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Window)
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Model, HMM) 6

(State Observation Probability)

(Hidden Markov

(Observation Sequence)

HMM
(Vocal Tract) (Articulatory Configuration)
HMM b, (o)

(Gaussian Mixture Model, GMM)

#S [ #Mg f's
b; (0,) = H{Zwismstm}
s=1 [ m=1

#S Stream r

Stream s Mixture W, G.

23

b; (o,)

Stream s



Mixture m G,
Gy =g(x,ﬂ,n:%exp[-—u-ﬂfz*(x—u)}

d 7R (Mean)

(Covariance Matrix)

3 Stream #S=3 Mixture

(6,2,2) (10,10,10) 3 Stream Mixture
(6,2,2) 3-3
Sate —————"—"—"————~—~—~—~—~————
Sream —————————
| | | | | |
Mixture === ml| |m2| Im3] |m4] |m5] |m6 ml| |m2 ml| |m2
‘ ﬂy Z ‘ /’ll Z /’l’ Z

3-3 State, Stream, Mixture
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(Endpoint Detection)

127102 CMU (Dictionary

from Carnegie Méellon University)
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(Gaussian Mixture Model, GMM)

b; (o,) b; (0,)

b; (o) = ﬁ[% WiSlﬂstm}

s=1 [ m=1

(Log)
3 #M
2 lOQ{ZWismstm}
s=1 m=1
Stream1 Stream2  Stream3

Stream1

log(w,G, +w,G, +...)

log(w,G,) + log(w,G,) + ...
=log(w,) +109(G,) + log(w, ) + 109(G,) + ...
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1
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Iog((27r)d |Z|)
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((22)°[))= d1og(27) + log())

=13-log(27)+ > |vari]|

i=1

C O 0 (A
O D 0 . B
:[A B "]1x13' 0 0
_0 "t 0 1313 LT 13«1
A
B
-[AC BD s -
L " 113x1
= A’C+B?D +...
CcC O 0
0O DO 0 .
. 0 .. 0
O 0 "t 11343
b, (0,)
62{01 0,,..., OT} q={q1 1 PRPR qT}
t o} i

o, (1) = qlgn%, P(q11q21--~’Qt—1!qt = |16|/1)

7
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5,.4(i) = [max 5, () -a; |-b; (@)
A Hidden Markov Models g, i

(Transition Probability) b, (o,) ] (o}

1. (Initialization)

0,() ==b (o)
v ()=0, 1<i<N

v, (1) (Backtracking)

2. (Recursion)

5,(1) = [max 5., (1) -3 | b.(0))
l//t(J)=ar9Q§'>“<[5t_l(i)-aij], 2<t<N, 1<j<N

3. (Termination)

P" =max{s: (i)]

I<i<N

q; =argmax[5; (i)]

I<i<N

4, (State Sequence Backtracking)

a0 =w.(q,) t=T-1T-2..1
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1680
161 Megabytes 1 23 51
N-Wave (Waves from Native-Speaker) 2342
226 Megabytes 1 57

T-Wave(Waves from Taiwanese)

(Outside Test)

PCM

kHz 16 bits 256 kbps

16

N-HMM(HMM trained

from Native-Speaker)

T-HMM(HMM trained from Taiwanese)

Alignment
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(N-HMM, T-HMM)

3-2

(N-Wave, T-Wave)

N-Wave N-Wave T-Wave T-Wave
N-HMM T-HMM N-HMM T-HMM
1680 1680 2342 2342
161 MB 161 MB 226 MB 226 MB
1:23:51 1:23:51 1:57:43 1:57:43
58282 58282 81229 81229
58253 57142 77293 80230
99.95% 98.04% 95.15% 98.77%

N-Wave

T-Wave

TIMIT

0.1

Forced Alignment



3-3 N-Wave T-Wave N-HMM

T-HMM 2342 6233

Mono-Phone

N-Wave N-Wave T-Wave T-Wave
N-HMM T-HMM N-HMM T-HMM
1680 1680 2342 2342
161 MB 161 MB 226 MB 226 MB
1:23:51 1:23:51 1:57:43 1:57:43
1650 622 1997 1425
98.21% 37.02% 85.26% 60.85%

N-HMM

T-HMM N-HMM
T-HMM
N-HMM

T-Wave

Forced Alignment
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