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(Utterance Verification)
(Candidate Word Confidence Measure)

(Utterance Verification)

(Maximum Likelihood
Linear Regression) (Word Graph)

(Character Error Rate)

1
[1]-[4]
(Manually Transcribed)
(Lightly Supervised) (Closed Caption)
(S]-[6]
(7]
(Utterance Verification)
(Corfidence Measure)
(Unsupervised)
[4]
(4]
( MATBN)[8]-[9]
[10]
(Acoustic Moddl Adaptation)
(Maximum a Posteriori, MAP) [11]

(Maximum Likelihood Linear Regression, MLLR) [12] (MAP)

(Prior Distributions)
(Maximum Likelihood Estimation, MLE) [13]



(MLLR)
(Regression Classes)

(Manua Transcription) (Automatic Transcription)
(Word Graph) [14]
(Maximum a Posteriori, MAP) (Language Model Adaptation)
(Count Merging) (Language Model Interpolation)[15]-[16]
2
21
(Large Vocabulary Continuous Speech Recognition) (Front-end
Processing) (Acoustic Model Training) (Lexicon Construction)
(Language Model Training) (Tree-Copy Search)
211
(Mel-frequency Cepstral Coefficients MFCC )
MFCC
(Frame) 13 (Time Derivatives) 39
13 18 (Filter Banks)
(Ceptrd Mean

Subtraction CMS) 22
INITIAL 38 FINAL ( INITIAL HNAL )
(Silence) INITIAL FINAL 112
INITIAL [4] 151 (Hidden Markov Models)
INITIAL-FINAL

2 128
2.1.2

7000 7000

(Compound Words)
(W, w;) (Forward Bigram) P, (w, |w,)



SIL

(Backward Bigram) P (w |w].) (Forward and Backward Bigrams)
FB(WvWJ):f\/Pf(WJ|VV|)Pb(\N||WJ) (W,.WJ) (7]
(Threshold)
(Word Bigram and Trigram Language
Models) (Central News Agency)2000 2001
[17] Katz [18]
SRL Language Modeling Toolkit (SRILM)
[19]
2.1.2
(Left-to-right) (Frame-synchronous)
[20] (Arc) INITIAL  FINAL
(Rooat) (Leaf)
(Tree-copy Search)
(Tree Copies)
(Language Model History or Constraint) (Partial Paths)
(State-leve)
(Viterbi Dynamic Programming Search)
(Recombination)
( )
(Beam Pruning)
(Internal Node)
(Language Model
L ook-ahead Score)[20] (Decoding Score)
(Word Unigram Language L ook-ahead)
( )
( )
(Acoustic Decoding Scores)

(Word Graph)



(NTNU_SA-2) 2
1.8
( e )ypeH)pcr)yp ) () (%)
147 | 422 1253 55.91 201 9.71
013 | 35 13.30 26.58 529 0.86
12.98 |2,860| 16.34 68.92 2.08 85.85
048 | 127 13.66 30.94 2.70 3.19
0.06 | 17 12.58 34.21 5.55 0.39
15.12 |3,461 - - - 100.00 (2 3
- - 15.73 68.92 2.01 - -
(Word Graph Rescoring)
2.2
176 1998 11
2004 4
4 1998
1999 (MATBN)
220
( )
DGA&LDC (Transcriber)
(
) (Studio Anchors)
(Field Reporters) (Interviewees) MATBN2002
MATBNZ2003 120
85%
MATBN2002 MATBN2003 16 (NTNU_SA-2)[21]
15 4 074 )

85%
(Speaker-dependent)

(Candidate Word Confidence Measure) (3.3

Probability) (3.1 ) (Acoustic Confidence Measure) (3.2

)
(Candidate Word Posterior

)



(NTNU_SA-2) 2
a4

( WO ey cr)yp ) () | &
074 | 163 | 1628 | 3850 | 257 |100.00

0.74 | 163 - - - 100.00| 1

- - 16.28 38.50 257 - -

3.1
(Word Graph) (Candidate Word
Hypotheses) [14]
Forward-Backward (Word Graph Rescoring) [22][23]
thE,X é ts-1 é. T p(Wlt{1 tht: >WI:+1’X)
CM g (Wi 1X) = p(ue | x) = P X) Gt Gy T2 ®
p(X) &, PW,X)
W t, t,
X 1 T
VVtIZ t, t, (Candidate Word Hypothesis Sequence)
p(wee | X) X we
CM Posterior (WI: | X) VV::
p(W, X) w X (Decoding)
3.2
we SUB ={sub,---,suby } we (Subword
Sequence) N, SUB (Subword Unit, INITIAL  FINAL) sub
ti,s ti,e
1 3 2
M . te) =
Cl Acoustlc(Wts) N, gl 1+exp [- t xLLR (sub,) +h ], 2
X, | sub,
where LLR (sub;) = log P(X,, !SU ) ,
max p(X: |sub)
CM Acoustic (th: ) X th: t h
p(X;*|sub) X  sub (Likelihood) LLR(sub) sub

(Likelihood Ratio)



3.3

3D (3.2
(Topl Word Sequence)
0.95 (Order)
(Confidence Scale Factor) (Scale)

€3 2 1 st VT o
‘aw‘s,l aWT p(W X\Nt AV, + ,X) 2
CM gosterior(wt | X) - p(Wll: |X) - e 1 O«eu 1 . s _ o+l d ) (3)
&, Lpw, x)]
3) 1) a (Confidence Scale Factor) a 0 1
a 1 a
0 (Uniform Probability) CM e (W | X) X
a W
CM (Wn | X) = Cl >CM Acoustic(Wn | X) + CZCM liosterior(wn | X)! (4)
G C ¢ =c,=05
34
(Utterance Verification)
V(X,W,Thr)1 {accept,rgject}
W:{Wl!""WN} V
1 N
-,Ir-accept if %é_ CM (w, | X) 3 Thr .
V(X,W,Thr) = n=L , ©)
:
T reject otherwise
X W Thr
accept X
W reject
4
4.1
( )
( 3461 ) (Silence)
15,473
43 )
4.2

[24]



(Maximum Likelihood Linear Regression,

MLLR)
(Regression Classes)
1. (Tree-Copy Search) (Word Graph)
2. Forward-Backward (Word Graph Rescoring)
CMP (W | X) a
3. (State Level) Forward-Backward
(Frame) t (State) | g, (i 1we)=Pr(s =11 X5 w)
4. g, (i 1w) CM* (we | X)
t ! 6, ()=Pr(s =i1X])=§,, CM"(W:1X)g, (W)
MLLR MLLR
4.3
(Statistical Language Models)
N (N-gram Language M odels) (
) N-1 (Word History) [25][16] N-
(Maximum Likelihood Estimation, MLE)
N- (Data Sparseness Problems)
(Smoothing) (Interpolation) [18]
(Language Model Adaptation) [16]
(Background Corpus) (Contemporary) (In-domain)
[26]-[27]
(Unsupervised Language Model Adaptation)
( 41 )
(Language Model Interpolation) (Count
Merging)[15][7]
( )
~ xC W ,W W) +m, xC W_,W._ W,
PAdapgl(\Ni |\N| Z\Ni.l) m, >, Cont( ) m, >y, Back( i ) , (6)
nl >CCont(\N|—2\Ni— )+ mz >(:Back(W W )
PAdaptZ(W|W 2 I- 1) g Com(W 2 l) g) Back( |\N| 2\Ni—l)' (7)
(6) Cd,Cont( |-2V\4-1Wi) Cd,BacliW—ZW—lW)
(Trigram Discounted Count) CeontW-2W.1) CBad(w_ 2W-1)
mom (6) Poon(W - 2W1) Pk (W[ 201
g ©6) (7

[15] (In-domain) (Background)



MLLR(Topl) MLLR
MLLR(CM) MLLR
(%) (%) (%) (%)
27.67 - 27.67 -
MLLR(Topl) 25.93 6.29 25.93 6.29
MLLR(CM), a = 25.80 6.76 26.12 5.60
MLLR(CM), a =1/4 25.69 7.16 25.92 6.32
MLLR(CM), a =1/8 25.80 6.76 25.95 6.22
MLLR(CM), a =1/12 25.37 8.31 25.49 7.88
MLLR(CM), a =1/16 25.26 871 2554 7.70
MLLR(CM), a =120 25.14 9.14 25.73 7.01
MLLR(CM), a =1/24 25.38 8.28 25.82 6.69
MLLR(CM), a =1/28 2551 781 25.93 6.29
(Frequency Space)
(Probability Space)
5
51
(Topl) (C™M)
3.3 (Order)
(
)
(25.14%) a =120
(25.49%) a =112
(Scale)
a =120
1/16 MLLR(Topl) 6.29%

MLLR(Topd) 9.14%



Thr

MLLR(CM) MLLR 1/16
MLLR
(%) ( (%))
MLLR(Topl) MLLR(CM)
27.67 25.93 (6.29) 25.26 (8.71)
+380  (Thr=09) 21.37 21.00 (1.73) 20.97 (1.87)
+1157  (Thr=0.8) 20.09 20.00 (0.45) 19.56 (2.64)
+1330  (Thr=0.7) 20.25 20.01 (1.19) 19.71 (2.67)
+1361  (Thr=0.6) 20.18 19.94 (1.19) 19.59 (2.92)
+1367  (Thr=0.5) 20.21 20.01 (0.99) 19.69 (2.57)
+1370  (Thr=0.0) 20.32 20.07 (1.23) 19.76 (2.76)
+1512  ( ) [16.26 16.29 (-0.18) 16.47 (-1.29)
(a =1/20) 3%
5.2
(Threshold Values)
HTK Toolkit [28] (Embedded Training)
08 20.09%
19.56%
16.26% 4%
0.9
08
16% 08
MLLR MLLR
16.47% a 1/4 16.02%
a
5.3
5.3.1
05 (7 g=05)
250:1(  (6)
m, =250 m,=1)
0.8 1.74%
(Sparse)  ( 0.9 66K

00 250K )

11



Thr

(%) ( (%))
+3.80  (Thr=0.9) |gg 540 21.37 21.85(-2.25)  |21.08(1.36)
+11.57  (Thr=0.8) |209 489 20.09 19.97 (0.60)  |19.74 ( 1.74)
+1330  (Thr=0.7) (242630 20.25 20.06(0.94)  [20.27 (-0.10)
+1361  (Thr=0.6) |248 701 20.18 20.04(0.69)  |20.06 ( 0.59)
+13.67  (Thr=0.5) |49 830 2021 20.05(0.79)  [20.23(-0.10)
+1370  (Thr=0.0) |250,640 20.32 20.02(1.48)  |20.18 (0.69)

5.3.2
9] 2001 2002 ( )
(Closed Caption)
PTSLM 1 2001 1 2002 12
(02 8 6 2002 8 9 2002 9 26 )
(Biased Language Model) PTS LM_2 2002 8 ( ) 2001 1 2002 7
15 )
05 (7)) g=05) PTS LM_1
201( () m =20 m,=1) PTSILM_2 25:1( (6) m=25 m,=1)
PTS LM _1
92.67%( 7.23% ) 92.77%(
7.33% ) PTSLM 2 84.68%(
15.32% ) 84.55% 15.45% )
6
Topl
a

(Linear Discriminant Anaysis, LDA)
(Heteroscedastic Discriminant Analysis, HDA)[29] (Maximum Mutual Information,
MMI) [30] (Minimum Phone Error, MPE) [31] (Word Graph)



MLLR(CM)

MLLR a 1/16
(%)
MLLR(Top1)|MLLR(CM)

17.83 17.67 17.51
PTS_LM_X( )|7.46 7.32 7.23
PTS_LM_X( ) |7.47 7.39 7.33
PTS_LM_Z( )|15.08 14.93 15.32
PTS_LM_X ) [15.94 15.72 15.45
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