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A Study on Feature Transformation for

Speaker-Adapted Speech Recognition

Student: Chia-Chun Tang Advisor: Dr. Yih-Ru Wang

Department of Communication Engineering

National Chiao Tung University

Abstract

In this thesis, the effect of feature transformation in speaker-adapted speech
recognition is exploited. Two criteria, minimum mean-squared error and maximum
likelihood, are employed to formulate the feature transformation algorithm. Besides,
the approach of using different transformation for three broad speech classes of initial,
final, and silence is also studied. Effectiveness of the proposed method was examined
by simulations using MAT4500 telephone speech database with 9/10 data for training
and 1/10 for testing. Sentential utterances were used in the speaker adaptation test.
The amount of adaptation date ranged from one utterance (4 seconds) to eight
utterances (37 seconds). Experimental results showed that the proposed feature
transformation method can eliminate the speaker/channel effect so as to make the
HMM models more compact. We also found that, as more transformation parameters
were used, the upper bound of recognition rate was better while the adaptation effect
became worse for small adaptation data. This mainly resulted from the inaccuracy of
parameter estimation when insufficient adaptation data were used.

Keywords: Feature transformation, Speaker adaptation, Minimum mean-squared

error, Maximum likelihood
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551 Transformed
feature

H_r_. "I.'|:-m\‘r'n.:r|m‘,d
One-stage.fecognizer HMM
| N

=

-
_

P

W 2.7 7 VB I A LRl AR ]
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5

—
-
——

3.1

-\
o

FFRL

R IRTBEIHERZLH

3.1.1 3 &®FH (train data)

A g TR TY EAH

537 5 ¢, (ROC Computational
Linguistic Society ) #7# i=en’ 582 W#EF 5 7L E | (Mandarin speech database
Across Taiwan, fj fi- MAT) » £538 T 7 k05 d B 4 T Mgk > 11 8KHz B~k
B HE 16 B R Ak B (T

ok
Ao &4 2263 4 > £ 4320 4
# > x 508146 i -

B S L T = |
R=7 ’ﬁ U

=
3

Szl L AT Ao F Y B MAT
AR Y it a2 4 TF G PN GE R o S BRI S R e A el § 4 2057

3.1.2 ¥ERiF R (test data)

24 5 244463 B - ~ 2 5 263683

EE R - H Ti,a‘r“f BpFHe -t L2 - MAT 4500

B PR . 2 Y
MAT2000 euipl3& 4 #ic i 222 4 > MAT2500 I3 % #c s 250 % > B RIEEF G
472 A - MAT4500 BliEE Al i imenk 5§ % Sztdo4 3.1
MAT2000 ;p|:& S % 3L
B
EEE LA short spontaneous answers to questions | (iX 3 i *)
EHE L P numbers (L3 &™)
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53N A isolated Mandarin syllables (5 &™)

5w A RF 2-4 3 3#

PN B2 T ek o (T3a5 h34 14 B
5 )

MAT2500 I3 | 1 % A

ST A

EEEL N RFE#cF ¢

LR L BFE G L

IR LT W F 2-4 F 37

FARREL YN BEEE (T35 055 136
3 W)

% 3.1 MAT4500 Pl e&3E Alstbmen s 3 2 53t

313 #iEFH

FEE 2= MAT 4500 RIGEFHY > gF 4 5 E i PO RF TR 2 (%
¥ 4 3.1 MAT2000 % % 7 274 ~ MAT2500 % % 4 284 )5 23§ 2541 & Hefi -
PR e o e R AR FEM S MEREF SERY S PRL T RARE

Mz o+ T oy G8cs 143 THEFF L 44 -

3.2 BN i S R B

-.gn‘;\{
ml4

- B3 iframe) B S B P CHERSOELE T U - Bk E kA
T o0 4 3.2 FHliwmbit S HHEP- i A
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o E R 8K

Poid % ) 5 (FFT) 4 3 2k 256
+ =& & (frame size) 30ms
ERicE 10ms

ik E(filterbank) 2 il Bl (30 B E A AZ AR R

%032 R FERATR Y 2 B b B

33 ®FHURY

A Arr BFE R Y SR RSV E ¥ 4 H04)( continues density
HMM) & - ¢ = 3 &7 &4 & @5 2305 5 360 B2 53] 5+ 4p B 03] (right
dependent) zt £ % final-dependent » = 5 100 i - d = ik fx (state) ke = » Fp* iC

Al i 40 BED T BRI o A A 0F AR & #ie (mixture) 2 50 B
FIEP— R G B B AR C AR 32 B o 02 hR Y - B AR

- B e F *“‘—m]rﬁ\;&y L HcB 64 B o

W m 3o d yRu s E o] &R A N mag &l
Flp FRLenig & “f 7 04 (Substitution)4s z2 ¢h > 3B ¢ 2 T3 »~ 4] (Insertion)
na Tplg gl (Deletion) 4535 - st 205 %3]~ 48 » 3]~ I As R
SR AU ER R ESRELE R H BRI & RGN R R &
F P e R - SR B FA A LT P A - ET A L R

= B S L
,{__,_,ﬁu‘F \—‘J—aiv S
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Frmd = (DALY &8 -(Sub+Ins+Del))/ AT &k (3.1)

35 AP ABRZPREVR

F L& Ak si(baseline system) 5 i F 1% SR e A S BT R
MR HCR KT hRIRE F R FIRL VMR L S 4 24 MAT4500
PR RIEFFEAL S A2 - MAT4A500 374 - FRue & 7 10y (055 F Al ik sups
- B %3 o 4% L3 4 & CMN(Cepstral Mean Normalization)pF > f& & 52 & 5t
FRa A Z 58.59% ; F 4 CMN sieimps » A sk sybih 5 4 61.96% »

LA BE AR FwF Aok 334757

Ins. Del. Sub. Total test Syllable correct rate
syllable
Baseline 2.69% | 1.43% | 34.58% |56691 58.59%
no CMN
Baseline with | 2.26% | 1.25% | 34.54% | 56691 61.96%
CMN

333 A AR apsm

3.6 mHBESH ',‘1%4,534 FREE R

361 @ * MSE RRI2 342 FX8H 45

BANPA RER E] BE T % R e £ 5 R BI(MSE criterion) 0 -

%{ﬂ?%:i@%ﬂib@ﬁ%&@iﬁﬁ&&iﬁ&%%°E%%9ﬁwﬁ

P REA ST L - AR SR AZ 2 RO X AR L
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Mg e f (s £ oRE 12 Behw §F B R B(AMFCC) ~ 12 e fF v fF
G (AAMFCC) ~ 1 Jahiy £ w i o¥ G dic(Aenergy) 2t 1 Manic £ w §f 5 %

#(/\/\energy) o ¥ fm B KB A2 40 B 3.1 fror !

| 2-order deltz MFCC
| 2-order delta delta MFCC
|-order delta energy
|-order delta delta energy

B+ ZHEMEr FKIFA HEE D * 38 onder
e il EERER [ nomelized

(12-order 12-order ~V M ]i c LL
original MFCC) Normalized MFCC o

B 3.1 £k Boedl iR

g At kg & e S 3 (Upper bond) o B I FE iR iR A HMM

e

7

|28 58 RS EES RS S ELAZ v B0 £ 2 e

£ S A 0L K T RN D e L R i B R o d 34 2

3.2 #7531 ¢

Utterance Length of | Ins. Del. Sub. Total test | Syllable
number of adaptation syllable | correct
adaptation data | data (sec) rate

1 4.096 8.55% | 1.31% 52.71% | 50972 37.42%
2 8.426 5.60% | 1.05% 40.70% | 45158 52.66%
3 12.894 4.69% | 0.97% 36.69% | 39433 57.65%
4 17.430 4.36% | 0.98% 34.91% | 33740 59.75%
5 22.042 4.27% | 0.88% 33.56% | 27957 61.29%
6 26.775 4.42% | 0.75% 32.50% | 22280 62.32%
7 31.512 4.79% | 0.67% 31.34% | 16609 63.20%
8 37.053 5.16% | 0.53% 30.75% | 10958 63.56%
Upper bond 3.12% | 0.99% 31.32% | 56691 64.57%

234 RO EHIEEF L PG H R EFNATRE S A )
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?EI T T T T T T

B5 E _
e T
B0} T .
= i
g g
@ B&r i
= L
= 4
o .
S A0 K i
(=) v
8 :
®
= 451 K i
i Jr
& g
N -<3- adaptation T
— upprr bond
e 1 — baseline cmn |
i baseling no crin
a0 1 1 1 1 1 1
1 2 3 4 A i 7 a

utterance nurmber of adaptation data

Bl 3.2 FE S vs, i E e i

FEFHI DN S e 0 BT R BRI T e 304 4
FAZEA 2 AT GV T Rl e d AR T oug dl AR
AT 557 ﬁmfﬁiﬁif»mﬁﬁﬁgﬁﬁﬁnégﬁwm%%T@#

RIRR SEFARF OO oa B0 - B E gRR N

=i
1,
=
#11
ﬂ
iy
St
=
'; v
\\
"i%

GHRrcE Y DL AR FFNH TG 15 4)(X 60 B F)PFE TG
CMN 2.k & & Sueiygat KB 5 0 A28 3508 40 D] 22 #)(% 5 90 B 5 & )P
i CMN 2 fh &k Stengsi R F o 213~ 38 @ (9 37 f)RF > 7 12
Wig CMN A A7 kg S B A B 2 s v AN L - B A
IQ;‘!;, o

MATA500 + & 2 - REEFH LGE & FTHESFHR - ok & 95 0 ag X
EALEEF A FOLRET SRR hh g F R L R
2

By PEakin BB L&A WAL A FL LTI EEDGER

FAES @ F G RN E AR F AR S FRRE A @ A SRR T E N GE
FH P RF DM A PR AP DA EFF I 9153 FF K dp ki
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TEEEER

% dodk 359 A

Utterance | Speaker Ins. Del. Sub. | Total test | Syllable

number of | number( 4 syllable correct rate

adaptation | )

data
1 153 2616 254 13791 25455 34.55%
2 153 1580 156 9524 23585 52.26%
3 153 1134 140 7758 21578 58.14%
4 153 952 132 6653 19552 60.42%
5 153 816 117 5729 17439 61.80%
6 153 749 102 4907 15308 62.39%
7 153 651 85 4086 13114 63.23%
8 153 565 58 3370 10958 63.56%

35 A e B S L B PGEH P FIRS 153 1)

d % 3484 357 Ll et Al BTG WA SR R

4

2 R R P KA

BB T

36.2 % ML mPj2 @ 82 8 i ke

Bo% i A T 3548 5 R B(ML criterion)» )*I.%—fulj * g 2.1.2 ik P e £
e Sz RS 5 pend F Y ;ﬁci { Ptk ER ko v IR ER

EFE RS ELAZ v R b { Bt B kR SRk o A e

F & 223 P a2 h Fratio v * MSE criterion £ F-ratio & < i@
¥ &g A1 % ML criterion #& 4% {8 chdd 2 Bcrr U en B8 03] # 7 MSE

criterion sHE-F A o M AN R # Y P REH S F AFE A7 ik L en

FIoo G WA - fAie* MSE RR|2Z 3 o o BINA NP E HP 2 L

N Rk RO Al B E B L N A R BRI - dimen

A A drd 3.6 2 F 3.3 4
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Utterance of Length of | Ins. Del. Sub. Total test | Syllable
adaptation data | adaptation syllable | correct
() data (sec) rate

1 4.096 7.41% | 9.23% 65.66% | 50972 17.70%
2 8.426 8.04% | 1.07% 49.92% | 45158 40.97%
3 12.894 6.54% | 0.85% 42.07% | 39433 50.54%
4 17.430 5.90% | 0.82% 38.59% | 33740 54.70%
5 22.042 5.71% | 0.78% 36.28% | 27957 57.24%
6 26.775 5.79% | 0.68% 34.82% | 22280 58.70%
7 31.512 6.24% | 0.58% 33.22% | 16609 59.96%
8 37.053 6.82% | 0.51% 32.57% | 10958 60.10%
Upper bond 2.91% | 0.86% 29.07% | 56691 67.16%

% 3.6 1 A Eo e B e S 2 2 582 ML criterion P~ 3 45 4-#K)

70 T
o s e
_____ et B— ol W W e fpnememnm e
B | iy i
= ol
£ a0 . i
= 5
=
o
2 a0 * _
o
(&)
Lt
=
tz:-. 0+ -4 adaptation MSE | |
- — upprr bond MSE
— baseline cmn
B baseline na cmn
A -—- adaptation ML y
T —&— upprr bond ML
10 : L ] I L i
1 2 3 4 5 B 7 g

utterance number of adaptation data
B33 Feddovs, B E R Oo K
d b g% w g 0 ML criterion KB B (S A Sl L %
MSE criterion e~ ;2 &y 5+ *L(upper bond)# R4 ) 2~3 B A~ B 0 e §_
EFERES AL NS AT FREGAFEE A R FAGFERT LD

Wh A4 > RIF @ LG v MSE criterion FE~dE 45 {8 Sodicen 2 ki 4 o i
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A ¥ 2 BenRm g L us Ko AR FERap L 20 B AT N OB TR

ok

FEA~5 B A B F bt e i .
37 mBE %f\%ﬁﬂﬁﬁﬁﬁﬁﬁyﬁ
37.1 # % FFerr T Ak @S Sk

Fip g * 2 %%%Jé‘%%“,f" R RPEH I RTE R ERE R DT mi}{J_gg
SRER 7R EE 2w A S RUEF AP T LG P ATHOR R e A
At BB R £ R RBEH Sl ARG B LS i e S o R e
Ri% s Mae > @ BRI G R Bl B s B ST S

EaCEIRERVE: 3

1 FA@* Risehz L & G e Sodic(original MFCC) » 1% R4 2] F 30
#FE 3 @Hmmanﬁawinfo

2. 1% HMM #3135 4 iz 2> & 1% & B 03] 2. one mixture T 3218 17

3. #FA, ~isb, o Bt iR Fe £ o
4. A% w4k 18 2 Frpew £ €379 00 R EF 3T HMM H3] »

5. €474 % 24

AL RIS IR TV ETREZ L5 B 3.4 2 F
35t o S AR d Sfp i pE Foratio snA B 0 L3 W MG - R - B
MR Fratio % it AB%L > 1274 SA = dp i 18 2 Foratio (4 4 3504 ML criterion 4

e 2 @A S0 K) ¢
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F-ratio of malefinitial part)

F-ratio of femaleinitial part)

F-ratio

T
3| —+ iteration 1 time
-] == iteration 2 times

T T
3| —t iteration 1 time
' --r| —&— iteration 2 tirmes

i i il o
5 10

] 10 15

1
20

Dirnension

B 34: - cdpita

F-ratio of male(final part)

25

i
15 20
Dimension

= N (S 20 B N4 i 4B Foratio vt i 8]

F-ratio of female(final part)

T
| —+ iteration 1 time
i| —& iteration 2 times

F-ratio

T
| —+ iteration 1 time
i| —&- iteration 2 times

20
Dimension

15 20
Dimension

B 35: - tdfpit &2 0 ap (g2 gp A 30 e 23 Foratio v ]

Initial Part (ML criterion)

normalize feature

normalize feature
B =X

- S
Dimension SEX=F SEX=M SEX=F SEX=M

C1 3.138970 1.928944 3.221669 1.964144

c2 2.660529 2.556048 2.678310 2.590629

C3 2.147169 1.310638 2.164336 1.328672

Final Part
normalize feature normalize feature
— Sl A = fp i
Dimension SEX=F SEX=M SEX=F SEX=M

C1 2.575548 1.954941 2.648397 2.009606
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Cc2 5.875198 6.417751 6.140684 6.692082

C3 3.056217 2.342376 3.171889 2.447390

%37 - HprEa NS S kw = 2 Foratio 3 im#iciE

d 342 @357 MEENA i fs BRI B3R IR L chForatio B2 24

4ot B L d L RO 0 AP A 0 i S T 2 e Foratio

H
E\"
fay
jul

S
\\\?{r
<l

4o 3T %77 o A X RS2 BER A AT R R - =X

AkdF- BLEE H T X7 % o PRI AR Y iR 0 R H R A

=ik ABEZEH P * A7 RIREFNF T3 EF R P g Y (upper-bond)
FEHF o £ 38 EA I fp R Sy U E

Ins. Del. Sub, Total syllable | Syllable correct rate
Iteration one time | 2.95% | 0.85% | 29.03% 56691 67.17%
(ML criterion)
Upper bond

# 3.8 12 ML criterion & % & = dp 18 13 2 ygE & 1Y

(# 36 67.16%)% " — #f » &2 BF e d « B3 5 - = 3 Flch o5
E‘é’:':"‘i"i’f [‘f’!*f%‘]fi_ag 'E\\}HLQ “_‘;‘_—L Aq\;_% e ,‘uﬁglgﬂ éﬂl)"—{‘J/‘"ﬁ;:—g‘j' /;i—ﬁ E}I% .
ST R B AR IR R P 4 L B RA P T R i

A2 o

BB LS MLLR i if 2 52 » 38 5 ehpliz > 50 M i 341

Sl 0 g eh g SRR A F 5 R L E - EECA NS § amER L R
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A~ b S #0230 MLLR 607 2 > d 307 AT g S ot 2 B B Sk
AR bl o * AR R 27 S X HE R LW i R

G HTER H R - BN B AR o ST L RS HmE S A

<

—

FEE RN - BRANSES GREG LY b BREEELA 252D,
dept = o R R e - ABAT AR - B R A5 9 Bl B el i

2P AP G E Y g = fARE s A B 5 B (initial) s # (final)£ # 3 (silence)

Ao 2k R B S A g 0 Dy (U V.S, 4 B unvoice

voice > silence)enpF iz » BA* 2234 el e SfclGE B0 o F 8 Aot - e
S0 JePE - - R B mi“ﬂl)"j@{%% FRA 5 A e A A RER R A I
FAL > B AP R RO RO G R L G 3R A 2 i S g i
¥ fs F-ratio Bk > 4oB] 3.6 2B 3.7 #rr 0 - T8 MG - EEY S g S

fF e £F - BARR Foratio % A8 o {1700 AL s A A e s (s 2 Feratio

F-ratio of male (initial part) F-ratio of female (initial part)

1| =+ ML one cluster 1| — ML one cluster
—=- ML two cluster —=- ML two cluster

i i i
5 10 15 20 2% 30 35
Dirnension Dimension

B3.6: 773 - ZHH BE L2 REBEH B (5 2 04 2 Foratio +* # R
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F-ratio of male (final part) F-ratio of female (final part)
7 T T T T T 7 T T T T T

t | —— ML ane cluster { | —— ML ane cluster
| i | —& ML two cluster i | =& ML two cluster

F-ratio

] 10 15 20 pria) 30 35 5 10 15 20 25 30 35
Dimension Dimension

Bl 3.7: - e S o e KRB S Bl A (S 3R %4 2 Feratio v R

d BI36 L @377 MERD > * S eSSk Y A AR B
TR EAEE Y 2 BB R 4ol %o Foratiort i - i S Sl i A8
AN KA D o R R S E T 4 SRR B e A 0 A g Rt A
@ ch Foratio B &7 P AARPFT GAECL o D BuE Az A g k0 A g (S Aok

L

e

SR I R 7 AT
MNP kAR H BRI S g @I AL NPT L

3% = £ @17 Q=Max P(Ax +bs =sillAy) » F15 & B8 F S e S

A b,

FAGES A ST oE +MLﬁ&Wﬁ¢Hu@&%ﬁﬁﬁ£{Aﬁ%?

Null matrix » by % > pg, o 4ot g S B A FRIFE 2 F g8 R 2B #EF 30
R DB S WA T RS B R A RS A S i

BENHEAS TIHE T 00

R T REERGE o BT ORA L F G $ 2w 4T

m

F )i 3 300 AT A2 > P R % = 7 - hent 3 R ASLE S HE R

SRERIE 5 - 2B SR
At DGR R B R A HA 2 16 HA L 64 3 AP gt

LW SR BGEAL R B AR ROk R A S LT R B e B
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& ARBFFTROFREE RN EET - ek A - e E e R
Po—- B A S0P € d R A B S D F%J" Fer dvp e g fEd
AZ b, oA 2 a2 BR AT 0 GRS (% 2 L3 MAT2500
&) e & e £ P~ Partition VQ(Vector Quantization) ek B > £ 4#4tEF - B
F PR EA IR FH TR ol R R ok B A
% B b, (403 (2.10) 5557 ) o FERFE > F 23K S 300 SR A, b R RGE

AR chik e S clP - e B 3.8 F U g M HGEAE G B S A

1_

»

-AfeF Z M TR PR R E SR OES AT A5 E Ti5E
BLop MAFFF A A A 16 F T T f A S A b, T G A s

TR R BLHTHE RPN E A D 64 HEH s

’\m
¥

N
NN
k'l

HITnE o 4 A aEFdaAd b o R P flior # s > BB % 4

S S i R L€ &

— ariginal

: : i : o Dl = - 16 mix
(1] SRR booooae- L, S sdzermoeetooee ey o G mix

dirn2

)
-19 -18 -17 -16 =il -14 -13 -12 -11
dim?1

1 3.8 45 s i bATH L ha F

o B AyERanpFiz o o 3N REFRRaE - BRI 3 oiE v LB

AR R A IS o AT R BHAREEEZ B R A,
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Dy ) SR+ H T G %‘wmiwﬁﬁﬁuwﬂﬁmé%°éﬁﬁﬁﬁﬁ

3
=
=
gﬁ;
s
g
=
3
Ny
* %
ki
p)
=
.J
i
—;\:
>—L
%
\\A-
-
g
ml4
g
%
\\\?{r
o
w
=
B

ilence feature scattering plot silence feature scattering plot

dim2
dim2

; N S
: — 7 N Il
: f G

J h

dir1 dirnl

B 3.9 e FA (ZB)Z 402 (L R) B FS g S (2B e AR

AEPLE 1Y AT PR A A S S ST S R AL

e b rY(upper-bond) 7 0 R F M Ac £ 3.9 #1oF
Ins. Del. Sub. Total test Syllable
syllable Correct rate
Sil_16mixture 0.84% | 26.16% | 32.80% 56487 40.20%
Sil_64mixture 1.77% | 8.13% | 30.41% 56487 59.69%

3030 #AE A2 163 6432 A D B S EHIER S PR B

ﬁ‘}r‘,«&rj‘z’} o ariE R ) FERS SR f 3] (deletion) 5745 3%~ & 3 4c >
G LR A LA DR S AR S S R L

(substitution) 4% 328 B 45 & 30% % 4 > B G &L W IEREERE 2
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pER g F U gt A Ak Bi(baseline system) i A% > #1000 5

&
PN

3
o

-

J
N
«ﬂ
fur]

f PFek IR o

»
s
=
A
W
>
i
Y
ok
.
T
ﬁw

L ERL SRR RN T

A pew g3 = (final) ~ % (initial) i® & i 3 > %3 (silence)2% 4 B E_i¢

J e e i S U 03] -
Ins. Del. Sub. Total test syllable Syllable Correct rate
24.56% | 0.52% | 34.62% 56487 40.30%
4 310 F 24 i Ac Ao i 2 FER R %

)

% i 2 g K ni % 1R ~ 3l (Insertion) B8 SR 4 B 34 it

B
26% + 4 F AN R AR G R i R S 2 g g § o PR

BLBRAE » 28T R A T2 Ly §

&

FEZ o~ P BER 2 Sl Sdich S 2 il
B Fn A R (initial) i 3 o Bk

ll'LHé;_‘}ﬂiJj I;fz]z :‘a\—%{ [ EA IFB? ?&%D‘T :‘\J,Ea—-— =

A B RERF G (silence) s fic Sodic o 2P et BB A BT

Hew= 1
JF SRR £k RPaEL Ak,(v,u) A bk,(v,u) G R T Ak,(v,u) A bk,(v,u)

AT 4 A5 1 (8 ehdF i B B~ B w] eh frame observation probability, £ & £ 2~

o

viterbi algorithm %38 o RS - 4 311 % - 7
Hm= 2

TR OAEREARE R RPCA ) Do T2 TE S A FRER R i S B UG
FoRR A A R R PSR T i R SRR S L 4
31l % - 7 :
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Ins. Del. Sub. Total test | Syllable
syllable | Correct rate
Hm=1 2.86% 0.88% 27.08% 56487 69.18%
=2 0.02% 0.01% 22.36% 56487 77.61%
311 #* B oo B sl MR L R R Y

7[\ 3.11 r)v - )"Jm;“r"ﬁ"—;"g‘;ﬁ:'_l— xf\yé

7] 69.18% - + & * MSE criterion 2 ML

criterion FP~— 5 S o v 64.57% ~ 67. 16%3w BER2V4BF A
o T ORAP - RELED ES BRI AFHARIROLIR LA 3128 2
3.13:
Utterance Length of | Ins. Del. Sub. Total test | Syllable
number of adaptation syllable | correct
adaptation data | data (sec) rate
(¥7)
1 4.096 6.45% 27.00% | 63.05% | 50680 3.50%
2 8.426 11.30% - {.2.59% 67.80% | 45005 18.31%
3 12.894 10.03% | 1.27% 56.72% | 39296 31.98%
4 17.430 8.54% 1.09% 49.64% | 33613 40.72%
5 22.042 8.04% 0.92% 45.31% | 27846 45.73%
6 26.775 7.80% 0.78% 42.87% | 22186 48.54%
7 31.512 7.94% 0.70% 41.15% | 16537 50.21%
8 37.053 8.40% 0.57% 38.97% | 10902 52.06%
Upper bond 2.86% 0.88% 27.08% | 59487 69.18%
2812 2RSSR B i A L FF A RIS S
Utterance Length of | Ins. Del. Sub. Total test | Syllable
number of adaptation syllable | correct
adaptation data | data (sec) rate
(¥?)
2 8.426 0.01% 0.44% 61.73% | 45005 37.82%
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12.894 0.02% 0.02% 49.70% | 39296 50.25%

17.430 0.01% 0.01% 42.61% | 33613 57.37%

22.042 0.01% 0.01% 38.50% | 27846 61.47%

26.775 0.01% 0.01% 35.92% | 22186 64.05%

31.512 0.01% 0.01% 33.79% | 16537 66.19%

O |IN[OO|OT B> |[W

37.053 0.03% 0.00% 31.65% | 10902 68.33%

Upper bond 0.02% 0.01% 22.36% | 56487 77.61%

% 313 eSS RS A A F G L F E RN R

38 *RBHBEFTREEFALH

WR AR BT R E 3% 4 B 310 ¥ o & (upper

‘E\L\

bond) A% B A S % 0 L F L GE SV E R 9 ARF LR o T i R FIRF G
FIUERSARR 0 2 A RPE D SR TR B AR S ek B R
BA RS 0 K@ S BT AR 0 o iR B 4ei@ 7 MLLR
FEAG LR [9] Bo AR S i L0 R EE A T A ek
FaAdL il i A EBEERR FLT RS E - a4 ool

PR R - e AN (D ASEE Bk RS

[E3} [z} =1
= = =
T T 0
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