T e 4



2

#F APFTAZRFAFAIIFI IR LR
The Mandarin Distributed Speech Recognition

N

System Using Pitch Information

g4 gt Student : Bo-Xuan Lu

dpReE i B Advisor : Dr. Yih-Ru Wang

AThesis
Department of Communication Engineering
College of Electrical Engineering and computer Science
National Chiao Tung University
In Partial Fulfillment of Requirements
for the Degree of
Master of Science
in Electrical Engineering

June 2005
Hsinchu, Taiwan,Republic of China



i % AAF TR BE A AL

\
Rty
by
4y
+¥
-nll o
m
or
Cd

SOERE N1 g T 3 B

R 2~ 7188 tmpils

Pk &

AHme P o B ¥R TR 2 AR —ETSI ES 202 212 XAFE ™ >
22 FER R PRI TR VR R KT P 2 R AR S
AREET IR R FALTRFREIS] MG E S L e L AR E R
F 3 GELeak L 1430 10dB pF 0 ETST 2 20 247 (P B el B 4k 1 iR
ARFFR B GUR L P # R TG AR R TSR L
B ¢ T - B g3 e ETST 2 42 AV LRI 2 18 > 7 R A MGk
AT R e Y L AR A TR A AT A E

ZFRLA B TR AR BRI T OREE R IR o R ARFERT P VK

-—\\

7 86. 8%FEn S 0 BRFE A REFFE R T IEEF 65.3%45. 4% & 2 F AFEL

i
o

MaEe o A E

+

m

N SRR

mly
N



The Mandarin Distributed Speech Recognition

System Using Pitch Information

Student  Bo-Xuan Lu Advisor: Dr. Yih-Ru Wang

Department of Communication Engineering

National Chiao Tung University

Abstract

In the thesis, the performance of Mandarin-digit-string and continuous large
vocabulary Mandarin speech recognition were evaluated under ETSI ES-202-212
XAFE environment. First, the experimental results showed that the performance of
the pitch detection algorithm degraded: seriously when the SNR of speech signal was
lower than 10dB. This makes the Mandarin speech recognizer using pitch information
perform inferior to the recognizer without using pitch information in low SNR
environments. A modification of the pitch detection algorithm is therefore proposed to
improve the performance of ETSI’s pitch detector in low SNR environments. The
recognition performance of Mandarin speech can be improved for most SNR levels by
integrating the recognizers with and without using pitch information. Finally, 86.8%
recognition rate can be achieved for Mandarin digit-string. 65.3% syllable and 45.4%

character recognition rates can be achieved for Mandarin continuous speech.

Keywords: DSR, Pitch detection
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Coefficients, MFCC) » 4ct — gs - ‘aen it £ » L E 5 € - ¥ - Aok

L X 3w £ o £ 2-4 Al Bk

\\Xr
&
=2
ki
A
o
8
TR
.=
\\Xr
z
f-«}
s
8

T RESINF RS AT RN A ES ke B ERRE S
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F 274 R HHCS B P2 SRR T

P47 & (Sampling rate) 8 kHz
4 =& & (Frame window size) 25 ms
3 12T # £ (Frame window shift) 10 ms

3F 55 3 ehd ¢ S fic(Pre—emphasis) 1-0.9z*

1 itk B 2 (Mel-frequency filter bank) 23 ik B

3 4 #F e £ (Speech feature vector) 38 & (# i [12-MFCCs,
logE ]~—=x% - %#
fi i)

RGBT A AR 2 R e T g A 2 BT A0 3 9
SEFHCA 0 F B AT LS 8 BRE (State) * BREZF SBRES
#rie (Mixtures) s % 7 P &5 o @02 > B 5 & B HCL-—# 3 #03
(Silence model ) ¥ iz# #-4) (Short pause model ) =EEH A > % kf

WEF Y ERA AR RS SEop fro b2 #F 0 RT5 3

FBAAERZF 16 BRE B Hrdk o

<
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2.2.4 F%%%

% 2-5(a)# 4 2-5(b)A Bl F| A TiE A P RIES AF £ FR RS T ey

WMEE o HY LEHEH AT 2 TR S F iR AURORA-2 T 3Ees o ant B
28 ekt 20dB I 0dB T B T aER S T 35 .

2 2-5(a) P BF@ FHF P —iEF R VR LR e

(dB) BT AR | R R4 TR
it i 98. 1%
20 94.9% | 93.3% | 97.0% | 94.7% | 95.0%
15 % | 9l 91.4% | 92.3%
10 8 84.7% | 87.6%
5 70.6% | 75.2%
0 42.1% | 48.9%
-5 15.4% | 18.0%
= 356 (20dB~0dB) . . (6% | 76.7% | 79.8%
(dB) ER | wE | By | ten | Toe
it it 98. 1%
20 90. 0% | 95.5% | 90.5% | 95.3% | 92.8%
15 86.1% | 94.4% | 89.4% | 94.9% | 91.2%
10 80. % | 87.4% | 86.6% | 90.3% | 86.3%
67.0% | 80.2% | 81.5% | 86.3% | 78.8%
48.6% | 48.3% | 57.2% | 65.4% | 54.9%
-5 21.T% | 24.0% | 31.3% | 38.6% | 28.9%
T 458 (20dB~0dB) | 74.5% | 81.2% | 81.0% | 86.4% | 80.8%
M EEE L EEE 5N R E N
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# 2-5(b) - MFRF&F ¢ —H &RV R 2

‘Zv
B
e

(dB) P O AE | TP BT é4 TiHE
it 96. 6%
20 95.8% | 96.9% | 97.2% | 97.2% | 96.8%
15 95.0% | 96.0% | 96.9% | 95.5% | 95.9%
10 89.1% | 93.0% | 96.1% | 91.1% | 92.3%
5 T 1% | 84.1% | 91.4% | 80.7% | 83.3%
0 48.0% | 62.0% | 68.1% | 52.7% | 57.7%
-5 17.3% | 25.9% | 26.2% | 15.7% | 21.3%
T 3o (20dB~0dB) | 81.0% | 86.4% | 89.9% | 83.4% | 85.2%
(dB) R | g | @y | v | 1o
I3 96. 6%
20 94. 20 (295,5% | 92.7% | 95.5% | 94.5%
15 94.1% | 95.0%-| 94.7% | 96.0% | 95.0%
10 8816%;Ihﬂgﬁﬁ%fi192.7% 93.8% | 91.2%
5 1%@@Mﬂﬁ%§%3% 90.5% | 85.0%
0 "~ 56.19%(1753:4% | 69.6% | 76.5% | 64.1%
-5 250 | 27.4% | 40.7% | 46.7% | 35.1%
< 3518 (20dB~0dB) | 82.5% | 83.6% | 87.2% | 90.5% | 86.0%
N R OB S E T fB R g T i | 8564

KR EEE? NPT EET R
(1) $TEFFF PRBSS s B0 Ta"‘ AVAF E B RE e SR A
Jo A P ehig ) B - K F 4 SO B YTRBSG A A R RS AR
RIFRF R R

PR R O AT £ R R ek

TRGRTF LR G AR E RIS REEEA T RS

AT PR AR
PR A L R HCALR B foREEFER T AR S 07 TR o

(2) VB R S O o ST EEE

e, = ’ A 4 N
z ?»J;Fgmﬁ,_gijn,} °



(3) Wt I enTRBEARWZT o A R hE B o JEETE Y B T
FERB YRGS PR R B S e T B RIRB DR > 2 eh
A7 B @gégﬁv F R R S B B D e E A T FEE BB R R o
4oB] 2-6 #7o o

(4) A FE P FRAE F Ak v AR ML PR S L g AR suskt 10 5dB
o FRaF g 52 T A D ikt i 10dB P B RIRREE A Ben
FRES o POt RFEE S B R R R R 0 ARk & 56dB T o A I R )

Wk RFEEE DA BapRRF o UL RRE LS B BRR K o doR 2-T

':'l-i—fl- o
95.0%
B e 3
90.0% Wi
85.0%
80.0%
s 75.0% |
£ 700% |
65.0% [
60.0% [
55.0%
50.0%
LK L W ETew %k i 5 R

Bl 2-6 0 ~ABIRE S LS B3 BES 0t R
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100.0%
90.0%
80.0%
70.0%
60.0%

2 50.0%

40.0%
30.0%
20.0%
10.0%

0.0%

| — Oclean_ A
M clean_B
— — O multi_A
| O multi_ B

20 15 10 5 0 -5
Akt (dB)

Ave

Bl 2-7: 7 b asurkit a8 B2 R0 gt i
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3
W
i
5
et
=
N
‘%
@
u\t
H
L
2]
B
fish
i
%‘\"'\
iy
\41
maz
‘Ev*

AR A EM AP At A 5dB TR FERF TR R AT e 2R
FipfAlg 2 o A d AP L AR T BIRER € SRyl 202 212 V1L

ARG ER AR - AT Rl TR o AP A % T A S

2

“

GIFREY O HREEE S BY T NEFSRRS DR L (5] AR HP o ¥
AERER LAY RE R Sl - B B RF R F T P e

B 1R TR SR A 4T o

3.1 A AT 3 i i AR B

ig— &HRA N BT BARER € %5202 212 V1L 11 A 453885 4
PR A Sl Ao RS R FL AL AEASEREY TR a4
ARV E S e i @ o TPitch & class estimation @ %% B
2-1 A% kB AMUE FE ARETR o 4 G ¢ PREAAA
72 (Waveform processing )~ 3+ & #g 3% % iv £ (Spectrum and energy computation;
SEC)» gA#g 2 2 § 7 L 3%+ (954 53+ (Pre-processing for pitch and class
estimation; PP): # gk Ble—% M@ IR 2 oL Sl i a
PRk B Gl 28 SWEES WRAIE @R - BRAGE C- BR7EGES
eE I Mg engein iR (Low-band noise detection; LBND) ——-id ip| & i

Somo Bz B 0 ¥ Ak ipd PP AR ehwt FOE S RS g d B

—N

S e AF 53 (Pitchestimation; PITCH) @ 3|8 fs efi#p @ 5 s £ 4 TCLS
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I
ey
i
[
3
.
kial
mls
S
[
R
ke
=
o
ot

H ok 3 SRR 3-1 o

Speech

| Spectrum
estimation MF
4 .
™ L VADVC
> SEC LBND =
4 ¥ Y
» PP » PITCH «
L . i
> CLS
Y ¥ Voicing
Pitch 5

class

B 3-1 ¢ AT prdn s o AR S R TR SR

AR GRS § RS 2020 U2 VL L 1 R AT B i B
HC5UE PR ST AT SOl S i B S e

B

hulkd
g

i3

F_k

EEVER Y 5 AR T ERN B T 2 03] (Continuous HMM) o
E R R EAE R SR - BAARhE B N WL AN SRR
WEEE 2@ G o T A @ #d ETSI 202 212 V1. 1.1 9 DSR 7 4§
¢ R B o S P~ H $Hiic (1og-FO0) - # % £ 1% 45> 8 (Exponential

function): #-# ¥ (Interpolation) 4 >ta B4 ¢ & >t & #+% (Unvoiced)

g4z (Frame)» 1% 5 - B A3 s LG F4 526 - # 0% 0 @3
T2 5 I 0 53 e R
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He bE*EY - 5 F

VARE S

|og( fo[n]) -

wiax (10g( o101 -~ bog11g1) -9~ (3¢ 3-1)

BB 615 k5 A O (5 A

AT R

T8 R =R

Z_a=0095 o

gAT - #7

BB F F e b

403 R o Lk

P«Téﬁml% ]L,F'

1 15 29 43 57 71 85 99 113127 141 155 169 183 197 211 225 239 253 267 281

Frame

AR K LA 20dB ik 2T o d Bl 3-2F 5 A (FO) 5B 4 ed o
T B AT T {8 eh
350 350
300 —&— Interpolation || 30
—o— Original
250 250
EET 200 200
o
£ 150 150
100 100
50 er Si ba er L qi 50
0 0

#l 3
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3.2 HAREBFAZAIMERLSIT

PO RBEART R A ORI E 7 ARl ik it T
DS RTNE D Rz A Sl B AR . £ 3-1(a) T
3-1(h) ¥ - A B4 7 AT I TR B SR B MRV LT SRR T AT T
WenZL B a4 e - RBARWAT > 2 A7 okt o w2 g gl ar
fdiand A et e B0 o B HpaE s 20 28 HY w A BRI TG
% (Voiced) fr& #+% (Unvoiced) e~ sfgs2f: % 2871 L g %5 ke ™ o
A S B R B s E o
1. UV 2 wulgszg: 523 T R A B> 2 %5 (pitch = 0) @ 4t
TR B SR (8 E TR T i LG B (pitch § ) -
2. VoOU w4538 1 §0E 3 50 RE AR A 585 0 (pitch 3 &) @ 4t
BB (s g r KRB en A A R v m B+ (pitch = 0)-
3. VOVApsHas e« AdpiciE 5 M R4 E (pitch = 0) > &4ct it ie
W is g3 AR B @ (pitch = 0) chdp$daeig o 352 221 (Mean

square error; MSE) # 7% @ ¥ chfp g 3-8 254 5
1&(P-PY
MSE:WZ(QJ (5 3-1)

—;Fl—‘:l ’ P =3 P F‘é;—" “folam&%;l lE’ ; S ";%\ ﬁaﬂ.fgm‘;%" *"‘[‘]‘\]4

i

SR E T A RR N A EGE S g ek
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% 3-1(a) ¢ A Al THEET 2 Akt 2 A 47

V->V
ekt (dB) | UV V->U T

20 1. 84% 7. 84% 0.087

15 1.15% | 11.48% 0.119

10 0.38% | 19.41% 0.200

) 0.25% | 38.85% 0.404
0.09% | 70.05% 0.719

-0 0.09% | 94.10% 0.947

% 3-1(b) : AMF Argiecnd BIRBE T 3 bkt 2 A 47

V>V
skt (dB) | U->V V->U A
20 3:60% 9:.07% 0.093
15 4.61% 12. 80% 0.141
10 4.41% 21.91% 0.242

5.65% 41. 92% 0. 457
9. 48% 70.:08% 0.729
-0 4.'80% 89. 2% 0.905

% 3-1(c) " AT I HBET 3 Pkt 2 247

V->V
ekt (dB) | UV V->U e
20 2.29% | 10.44% 0.108
15 2.89% | 16.30% 0.182
10 2.56% | 29.06% 0. 336

2.36% | 53.70% 0.604
2.46% | 718.93% 0.839
-0 2.39% | 94.00% 0. 958

24



231 AFEETEHEET 3 b inkrt 2 A7

V->V
ekt (dB) | UV V->U T

20 2. 35% 1. 44% 0. 081

15 1.38% | 10.18% 0.111

10 0.82% | 15.40% 0.168

) 0.47% | 30.78% 0. 322
0.43% | 62.68% 0.648

-0 0.48% | 93.97% 0.942

7. 3-1(e) * A B RIBRE T * ikt 2 447

V>V
ekt (dB) | U->V V->U P
20 4327% 1:90% 0.084
15 4:-99% | 11, 43% 0.121
10 5.16% | 18.89%% 0. 200

6. 66% "+ 36. 64% 0. 396
6. 30% | 63.95% 0.671
-5 6.38% [ 87. 07% 0.892

2 3-1(f) t AW AEERBR T 3 ik 2 247

V->V
ekt (dB) | UV V->U e
20 2. 88% 8.47% 0.094
15 3.71% | 13.10% 0.144
10 4.08% | 21.95% 0. 244

4.22% | 40.53% 0. 450
3.40% | 70.86% 0.739
-0 3.01% | 86.80% 0.894
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2 3-1(g) * A EPFRET 3 ikt 2 247

V>V
ekt (dB) | U->V V->U T

20 5. 18% 8. 92% 0.105
15 4.87% | 14.65% 0.162
10 5.61% | 25.07% 0.272
5 6.31% | 47.85% 0. 526
0 6.43% | 73.61% 0.784
-0 8.89% | 87.47h 0.924

% 3-1(h) * A A VB RET 3 gkt 2 A9

V->V
ekt (dB) | UV V->U e

20 6. 08% 9. 62% 0.107

15 8. 03% 1:|z4.0. 60% 0.186

10 10. 48%, .| 24. 54% 0.328

) 11.84% " 43.55% 0. 548
IT-47% | 67.07% 0.759

-0 13.46% 4-(8. 25% 0. 864

FF 317 g P EF A AR VU S UV e s g Ax kdxg > @
VOV AAEAR$H45 38 §AR AR 5 A= s ¢ o * VDU ends i &
FAmRWL TR P R o P B IGES RELE Y T XD RS
2ok o T{@mﬁw{ﬁ AR D RB M AP LE AL > A RE i
Ape EARKARZ T R o AANFRBINY > X R THE T BT EHFID
- N
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1320 AL R 2 A 4

gt (dB)| UV | VU =N
R
20 3.64% | 8.71% | 0095
15 3.95% | 13.19% | 0.146
10 4.19% | 22.03% | 0.249
5 4.72% | 41.73% | 0.464
0 4.51% | 69.65% | 0.736
-5 4.94% | 88.82% | 00916

B 3-2¢ T e R g P A R U R T BT A
ekt % 5dB~ 0dB fr-5dB pF - V-oU e 25 A0 R B e 3 4r > » ;j-;ug!\;;b;g_\arg

ERETLNT S A R N A L € ) m”“‘mﬁkg,; 8o g e 4y

- PR e BRSSP TR A P skt 0dB el
T o AR RS RO R e A B R B R
24827 4o ) 3-3 #77r < J& ¢ 7 MBI F L A Hrat3E f e L S8 %5 A Pitch
tracking: € i & % 284 4 4o 2T B TRB fe fateiot OdB P RB ch T B B

BARL a2 i ROAMEZ AR AHEF §RL o
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350
300
250 ~
200
150
100

1 19 37 55 73 91 109 127 145 163 181 199 217 235 253 271 289

—o— Clean —=— Original

Bl 3-3: VW AfTEFFENIREEAY kit L 0dB A E

3.3 xR FELR %éﬁ&%g T
AEPHRE L - RSV A R R R A7 o i

Fheon 7 AHEARRE ST RS EEFELE R E L E L - R R U R -

3.3. 1R HK T

AR EY TFENEY FE R T R TR TS S EFIRYRLE L

Fa ks s et - R R -

BAAC R AR S s h R B g I SR O R B ARG RS
FEE p ST TR TP 5 A @Y g g SR 0 38 SR L D TRl
b B r T AME R WE - R LA EBLE o BE R 4] Beh

BRIl S S
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RGBT A Rl 2 AT L p A2 2 RFE RS 0 59
BB > F BRSNS SBRG  FBRE ST 16 BR S F
"/f T ORE RS EE R R A B
fobFH ALY

SELLESE 2= R
o

Ho #3 BRIt dgifoa b2 84 RT3
B BRI kg

wx ez

-~

ML S I S 5 N
i LFprE (Skip) o

WAle? Bk & @ (Tying) o = B 5 07
S E BRI GG 32 BR A
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% 3-3(a) :

3.3.29 %%

# 3-3(a)&r % 3-3(b) 7| i 4e » AHE 3

PN AT & B YRS T RR S, o

fe Bgﬁ? 5&&,9 IR iR FhF e 2 50% B g7 R

FBSNRFE R FET R G0 EF Y

SUFERE

(dB) P AKE | TR B 64 TR
it i 98. 6%
20 96.4% | 97.7% | 98.0% | 97.4% | 97.4%
15 93.9% | 95.5% | 96.6% | 94.4% | 95.1%
10 88.0%,|..90.5% | 89.9% | 89.3% | 89.4%
6;:1“%0/ 'ffﬁg@* 70.1% | 73.5% | T1.5%
g4{7/r |140,8% |- 36.1% | 38.5% | 37.5%
-5 FOTAB% | 1203% |S14.0% | 12.3% | 13.3%
< 45ig (20dB~0dB) | 76.1% | 79.9% | 78.1% | 78.6% | 78.2%
e
(dB) Bhe | g | e | vEa | T
jo ik 98. 6%
20 96. 1% | 97.4% | 96.4% | 97.4% | 96.8%
15 93.9% | 95.6% | 94.9% | 95.8% | 95.1%
10 88.3% | 88.9% | 90.0% | 90.7% | 89.5%
70.9% | 76.5% | 74.3% | 75.6% | 74.3%
41.0% | 38.6% | 39.7% | 47.4% | 41.7%
-5 15.0% | 17.8% | 16.7% | 25.2% | 18.7%
< 45ig (20dB~0dB) | 78.0% | 79.4% | 79.1% | 81.4% | 79.5%
S EEE LR LN N
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B

% 3-3(b) e~ A Sl (S NRF R FHF P 2 A7 £ TR R rR

(dB) P O AE | TP BT é4 TiHE
i 96. 3%
20 97.7% | 97.2% | 98.3% | 97.7% | 97.7%
15 96.1% | 96.7% | 97.4% | 97.8% | 97.0%
10 92.4% | 93.8% | 94.1% | 92.8% | 93.3%
5 78.7% | 83.2% | 80.8% | 81.9% | 81.2%
0 46.6% | 52.8% | 51.6% | 49.5% | 50.1%
-5 17.8% | 19.3% | 18.9% | 15.4% | 17.9%
T 4518 (20dB~0dB) | 82.3% | 84.7% | 84.4% | 83.9% | 83.8%
(dB) R | | @y | t2a| 1w
it s 96. 3%
20 96. 4%, ]::98,0% | 95.6% | 97.5% | 96.9%
15 95.3% | 96.T%-| 95.8% | 96.9% | 96.2%
10 9204 11013 |91 7% | 92.4% | 92.0%
5 FTTon | 84.4% |81.9% | 82.6% | 81.7%
0 "~ 50.5% [ 148:8% | 52.0% | 60.6% | 53.0%
-5 20.9% | 25.7% | 23.5% | 37.9% | 27.0%
T 4518 (20dB~0dB) | 82.5% | 83.8% | 83.4% | 86.0% | 83.9%
MR TR OB GEZ T MR h T | 83.0%

CEEEER R N

(D

WRGTEF R VIREAR & FE UL > e AT B DT %S

BN FhrAMTRNOFTHRLEHFN - KT F ARG e ZRER

FEMANRIRRTAST 0 FoEFE R VRS o ER SO AR & B Y RIS ek

H

=24 & .&;’. ;

5 OEECEE S SR e SR E S i R R

PIURHC e B A -



(2)

(3)

(4)

Wi E A P enIR BRI T 0 F DR L B oo K ETE TR RN
AR & BT 0 SRR R A S A R e 0 B TR B L D
o 2o E e T T A RB A EIR ;e B e E 4 T TR E
SR e FHREEEIG e M AT MNP R R FIREL R K s A
UHE G e AT AP REFELG e AT AP REEY B
NETRB AW RN AR o A3 A 34 P o AT I L
her FAE TR > BHERFOFDEARRELSHB B AaTe LY A

BBl ow 29 5B Aka; o r ZIFFN208 0 BHFA P

WREFB AT floein s 2700 A BEH TR RERBEZEEVBES o

BB EE AN BRI DER D AR VRIS R ar T

&
"

e iz BRERART 4 b AT T AT HepEns 1 g0

e AT G SRR S

\l,:t
=
<4
T
5
S5
oy

AR A FERSOLG e N AR R SR K H Y % e T
BB PR E TR R S 0 2 h S 2 L B TR B e D

e A B HRIES bk T4 B E I 2 AR RAAT

»ﬁ 4 )‘zé*t?”‘)%s’%}m*”'a & o g L /}34 4y %Zg%tﬁ”‘*mﬁ’%;m“’g»? 3
EEREHE BRI DTRT L3 ) Al FRBERARL] o &

MR B FER SO G b AT R Ry B H9 x k

MNEBBRB M AOFROFERF T E S > 2 hF Ao 2 LB RETRE S

RE FEEFE R VRBS - 1R o ARl 34 Hror o

gmv/ﬁuu < 5dB BF o 4 %éﬂﬁ”"%mﬁ ‘%E‘J’% igaJ j"‘? (B L ;;75 4p )\é_ﬂ;ﬁ

TP B R RE PFERF A Akt 5dB TR 4o~ AT

B PRGBS GO e AT RAFERSFRME O FR L BE - SR
R PE2i 2 A48 % - R Ak AR > JOF S8 TR B e
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"‘ 3

3% (20dB~0dB) 4%+ 2§ 4 » AT F B R o

¥ Fra
4o @ 3-5 oo e
2345 AR M A BF %Y P FA IR E S VRN 5
A E B PR g 1)
Z 34 ~NFEEB RN S BF &K EH F
PlFRe s A B
BT A B | TE BT e BR | FE Wy | LB
5 a4 | 8.15% | 6.01% | 8.07% | 6.74% | 5.77% | 5.54% | 5.44% | 5.65%
R AR T.28% | 7.46% | 3.81% | 8.74% | 10.74% | 2.96% | 7.65% | 4.75%

B 3-4- B 3-5 » B & &7
19 % (non-pitch)~

(clean) frif &

BT S B Bl g

Frs st (multl) REaeas g% v i o

o AR

F oA RO R AR R (Bitch) ™ % f2i% 353 v ps

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

BT

O non-pitch clean
@ non-pitch multi
O pitch clean
O pitch multi

LB

wa

ERE#

%R

=51

B 3-4:

N IR B
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100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

O non-pitch clean_A

@ non-pitch clean_B [
O non-pitch multi_A
O non-pitch multi_B |}
M pitch clean_A
O pitch clean_B
@ pitch multi_A
O pitch multi_B

SCHN B NNEEE BCDm
20 15 10

5
ekt (dB)

Ave

Bl 3-5 0 7 I el e sl ehial 5 5 L R
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FRLE - BEA AL B A T oA RS AT g
EPFEE O FERFE A M o T AT R A R i e A g e R GRS
B € W5l 202 212 VL1 T3¢ g i pl B2 w48 ™ o 08 A0 Sl Boen

4.1 DSR £ #F % ¥ B2 2 2

B TGN HE PR e B AUldelie i 2 (ETST XAFE) £ 4 w i
TeF3E 5 5 L8R ) R 180 RZRIE e 5t 0 S A B - St T en
(ORI D e 7 2w %Y 0BG HE KRS RN A K N ik
B M EERG 0EIRE S L TR U S E MR B RJLIE {8 E R
Bk B BT Sl dot - kA RBEAPE > BT L EF R R 4
B o e et > 1732 (Modified XAFE) yeil i fesli g Gout > Lt
— X YE e ende (F o 4 %&{i Ao PR RA BE KRR IES £
BT SHG  RAAGYE S SRR S s s > B AL R T o B
A-1 R U582 4503 5 ph kS o2 S Sl B T eh2EHE o

DER Front-end

Feature extraction

To
Speech MNoise Waveform Cepstrum Blind Feature Framing, channel
L3 + Ly " ™ a - - L | a "
fl;_"du(_'tll.'ll'l I'II'("\'.'!.:H-HII'I.H L':III:I]I.'[[HH'I L\luilll.ﬁi“ﬂl'l COmpresspon ”Urr!!'ﬂ”ll'lg_
'Y
; Pitch &
Cian
- class

compensation 3 2
estimuton

Bl 4-1 0 e 8 A 4035 5 Fo 4 s oz Ao

\\?{r

Hcdd B2 ’]r#



B¢ 4o~ 5T > B (Gain compensation) & i 4 475V 3F 5 FE kY

AT

MARM AT B p i B 0 R ER B £ 0 @ & XAFE o2 4F i s 4

ST BRI R RE R A OB el e 20 RAF B A

ol

$HE B B GRNURIL 2 AT 00 B~ 2 3 T
Wi B iEv o B3] I R B MEETE MR 3 LR

TR A BTN E et BRI dopt VAT A B g o AT A B K

= B¢ f’:‘; ’f’,ﬂ{;}’}?g}?&j%{*\ ]gx g( )'lif'—"- B # o1

r

g(i):\/PmpUt(i)Peducﬁon(i) (4-1)

Popuc (1) 7% 2 % 118 5 1285 X575 GHEAE 350 £+ Pon (i) # % 40387 i<

4.2 3% DSR 2 AHF Sdcd B2 ki A 4
R R A R FAC LRSSy S S LRk LS RN ERE A R S
F1* 3-2 F AT ENZ FAEELITRITLR IR AN AN F R IR e a2 A

5 S Bt P B oy o
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o 4-1 v R A AR Slicdd BoeniE R B et 18 AR S licd BoeniE R

ETSI XAFE Modified XAFE
U->V V->U V>V U->V V->U V>V
(%) %) [inssE (%) (%) |4p ¥4 %
20 3.64 8.71 0.095 | 2.68 8.7 | 0.097
15 3.95 13.19 | 0.146 | 2.78 13.20 | 0.144
10 4.19 | 22.03 | 0.249 | 3.15 | 21.41 | 0.240
4,72 | 41.73 | 0.464 | 3.98 | 39.05 | 0.433
4.51 69.65 | 0.736 | 4.21 63.96 | 0.679
=5 4.94 | 88.82 | 0.916 5.72 | 84.18 | 0.872

ot
(dB)

ks 7oA A-1 L) 0 A ETSI XAFE @ VOV end|wjg i85 & V->U
EEFES AR IR RO ML F AR TS e X H Bkt & 10dB e
TR BTt 1S eh I Sl B2 3 et 15dB 1 ehdp e §
VR AR Sl B i T N e it AP R A B T RS €
5202 212 V1. 1.1 e 55558 B 5 0 0 BUh i v 15 e 2 > T E L bR

R A AR ek Rl TR LR B A

4.3 WiF3FEF e PSS 2N AN EF %
Wk S Bl aE Sk
Ed b - BBFAH TR D R AN A HNE S e kS 2 R A

2

F9F LB TP RSN A 0N 2 S ek A oz M S licdh B BT L - 4E 1 R

TR B o EF AR P AN AN IE S PR kA e A

g
{
e
i
i
vl
S
¥
W0
o
o

SRER T R EY
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4.3.1 F % Ty R E >

I

AR E AR R A R AR RS A B ITE R R
R A HR VRS BHG o DB 4 12 B EE A 10 B RE &G R
A 5 BEERARTL SBAE T BAE S 8 BiR A F i B
BEEHA #FFEFHA 3 BRE - BREEEREA L BRLE T BREZ
16 32 & % S o
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4.3.2 7% %%
4 4-2(a) ~ % 4-2(b) & B H e » s LN AN E  FER AN B £

BRI R F T P PRLT %Y iR R R AR £ R R

P

Z 4-2(a)  4v » B RGN AT E G SRS AL B2 O S ceh R G T

PIRLR R f0EF R RS LR R R

> L
_

(dB) BT AR | AR Bga TR
it 98. 4%
20 95.3% | 97.7% | 97.7% | 96.0% | 96.7%
15 93, 3%0193.9% | 96.4% | 93.6% | 94.3%
10 86, 9% #189a1% | 92.2% | 88.8% | 89.3%

5 o [ 17 % | 754w | 7.8
0 P44 W [ 4T.8% [551.9% | 47.7% | 47.9%
-5 “15.0% 1C18:2% | 17.8% | 15.3% | 16.6%

L 3278 (20dB~0dB) 78.1% | 80.7% | 83.2% | 80.3% | 80.6%

2 L

g
o
'|i.
A 1
>

(dB) £ R =51 Wi | L E x| TR
§o iE 98. 4%
20 92.4% | 96.6% | 93.8% | 96.3% | 94.8%
15 90.3% | 95.5% | 92.7% | 94.2% | 93.2%
10 80.2% | 87.9% | 88.3% | 86.0% | 85.6%

66.4% | 78.2% | 76.6% | 73.8% | 73.8%
43.2% | 46.4% | 50.9% | 54.8% | 48.8%

5 20.3% | 20.9% | 18.9% | 33.6% | 23.4%
T35 (20dB~0dB) | 74.5% | 80.9% | 80.5% | 81.0% | 79.2%
NEEE R O E R T




% 4-2(b)  4e » s B N A 5N

g TFeo R

Sy >3 _ﬁ

YA A B YRESN 2 pEem

= L
_
!

B

é% —‘El' ?J%‘%‘g;‘ /:l’i ‘?-‘j‘.aj’é B"_L ik-ﬂ:ﬁ %&Eﬁﬁ]?;%ﬁ fg‘_g:—?:

(dB) B4 A | AP BT e T
i % 97. 0%
20 97.7% | 98.1% | 98.0% | 97.7% | 97.9%
15 96.4% | 96.7% | 98.0% | 97.7% | 97.2%
10 93.5% | 94.2% | 95.6% | 93.8% | 94.3%
5 81.2% | 83.3% | 86.0% | 84.3% | 83.7%
0 51.4% | 59.4% | 59.0% | 61.5% | 57.8%
-5 20.9% | 21.0% | 22.0% | 21.0% | 21.2%
T o6 (20dB~0dB) | 84.0% | 86.3% | 87.3% | 87.0% | 86.2%
(dB) £ R =51 Wi | LBk | TE
jos _:;._q:g'?;“ff‘fi“ff'?-.’;@i;,& 97. 0%
20 <96, 3% 111 197.0% | 96.6% | 97.0% | 96.9%
15 F 94 T% | 97.4% |=95.6% | 97.0% | 96.2%
10 F191.,0%4792.7% [593.6% | 93.8% | 92.8%
09.3% |84 1% | 82.9% | 83.8% | 82.5%
56. 5% |+BB. 1% | 60.0% | 64.5% | 59.3%
-5 21.2% | 27.7% | 28.4% | 39.3% | 29.2%
T o6 (20dB~0dB) | 83.6% | 85.6% | 85.7% | 87.2% | 85.5%
AR BR R ZE T OB T3 85. 9%

PR b r T Sl Ao r T N A RN Rk S B S Sl

S~ A\'gf(;\:

2

FULE A &N RIS L U % P R 4-2(a) ~ B 4-2(b) -
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FOEE S PRS2 R
100.0%
90.0% =
80.0% H - - |
70.0% H - = == | |
60.0% = = | | |
wr
& 50.0% H | | | | |
ES O Non-pitch_A
40.0% @ Non-pitch_B [ | | | [
30.0% | OPitch_A - - | i
200% 2 Picn-B o L U |
B Modified A
10.0% 1 @ Modified_B O M n i
0.0 LI T T T | 1
20 15 10 5 0 -5 Ave
ko (dB)
Bl 4-2(a) @ LdziEiF S A P UL 4o~ A4 Sl @ % DSR XAFE &2
Modified XAFE #¢ B~2_ B S ooy s %
R AU S S R
100.0%
90.0% = =
80.0% = = | | |
70.0% — - == | |
60.0% H = = | | |
i
= 50.0% H = - - | | |
:}H;
40.0% H I:INon-pitch_A || | ] | | |
H Non-pitch_B
30.0% H OPitch_A B — — -
20.0% L OPitch B || || || | | 1
B Modified A
10.0% H| @ Modified_B —] — — = 1
0.0% “ |
20 15 10 5 0 -5 Ave
ko (dB)
Bl 4-2(b) @ fdf & F8 P B P vl i LG 4o~ A4 %8~ DSR XAFE &

Modified XAFE 46 B~2 47 % Hcinypas 2 %
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KRABRERD > AN TR

(1) *egde » se 2N AN 3 P L S P2 A Sl 4o » RA SN E S

FES S S P2 O SR BB R AR BRI s A

(4

ottt 10dB 12 b hpEh o B0 300 A Pt U A HCR R PR S

‘F_*

P2 EMF S A RAARGF SRR AN B A SRR B

B SR et 5 10dB A R g e~ S A AT | R

ey
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&
ki
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il
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e

o2 A SRt de o Rk SR E G SRR R
B 5dB r4 T eyt g AR A Ae » 2 RSN AT E G R R A P2 Ol S
Wb A AR RS a2 A 2B o R L BT 0 7
2otk 10dB 4 b AR R R R e B AN AT TR R B B
A FB e RALSRGNE S RS AR B2 A SR B FE
ekt L 5dB o AR RN D TR Y L H e » 2T AN AN E
TR R S Bz B Slie Ao 2 ROAA RENEE S SR kS B2 Ui Sk
SEAT R T R & e R L EaR R RAT PR Rakay-S

TS SUNISNY RN TSt R E L SR U Y T I

'F_

TSRS R Y o B andp 45 3R 0 5 (Error reduction rate)
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TR T R ]

BAF B HBDIRES Y R A gk

b
~

s 20dB 2 BT g AE Rt 5 10dB o SRR A S 2 rr AN A AT
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3PS T2 T U e r R A A RN IE S PR AR 2 AT £

B H R 2 R ARE IR M B AR RN R
Fugh Br2 S St de 0 RA SRR SR L S B2 B Sl

BELF o BAF AR TR o MR R 5 5 12. 4% -
AR A r st AN ATV E F PR R e B2 A S licerur S0 4

>R ATETE R TR R B AR SRR S 0 B ER  5 G
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(2) vegte 2 d s AN AN PR L A B2 A Sl LG e~ BN Sl

S S DA VRS R S A hguRet 10dB 1 2 PRI
doord BT UV AT R R K A B2l I Sl I Ao A Sl
WA F ;A HdB L TR RE o A BehT IopER ke A d 2

PR HER T R PR S T2 T R 2 e r

o
N
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s
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<
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i »..
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BAF R B 2T e~ A S lcenyE S B 0 hsuekt 10dB T BE S PR

~

B ipeh T 3oyl ko pfde » od 2 AN A TN E S Rk g B2 SN it

BLF A o~ B S BcehyER S M o AgpEE S Y REN R Y 0 B ey

Fher d BT AN AN D SRR R AR Bz B Sl T e I Sden
FER G M o A4 A B VRBC IR o BRI ap R F 5 1.6% e

MEFR VI —REREE A ,fu,éf: Gkt -5dB R o H e

B b RSN B SRR A B T R0t ] e BT R

I S HehPRR S B 5 okt 5QB TR BIE 0 @ B A en soyRi sl L
7
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N
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d babA BRI ST L AmE e » rr AN A N SR ks k2 &
AT SR B R AR B 00 E S b xRk A O R PR E 2 AT Sen
FERVERAF > (L FAPL G LG b A R BCDERN BT o TR A B )T
BEA BIEREOEL - A5 - BATOFESE > Akt 10dB v anE g ke
» RGN R E SR I SRR B S 45 Btk BdB
TR e r RS BFERE L A SR s A A APERE R ¢ ReFD

P
BLRL ©

4.4 PSR HEF ¥ LIRS £ILT b B Sl
“'J“'*ﬁkﬁ_&?%\:% 2y 5{—\.,4,\-5‘{—\.%%_% ?%é’? L B2 g-ﬂf‘

S AtrpES B

F1 o B e~ A SRR K e e AN A g R
G ELR P2 HOE Sl s o g It A 5dB 1T BE 0 4e » 2T RSN A 4T
PG SRR ARD 2 T S B B RPRES T AT R R RLG Se r AR

SRR B L G e~ SETE MR R ARIT FRRE B 6 - B AT

oK AR A A PR
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4.4. 19 %& 2

BAA B BrRLE R D k4 Bk (Log-likelihood scores) » & 45 #75%
W+ R e anikt o BAp et £ G (Weight) > £ #-3k 1t & Bdeid o
AHAR e 0 RSB B B s FERE R o AR ARF o ARG T AT REF eh g

Sl T{Aﬁx EFobe r A S BPPERE R S F 20 AHRILARM > 487

-\

TOFRAT AR Sl S AR I e RO SRR E R o R UL AP
P g o RILRREUR S U b 10dB 2 P AR T G e S

V2l

HO T R b SR T Rl *%ﬁﬁﬁ?ﬁﬂ@“@&muf’%

'Y

B b A RBCFER B E ko T G 3 A A

$'=@Syith_pitch + L@Swithout _ pitch (4-2)

B s A F LRSS I Sy piteh S R Gt A S lchyER A
Swithout _pitch 1~ %< X F v » A SlRes sl o o o BV E i Ht £t

(Weighting function) R|&_i¢ * Sigmoid S #[T] » 4= 3¢ :

d)= =25 6=19 _
() 1+exp(—yd +6) 4 (4-3)

i R
NEELES L n iR &
i ik 5 1
$AE TR Y
[ + (S
&
MEES ELES L4 e P it |-
=i B
FEMEES LET S

Fl4-3: 56 ¢ 7 AN S8 2 3§ AN S HTTRIEL b A2 R
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4427 % %%
% 4-3(a) ~ £ 4-3() A WAL d AN s N E S Rk sz B
SBLE T R SR OFERF KR DI EF R VRN LR 4 &RV R

R

#4-3(a) 1 FEFd AN PR F R RS AN B A S 2 T A

RS TR Y § RS PR e S R UE S R R S

> L
_

(dB) BT AR | AR Bga TR
it 98. 4%
20 96.0% | 97.5% | 97.8% | 96.3% | 96.9%
15 93.20601794,7% | 96.4% | 93.6% | 94.5%
10 8T, 1% 119022% | 93.8% | 89.9% | 90.4%
5 D TL3% |78 T, [84.4% | T3.8% | T7.1%
[ 43.6% | 52.8% [-60.1% | 45.2% | 50.4%
-5 15, 1%1120.4%  19.0% | 15.0% | 17.4%

L 3278 (20dB~0dB) 78.4% | 82.8% | 86.5% | 79.8% | 81.9%

2 L

(dB) £ R =51 Wi | L E x| TR
§o iE 98. 4%
20 92.5% | 96.9% | 93.5% | 96.6% | 94.9%
15 91.6% | 95.5% | 92.7% | 95.0% | 93.7%
10 83.0% | 88.0% | 89.6% | 88.5% | 87.3%

69.0% | 83.0% | 81.5% | 83.5% | 79.3%
50.8% | 48.9% | 57.0% | 65.7% | 55.6%

5 22.1% | 23.8% | 29.6% | 37.5% | 28.3%
T35 (20dB~0dB) | 77.4% | 82.5% | 82.9% | 85.9% | 82.2%
MR B e R T R o T | 82.1%
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24-3(b) t FEFH AN PSR F R IR AN A S 2 2 A

A S RF R T P SRR R A & B R

2 L
_

> IA—L
2 S

(dB) B4 A | AP BT e T
it 97. 0%
20 97.4% | 97.7% | 98.3% | 98.1% | 97.9%
15 96. 4% | 96.4% | 97.7% | 96.9% | 96.9%
10 93.3% | 95.0% | 96.1% | 92.4% | 94.2%
5 79.6% | 85.4% | 90.0% | 82.1% | 84.3%
0 48.6% | 63.1% | 67.3% | 53.3% | 58.1%
-5 17.8% | 24.8% | 24.5% | 15.3% | 20.6%
T35 (20dB~0dB) | 83.1% | 87.5% | 89.9% | 84.6% | 86.3%
(dB) K =51 W | VB | T
it % PR, 97, 0%
20  lI9T2% | 96.0% | 97.2% | 96.6%
15 o | 97. 4% |-95.6% | 96.7% | 96. 4%
10 517 01.3% [“94.4% | 94.6% | 93. 0%
5 0. 7% | 86. 1% 86.1% | 90.7% | 85.9%
58. My 55.3% | 67.5% | 75.1% | 64.2%
-5 24.9% | 26.6% | 38.6% | 47.0% | 34.3%
T35 (20dB~0dB) | 84.6% | 85.5% | 87.9% | 90.9% | 87.2%
N AR R R ZE T MR R ST g | 86.8%

Mot F B R B e r B AN A TGN RE R R P2 AU S lien &
BERVRT BRI ACEF R VRIS Y 13 ekt DR A B IRRE D
TG E PO b e AN e N F RS R P A Sl R R iR

B4r o HeseRpt b 5 10.56% © 2AF £ EVIRB T 0 FM SR XA

6. 22% -
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F A Sk

B F S e P DB TR T A Sl
Tt o AT ST Fdidn kB

Ry T

(Upper bound) e

N
ol
&
A
-g‘»:%

T

¥ P R e T TR R
7

& ETIRER ALELL B @ A S FK
L B R (5

I3 SRS GReEE ALY e B o
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4.5. 29 %% %

+ 4-4 J @ 50EFS 2 A

FHPFERY B SPALE TS RIS gt
B o OERE RS T BB R Y J fEE A B R SRR E
H 3

PP
Hykl s R L E A T BREFRNERT F R R S T A

U R B T A r B Sl PR B - B R i}{:wr% P
BT ST % 2 A £ FURE RN {4 T AR B ek o
914 4-2(a) 0 o T I R AR R T 2 Y

z_ %4{; th m}"%}a a

FRAE 1R R R
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AT S 2 A SR T B PR GO P

Boat 2

2 L
_

(dB) BT AR | TR BT E A THE
o 98. 4%
20 95.2% | 96.4% | 98.0% | 95.5% | 96.3%
15 91.6% | 95.0% | 96.1% | 93.9% | 94.2%
10 84.4% | 90.3% | 93.9% | 87.9% | 89.1%

71.2% | 77.4% | 89.1% | 74.3% | 78.0%
96.4% | 59.7% | 74.6% | 53.9% | 61.2%

-0 36.3% | 36.8% | 50.0% | 24.6% | 36.9%
I 3218 (20dB~0dB) 79.8% | 83.8% | 90.3% | 81.1% | 83.8%
B e Ll

(dB) 5
it '*Ma*ét@;g 98. 4%
20 h@sﬁe/o[?gﬁg@gho 96. 9% | 97.2% | 96.4%
15 - 04 T | 95.2% [-94.1% | 96.0% | 95.0%
10 = 6%'%%_81117/0 oot 0% | 94.4% | 89.8%
Ok | 83.9%.| 85 2% | 86.9% | 82.8%
56. 9% |62 0% | 67.5% | 75.6% | 65.7%
-5 29.6% | 42.8% | 46.9% | 59.7% | 44.8%
T35 (20dB~0dB) | 81.8% | 85.0% | 86.9% | 90.0% | 85.9%

T E EEEE R R TR

49



=
~d
St

X LEEE ERpis

n RS ARG E R SRR AR T RF R YT P yRL b i
WA G RRERFED PR AR ? AR R AR E S e AR
BT 4 HUBA Rl 2 fRag € T 1 20~30% ik F 1B R RBEFH A
AEGUER SRS LARET A 3 R ORRF R SGE R SRR B A4 A AT

P SRR RDERY TR FFE S ERL LRI T e » B TR

S ¥k SLense AR R o

h.1  FHE A 5-—-TCC300

BAE Y P AR Y RERA T R EE TCE300 - TCC300 £~ £d 54+
Fod# A N2l A FWEGHUNT LG - 2 FRAHRNITH
BARER e & 5-1 FIA BRI SN BT S 2GR R he i~ R

IR A 2R A

#0511 %3 RAKRETS FEHL

R 5N PN )

PR 16k Hz

S FG T3 16 =~ PCM

B 755 F 150 A fet d2iF 5 150 £ > % 27,337 & >
332,267 ®F &

KL Tiak b 54 12 B3 &

BREAFEE - o 0 A - ARk e e GSM £ g e g % — 8K
Hz g2 » 402 #-TCC300 3542 % 47 1 8K Hz -
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AEH 4 A enTR B
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W
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ArhvIR BRI enfasE o A ASB A fARREESE B A et 2 TR B Fe A
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BIDVRGT L Arde N 2 TR FR T fie o B fedrde » TR B SR

2B AT TR o

P BSER R A a2 4 g I IGER 0 & 24, T42

RS o T Rk T
v Begp A E R YA e 24, 742

5 300, 856 B 5 & 5 fedE & MBI RPN
20 > # 21,237T 9 0 & 1,238 93 0 @ F A w H e 2 3 RIRE
W A RSP ;K{gﬂﬁ&ﬁw b Loz~ %R
Foarr Vi -2, 595 @

‘:/TJ 1-li’JA,\y

FEA A AR R
FEA S £ 2,595 7 5 31,411 BF & o F 5 BIEFRE S
8l & w324 ¢ & 3259 ie A Bt 7 TR BE N KR
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20520 e b RBENE FRAFAEE LN G 4L
PR —

TR EE R
Bk 24,742
BRFER
PIRE &

R
% -F;& L 24,742
BN

OjfENg ¢ ¥ T AE D BTG
@zttt 20dB, ~ 15dB -~ 10dB ~ 5dB frx 2
§oE
® ffasest ke 5 48 SNR » % 20 fahr &
Ax B &
3 Bk 19,086 & ¥ ;9,079
BB BHE A
BT R
Blidm s |4 g
wa 5 5
BT € 4 RG-S
TP E BB 0 et SRgr gl & 20dB ~ 15dB ~ 10dB
5dB ~ 0dB ~ -5dB ™ 2 % > §ziE = fAAER 0 I P HIE AR R
i 30wk vt AR R AR E - ErEmEs
. 5-3 1 plREEMY A8 A%k AN T 2 F &k
EBA B TH | AR | D (BEFEA AR | WE | LB
5 ¥k | 3908 3986 3916 4034 3816 3931 3836 3984
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P e AT 3 R RFF A IRLY F TR pRLEAD L
B5E 411 5 & = @ H0a] (Syllable) #f 2 o 0 3 2100 B 33% 40 b 2
Bt A 40 B R A AR M 2 B Ry 3 BAE SRR AR D
B o B¢ & Bk GEIRA64 B L F A R A BRI -G 8RO
R R E SR 3BRE B EFWAR L 1 BRE 2
AR TR X T A Y R R S B REAY R RRE G

128 B2 & % Hrik -
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5.2.29 %% %

% 5-4(a)~ 4 5-4(b) A AL 4 r RN S len TR RGE R AGE S R

BT EEE S VREN R A S BRI RS

# 5-4(a) 1 i F Ao r B SN T RRFRFF G RSN R aciEF g

A\

P yERE R

(dB) P A | A2 RS TR

oot 61.2% | 63.1% | 62.2% | 62.0% | 62.1%

20 49.1% | 56.2% | 57.4% | 49.9% | 53.2%

15 39.0% | 48.0% | 51.6% | 40.4% | 44.8%

10 28.1%,].36. 1% | 42.1% | 27.3% | 33.4%
Lﬂ/ ‘“2‘1-_;%9@? 28.3% | 15.1% | 19.9%

7. 5] f_s‘i‘;?@%\“fﬁs;.ﬂz. % | 6.5% | 8.8%

-5 F2.2% | 2.8% |=3.8% | 2.2% | 2.8%

=351 (20dB~0dB) | 27.8% | 34.0% | 38.4% | 27.8% | 32.0%

BT 1T

(dB) Bo | B | s | L | T

ot 61.8% | 63.2% | 61.1% | 61.9% | 62.0%

20 51.2% | 52.8% | 55.6% | 57.6% | 54.3%

15 41.8% | 47.0% | 49.2% | 51.4% | 47.4%

10 30.3% | 35.7% | 41.8% | 43.1% | 37.7%

16.9% | 22.2% | 26.1% | 31.3% | 24.1%

6.2% | 12.0% | 13.6% | 18.4% | 12.6%

5 1.1% | 4.0% | 4.7% | 5.9% | 3.9%

T35 (20dB~0dB) | 29.3% | 33.9% | 37.3% | 40.4% | 35.2%
AR OB R ZE T OBk o oh T o35 o@E | 3364
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% 5-4(b) :

RIS U P S LIRS

P L yERE R

RERUE RR R

R S i R

2 L
_

(dB) B 4K | A2 BF e T

it i 54.8% | 56.1% | 55.8% | 57.9% | 56.2%

20 43.2% | 49.5% | 51.1% | 45.1% | 47.2%

15 34.0% | 42.2% | 46.6% | 37.2% | 40.0%

10 25.5% | 32.2% | 37.8% | 26.2% | 30.4%

5 14.5% | 18.0% | 25.4% | 14.8% | 18.2%

0 T.0% | 7T.4% | 12.6% | 6.0% | 8.3%

-5 2.0% | 2.5% | 3.9% | 1.9% | 2.6%

T35 (20dB~0dB) | 24.8% | 29.9% | 34.7% | 25.9% | 28.8%
(dB) £ (=5 Wi | LBk | TE

it i 54.9% | 56,0k | 54.9% | 55.6% | 55. 4%

20 <45, 2% 1114600% | 49.1% | 51.6% | 48.2%

15 - 36:9% | AL O% |243.9% | 45.7% | 42.1%

10 - 25.5% 1 81.7% [37.0% | 38.7% | 33.2%
“13.5% | 19.7% | 23.5% | 28.4% | 21.3%

478 lzoew | 167w | 11 1%

-5 0. 9% 4.4% | 4.9% | 3.4%

= 351 (20dB~0dB) | 25.2% 33.1% | 36.2% | 31.2%
AR BR R ZE T OB T3 30. 0%

G R B DSR B e i o S Rk B R e

SR AE BRI AR L FELE 06 T o B3kt 10dB R

FTR Loz BT UBFRALF

B BRFEE
» B f’ké #

FEE K BLY o do¥ i T feh
DR E BRI E AT LB el BB I A e il

HRE S R VRIELHCI T B A A e F IR e s
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SETIEY R A S FERE R RN g R

.

AN G2 FER BB RS T R AH T /N2 AN AHGNEF SRR

(w,

Bogh B PR BT £ T R R A SRR AR R S L B &
B 40 PT A G R B N e FTENEE R PR K S B2 JAE Sl

FREFEAFS 288

5.3.1 R&K 2

4y )\%‘){?‘A—‘%mﬁi %}hl—r,% A )ll%ﬁﬁ_“)‘ﬂl] 2;{ 3 %G,EEF‘E_' Voo 4 ;;ﬂ . ];;]?%B

3} ¥
AR ENF L 0 N MCHOATIL S PR E o RARSER B RS B IR 22

ST LR R RS RN, SRR SRS Sa R E R
G0 STILCE - BRI R IR o R g IR 2 B4l § & 4
N Beo TG & dcd 411 H4e 1,515 Btk 55 ¢ B 61,515 3 & ¢
LB nF S B3 Perplexity 3 4.44 5 F15 Perplexity /]3¢ 50 #f
v n S Sl 2 41T R S L PR % TR R 03B B endp AR
W AR AR 2 B IR 0 TR A e A B2 B 0T B R 100
WA A 0 3R A Bl 40 B4 17T B BRI T o 2P
TR AR 2 B RCRIALS BOR A o P IS Bk o B F Bk AR 64
B A B ATHC B S RS R Y R R S B Y
BERAK TS SBRAE BT RAIR TS 1 BARE o 2R R

J4

4"

TEEFEISY BREEE A BEFRIY TR RETG 128 BRER

ek
£

"
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4 5-5 1 & B &AL K
LRSS S

1 350
9 383
3 351
4 372
5 59
5.3.29 %% %
AP EREEA S 2 e 11,515 4 S pEag s BEm ez 411

FELEEE o £ 9 1515 § & s g EE D kg BRI

1,515 § &2 &% % % i¥é & 43| (Dynamic programming) fé » #71F Pl end iz

RS B 2 PR Dbl K AR Rl E A e 1,515 3 2 Rt
FEREBEANG  RTAAREFRDMBEN 5> L% ST TENT

oo Ad Rt E RS 411 e R E L 1,510 § o2 BE e
7

Ren¥ & A ER DT AR TTALLF SR B RIL Rk § R 2R

FRNALL G S LB E R TR BRI o E e R -

# 5-6(a) ~ 5-6(b) A W H 4 » tr & N A FNE R RS A A 2 AT 4
Boent 3 RPFRFE D FERT R 50D Y RIS 2 A8 & B DREES
oI5 B SRR o] FHREET UF R A~ RF T AT &

PURBCS PR ¢ BT RCEE S P RESS e
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# H-6(a) :

éé‘ % B 7?’%35@ v m-ﬁb /i p% G| \zJ'l ﬁ*s-i\‘ 1 515 'li

2 L
_

SRS LA s VAR £ A=A

w7

2 sl % didh Beo AN % ficen

& 4x

q—:%

(dB) | CR | i |BEE4] Tow
it 44.0% | 46.1% | 43.8% | 45.9% | 45.0%
20 35.7% | 42.2% | 39.8% | 37.7% | 38.9%
15 28.3% | 35.1% | 34.3% | 31.1% | 32.2%
10 20.3% | 27.6% | 26.6% | 20.5% | 23.8%
5 10.8% | 13.9% | 14.7% | 10.6% | 12.5%
0 3.8% | 4.5% | 4.5% | 3.3% | 4.0%
-5 0.4% | 0.5% | 0.8% | 0.4% | 0.5%
=351 (20dB~0dB) | 19.8% | 24.7% | 24.0% | 20.6% | 22.3%
(dB) AR | i Wy | LB | Tiom
it it 43,30 T AAI8k | 45. 0% | 44.2% | 44.3%
20 37 5% B8 . 41.5% | 41.0% | 39. 5%
15 S 30:6% | 32,1 |36 2% | 35.3% | 34.0%
10 S22, 3%\ 24.8% |28 6% | 27.0% | 25.7T%
5 CILS% IS4 ) 15.4% | 16.0% | 14.0%
0 3% a ™ | 5.0% | 8.2% | 5.6%
-5 0.7% | 1.2% | 1.1% | 1.9% | 1.2%
* 351 (20dB~0dB) | 21.3% | 22.9% | 25.3% | 25.5% | 23.8%
S EEELEEE LN NN SRR




% 5-6(b) ¢ 4r » s 2 N EA FTNE F PR K A P2 B0 Sl T R RF
FE L IERD R O LRSI 1,515 B3 S ppng s
(dB) BT AR | AR B g4 TioE
it i 40.8% | 41.1% | 40.1% | 42.0% | 41.0%
20 36.5% | 39.7% | 38.7% | 37.8% | 38.2%
15 31.0% | 36.9% | 35.8% | 34.0% | 34.4%
10 24.6% | 30.7% | 30.8% | 27.3% | 28.4%
15.4% | 18.9% | 18.2% | 16.1% | 17.2%
6.6% | 6.9% | 85% | 6.6% | 7.2%
-5 L4% | 2.1% | L.7% | L.3% | 1.6%
< 350 (20dB~0dB) | 22.8% | 26.6% | 26.4% | 24.4% | 25.1%
G
(dB) B | LB
it it 4&@@*‘%1’ 41.5% | 41.5% | 41.2%
20 ﬁ;mﬂm 1 40.3% | 40.8% | 38.5%
15 [ 33 1% | 33:5% |=36.6% | 35.7% | 34.7%
10 Flo4 9% 1728.4% [530.4% | 28.1% | 28.0%
A48 1T8% Y 19.7% | 19.2% | 1T.8%
o Wle®i5% | 8.1% | 9.4% | 7.9%
-5 LO% | 2.5% | 2.3% | 2.1 | 2.1%
< 351 (20dB~0dB) | 22.8% | 25.0% | 27.0% | 26.6% | 25.4%
MR R R E TR R ST g | 253
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BEFAPE L RRGZEDFEESF o d £ 5-T(a) ~5-T(b) 4~ B A 4 » sz 25t
A B?CJT\‘ w—'%‘ 57 FH /f Fdd B2 %’};F' kﬁtrﬂ'& -+ ? E‘:]F%—g ﬁv‘g 3 ?J%"ﬂ"ﬁ'% ¢ V50
FRVREN N EFEE RV AR E oA HE ST PR ek

L St (e ) BT 5AB BB SRR 6 T D R ke X

% 5-T(a) t 4v » 2 A5V e FTEN 3F ) RS 8 A Po2 Ui Slieen F R R

l‘g‘ % G| 7"7{1&@5@6 mgb/i pg B \zﬂl ﬁ’fﬂ-;\‘iﬁ"’% W* El %3:

> L
_

(dB) b T w8 BT A Lo
it 63. 3% 63.5% | 63.7% | 63.8%
20 60, 5%2]163. 61.3% | 61.2% | 61.6%
15 56. 3% d5:59a7% 4, 58.2% | 59.0% | 58.3%
10 19, 4%1-';- 6.9% | -84.6% | 50.7% | 60.4%
5 |34, "ﬁy 36.7% | 38.9% | 36.9%
0 31«5 Bl L% 19.5% | 20.4% | 18.5%
-5 %) 4T | 5.6% | 4.1% | 4.7%

L 3278 (20dB~0dB) 43. 6% 92.1% | 46.0% | 47.2%

2 L

(dB) Ey -4 (=1 i | LB | TioE
§oE 64.6% | 64.0% | 64.5% | 63.1% | 64.1%
20 62.1% | 61.2% | 62.4% | 61.7% | 61.8%
15 58.8% | 58.7% | 60.0% | 58.1% | 58.9%
10 51.2% | 52.1% | 53.0% | 49.7% | 51.5%

38.9% | 38.0% | 38.8% | 38.2% | 38.5%
21.7% | 20.8% | 20.3% | 24.5% | 21.8%

-5 9.6% | 8.9% | 9.7% | 12.3% | 10.1%
T 45 (20dB~0dB) | 46.5% | 46.2% | 46.9% | 46.4% | 46.5%
N R E R FEE I fE MR h T o35 @ | 46, 8%
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FRERIERT &Y A £ RV R 2 B R e

% 5-T(b) t v » :x AN e TN 3 PR F S B2 P S licen+ 3 1 W35

(dB) P O AE | TE BT E4 TiHE
it 61.5% | 63.3% | 61.2% | 61.5% | 61.9%
20 60.2% | 61.7% | 61.5% | 61.3% | 61.2%
15 58.2% | 61.1% | 58.4% | 58.5% | 59.1%
10 54.6% | 59.1% | 86.5% | 55.9% | 64.0%
43.0% | 43.1% | 41.0% | 45.7% | 43.2%
22.2% | 24.8% | 26.4% | 27.1% | 25.1%
-5 9.3% | 11.3% | 9.9% | 10.3% | 10.2%
< 351 (20dB~0dB) | 47.6% | 50.0% | 54.8% | 49.7% | 50.5%
G
(dB) 2 3
§o 63.0%
20 60.8% | 61.3% | 62. .
15 - 58.4%59:7% | 60.0% | 59.1% | 59.3%
10 52:8% | 54,7 | 55.3% | 51.6% | 53.6%
42.8% V41 8% | 43.6% | 42.0% | 42.5%
26.9% | 25.7% | 27.1% | 28.8% | 27.1%
-5 15. 7% | 14.0% | 15.6% | 17.3% | 15.6%
= 350 (20dB~0dB) | 48.4% | 48.7% | 49.7% | 48.7% | 48.9%
MR R R R R Z T fE Rk h T | 49.T%
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BE OAPLITA T RAED D41l F &30S o d 2474 5-8(a) ~ 5h-8(b)
G ke r e AR A RO PR A B2 A St S R MR A

FRR &Y 0 FCEFF VRGN E A EFBEYRESGY P AL BF a2 s

mly
N

B

i

mSEET MR AR LD BB I OdBREF SRR g TR Rk

- )\
R

% 0-8(a) * fr M AT A IS RN G SRR A R P2 B Sk F R B

FEFFERTHY i EF R VR4 B SR E S

(dB) A NS S T Ak Bkl
it it 62,6% | 65.2% | 63.1% | 64.7% | 63.9%
20 51T | 59.4% |- 58.4% | 53.0% | 55.6%
15 Flanaw | 5109 |51 8% | 43.9% | 47.1%
10 30_:413&50/ |=45.0% | 30.1% | 36.6%
5 T2 | 237 26.9% | 16.6% | 21.1%
0 6. A% | TI90% | 10.1% | 6.6% | 8.0%
-5 L7% | 1.6% | 2.8% | 1.2% | 1.8%

T 3218 (20dB~0dB) 29.5% | 36.7% | 38.4% | 30.0% | 33.7%

(dB) B | wE | @B | v | ToE
jo i 62.9% | 64.7% | 62.8% | 63.5% | 63.5%
20 54.7% | 55.6% | 58.8% | 59.6% | 57.2%
15 46.9% | 48.5% | 52.3% | 52.6% | 50.1%
10 35.0% | 37.7% | 43.3% | 43.7% | 39.9%
5 19.8% | 22.2% | 26.3% | 29.1% | 24.4%
0 7.9% | 10.6% | 12.5% | 17.2% | 12.1%
5 1.9% | 3.0% | 3.8% | 5.4% | 3.5%

T 3218 (20dB~0dB) 32.9% | 34.9% | 38.6% | 40.4% | 36.7%
AR R OB R E TR g T e 35. 2%




# 5-8(b) :

dv N 3L 9’\;\‘ r‘rJA,\'E(

B

= 4,\‘

5] 7:F\;'El

HFH FERR Y P £ R RIES 411 B S WL R

2 L
_

g Bude Be2 I Solicenk 3 R WF

AN

a E

(dB) B 4K | A2 BF e T
it 59.0% | 59.8% | 58.3% | 60.1% | 59.3%
20 52.6% | 57.9% | 56.1% | 53.5% | 55.0%
15 45.7% | 53.2% | 53.5% | 48.7% | 50.3%
10 37.6% | 46.0% | 46.9% | 39.0% | 42.4%
5 24.3% | 31.1% | 31.6% | 24.6% | 27.9%
0 11.5% | 13.4% | 15.4% | 11.7% | 13.0%
-5 3.7% | 4.3% | 5.2% | 3.3% | 4.1%
T 3o (20dB~0dB) | 34.3% | 40.3% | 40.7% | 35.5% | 37.7%
(dB) £ (=511 Wi | LBk | TE
it 59.0% | 59415 | 58.7% | 59.2% | 59.2%
20 JBB}4AIFLH',Zﬁ,s 57.0% | 58.0% | 55.8%
15 49 0% | pL0% [=52.7% | 53.3% | 51.5%
10 38, w¢f.42¢94 [46.7% | 4570 | 43.4%
5 A% 1 32.3% | 34.5% | 29.9%
0 16.3% | 19.2% | 15.1%
-5 . . 6.2% | 6.7% | 5.3%
T 3o (20dB~0dB) | 35.1% | 38.3% | 41.0% | 42.1% | 39.1%
N AR R R T MRk T @ | 38.4%

d

A

LR R T I

(D il 3 4o > A S licen* F RFEFF AR SR8 G 4o~ 0 Sl

FREGEE S PRGSO T O DB S TR AU IR 4§ RO
SRk STV AR B LY RS B TR R T 3R A T e

(2). & 1,515 % &z sk B2y ks 411 3 &2 #8
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2

AR BRI SRR R PO T EF G R SRR s R R R

224 v

oo BAREEE SRR S S 4 W G 1 2.86% ~ 5. 45%7 4. 94% 5 e AR s ¥ Y

“m“‘\
TI

&
~=h
7:1\
.
3
A
=
oo
o

o B S Bt R SRR 2 &

5.4 *FRAFRFFF LB FLEEZF KB %

B B e » s AN DN F R R A AN B2

BAE Sl R ¥

GRFE AT P Y T AR AT SRR B e e A
FON R PRk A B2 OIS B B A H ki €0 I 4 RO Sk

4

FER B e} USSR S PR B BT SR B R

il FoAe o O SRR B G 4o r 5B MR T 3 AR chikah B
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5.4.29 % %%

150 A A G 4 5C S P Ko T PR S e 2 BT R 2 7§

FCES S LT SR RS FLB T R C it R

20-9:FEFd AN DL F R RS L AR A S 2 T AR S

et 3 R RFR AT FEER & RS DS 2 pE

2 L
_

(dB) | A | d BRE4 2o
iciE 62, 8%10165.2% | 63.1% | 64.8% | 64.0%
20 51 9% 459a0% 4, 58.5% | 53.2% | 55.8%
15 a1 lgy L3 |52, 0% | 44.6% | 47.4%
10 F31.1% | 40.6% | 45.2% | 30.3% | 36.8%
5 6. 457|224y | 28.6% | 15.4% | 20.7%
0 T8l 806 | 13.0% | 6.6% | 9.0%
5 2.2% | 2.8% | 4.4% | 2.8% | 3.1%

L 3278 (20dB~0dB) 29.7% | 36.9% | 39.5% | 30.0% | 33.9%

2> L

(dB) B | dE | ME | vE | Tog

§oE 63.0% | 64.9% | 63.1% | 63.5% | 63.6%
20 54.9% | 55.7% | 59.3% | 60.0% | 57.5%
15 A7.1% | 49.0% | 52.5% | 52.8% | 50.4%
10 35.4% | 37.8% | 43.3% | 44.2% | 40.2%
5 18.0% | 22.3% | 28.6% | 31.7% | 25.2%
0 7. 5% 11.5% | 13.8% | 18.6% | 12.9%
-5 2. 3% 4. 1% 5. 0% 6. 3% 4. 4%

T 458 (20dB~0dB) | 32.6% | 35.3% | 39.5% | 41.5% | 37.2%
N R R FE R OA T Bk W o T o3 | 35 6%




ik 5-4(a) ~ & 5-8(a)® £ 5-9 > W g m g skt & 10dB v FpE s 5
Sr N &Jﬁ;‘ Kﬁ'{\ erJev’Jysi 5&, ,L% ] 4- ERIDN %;{F th7 erJev ‘%E"‘:‘lﬁ:% 3%'&;' )y @ ggé\’
A H 1 aER E i b pilekt 5dB TR FIS TF 2 3RAULF e »

A2 FERER RS R e A S SRR R R SR 0 F 9 & 5dB

RS G AT R R LA VD s TR ] b A Sl SRR R
BEA GG e A SRR T RS EE TP 0BG 2 2 (&

B BT 642 R RABAEENT ) LG 4o r A0 S FEBT RS S IG

de ~ &Jt;w Sl FERD SR BRI ERT Al s ‘3—-'5“2“3(’)3 FNEN ZE__L_\;};?T%‘Q

3R R Y B R R S enieE > RIS R R E G

TG BARED T A - AT - MR BPREIREREL AR -

S
i\4

=
—=

22k PELR o B IRG E T F S . B bk > LR

=

Ui e 2 SRl 5 Ul R R P AR »&ﬁ:ﬁi@] Mg

)
n

R erELenip] ands 17 TR IR T ans A A v S A —

HfpfFan2 Z80 0 2 F 3 TR EF- B SFH] > B4 LM (Language

Model) » feysahpf - 2 1 BFHEA] 4 > Fil 4o 2335 B2l NS4 ¥ i < R
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B Rk MihyR g o

EAFERED - BPFRE B LS 2 FEFRRS G0 TR

D P RN T
m;«m‘ap@,ﬁ‘

- T e -

5.5. 12 2 3F % #-3]

AEBA NP E e HEE T A 0 H o fedeB) 5-1

A

Training

Data

 J

Language Model

ety Lexicon
I'raining

LM (Trigram)

Bl 5-1 : LM 2" 3 42 18]
5.5.1.1 3"#EH 2 FL (lexicon)

ZEFTHACFERE DA RTHR R P > T I E

%% j\g!,;,@ voAriE ig;xlgﬁggg}ﬂ e Nl

Y (=
R @ IP©

ZEFTHALFLEG R FERE AT AWAF TR H R
AT GE AL AT D ATE SRR 0 X R kR Y SRR STGE R
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5 0@ gkEeis (Sinorama) ~ NICIR fr@ FRuenT el & > © 6 #-flz 5
PR o Y kEMEN G L - A § o ME KB 1976 £ 2000
# 7 5 @ NTCIR( NACSIS Test Collections for IR )& - B = % kit
SHEFREE NS FEMAT R OREER D TEEHAE I P PR E R
G N FE SR PR LF T AT G EFE AR G A T

ﬁ@’ﬂW?f&WﬁM£$@iﬁ?$ Hp) T S R o

FOOEMEAPITT @AFT LA 2EF ¢ 2 (Mandarin )T o 1430
wE AR R TARE §F T RR T AT PRSI R A L
B s Er ol R L R T o R AR AT 2w

KR i o

WhoekiRe A4 < TR AR TR E T oo BT ST L i
{6 R g2 ds 1T/ 7 PN LD gt IRIRGR R TR 2 30 5 HON R Y R

A ket & 510 o

3
A
—_
ro
o
o~
o
o
-3
o
s
o

9,821 |34, 188] 9,452 1 5,912 | 231 128 33 22 199, 787

Gl
Ik

B A 116.4357.18 15.81 ] 9.89 | 0.39 | 0.21 | 0.06 | 0.04

R P 1 r Pl o R PRSP S n & > H TR s
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# 5-11

£05-11 3 * R E 2 A

PHGE 8 (Word) % #(Character)
* ERE 9,870, 430 16, 406, 485
NTCIR 124, 442, 861 206, 847, 107
Sl S A 4,796, 163 7,972,113
&3+ 139, 109, 455 231, 225, 705

5.5. 1.2 P'RFZ WA F

Fd PIBGE AL A ¥ AP LR DN Trigran 75 T HCA > B

% 4 Unigram~ Bigram~ Trigram so# 5 > & %) & P(W, W) ~ P(w, [w_W_,) %

P(W, [W,_;,W,_,,W,_;) > T & #48 RE-n-gram 5 0> 2 > B3R G - B

(Word sequence) # ¢+ (Sentence) » &R, % 23 (Word) » H =3
TWL W, W B 2P B SR s e

P Wy, Wy, Wiy ) = P W) P (W, [ W) P (W [, W) - P (W, [ W, W, W)

:ﬁp(wi |W1""’Wi—1) (5D

d A& REFAF FOE PRI ET T A ATUAP T LR * n-gram (i

%L ABIT TG N ST o

PO Wy W) = [ PO I W) (% 5-2)

i=1

H 7 & B n-gram G F 4o NarT

Count(w,_
Count(w,

n+l1" \Nl)

P(w; |w,

(5% 5-3)

11000 _1)_
! oo W)
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HY > Count() £ 23 P DR ice - REFHTH PP n-gram o F {8 > N

T @ 5] g femE S B

0.0. 24 R FFH B4 »F 3 WAL FREL 47

BRF A A rFE Y > AR T 2 i 5 Word-net 0 ¥ :

‘:'

Word-net - & ¥ cds i ie 830 e A3 B % > o 30 HTK[8] ¥ #dk b chpidg > A

5 & * 3| Bigram fv Unigram e4% 5 > H g4 i 4240 @) 5-2 ©

—

LM (Trigram)

Converting back-off
bigram -> lattice

Only Unigram and Bigram were used

Word-net
(lattice)

B 5-2 : LM #& Word-Net 2. /42 1]

7 7 Word-net: Ap# v 3P| > 2 (8 T 7 B2 2 de 2 RoA ey kb
Bl e T A BRRAEATE O W BTt B EE W
FIFTHA A B TP APl AyEa ksl 531 &474 gl 1,515

F & R SR ) A R -

5.5.3F %%
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% 512 7] BAF & R VVRRE T /?Jpép?vf Hher 7 A BB AL
FEA et 2T g e P”§54)‘ THAIZ (S F RS e
#®3 ﬁﬁ?ﬁiiﬁﬂvwﬁ’ﬁiiﬁﬁﬁﬂ%§mﬁéﬁﬁ°

4 5-12 fAF & B IIH - R A BB e

e ggEER ] 20 15 10 5 0 -5 | T¥=E

Word 12.4 67.0 | 65.7 | 60.9 | 33.3 | 4.6 1.2 46. 4

Syllable | 87.3 90.2 | 87.7 | 78.7 | 54.0 | 16.0 | 10.0 | 65.3
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AR RHBeEY

i%ﬁéﬁﬁ@~i’ﬂJWHc‘mvmﬁﬂ@~4{ﬁmﬂﬁlm;jf

A2 L B AR BT A AR E R Gy e o

A L RAEL S e A A RGNS FER AR T Y AT R
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