JAIST Repository

https://dspace.jaist.ac.jp/

f Il nfor mat i
p f Science
D 7 : 1-27

Title O000OopooooOOooooooooooon

Author(s) o0, Oo0; 0o, O0; oo, 00
Research report (School o]

Citation Japan Advanced Institute
Technology), I S-RR-2005-0

Issue Date 2005-03-28

Type Techni cal Report

Text version

publ i sher

19/ 8405

URL http://hdl . handle.net/ 101
Rights

_ O00Do00Doo0oooooooooooooooog
Description

gooogd

AIST

JAPAN
ADVANCED INSTITUTE OF
. SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



o,
¢ N

FRELE 7 D OFEA SR P B (2B 3 & Mt
SR, ARM—, RAKRIEA
28 March 2005
IS-RR-2005-007

i

School of Information Science
Japan Advanced Institute of Science and Technology
1-1 Asahidai, Nomi, Ishikawa, 923-1292, JAPAN
unoki@jaist.ac.jp, y-ishi@jaist.ac.jp, akagi@jaist.ac.jp

(©Masashi Unoki, Yuichi Ishimoto, and Masato Akagi, 2005

ISSN 0918-7553



JAIST Research Report: IS-RR-2005-007

Jodboubotogoobooboubouobon

oo oof

oo oof

oo oof

t10000000000000 Ooooooo
0 923-1292 00000000 1-1
E-mail: f{unoki,y-ishi,akagi}@jaist.ac.jp

A study on an FO estimation method for the reverberant speech

Masashi UNOKI', Yuichi ISHIMOTOT, and Masato AKAGI'

T School of Information Science, Japan Advanced Institute of Science and Technology
1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan
E-mail: f{unoki,y-ishi,akagi}@jaist.ac.jp

1. 0000

gbobooooooboooboooooOoboo0oooOouoDoo
gooooooooooboooobbooooboobooooboooooDoo
goooobooooboobooobboooooOoooooooDooo
goooooooooobooobbooooobooobooooDoo
goooooooooobooobboooobooooobooooDoo
goooobooooboobooobboooooOoooooooDooo
goooooooooobooobbooooboobooooboooDoo
gooooboooobooboooboboooobocOoooboooooDooo
gooooooooooooooooboobooboobooboon
gooooooooboboooboboooooooboooooDooo
gooobooooobobooobOooboboobOooonoo
gooodoboobOoboooooooobobOoOobOOooOooOoOooOoon
goooooooooooobboooooboooboooDoo
o00oo0oooooUoooooooooo (450

goooooooooooooooooooobooboooDboo
gobooocoboooboooobooobooobooobooooDo
gboooobooooboooobobooooocOoooboooooDooo
000 (1)0000000000000O000D0000O00OO0
gobooooooooobooooouooobooooooooon
000000000000 00O00DO00DO00((®R)0D0OO
gboboooboooooooboOoooOooobOoOoboOoooDooo
goooooooooobooobbooooboboooobooooDoo
gboooooocoooo

00000000000 (1) 0D0o0Do0oooooDooOoo
gboboooboooooboobooobobooooOoboOoooboooooDooo

gbooboooboooooboo souoboooooboboooo
0oo0oooooooooo 14]00000000ooo
00000o0ooooo0o0o0o0oo0o00U0000OOoEGGOO
goooooooooooobbooooobooobooooDoo
00000o0oU0oO0oO0ooO0ooOoOoTEMPO [33-36], YIN
g000000000O00o0o0ooOoo0ooO0oUoER)O
goooooooooooobboooooboooobooooDoo
goooooooooooobbooooobooobooOoooDooo
goooooobooobooooboooob
gboboooooooboooooooooobooboooboo
g0ooooo SNROOOOODOOOOOOOOOOOOO
gobooooooooooobbooooooooboooooDooo
goooooooooooobboooooboooobooooDoo
ooooO0ooOods00pU0OO0O0OoO0o0oOoUoOoUoO
goooooooooooobbooooobooobooooDoo
gobooooooooboooooooooobooooooooDo
gooooooooobooooooooooobooboooDboo
gooboobooooboooobboOoooobooobooOoooDooo
goobooboooooooobboOooooboOoobooOoooDooo
goooooooooooobbooooobooobooooDoo
gobooooooooooobboooooooobooOoooDooo
gooooooooooboooboooboobo

2. J0obOoobOboooboobod

2.1 000O0O
000000000 f()000 (1)00000000000
0000D00000000000 e(t)00000 700000

— 1 —



000 () 00000000000000000000 f(¢)
00000000000 (2000000000 akx(t)000
00 k-w(t)0e: 0000000000000000000
oooooo

f(t) = e(t) x vr(t) (1)

> () exp(jk - wo()t + x) (2)

k

000Dw() 000000 FR@¢)D0000000000 gk
000000Kk00D0D00000000000f(t) 00000
0000000000000000000000000000
0000000000000000000000000000
0000000000 f#)000000000000000
0000000000000 000000000 Ft) 000
0000o0o00o0

wo (t
) (3)

0 (0000000 f¢)000000000000D0
00000000 Fourier 00 OOO0O0O Fourier 0000
Waveletl]l:lDDDDDDDDf(t)DDDDDDDD 000
goooooooooon w(t)DDDDDDDDDDDDD
000 (1)00 (2)00000000000000000 2(t)
0o

Fo(t) =

z(t,7) = wt —7)f(t)
000000000000000000 s(w,r)00000
h(w,7)00D0000

s(t, 1) =

w(t — 7)e(t)
h(t,7) = v-(t)

(4)

ooooooooooo
2.2 FourierJOO Wavelet 000000 OOCOOO0O
0(1)00 (2)000000000 OFourier 0000 Wavelet
0000000000ooo0o0o00000ooooooooO
0o0ooooooooooo

F,F~' : Fourier 00, Fourier 0 OO
S,87! :000 Fourier 00, 000 Fourier 00O
W, W=l . Wavelet 0 O, Wavelet 0 0 O

2.2.1 Fourier 000
z(t,7) 0000 Fourier 100 UOOO0ODOOODO

X(w,7) = Flz(t, )]

= \/%/m t,T)e It (5)
z(t,7) = F ' [X(w,7))
= \/%/X(w,ﬂejwtdw (6)

0000X(w,7)0D00DOODOOODOODOO

2.2.2 000 Fourier OO
0000 f¢y)UDOODO Fourter UO0OOOOOOOOOO

VZF/) w(t —r)e I dt (7)

ft) = ST X (w,7)]
= \/%//X(w,r)w(t—ﬂejmdwdr (8)

2.2.3 Wavelet 00O 0O
0000 f) O Wavelet 000000000000

F(a,b) == WI[f(t)

:f/ /0
_ // a6 b)dadb (10)

O000F(a,b)000000000000e0O0DOODOO0O
O0000oU0ooUooUooooooooooDody(t)o
00 waveletD 0 0 OO analyzing waveletd 0 O O O O wavelet
000000000000 0DDOO wavelet OOOOODOO
gooboooooboooboobooobobobobobo
gooooooo

DW:/W|Wme<m (11)

|l

t—b) . ©

00000000000000000000000000000
000000 00000000000000000

2.2.4 000000000000
000000000000000000000000000
00000000000000000000000000000
00000 (6)00000000 z(w,7) 0

X(w,7) = | X(w,7)|exp(jarg X (w, 7))

A(w, 7) exp(jp(w, 7)) (12)

000000000000 00 Aw,7)0D00D0DOOO
¢(w,7) O

A(w,7) = | X(w,71)]| (13)

¢(w,T) = arctan (%) (14)

000000000000000%R{}0 ${}0000000
000000000000000000000wavelet 000
00000000000 F(e,b) D0000D0O000O0D00
0ooooo

2.3 0000000000
000220000000000000000000000
0000000000000000000000



Complex Cepstrum Minimum Phase All-pass Phase
C(g,7) Crin(q, T) Cai(qg, 1)
q = q* q
1 1l I
Amplitude Ca(g, 1) Camin(d], T) Caai(q, 7)
Cepstrum
q = qt q
+ + +
Phase Co(g, 1) Comin(d,7) Coal(d, 9
Cepstrum lw ‘
q= q q * q

01 0b00o0oooooooooboooOooooooocoooooo
ooooooooo

2.3.1 000000000000000000
00000000 C(q,r)00000000000 log X (w, 7)
0000 Fourier 100000000000

Cl(gq,7) = fﬁl[logX(w,T)} (15)

oboooobooboooboooooooooOoooboOooDooo
oboobOobO0ooO0obooDbOooooobbobD gOOo0Ooboo
uoboooobooboooboooooobOoOooboboOooDooo
ooooooooooboooo

Clq,7) = F " [log {| X (w, )| exp(jd(w,T))}]
= F ' log | X (w,7)|] + F ' [ip(w,7)]
=F! [log A(w, T)] +F! [jgi)(w, T)] (16)

ooboooooogoo

Clg,7) = Calg,7) + Cylq,7) (17)
Ca(q,7) = fﬁl[logA(w,T)} (18)
Colg,7) = F ' [jp(w, 7)) (19)

0000000000 000Ca(q,7) 0000000000
Cy(¢,7) 0000000000 0OD0ODO0OOO0ODOOODO 10
obooooboobooobooooooobOoOooboboOooDooo
gobooooooboooooooobooooboboooobooboooonoo
oboooobooboooboooooobOoOoooboboOooDooo
goboooooobooooooooooboooobooboooDoo
obooooboobooobooooooobOoOooboboOooDooo
goboooooobooooooooooboooobooboooDoo
oooo
ooboooooooobooooboooobooooobooooDn

:E(t, T) = xmin(th) * xall(tv T)
(Periodic) (Minimum-Phase (All-Pass
Component) Component)
(Time-domain)
v F fF
X(w, ) = Xmin (w, T) X Xan(w, 7)
(Complex) (Complex) (Complex)

I I I
‘X(va)‘ = ‘Xmin(va)‘ X ‘Xall(va)‘
(Real) (Real) (Real)

X X X
eid(w,T) = eJPmin(w,7) x eddan(w,T)
(Complex) (Complex) (Complex)

(Frequency domain)
| log T exp
log X(w,7) = logXmin(w,7) + logXain(w,7)
(Complex) (Complex) (Complex)
I I I
log|X(w,7)] = log|Xmin(w,7)| + log|Xan(w,7)]
(Real) (Real) (Real)
+ + +
j¢(w,7') = j¢min(w7 T) + j¢a11(w7 T)
(Imagenal) (Imagenal) (Imagenal)
(Log-frequency domain)
LoF t
C(w, 7-) = Cmin(wy T) + Call (wa 7_)
(Asymmetric) (Asymmetric) (Asymmetric)
I I I
CA(va)‘ = CA,Inin(va)‘ + CA,all(va”
(Even func.) (Even func.) (Even func.)
+ + +
Cy(w,7) = Comin(w,7) + Cypan(w,7)
(Odd func.) (Odd func.) (Odd func.)

(Quefrency (time) domain)

02 0000O0OO0O0OOOOOOOODOOOOoDOO
gbob00obooboboboobo
log X (w,7) = log A(w, ) + jo(w,T)
log A(w,T) = QR{}'[C’A(q,T)]} :%{f[C(q,T)}}
o(w, 1) = %{]—"[C’d,(q, T)}} = %{f[C’(q,T)]}

O0D00OR{}0 ${}000000000000000000
0000000000000000000000000000
OODOOHibert 00000000000000000000O
00000000000000

R[] = Hilbert [S[]] (20)
S[] = Hilbert [R[]] (21)

oboooboooboboboooo1b00b00b00DbO

— 3 —



gooooooooboobooobbooooboooobooooDoo
gbo0o2000000000000C000DOO00O0O000
(20000 (21) 00000000 2000000000000
goboooooooobooboooooobooooo obobooo
gboooooooooo

2.3.2 0J00O0O0OO0DOOOOOOODODOO

gbooooobooooooooooboOoobooboOooboo
gobooboobOooboooboobooobooboooDOo

00000000 Xmn(w,7)0000000COOO0OOOOO

Xa(w,7)00OODDO0D0O0DO0O000O0O0D0O0O0ODOOOO
oood

X(w,7) = Xmin(w,7) - Xan(w, )
log X (w,7) = log Xmin(w,7) + log Xan(w, 7)
0000000000000 00O0OO00O0O0O0DO0O0ODbOOoO
= f_l[logX(w,T)]

! [log Xmin(w, 7)) + F

Clg,7)
[log Xan(w, 7)]

goooooboooooooboooooo

C(q;7) = Chuin(q,7) + Can(g, 7) (22)
Cmin(q,7) = F! [log Xmin(w, T)] (23)
Can(q,7) = Fi [log Xan(w, )] (24)

00000000000000Cwmin(g,7) 000000000

OOooO0o0O0Ca(g,r)00000U00OUOO0OOUOOOOOO
gooooooooooobooobo0oooboo1100000
goooobooooooboobocoooooOooOoOoOo 20000
goooooooooobooobboooobooboooobooooDoo
gboooobooooboobooooo

2Ca(q, 1), q>0
Cmin(q;7) = ¢ Calg, 7), q=0 (25)
0, otherwise

gobooooboooobooobooooboboboOobobobooooo
gooooooobobobooooobooooooooDo
gbooooooooboooooooon

10g | Xmin(w, )| = R{F[Cuin(q,7)] }
Gmin(w, 7) = S {F[Cunin(g,7)] }
log | Xan(w,7)| = R{F[Can(g,7)] }
dan(w,7) = S{F[Canla,7)]}

000000000000 100000000000000
2.3.3 000000000000000000
000000000000000000000000000

0000D0000000000000000000000000

0000000000000000000000000000

000 Xuin(w,7)000000000000000 Xan(w,7)

ooooo

Xumin(w,7) = | Xmin(w,7)| exp(j arg Xmin(w, 7))

= Auin(w, 7) €xp(jPmin(w, 7)) (26)
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Comin(¢,7) = F ' [jmin(w,7)]

Coan(g;7)  =F " [joan(w,7)]
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¢(w,T) =S{F [Co(q, 7]}

Gmin(w,7) = S{F [Cy,min(q, 7)]}
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buan(,7) = =55 (3 {F[Conn(a. ] }) @)

hai,7) = - (3 {F[Canla, 7] }) (43)
oooo



Amplitude Cepstrum Ca(q, t)
Liftering

1
1
Csrc(q, T ) : Csc(q, T )
1
1
1
Cepstrum component / q uef rency
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(a) Results of correctness using Cepstrum (within 5 %): Reverberant

(c) Results of SNRs using Cepstrum: Reverberant
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(b) Results of correctness using Cepstrum (within 10 %): Reverberant (d) Results of SNRs using Cepstrum: Reverberant
100‘;\&2‘\%_‘_‘\ T T T T 40 T T T T T
BOF T mA ¥ 8
= T A 2 30+ s
g ST 5
g oo B R 1
g T T >
5 201 1
© 40t R
5 s
s £ 10d
4 8 Aa -
20T~ Minimum 2 B il T G SR I S
~A- Non-Minimum .
0 I I I I I I I 0 I I I I I I I I I
0 0.2 0.4 0.6 0.8 1 12 1.4 16 18 2 0 0.2 0.4 0.6 0.8 1 1.2 14 16 18 2
TR ) TR ()
021 Cepstrum 000000000(a)5%00000000(b)10%00000000(c) 0
O SNRO(d) SNROOOOOO
(a) Results of correctness using Improved Cepstrum (within 5 %): Reverberant (c) Results of SNRs using Improved Cepstrum: Reverberant
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(b) Results of correctness using Improved Cepstrum (within 10 %): Reverberant (d) Results of SNRs using Improved Cepstrum: Reverberant
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(a) Resullts of correctness using LPC Residual (within 5 %): Reverberant (a) Results of correctness using LPC Residual (within 5 %): Reverberant
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(b) Results of correctness using LPC Residual (within 10 %): Reverberant (b) Results of correctness using LPC Residual (within 10 %): Reverberant
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(a) Results of correctness using LPC SIFT (within 5 %): Reverberant (a) Results of correctness using LPC SIFT (within 5 %): Reverberant
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(a) Results

of correctness using SHS (within 5 %): Reverberant
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(c) Results of SNRs using SHS: Reverberant
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(b) Results of correctness using SHS (within 10 %): Reverberant (d) Results of SNRs using SHS: Reverberant
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(a) Results of correctness using VFWF (within 5 %): Reverberant (c) Results of SNRs using VFWF: Reverberant
100 T T T T T T T 40 T T T T T
4 -6~ Minimum
e iy
80 i 30k Non-Minimum
g
s o g :
3 x | T T T T A - S mmm s — —mmmm = o
g a0 4z )
<3
o
20T Minimum e - 7: )
—4- Non-Minimum
0 I I I I I I I _10 I I I I I I I I I
0 0.2 0.4 0.6 0.8 1 12 1.4 16 18 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2
T To ()
(b) Results of correctness using VFWF (within 10 %): Reverberant (d) Results of SNRs using VFWF: Reverberant
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(a) Results of correctness using TEMPO2 (within 5 %): Reverberant

(a) Results of SNRs using TEMPO2: Reverberant
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(b) Results of correctness using TEMPO2 (within 10 %): Reverberant (b) Results of SNRs using TEMPO2: Reverberant
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(a) Results of correctness using IFHC (within 5 %): Reverberant (a) Results of SNRs using IFHC: Reverberant
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(a) Results of correctness using PHIA (within 5 %): Reverberant (a) Results of SNRs using PHIA: Reverberant
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(b) Results of correctness using PHIA (within 10 %): Reverberant (b) Results of SNRs using PHIA: Reverberant
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(a) Resullts of correctness using Complex Cepstrum (within 5 %): Reverberant
T

(c) Results of SNRs using Complex Cepstrum: Reverberant
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(b) Results of correctness using Complex Cepstrum (within 10 %): Reverberant (d) Results of SNRs using Complex Cepstrum: Reverberant
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(a) Results of correctness using Complex CepstrumF (within 5 %): Reverberant (c) Results of SNRs using Complex CepstrumF: Reverberant
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(a) Results of correctness using Complex CepstrumComb (within 5 %): Reverberant
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(c) Results of SNRs using Complex CepstrumComb: Reverberant
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(b) Results of correctness using Complex CepstrumComb (within 10 %): Reverberant (d) Results of SNRs using Complex CepstrumComb: Reverberant
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(a) Results of correctness using Complex Cepstrum (within 5 %): Reverberant (c) Results of SNRs using Complex Cepstrum: Reverberant
100 T T T T T T T T T 40 T T T T T T
-6~ Minimum
e iy
804 i 30k Non-Minimum
g
% 60 B ;i 20 T
g 4
e 4 R e Bt S 8
<3
o _
20T Minimum ) )
—4- Non-Minimum
0 I I I I I I I _10 I I I I I I I I I
0 0.2 0.4 0.6 0.8 1 12 1.4 16 18 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2
T To ()
(b) Results of correctness using Complex Cepstrum (within 10 %): Reverberant (d) Results of SNRs using Complex Cepstrum: Reverberant
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