PCM

(Pattern Matching)

16 kHz

(Feature Extraction)
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16 bits

256 kbps

HMM



HMM

IIIIIIIIIIIII

1S

IIIIIIIIIIIII

1S
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(Time Varying)

(Short Time Stationary)
(Frame)
(Taking Frame)
HMM
1
16kHz 512
(Overlap) 170 10
S, (m) m=0L..,.M -1 n=01..,N-1
M

M -1
Mag(n) = ﬁZ|sn(m)| ,Nn=01..,N-1
m=0
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32
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(Pitch Tracking) Wavelet

Autocorrelation 9  AMDF(Average Magnitude Difference Function) 5 8

AMDF 4-2
------ >
W)
------ »  AMDF Pitch
4-2

1 (L ow-Pass Filter)
2. (Frame Blocking)

512

170

3. AMDF

AMDF
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AMDF. (7) = ﬁ Mm;|ls.n (m)— S, (m+ 7))
M T
4. Pitch
AMDF Loca Minimum

Local Minimum

4-3

ITLL
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10 Forced Alignment
16 kHz 16 bits
Forced Alignment (HMM)
(Match)
4-4
Mot}
I — 1
:39 [ I
————————————— . : Viterbi Search using I
| L (HMM) l
| 2 (Net) |
4-4
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4. 2 HMM

(HMM Log Probability) 10 11

HMM
HMM
HMM
Native-Speaker
HMM Native-Speaker
4-5 HMM
ip——| L1 ]
|r39 Ve
| | |
S I I Viterbi Searchusing |
L |
I 2. |
| |
4-5 HMM
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(Interpolation) (Linear Scaling) (Linear Shifting)
4. 3.1
4. 3. 2
aveMag, (n) aveMag, (n)
0 e
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aveMag, (0)

_ 1

A= aveMag, (n) = aveMag, (1
aveMag, (N -1)

aveMag, (0)

_ aveMag, (1

B = aveMag, (n) = 9.
aveMag, (N -1)

Bo+e=A L east-Squares Estimator 12

aveMag, (n)

aveMag, (n) = B = aveMag, (n) -, n=01..N-1

200 Hz

150 Hz

(Shifting) 13

L) (0



x=01..,N-1 N f, (X) f,(X)

f2(%)

. 1 N-1 1 N-1
mn{ﬁ-ﬁxm—agnwﬂ

k=

£,(x) = f, (x) - diff
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4 . 4
HMM 14
4 . 4.1
4-6
Mag; Mag, Mag;
Mag,
[T Tt T T T T T T T T T 1
: Mag; |
' M
i MagZ : agl
May
Mag, o new_Mag;
Mag;
4-6
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4-7
Pitl Pitz Pitl
Pit,
r T 1
: Pity I
. ' Pit
| Pit, | '
o
. Pit
Pit, : & » new_Pit,
Pit;
4-7
4. 4. 3
4-8

Forced Alignment
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Wavs Wav,

4-8

4. 4 HMM

HMM N-HMM(HMM trained from Native Speaker)

4-9 HMM

Wav, Wav,

4-9 HMM
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. San d| og

. &an d| og

. San dl og

. San d| og

(Eval U| og)

HMM

Eva] U|og

HMM
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HMM
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4-10 1050

1050
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350

_ log P
3+min 1|*——||, [logP|>1050

{MW, 0<logP| <1050
Const =

1400

factor, = (Const g,y )” +(Consteay )’

logP Const

factor,
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(Word)

(Sentence)

score,,, =

100

1+a-(dist)’

dist

score,,
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(Feature)

15

0 100



SCOre,,, = W, - SCOr€,, + W, - SCOrey,, +W; - SCorey,, + W, - Score,,

W, W, W, W,

5. 3
Y, len(pho, )
SCOr€ g = ;m g:OrephOn
N len(x).« x
5. 4
~ & len(word,,)
score, = ; en(sentence) SCOT€, .
N len(x) X
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100 100 100 100
W. W, w,

T e s P e, A, Leay (AP Lea, - (dst, )

ailaz’a3'a4’b11b21b3’b4 Wi, Wy, W, W,y

dist,, dist,, dist,, dist,

200
24.7 Megabytes
12 51 35.8 Megabytes 18
39
200
dist,,dist,,dist,,dist,
w, =0.25,w, =0.25w, =0.25,w, = 0.25 Down-hill
Simplex Search a,,a,,a,,a,,b,b,,b;,b,



Wy, Wy, W, W,

7.45%

22.40% 17.24% HMM

52.91%

200

(Bad Average Good)

60 80

Down-hill Simplex Search

(28+26+61) / 200 = 57.50%
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