VvV o *
2.1 (Speech Recognition)
50 . .1950
.1952 (Bell Laboratories)
211
anm \me o
Heaalaws {(woiced) G
: (=) =3 = H{z) =it
urd Nt adtutuItuay l

B gaalaiw = (unvoiced) WVocal tract

)
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4
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(excitation source)

(Campbell, 1997;Rabiner and Juang,1993)

. phonation excitation

(fundamental frequency)

. whispered excitation

(wide-band)



Frication excitation

. Compression excitation

( )
. Vibration excitation
phonation (voiced)
phonation Frication (mixed voiced)
(unvoiced) (vocal tract)
(vocal tract) formant
frequency
( formant )
2.1.2 Feature Measurement
( )

(Pitch  Period)

(Evangelos and Nikos,1991 ;Ying, Mitchell and Jamieson,1993)

(Pitch Period)
(Fiamada, Takizawa and Norimatsu, 1990)

(unvoiced)



(voiced)
(unvoiced)
2.1.3 ' ( Linear Prediction Coefficient)
“ Linear Prediction
N. Weiner . . 1966
Itakura Saito Ata! Schroeder . . 1968 (Furui, 1991)
f .
LPC
. LPC
(grasi-steady state) (voiced) 1 all-pole LPC
(vocal tract)
(unvoiced)
LPC
LPC :

LPC

(linear combination)

(method of least square)

Linear Predictive coding

H(2)



Hz) = -~ - (2.1)
GU(2)
()« al( -1+ ax(n-2) + .. + ap(n-p) (2.2)
P
av az.....ap ()
() G
()= 7z ak(n-k) + Gu(n) (2.3)
=1
z-domain
(z)_—r z k (2) + GU(z) (2.4)
(2.5)
k
H@Z) = —— A@)=1-/ ale
GU(2) k=1
H(z) = —— (2.6)
A(2)
a, laz.. ap
2.1.4 Line Spectrum Pair (LSP)
LSP (vocal tract)
(Smith and Schalkwyk 1 1988) Itakura line
spectral representation (LSR) LSP
NTT-ECL Wakita
LSP LSP LPC
(Coetzee and Barnwell, 1989) DRT (diagnostic rhyme test)
LSP vocoder 800 / 87 2400 / LPCvocoder 88.4
DRT (Deller, Proadis and

Hansen, 1993)



QPJ — Noorrea'_Nirmrea X QY @27
NMest
Ntest
Noorect
ncorrect
LSP i
Amz) = 1+ 1Z1+ 2Z2+ ..+ anz (2.8)
a.
LPC 11 a,
(reflection coefficient) (quantization error)
(formant frequencies)
(acoustic tube)
2 (Smith
and Schalkwyk, 1988)
(
+1)
P(2) = AMz) - z MDAN(z ) = An(z)[1-R(2)] (2.9)
(
1)
Q(2) = An(z) + z (M) An(z D) = AmM2)[1 +R(2)] (2.10)
T a@ey
R(z)=
A(z)
R(z) (all pass filter) “Ratio Filter”
LSP

1 (Zero)n LSP



2. (Zzero™  p(2) Q(2)
3. (minimum phase)
LSP +1
z—1 Q(2) z —1
z=1
LSP
LSP

Line Spectral Frequency (LSF)
P(2) Q(2)

LSP

4

A(2)

+1

P(2)

(z-plane)

Q(2)

LSP

P(2)
z—-1
(2.12)



“Foot" (Campbell, 1997)

Z 0 -1
LPC 1

H(z) 8

-2.346

10

LPC 8 LSP I

2 3 4 5 6 7 8
1657 -0.006 0323 -1.482 1155 -0.190 -0.059

2,2

A

X H(z)
X 0 P(z)
O Q(2)

2.2

LSP

LP LSP 4 /]

NH:yPW+Q@)
p@) Q)

2.3



0 20 40 60 80 100 120 140 160 180 200

Tme (Frame)
2.3 LSP ' '
2.15 (Pattern Similarity Testing)
4 (Rabinerand Juang,1993)
L (Acoustic-Phonetic)
2 (Template Matching)
(pattern)
3 (Hidden Markov Models ,HMM)

4, (Neural Networks)



G.729

2.1.6

Programming)

(Deterministic Model)

(sine)
(Paisson processes),

(Hidden Markov processes)
2

2.16.1

12

(Hidden Markov Models, HMM)
1960 1970
(Rabiner,1989) 2 1

(Dynamic

2
(Statistical Models)

(Gaussian processes),
(Markov processes),



13

?
2
( )
N
={1 2 3.1
t 0,
M
V={V,y2\3.. W
. |
j (state Transition Probability Distribution) A= (aj
3 ey = = 1<iJ<N (2.12)
. k
(Observation Symbol Probability Distribution) B = {(k)}
b; (k) t = ], 1<j<N, 1<k< M (2.13)
----- * v (hitiat State Distribution)
L=p[ql=S.J,1<i<N (2.14)
1) 5
N=5 ={1, 2345
) 10
M=10 V={Wy2y3..v}
3)

a 33 334 335

344 345

355



N, M

V2
Vi
2.4 N=5
A=(ABTC)
216.2 { 3
?
1
0=0,0203--A A=(AB,7I)

P(0|A)
(Forward procedure)

(Backward procedure)

2
0=0,0203.01 A=(AB,TT)
0=, 23.qT
Viterbi (Viterbi Algorithm)
3
A=A, 7)
POIA)

Baum-Welch (Baum-Welch Reestimation Procedure)



2.16.3
3 (Rabiner,1989)

(unconstrained model)

31 2.5 uuUANesHMM aesnefniil 4 annus

(constrained serial model)

15



(constrained parallel model)

2.7 HMM

2.2 G.729

G.729
(ITU-T RECOMMENDATION G.729, 1996)
8000 Hz 80

)

(subframe) ( 1 5

Excitation } Filter

2.8

G.729

40

Sound

16

10
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221 (filter)

(vocal tract) G.729

(Linear prediction analysis)

A (2.15)
A 1+ E4azH

i‘l (linear prediction coefficients, LPC)
i=1 2 3....... 10 LPC
(window)
f orm\
0.54 —0.46COS 1=0..199
ap()=i 399 (2.16)
o7 —200) '
Cos 1 = 200....,239
V 159 )
()
()=COlp( ) () =0,11... 1239 (2.17)
()

(autocorrelation coefficient)

rk)= 17 () ,( =K k=0, .. 10 (2.18)

(2.19)
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271f0k
CDlag(k) = exp
Vs
k=12 10
2]a,r'(li-k|) = -r'(k) k=1,2,.,10 (2.20)

i=1
Levinson-Durbin
LPC av a2, aw
LPC a,

(reflection coefficient)

f G.729
a, line spectrum pair (LSP)
LSP LPC
LSP
(interpolation) LSP
f(z)= Alz)+ 2" 1A(z~))
(2.21)
R(z)= Az)-z 1Az ))
AQ@) = - [F'(z)+ R(z)] (2.22)
10 A(2) 1 Z
1 (z) R(z) FAz)



o0
b X HE)
X
0 F/2)
X
0 F2 (2)
2.9 A7) R(2)
1 3] f'(z) f'(z)
Z , 2
z=-1(00=71)  z=1(00=0)
Fi<z
hiz)= - 9
1+ Z71)
b Y (2.2)
(-2 )
1 AQ) FA7) 1 Rz 1
Z LSP 10
0+1) = aitl+ 01 ,1=0,..4 (2.24)
f(i+1) = aitl+ 310,-f2,1=0 4 (2.25)
0= (0=10
LSP

line spectrum frequency(LSF)
LSP 1

LSP LSP

aj=arccos (q) ,i=1,2...10 (2.26)

19
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LSF LSF
1 17 LSF 10 10
( LSF 10 ) 11 128 (7 )
LSF LSF 10 2
LSF 5 £2 5 ( LSF 5
) LSF 5 £3 5
( LSF5 ) 2, 3 32 ( 5
)
LSP
EA\(LD+ A2.(L2),i= 1.5
EN( )+ £ . 5(L3)i=6 10 (2127)
L1, L2, L3
] I J
for i=2,..10
ifl 1> 1-=J)
=+ 572
1=(i, +1_1+9)12
end
end
2 J = 0.0012
J = 0.0006 I LSF
ot ) T<amk 1<)
> Z A kx (rr)4"vp|kT' "R 1li=1,2...10 (2.28)
pik Switched MA predictor T<mK
' 2 LO 1

LSP 1+7+5+5 =18



222 (excitation)

(excitation source)

(fixed codebook)

gain)

(adaptive codebook)
(adaptive gain)

2.2.2.1 (fixed codebook)
G.729

+]1 -1 2.1

4

BT e f
-1

+1

(fixed codebook

80

40



0 0:+1 M0 :0,5,10,15,20,25,30,35
. 0:#%1 M :1,6,11,16,21,26,31,36
9 s R M2 :2,7,12,17,22,27,32,37
s 0:+1 M3 :3,8,13,18,23,28,33,38

4,9,14,19,24,29,34,39

1 1 (codebook vector) c(n)
cn)= B(-0+ B(- H+ B8( - 2+ s (- 3 1=0,..,39
0(0) ’ +1

=1 ’ +] =0 ’ -1
= +2 +4 483
13
codebook)
c=( 0 )+8( /5)+ 64(m25)+ 512(2(m35+jx)
x=0 3=338,..,38 x=1 3,49,.,39
’ T 4+13= 17

2222 ' (Fixed codebook gain) g¢

weighted error)

gc=gc(GNAGA)+GB2GB))

22

(2.29)

(2.30)
(fixed

(2.31)

(mean-squared

(2.32)
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GA 2 8 ( 3
) GB 2 16 ( 4
)
2.2.2.3 (adaptive codebook)
22231 (adaptive codebook

gain Pitch gain) ¢

gp= GALGA)+GBYGB) (2.33)

2.2.2.3.2 (Pitch Period)

(voiced)

(Pitch Period) excitation

(correlation)

(Open-loop pitch analysis)

(Open-loop pitch)
3 20 391
40 79 80 143
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2.2.2.3.3 (adaptive codebook
vector)
10
(Hamming
window)
1 3
v(n)
v(n) = X_u(n—k—i)b30(t + i-3)+%u(n-k + 1+ 1)b30(3—t + i-3) (2.34)
H
=0......39 t=0,172
()
Kl +30
(b3)(30)=0)

(fixed codebook) c(n)
(adaptive codebook vector) v(n)
(fixed codebook gain) g¢
(adaptive codebook gain) gp
excitation
()=9"v(n)+ gec() (2.35)
G.729 80

63

2.2



2.2 G.729

Subframe 1  Subframe 2

Line Spectrum Pairs LOL1,L2L3

Adaptive-codebook delay P1.P2 8 5
Pitch-delay parity PO 1
Fixed-codebook index Cl.C2 13 13
Fixed-codebook sign S1.582 4 4
Codebook gains(stage 1) GAL ,GA2 3 3
Codebook gains(stage 2) GB1.GB2 4 4

18
13

26

80



	บทที่ 2 แนวคิดและทฤษฎีที่เกี่ยวข้อง
	2.1 การรู้จำเสียง
	2.2 มาตรฐานการเข้ารหัส G.729


