uni 3

(test pattern)

(reference pattern) template
1
(parameter)
3.1
isolated word recognition
2 3.1.1
Word
reference
templates
input Spectral Word output
o—"" " e [ O
analysis recognition
(n)
Phoneme
Word
reference
dictionary
templates
: input S I
lnpu_, pectra Phoneme Word __output -
analysis recognition recognition
3.1.1 (Furui, 1989)

() word-based recognition

() phcneme-based recognition



isolated word  recognition
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parameter parameter

template
template
dictionary 311

word

3.1.2 isolated word speech recognition system
3 (Rabiner and Levinson, 1981) feature measurement,
pattern similarity determination decision rule
3.1.1 template
(Furui, 1989; , 2533)
1 1. template
2. 2. ' ' template
3.
1. template 1.
2. 2. word dictionary
template
3.
feature esurement
module preprocessing
(segmentation) input ,

3.1.2



speech feature test
signel measurement pattem

3.1.2
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(Rabiner and Levinson, 1981)

pattem distance decision iz

L (setof) 1
sim larty SCores rule word ()

reference

patterns

isolated word recognition

(Rabiner and Levinson, 1981)

) model

parameter

pattern similarity algorithms

(decision rules)

3.1.1 feature measurement

feature
( selected frequency band)
(LPC) homomorphic model

)
)

LPC.FFT
DTW 1

model 1

data reduction technique
energy and zero crossing rate
short-time spectrum , linear-predictive coding
feature
(computation time)
, (storage)

(ease of implementation)
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3.1.2 Time registration of pattern

time
alignment distance computation
m=win)
]
1 NT
1 TIN) NT
3.1.2.1 time registration
(Rabiner and Levinson, 1981)
3.1.2.1 function time alignment T(t)
R(t) alignment function  (t) map R T
distance function )
D(T.,R)= Mof)ﬁd(t ()6 (t. (), (1))dt 311
® set of monotonically increas ng 1continuous differentiable function
d(t, ) metric d(T(t),R(w(t))) pointerwise distance R T

G weighting function
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optinum time alignment path curve
time axis time axis
m= ()
w(t) path
3.1.2.1. linear time alignment
-, 1- (LVR-1 1
m= o y-( - (\ —?T+1 3:12
(NT-2
3.1.2.2. time event matching
ml= (\)
m2 = ( 2)
...3.1.3
mo = (nQ)
).V iy, e correlation maximization
correlation
R*=maxz (T(n)R(yv(n))) ..3.1.4
3.1.2.4. dynamic time warping warp curve
NT
z)*:m'(n)J,d(T(n),R(W(n))) ..3.1.5

distance frame
frame ()

speech
recognition system



pAl

3. .3 decision rule for recognition

, 3.2 ,
, 2 nearest neighbor
rule (NN rule) K-nearest neighbor rule (KNN rule)
3.1.3.1 nearest neighbor rule (NN rule)
- Dﬁ
R, i =— 1,2,....V average distance DTW
algorithm
Ru
7+ =argmm[D'] .3.1.0
DU < 1<..<DIr ..3.1.7
3.1.3.2 K-nearest neighbor rule (KNN rule)
(pattern) (reference pattern) V
P DTW (pattern) P

Rij,1<i<V]<j<op
‘A< << -{ 318

KNN rule average distance

[ 319

z=argmin[r'] ....3.1.10



3.2 ? (Dynamic Time Warping) (Furui, 1989)
dynamic programmirtg time registration
isolated word recognition time
warping algorithm Sakoe Chiba Rabiner 1 Rosenberg Levinson
algorithms time input ? time pattern of feature vector
isolated word [ Y, ? ? ? )
2 ? f ? (feature vectors)

A = axa2,...ail..(j
B —bhl7h2,...,hj,...,0j

A B ? H 3.2.1 time warping function

? i c = lij) ? i ?

IRESEROY .|\ (G, ..Cp .3.2.2

7UN 321 DTW 72w A uay B

(Furui, 1989)
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spectral distance feature vectors

d(c) = d(i.j)
distance F
Id(ck) k
D(F) = FEM-J-om ..3.2.3
D(F) feature vectors A B feature vectors
k (weight cofficient)
1 k 3.2.3
function F
(Monotony and continuity condition)
-h-\ A
* 3 -Jk-1* 1
3.2.2 (.)
local constraints 1

P-» (L0) @Y

P-» (1)) 3.25
P-> (01 1)
(Boundary condition)
HV =1V =1
i(K) =1, j(K) =1 326
(Adjustment window condition)
...3.2.7
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wk= (ik-ikei) + (jk-jk-)>(i0= jo=°)

5 X =1+ ...3.2.8
323

D(F)=j"jtd (cJwt 3.2.9

® Legal previous points

1
) E (n,m)
m-1 ‘/?
m-2 * p3 e
n2 n n

Type 1 local constraints

3.2.2 local path constraints (, )

(Myers,Rabiner, and Ronsenberg, 1980)



3.2.1 local constraints (Myers et al.,, 1980)

Type pictorial productions Amex Efin
1 -> (101

1 2-» (L)) 2 12
P3-» (00(L)

I~
%
B
g

S &

no production
itakura ule 212

-|- characterization
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k = min(i(k)-i(k-NI(k)-j(k-1))

@)

%ﬁw %/

I(k)-1(k-1)+ (k) -J(k-D

k

(d)

raints

nst

of Type 2 co

weighting function

3.2.3

et al.,, 1980)

(Myers

o1l
X X N X

Type 2

(weighting) 4

, 3.2.3

(b)

@

=j0) =0

i(0)

3.2.1

©

1/2

(slope)

(d)

weight

,3.2.4

tance

3.2.4

str

Type 1 con



smoothing function weight Sakoe Chiba Type (c)

(d) normalization

N(wc)

ti(k)-i(k-1) = i(K) - KO) = I

N(wd) = fi(k)-i(k-1) +j(k)-j(k-1))
= I(K)-1(0) +](K)-J(0)

I
+
[ S

A

L] (n,m]
32
2 2 2
smoothed
2 32
a e ° e
3.2.4 smoothed weighting function Type 1 constraints
(Myers et al., 1980)
3.2.9 Yjd(ck) k
k=1
F 3.2.2

2

Type

3211

distance cve2 ck (ck
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= (ij) Wsvaid
g(ck) =g0j)- mm  Tde) o
""Ckl 777 - 1
k-1
min Hd(cm) m+d(ck)wk
cr'ck-i
r 1
kel
i min le(C7) .nl I'|'d(C )\Vk
k-JL1 k-2 M
min g(ck ~1)+d(Ck)Wk ...3.2.12
k-1
3.2.12
gl )
g(i)) = e g (i-1,j-1) +2d(i})) 3.2.13
g (i-1,j) +d(ij) )
g(Ll) = 2d(1,1) 3.2.14
i=1 i
adjustment window i i
J
D(F) = G(I,J) ..3.2.15
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3.2.2

, 2533 Sakoe, 1978)

0 =
gfij- 1)« dfi))
min- gfi- 1,j-1) +2d(i,])
-gfi- [>)) +dfi.j)

_gfij- 0 -
min g (i-1j-1) +d(i;)
-gfi- 1J) +dfi))

ofi- 1,j - 3)+(dfi,j - 2) +dfi,j- 1) +dfi,j))/ 3
ofi-1,] - 2)+(dfi,j-1) +dfi,])/ 2
min gfi- i - 1)+dfij)
[-2]-1) +dfi-1,j) +dfi,j)
i-3j-1) +dfi- 2)) +dfi-1,j) +dfi,j)
I-hi-3)+20fij-1) +dfij)
i-1.J-1J +2d(i,))
ofi-2,) - D+2dfi-1,)) +dfi,))
gfi- 1, j- 2)+(dfij- 1) +dfi,j))/ 2
M gfi-1,j-1) +dfij)
gfi-23-13 +dfi-137 + dfi,j)
Cogfic 2t 3 2dfi-10-10 +2d(ij-1) + dfi,])
MIN g fi-1,5-1) +2dfij)
-gfi- 3,j - 2) +2dfi - 2,j - 1)+ 2dfi -1 ,j) + dfi,j)

gfi- 2.) - 3)+2(dfi-13-D +2dfi,j-1) +dfi, )/
MIN gfi-1 }-3) +dfi,i)
-gfi-3-j - 2)+dfi-2,)- 1+dfi-1,]) +dfi, )

29

3
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,3.2.2 dynamic time warping
DTW P 0 3.3 3.2.5
3.2.6 normalize/warp algorithm
(N1 M) 1 normalize R(n)

R(n) = (L-r()y+srp+ 1)1 = 12..,N ..3.2.16

R(n) parameter vector
N
R(n) parameter vector normalized
N mormalized
3.2.16
(N-1)
n-1)—= 1 ..3.2.17
@ )GV-J)T a
T ﬂ(NA-V._ 3.2.17b
s =@-)WIT)+™n
normalize
T(m) = (L-)Ttm)+s(T(m+1)), m = 1,2...M ..3.2.18
Tﬁﬂﬁ T(m) parameter vector
T(fn) parameter vector normalized

M ' mormalized



futayaeektyyin

test/reference patten

|

WI9NAURATRY DTW
(A1 7991, J max )

A 4

ATUATY distance dii,j)

Yes— g(1,1)= 2 dii,))

—

(g(i,j = 1)+dfi j)
glij) = mirt(i = 1,j=1)+2d(, j)
(i—1,7)+dfij)

Yes

Yes

3.2.5

gl /{1 +J) ‘

DTW

3l
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—
=
~—

1

32

3.2.16

....3.2.19b
D (v) DTW R(n) f(m)
2.2.17a 2.2.19a Ix]
X
3.2.7 N 4C
|
' R@), s = 12...N
INEAR , 1Lreens
12, ,N—p{ =~ €
WARPING
DTW D
= > D(v)
M I N ALGORITHM
Tm) Jm = 12...M
m.m = LINEAR
m, WARFING
3.2.6 normalize/warp DTW algorithm

(Myers et al.,, 1980)



3.2.7

3.3 ?
(frame)
3.3.1
Pj[k]
Jij

8
=
R
©
©
s 4
5 original DTW algorithm
= 1L m=—= normalize / warp algorithm
o 2 B reference along the x-axis
(o]
;Zl tesi,t along the x-axis
1 2 3 itakura

local constraints

3

standard normalize/warp DTW
(Myers et al.,, 1980)
? ?
Ji
b 3.3.1
| /=0,1,2,..., /-1
k 0- (N -1),N =256
(abslute value)
256 0-4 kHz
normalize ''3.3.2
I I PM
P =

...3.3.2



Pm

normalize

Pifk]

Pm

3.3.1

BE EBEBREB Oom-uaoe o & W - o

3.3.3

0
R
23

6/
B
89
310
b1
1
213
1314
53

P

K

3.3.3

3.3.1

0005
0510
1015
1520
2025
2530
3035
3540
4045
4550
5055
5560
6.065
6570
1075
15

0-15

Pav)

Pm

Stiff?

floating point

34

16



distance

d (i)
ain

bjn

3.4 ?

R

3.3.4

d(10)= Lgai 01

distance . i ]
i
j
J=1
i
ZR]'
RY = &=
J
i j

3

...3.3.4

3.3.1

34.1

...3.4.1

,7=0,1,2,...,1- 1
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