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Pt Leaidf prdir s Ry (AR Y 2 (DTW, Dynamic Time

Warping ) ~ "£& 8 5 7 2 $74] (HMM, Hidden Markov Model) -

211 ¥ FR 4 ;2 (DTW, Dynamic Time Warping )
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EER
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FEFARETH @ 3 k] 2 FE
if & Speaker Dependent 3% & F# > & k¥ -
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REHERAE-BFONLEE - Y F0 ER AV HFHEEL 2 7
b 5 A xR

222 "2 58 57 % i3] (HMM, Hidden Markov Model)
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B L Mz F TG R {osRE & 5F & B (Speaker

Independent) st 8L » 2L if & 2N T S FERNE Y At A N kALt o

g R R A ROEH RS BERT ) R - LR YIRE S

3] > Ap 3t DTW ko erdg 3235 5 0 97 0 #ppE P DTW #7 o erp g £ — 2 o

X

G TR E SREL T AP § LA I U R A

LR TR e R A A gE eniE g LA PR 8L (Time-Varying Signal) 0 73

ml4

i G- 2R N P R R L T R - SRR PR R e U

2L (A 45 o

Flot Al f ERE R AL AR SR B LR £ - B
PHRHEE R AR B R F fEenE R v B4 20~30 ms -
FLE AL BEFL LG LR ll?i;{r\rvpénft%)%@*’(Short -time

Processing) st 4 o

¥ L enEF FacSEdER > 23 LPC (Linear Predictive Coding) ~ MFCC
(Mel-scale Frequency Cepstrum Coefficients) » #iz:f 2 4 * MFCC > 8228 LPC
$FEE R B L R BT A 2 Y B A R e AR B
Bk R | RO R Bﬂ* {# %r > d MFCC 715 4 Jg I 4 8 chfC Rk Sudt
AT S R il 4 e 0 #T10 MFCC fe B~ S dicpF § #-1UIF chgk A 5 Be o

B AT RIS B o



frequency to Mel-frequency curve
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Bl 2-1 #5458 AR o 5 M R

BB MFCC 4 e B-imf24o B 2-2 #F7 > kB A 5 ¢ % =1 (Frame
Blocking) ~ * & it & (Energy) ~ 3¢ 32 3 _ (Pre-emphasis) ~ ;& P# ¥ (Hamming
Window) ~ - & = 3 (FFT, Fast Fourier Transformation) ~ = 4 7 i@ jg it B
(Triangular Band-pass Filters) -~ &t 4T 48 5= 4& 4#& (DCT, Discrete Cosine

Transformation) ~ i & 47 ¥ %% (Delta.Cepstrum) & 4 3%

MFCC Procedure Flow

Input Speech Signal .
|::> Frame Blocking Pre-Emphasis

Tri | FFT Hamming
rlangd a_lr TN Window
band-pass filter XX

@ DCT : Delta Cepstrum =>
[ Logarithm ]I::> ':? 2z : 39 dimension

Bl 2-2 MFCC % % # i b~ 42 )

and Get Energy

Al T 1T LT 1




2.2.1 5 =i+ (Frame Blocking)

AT A RE S ALY A 20ms~30ms ¢ F IR LR o A A

mls

RIFS B g BN BB E £ - BRRIDE —-F1i2 > ¥ 57 #
AR AR L > L FAPE k- e Gk E G R blde 13
12%% > b A PBgjzchs | N=320 B> 3 4=¢ fperan s 5 160 2 3

=& & % 20ms

2.2.2 5 i £ (Energy)

frameSize
s 0 P EE - Bz (energy= > S(N)?) s e iz i
n=1

MFCC % + = B %#k o

2.2.3 Fp 5% (Pre-Emphasis)

BZENBAE- BRELBAR H@=1-axz"»#*?¢ ac 0910
Bk A e ﬁvﬁi&]/\;wfb?;\ S(n) »Fg B s B L S,(nN)=S(n)—axS(n-1) - @ pt
- B A BOp HTE L ‘Jﬁ"‘ﬁ%ji%a“fﬁéf gimr B3 B RrE 2 BRir3

By T RREF MR RS > g EAPP a=09750

2.2.4 P % (Hamming Window)

P REFEEFEF SRRSO AP E RN E R - B

Hamming Window > 4 % ﬂi%l > e B - T_RPE AAE OB Ij-ﬁ;‘i IV N .



Hamming Window > ¥ &_4 #gen#5 25 5 PP 250 > #r 4o % % 3k + Hamming
Window ¢ #3132 {8 FFT A473sicnphiz ¢ A4 (%% 3 L B gl @ 3 447
L X R A4 o BE g fEaEl i S(n),n=0,.N-1 - 3%+ Hamming

Window i fs 24 it ¢ ¥ 3] S'(n) = S(n) xW(n) » W(n) e 3 4o o
W(n,a)=(1-a)-axcos(2zn/(N -1)),0<n<N-1 (2.2.-1)

Bipif A - R E P a=046- B 2-3 5 16khz- & & Ssec iE 5L
HoY - B3 (9 20ms) 2z 4ei 27 3k 2 Hamming Window {8 #7#& 2 #7e3

BE el i o

Original Speech Signal Speech Signal multiplied by Hamming Window

Sample
Sample

100 200 300 400 0 100 200 300 400
Points of frame Points of frame

B 2-3 R 4sE27 3k b Hamming Window i {8 s 50t iz

2.2.5 P & = F g (FFT, Fast Fourier Transform)
AT ABAEILY R F AR T T ﬁjﬁ:}{%ﬁ%{%—ﬂ*(@)ﬁ‘ (Time Domain)

B4R T 4E 5 ¢ (Frequency Domain) b kg £ 4 & crfba) o j8a 8 g

WA AT SIS R AP R FBIEA R RS R
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2.2.6 = & 7 il gt B (Triangular band-pass filter)

FFT $3iEis » AP ve B0 oz RisBn Rt -2 M

Benz £ F A RA BN EMTRDERE BB L RS- BRI T EHEEET

FlftEi B 0 AT A P RIR[8]P 26 Bz & F LR E o

2.2.7 icarsz#& & (DCT, Discrete Cosine Transformatiion)

Bfs B #F A k26 B iy £ ¥ EK &~ Bpagsh iz g it > 4 Mel-scale i)

AE o Sl > B2 T BoarlgE L gwr e > DCT (ho 407

<

C, = ZE -cosmk=H&lm=1...L (2.2-2)

tizi® M 5 26 i Triangular Band-pass Filters - L 3 47 3 S %2 B ¥ 12 >

ExPl % FFT #5368 chic € @ o

2.2.8 % ¥ FAg 3 4 #c (Delta Cepstrum Coefficients)

-?x

“2

Hug * b ,;\.,pﬁé by b i}c_g 13,'4{;'\&7\@:”* j\’?ﬁ'}‘ ffﬁf%m%

F’_*

it o Delta Cepstrum &g, & T A" FPIR 3 S B> P ekl & > T (8 4 IR 3

SECLPER Fehd S ST

ir-Cm(tJrr) ir-(Cm(t+7) —C . (t-17))

AC, (t) ==Y v = v m=12..L
Zrz 2-272
=—M r=1
. (2.2-3)
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2.3 BEHAI R

AP HEA] ot A A PR * 12 HMM 3 323 2 # 0 HTK (HMM Toolkits)
[O1 5 3 g2t i ch BB 03]« ARG E T 4 K03 T 4 5 & 43 (CHMM and

DHMM) » % 7 8 B dds sy & A g+ CHMM[L0] -

CHMM i¢ * i@ 4 «4% & % A& o #ic Gausian Mixture Model % 3+ 5 ¢ f& 4 5 »
HMM # & 98— @ "Lk i 15 & 7 7 = &4 1 5 (Next-transition Probability)
p &4 4 4% & (Self-transition Probability) &4 5 4 #% #% & (Transition Probability)

4e@] 2-4 -

0.33

0.55 0.67

b;(x) ZZCjkN(X,,ujk,zjk ) = z_c,.kbjk(x) ...(2.3-1)

O NG Y, )RR () R ARE o g B gEELY
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2.4 3%

Mixture chficp - C, % % K i Mixture sfg £ -
=
E]

(Covariance Matrix) 2 = 2% & u, (Mean Vector): g #7% & ik > M * £

E": N
-t

=

R ) = S = R

ezt g
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A9 ¢+ Viterbi Algorithm [10] % vt 4% 35 o &2 -8 #-7 » 7] 5 Viterbi /%
oo R ERABT T ARAT

1
2o f o et RIS # T A IE R MHEF HMM B i i A 7

V. (i) =P(X;,S; s, =i|9)...(2.4-1)

Step 1::Initialization
Vi (i) = z;b;

Vo) 5% B R T ek A IS o A BB Viterbi # Fxke 2-5
B,(i)=0

The Viterbi-Alaorithm
1<i<N

Step 3::Termination

Step 2::Induction

The best score = M?ﬁ([vt 0]
s; = ArgMax(B; (i)]
1<i<N

V(i) = Maxv, (Day by (X)) 2<t<T;

B, (j) = ArgMax(V,_, (i)a, |

2<t<T;. 1<

<

<N

Step 4::Backtracking

S¢ = Bt+1 (St+l)

t=T-1T-2..1
S™ =(s;,S,,..,S;) isthe best sequence
B 2-5 Viterbi

2L
oo

i A2 ]
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