
HMM ∗
1 2 1 1,3 1

(1 , 2 , 3NTT CS )

1

HMM

(Composite

Wavelet Model; CWM) [1]

CWM (Gaussian

Mixture Model; GMM)

GMM

CWM CWM

Gabor wavelet

CWM

HMM

LPC PARCOR

LSP [2] [3]

HMM

LSP

LSP HMM

[4]

[1] LSP

CWM

HMM

∗HMM-based speech synthesis using speech analysis based on Composite Wave Model by HOJO
Nobukatsu, MINAMI Kentaro, SAITO Daisuke, KAMEOKA Hirokazu, and SAGAYAMA Shigeki (The
University of Tokyo)

2 CWM

2.1 (CWM)

Q

[1] CWM

FIR [1]

CWM Gabor wavelet

GMM

Wavelet

CWM GMM

LSP

2.2 CWM

CWM

[1] CWM GMM

GMM

I-divergence

I(Y |F ) =
∑
ω,t

[Yω,t log
Yω,t

Fω,t
− Yω,t + Fω,t] (1)

Yω,t Fω,t , t

. Fω,t

GMM

Fω,t =
K∑

k=1

wk√
2πσ2

k

exp

[
− (ω − μk)

2

2σ2
k

]
(2)

K GMM

CWM CWM

μk, σk, wk(k = 1, . . . ,K)

STRAIGHT

GMM μk 2K

LSP

- 287 -

2-2-7

日本音響学会講演論文集 2012年9月



Fig. 1 /e/ ; CWM

(K=10) 24

Fig. 1 . . .

/e/ K = 10

CWM 24

Fig. 1

CWM

2.3 CWM

CWM

. 2.1

GMM

FIR

.

(3)

GMM

[1]

1√
2πσ

exp

[
− (ω − μ)2

2σ2

]
⇔ 1

2π
exp

[
−σ2t2

2
+ jμt

]
(3)

Gabor wavelet

FIR

.

CWM

bin

τ

wavelet

wavelet

(64 ms)

wavelet

Δt

τ = 7.5ms Δt = 5.5ms

3 HMM CWM

3.1

CWM HMM

CWM

GMM

k HMM

3.2 CWM

3.1 μk

. μk

0

t μ
(t)
k

t+ 1 μ
(t+1)
k

P (μ
(t+1)
k |μ(t)

k ) = N (μ
(t+1)
k ;μ

(t)
k , ν2k) (4)

k

ν2k μk

GMM

3.3 CWM

CWM

J(Y |F ) = I(Y |F ) +
K∑
k

1

2ν2k

T−1∑
t=1

(μ
(t+1)
k − μ

(t)
k )2 (5)

T

. [6] Jensen

μk

2 μk

μk = (μ
(1)
k μ

(2)
k

· · · , μ(T )
k )T {μ(t)

k }

μ∗
k =

1

2
(Dk + Ek)

−1Fk (6)

Dk =
1

2ν2k

{
D(i,j)

}
i,j

(i, j ∈ [1, T ]) (7)

D(i,j) =

⎧⎪⎪⎨
⎪⎪⎩

1 (i = j = {1, T})
2 (i = j ∈ [2, T − 1])

−1 (|i− j| = 1)

0 (other)

(8)

- 288 -日本音響学会講演論文集 2012年9月



Fig. 2 Chain {μk}
:10

μk

Fig. 3 Chain {μk}
( :10)

μk

Ek =
1

2σ2
k

{
E

(i,j)
k

}
i,j

(i, j ∈ [1, T ]) (9)

E
(i,j)
k =

{ ∑
ω Y (ω, i)λk(ω, i) (i = j)

0 (i �= j)
(10)

Fk =
1

σ2
k

(F
(i)
k )i (i ∈ [1, T ]) (11)

F
(i)
k =

∑
ω

ωY (ω, i)λk(ω, i) (12)

λk

Fig. 2

Fig. 3 GMM

νk
μk

μk

4 CWM HMM

4.1

CWM HMM

1. STRAIGHT

3

CWM

2. GMM (μk, σk, wk)

Δ,Δ2,

CWM

2

3. HMM

CWM

4. 2 CWM

4.2

CWM

HMM HTS 2.1

[7] 1

16 kHz 16

bit 450 53
1 5ms STRAIGHT

K=10 CWM

5 left-to-right

MSD-HMM

HMM HTS 2.1 [8] CWM

64 ms

5 ms

Global Variance; GV

4.3

ATR J02

Fig. 4(a)

Fig. 4(b) /o/

(1)

( ) (2) CWM

( ) (3)

( ) Fig. 5

24

[3]

1 ATR
A-I J

- 289 -日本音響学会講演論文集 2012年9月



(a)

(b)

Fig. 4 (

)

FIR

Fig. 5

•

• CWM

•

wk

5

LSP

Fig. 5 /o/

CWM

HMM

HMM

FIR

wk GV

[1] “

” 2006

2-11-7 2006
[2] “ LSP

”

J64-A pp 599-606 1981
[3] “ HMM

”

vol.53 no.3 pp.192-200 1997
[4] K. Hashimoto et al. Proc. Blizzard Challenge

Workshop 2011.
[5] Hideki Kawahara et al., “Restructuring speech

representations using a pitch-adaptive time-

frequency smoothing and an instantaneous-

frequency-based F0extraction ”Speech Com-

munication Vol 27 No 3-4 pp 187-207

1999
[6] “

” 2005

2-6-4 2005
[7] http://hts.sp.nitech.ac.jp/
[8] “HMM (HTS)

” SLP

2007 (129) 301-306 2007-12-20 2007

- 290 -日本音響学会講演論文集 2012年9月


