oooooooooo

IPSJ SIG Technical Report

oo oob® gooobP oo oo?o

pcooboooooooooooooooOOCOOO0O0OooboOobooOoOoOOOCObObObObOOoOoOomO
oooooooboomooooooooboooboUobObobOoOoOobOUObObOObOOoOoOOoOOoOoOobOboOn
gooobooobooooooboooboobooooboboooobboOobOO0obboobOobooooDboo
gobooboooboooooboooobooooboooboooboobOoboboboboobooboooDboo
0000000000000 U0o00o0000U00000000U000D0o0o00oUoooOO (LPC) OO
goooboooboooooobooooboooobooobooobobobooboobooboobobooboo
oooooooooooooooOooooOooOobocOoOoOoOooObOOoOOoOoOoOoooooObOboOoOoOoooOboo
oooooooooooooooooooOobooOoooooOobobOOobOoOoOoOobOo0ooOoOOboboOooooDo
oooobooo0o0oooooooooooooooooooooOooOoOoOOo LPCOO0O0O00000O
goboobooboooooobooooboooboobuobooobooboboOobOOobboOobOoboooboobo
vbobooboobooooooboooobobooobooboobOoboooboboobooboboobOobbooDbo
gooobooboooooboooooboooooobooobooooobobooobobooobobobOoDbo

Vol.2014-MUS-104 No.9

2014/8/26

oottt btotubutun

oooooooocooooooboOooooooOoOoOobOOO0ObOOoOObCcbOOOOoOoObO

1. 0oon

o0ooO0oooooOoooOoOooooooooOooon
O00oOoooO0O0oo00oooooooooooooooono
oO0oo0ooo0oo0ooOo0ooOoO0oOoooOoooOooon
00000000000 000000 (Nonnegative Matrix
Factorization: NMF) 000000000000 [1-13]0
O00O0ONMFOOOOOODOOOOOOOODOOOOO
o0oo0o0o0o0oO0oO0ooO0ooO0ooooOooooon
O0oo0o0oo0o0oooO0ooOoooOoooooOooon
O0oo0o0oo0o0oooO0ooOoooOoooooOooon
O00o0oO0o0oo0ooOoOooooooooOoooooon
ooooooooOoOoOOOOOOOOOOOOOOO
0000000000000000000000 (1400
o0oo0oO0ooooooOooOooooooOoOoooooon
0000000000000000000 150

O00o0o0oO0oO0o0o0oooO0ooo0ooooooog
O00o0ooO0o0oO0o0o0ooooooooOoooOooon
000000000000000 24000000000
ooo0ooo0ooOo0oOoooOooOooOoooooooo

1 0000000000000 0DooOoOoOoO
Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, Japan
2 000000000 D00D0D0D0O0OO0
1-1-1 Umezono, Tsukuba, Ibaraki 305-8568, Japan
) yoshii(at)i.kyoto-u.ac.jp
) itoyama(at)kuis.kyoto-u.ac.jp
) m.goto(at)aist.go.jp

© 2014 Information Processing Society of Japan

oot ooooooo
gooooooooooooboboogooobobobobo
goooooboooooooooooooooboobobon
godooooobbbuoooobbboobbbooobo
goooobbooooogbbooobbuoobobuooa
0000000000000 ooO0OO0o 2ooooooo
0000000000000000000000 (Linear
Predictive Coding: LPC) [16) 000000000000
gooooooooooooobobobboobbbbbo
gooooooooooooooooooogooao

LpCO0DO00OODDOOOODOOOOODOODODOOO
0000000000 (Composite Autoregressive Model:
CAR) 5| 0000000000 OOO NMFOOOOO
gt oooooooooooa
godddoooooooooobbobobbbbbbibn
oo ooooooa
gooooooooooooooooobooobobobobn
goooooooooooooboobobboobbbobbo
gooooooooobooobobbbobdddoouoogo
pgooodojddddddddUUUuUuUggua
goooooooooooooboobobboobbbobbo
gooooooooobooobobbbobdddoouoogo
000 (0000000000000 ooooooo
goooooooooooooboboooobobbbbo
000 (F0)0000D000000000 [6]0



gooooooooo
IPSJ SIG Technical Report

O00d0bOoo0oboboo0oboobooboooood NMFE
gooooooobooooobooooboooog
o OO0 DOUIOODUOOODUOODOOOODODOO
gbooooooooooobooobuooboooon
gbooooooooooobooobouooboooon
gooooooooooobooood
e J0IODDOODDO QUOIDDOOODOOO
goooooooooooboobouoobboooog
(STFT) 0000000000000 0000D0OOO
godoooooooooboobuoobboooog
dodooooooobooooooboorobboOO
gooooobooooboooobooobouoooooa
gobdoobdooboobbooobooooobooa
gooooooooooooooo
goooboooobooboooboooobooooog
0000000 (Infinite Superimposed Discrete All-pole
Model: iISDAP) 0000000000000 OOOOOO
O00OO0ONMFOOODOOO 1MO000D0ODOO0
godoooobooooooboooboooboogoo
godoobooooooboooobooobobooooooon
000000000000000000000 (Discrete
All-pole Model: DAP) [17]0 0000000000000
000000 DAPODOOOODOODODOODDOOOOOO
gooro000O0OoDoOoObODOOO000000ooooDO
o0ddoooooooooooooooobooobooo
godoooooobooobooobooooooooa
000000000000 DAPODOOOOOOODODOO
000000000000 000000000000 DAP
go0odoooooo@mbooooooooobooooo
godoodoooromoooobDbooDbDbOo0omooa
ooooooooooo

2. 0OOO0

goobobboobbooobooboboboobobda
NMrFOOOOODOOoOOOooOobooooooboobogo
STFTO00D0000O0000O000ODOO0O00OoO0ogon
gogbbooboooboooboobboooboobb
gobbooboooboooboooboo

2.1 00000000000000

000000 (LPC) 000000000000000
0000000000000000000000000
O0LPCOO00O0O0O0O0O00000000000000
00 z={z,}¥_,0MO00000POO0O0O0O0OO0O
0000000000000

P

P
Tm = — § ApTm—p + Sm i~e~7 § ApTm—p = sm(l)
p=1 p=0

© 2014 Information Processing Society of Japan

Vol.2014-MUS-104 No.9
2014/8/26

[ 3 € U
ST DERE T 4 IV RIT

AR BiES & 2 I SR ARG bVl
N X
{

LU 17w | —— N\
R ——
IJ &

'ﬁﬁ()ﬁl?ﬁﬂ( [cents] ¢ ?ﬁﬁ(}ﬁl?};‘iﬁ( [cents]
| L LS ¥ L
T v—2 (&) @ J 7L % ()

#I7 L—LTBIE

3

BLEEANRY ML

01 000000000000 ((SbAP)ODOO0OOO0O I00O0O0O
0JO0000000000000000000000

0000a=[ag,--,ep)’ 00000000000000
00a =100000{s,}¥_, 00000000000
0(1)00000000000000000000000
000000000020000000000000s0O0
0000000000000000000000O0ae00
0000000000000000000

0 (1)00s0000000:000000000000
000000000000000000 «e00000O0
0(1)0 e0 0000000000000

0000000000X(2)000 S(z)000000x0
00s0-000000

S(z) = Z Smz ™ (3)

m=1

M
X(z) = Z Tz ™
m=1

D0000000000F(2) ¥ 45
0DOoo0oo0DOoo
1 1

Fle) = Az) N 25:0 apz~P )

ocobooooood

0002r™ =w,, 000z=¢%~00 (2)000000,
00000000000000000000000

X(n) = S(et) () )

0000{X(e=)}M_ 00000 200000000
O000{S(e~)}M_, 00000 s000D000D0DOO
{F(et=)}M_ 000000000 O0O0O0O0ODOODODO
LPCO000DOsO0D00DO00O0DDOOOODODODOOO
000000000000 «e00000O00ODOOOOO
0O0S(«»)00000000000000D0D0D00OO
00000000000000000

S(etm) ~ N,(0,0?) (6)

00006200000 s00000000000000
000 (5)0000 (6000000



gooooooooo
IPSJ SIG Technical Report

28 [dB] DAPCR IHIED C— 7 D BEZFIZ v

20/ ‘ BB 7L (DAP)

_40 =

-60 ,

-80
10T A<y by
-120F DRSS
-140 L

KB Tl (LPC)

2z 3 4 5 6 71 8k
0 2 000000000000000000000000 (LPC)

0000000oooono (DAP)ODDOOOOODOOOOOO
X(e™m) ~ N(0, 0% F(e“m) ) (7)
00000000X,, = |X(e“)2000 F,, = |F(e®m)|?
00000000 (70000

X, ~ Exponential(6?F,,) (8)

0000000000 200000000{X,,}M_,00
0000000000000 {F,}M ;0 {X,,}M_,0
000D0000O00oOon0 (80 LPCOO0ODOODOO0
O0DO{F,}M 00000 a0000 ¢2000000
000000000000 [16).
LPCOO0DO0O0OOO0OOO0DOOOOOODOOOOOOO
00000000000000000000000000
00000000000 {X,,}M_, 0000000000
000000000000000000 {F,}M_,000
00000000000000000000000000
0000000000000 0000000000o0on
00000000000000000000000000
000OMOO0O0O00O0O0000000000000000
000O0O0o0ooooo

22 OJ0O0OO0OOOOO

Oooooooo (bAP)OOLPCOODOOOOOOO
uboooooobOooboobOoobOoobOooDbOon
OO0ODAPO LPCOOOODOOOOOOOOOOOOO
O0ooO0ooOoooOo @®UoUooooooooooo
ooooQoOOoooooooooooooooo

X, ~ Exponential(6?F,,) m € Q (9)

ooo0o0Q={1,---,M}00000DAPO LPCOOO
gogboboobobuooboboobboobbobbooobg
000Do00ooooooooQouooooooog
gobooobob 200b0o0boboobooboon
gogbobooboboboooobboobbooobboooobg
0000000000000000000 (9900000
00000000000e00O 02000000000
000000000000 170000000 oooon
000000000000000000 [2,9]0

© 2014 Information Processing Society of Japan

Vol.2014-MUS-104 No.9
2014/8/26

000000000 (9Yoooooouoooooooo
[SO0o00oO00oooooooooooooo

Dis(Xim|0®Fp) = > ( Xom log Xom 471>(10)

2 B 2
o?F, o?F,

O000F, 0000000000
1 1

‘Zzl;o ape*iwmp ? a'Una
U,O (P+1)x(P+1)000000000000000
O [Unlpg = cos(wm(p—¢)) 00000000 (10) 0 o2
gbooboobooboobooboboobooobooboo

1 X
2 _ m
meQ

m

Fn

ooooooooQoeDoooo0oooooooo.
0000 (10)0 e0O0O0O0O0O0OO0OODOOO
ODs(Xon|0? Frn)

=2(R- R 13
% ( Ja (13)
O0D0000OO0O0OROOO ROOODOOOODOO
1 /
R=—) XnUn R'=) FUn (14)
meQ mes2

00000000000 e0O0DO0OOODOO
a+ R 'Ra (15)

gooooooROOO0OOO0OO0OOOOOOOOOOOOO
Oo00ooo (1) 00ooooouoooo (lo)oooooo
00 (12)0000 ()ooooooooooooooo
000000000000062000000000ay=1
0000000000000 {FatmeaOOOOOOO
OoooO0oO0oOoOO0OO0O0O DAPOOOOOOOOOOON
oo0oo0ooO0oo0ooooooOocoroOoO0oOoOOoOoOn
gobodooooooooooobooooooboooooDo
gobodooboooooooooobooooboboooonn
ooorooOOOOCOOOOOO

2.3 000000000

d00000000dooo 3000000000000
0000000 /000000000000 J00000
00000000000000000000000000
O0D0DONMFOOOODOO 5000000000000
000000 X eRMXNOQOOOODOOMOODOOOO
00ONDODOODOOOO0OO0OO0O000000 X00000
00 SOFOHOOOOOOOOOOO0O

I J
an ~ Z Z SiijmHnij d:ef Ymn (16)

i=1j=1
0000{S;,}M_, 0000 0000000000
{F;,}_, 00000 j00000000008H,;0
0000 000000000000 ;0000000
00000000000 000000XO0O0000000
ooooo



gooooooooo
IPSJ SIG Technical Report

RO 754
V—=RAET 4 )VRD

R HPHE > DR N UG
N> @<
¥
T | e |Foe——]
IR ————
IJ &&
] SR 8 [Hz) ¢ ] B R R [Hz]
T T 1 % IE—g
vy * -
T v—2 () @ J 740% @)

#T7 L—LTRIE

=4

BEZHEGEANYT MV

03 00000000000 0D0ODOooDooO (CAR)

23.1 ODO0OO0OOO
CAROODO0DOD0OO00D0O0OD0OOUODOOOOOoOO
000000ooooooooooooooooooLpecO
00 (6)00000000000000000000O00
000000000 ooDOdCARODODOOOOOOO
ggbobooobooooboooboobboobooboo

Si (eiwm) ~ Nc (07 Szm) (17)

00D00{S(e“~)}M_ 000D0:0000000000
000 (5)0000 (17000000

X’L’jmn(eiwm) ~ Nc (07 SiijmHnij) (18)

00000000 {Xijmn(e™)}¥_, 00000 n000
000000000 ,;000000000000000
00000000000000

an(eiwm) NNc (Ovymn) (19)

0000 {Xmn(e)}¥_ 0000000000000
0000000000 (1990000000000

Xmn ~ Exponential (Y;,,,,) (20)

0000E[Xpn]=Yme 00000000{X}_, 00
0 {Y}M_ 00000.-0000000000000
0000000000000000 (16)0000 X, O
Y, 000000000000 000000000000
00-00 (IS)0000000000000000000
000 [pl00000IS000000000 Y, 0000
0000000000Y,,, 00000000000000
oooooo

2.3.2 00

Xm0 Y,,,00000000000000000000
IS00000000000000000000000 (KL)
0000000000000 000D000000000
0O [60000000 (2000000000000000

Xmn ~ Poisson (Y1) (21)

© 2014 Information Processing Society of Japan

Vol.2014-MUS-104 No.9
2014/8/26

O000E[Xmn] =Y, 0000 0{X,n}M_, 000
YV} _, 00000 R,000000000000C
000000000000 00KLOODOOODODOOO00O
000000M0O000000000000000000
00000D0000000D0000000 [14,18].
CARO00DO0OO0DOO0O00OOODOOOOOOOOOOO
00000000000 X00O000O000o0ooooo
00000000000000000000000000
00 (iICAR)0O00DO0DO0 60

I—o0 J—=o0o

Xon = DY 036 Sim Fijon Hoij (22)
i=1 j=1

00006,000 ¢, 00000000004000000
0;j0000000000000000 NMF (10000
006000 ¢0000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000
CARODDDOD0000000000000 {Sim}M_,
00000000000000000000000000
00 [6,19. 00000000000000000000
00000000000000000MmM{S;,,}M_,000
00000000000000000000000000
000000000000F0000 (21)0000000
00000000000000000000000000
00000000000000000000000 FoO
0000000000000DAPOODDDOOOOO
000000000000000

3. 0boobooobooon

0000000000000000000000000
00000000000000000000000000
0000000000000 (SDAP)00000OOO
00000000000000000000000000
000000 FOOOOO0OO0OO0OD0O00000000000
00000000000000000000000000
00000000000000000000000000
0000 (DAP) [17]00F00000000000000
0000000000000 [5,6 0000000000
000000000000000000
(1)000000000000000000000000
000000000000000000000000
00000000 DAPOODOOODOOO0O0O0O00O
000000000000000000000
(2)0000000000000000000000 FO
0000000000000000000000000
000000000000000000000000
000000000000000000000000



gooooooooo
IPSJ SIG Technical Report

000 CAROOOOOODOOODOOODOUODOOO
goboooboooboooboobbboobb
oooobooboboboorobOobobOOobDOooDOO
gooboboooo
(3)0000000000U0OD0DUDUODOOOUOO
goboobbooboooboobbooboon
oboooboooboooobobobooo NMFOODO
gobooobooboobboobooobooobon
0000000000 0DOOo0DOoU0ODO DAPODOO
gobooboooooboboobboobboon
00000000ooooooooooo [20].
gogobooboobooobooobooboboon
gogbbooboooboooboobbboobboo
gobbooobooobooobooboobbboon
gogboobboobboobbboooboooboo
gobboooboooboooboobobooboboon
gogbbooboooboooboobbbooboboo
gdoooooooobbbobbbbbooooooobo
gogbobooobooobooobooboboooboon
goboboooboooboooboooobg

3.1 000000000

0000iShbAPOOOOOOOOODOOODOOOOOO
000000000000000000000 X € RMxXN
00000000MOO0O0O000D0000000ONDO
000000000000000 X0000000 wo
U0 HOODOOODODOOOOOO

I—00 J—o00
X ~ Poisson [ Y > 0nidyjWhijmHnij | (23)
=1 j=1
jodoe,;, 00000 0000000000000
O0¢;,0000000000D000O0yj00000000
Oo00H,; 00000 nO0000O0O000000 70
000000000000 {W;mX_, 000000 n0O
gpooooo«:bbbuoyobobobboooobboo
DDDDDDDDDDDDDD@MDDDWniijDDD
pgodbodbodoooooboooooooououoooo
goobooooooooooooooooo (IG)DDDD
godbododoooooooodoooon
3.1.1 JO0O0oO0ooooooooa
0 40000000000000 {Waijm¥, 000
pgoddodoooooooouoooooooooa

R
Wnijm:ZFnijrsmnir (24)
r=1
O000OROOOO0O000000{Smmer ¥, 00000
nO0000000:00 r0000000O00O00O00O0ODOO0O
goododoooooogooooo

© 2014 Information Processing Society of Japan

Vol.2014-MUS-104 No.9
2014/8/26

R ANRY NV ARG SRS D E A PUE

Hni o o o Up;+1200log,r

SR DK [cents]

04 0OO0OO0O0OO0OOOOOOOOOOOnnOOOCOOOO0.000
00 ,00000000000000000000¢0

1
Smnir = €Xp <—r‘2 (fm — (tns + 120010g, r))2>(25)

0000w, 00000 ,00000004:000000
00 FO [cents]0 £, 0000000000000 mODO
000000000000000006200000000
0000000000000000
00000000000 {F,;}A, 000000000
00000000000000000000

1 _
Fnijv‘ = = (an(w7Li7')aj>

P .
. p—Wnirplt
szo ajpe= “nir? ’

[N

(26)

0000a; = [ajo, - ,a;p) 0000wy, 00000 n
000000000 r000000000000000
rad 0000U(w)O (P+1)x (P+1)00000000
000 [U(w)]pg = cos(w(p—¢q)) 00 000D00F,; O
000oo0oo0000000000000000a0
0000000000 (SDAP)000O0ODDOOOODOO
00000000000000000000000000
0000000000000 00000000000000
000000000000 (CAR)ODODOOOO (16) 0
0000000000000000000000000ao
00000000000000000000000000
000000000000ShbAPOOOOOOODOOOO
00000000000 00000000CAROODOO
0J0000000000000000OoOgOgSbAPOOD
000000 (DAP)000O0O0ODODODOODODOOOOO00
O00OOCARDODDOODD (LPC)DODODDOODOOOO
oooooooooo
3.1.2 0000000
000000000 0, = [0p1, - ,0,)7 000 ¢ =
[61,---,¢,]7 00000000000000000O000O
00000000000 [6,10000000000000
000000O0o000e, 000 ¢ 0000000000
0oo0oooooo00o0o0ooon

0,; ~Gamma (%, ag) (27)
¢j~Gamma (%, a¢) (28)

000000 au0000000000000000
goobO0oooobOoooooobo Ioooogoboo
0ooooooooe,0lld iODooOoooon



gooooooooo
IPSJ SIG Technical Report

goboboooboooboooboobbooooboon
0000000006, >e00000000000 It
gobboobooobooobooboobbobon
ooo0dlI0DOODODOODODOODODG,O 1
goboboobboooboboooboobbobbooba
ooooooooooOoOOooO Hy; 00000000
gobbooboboobooobooobooobo

H,;j ~ Gamma(ag,bg) (29)

OO00O0aeg OO0y OD0ODOODOOOCODOO

3.2 0000000000

00000000000000000000000000
p(6, ¢, H|X: p,a) = P<X“”¢’I’){§f“;‘f;’;<"’¢’f’> ooooog
0000 p000 e000000000 p(X;p,a) 00
00000000000000000000000000
000000000000000 p(X;p,ae)000000
00000000000000000000000000

ooboooboooon

00, ¢, H) = [[a0ni) [ a(¢5) [ [ a(Hniz) (30
ni J nij
000000000 00o000 logp(X;p,e)00000
LO0000000000000OO00ODOODOOOOOOO0

logp(X;p,a) 00000000000 £LoO

log p(X; u,a) > Ellog p(X|6, ¢, H; p, a)]

+ E[log p(8)] + E[log p(¢)] + E[log p(H )]

— E[log q(8)] — E[log q(¢)] — E[log ¢(H)] = Lo (31)
00000000000000000000000000

000000000000 Jensen00000000O0O
oobooooooobooooooobooOoon

Ellogp(X10, ¢, H; 1, a)
= Xon 108> El0nith; Smnir Frijr Hnijl
mn ijr
- Z E[01:0j Smnir FijrHnij) + const.
mnijr
Z Z )\mn'LJTan 108;
mnijr

- Z E0ni®; Smnir FrijrHpij] + const.  (32)

mnijr

)\mnijr

DDDD)\mmjrljDDDDDDDDZUTAmij:U]DD
Ooo00o0oo00boo0oooD L,ooooooooooo

00000000 (32)00o00o0oooooUooooo
00 £00L,000000000000000O0

© 2014 Information Processing Society of Japan

Vol.2014-MUS-104 No.9
2014/8/26

000000000 000000000X,,,;-000
Yoni» 00000000000

anijr = )\mniermn (34)

3.3 00006,¢, HOODOOOODODODOOO
00000 (30)000000000000000000
00000000000000000

q(0) o exp(Eq g, m)llog p(X, 0, ¢, H; . a)])  (36)

q(¢) < exp(Eqp,m)logp(X, 0, ¢, H;p,a)])  (37)

q(H) o exp(Eqg,¢)[log p(X, 0,0, H;p,a)])  (38)
000o0o0ob0ObOo0O000 cOo00OOOO0O0O0O0oooOoOoOoa
goooooooobooboooooooooooooon

gooboobooboboboobobooboboobbuooobo
goobooboboobboon

q(0,,;)=Gamma(a’,, b)) (39)
o) ~Gommats. 1) w
Q(Hnij):Gamma(afij,bfij (41)

gogoboobuoooboooboobobooon

o _ 20 g
A=+ 3 Yo ()
bhi=co+ Y Eld; Huij|Wijm (43)
mjr
Qe
bi=br + > El0nih;| Whijm (47)

mr

34 O00OO0O0O p,ae0O0OO0DOO0OO

Uoodb p000 eOU0OOD0ODOOOOODOOOODO
0000D 2,9000000000D0DO0OOO0OOO
0000000 000000000D0COODOODOOC
000000000 200000000000CO z0O0O
gooooo %:R—R/DDDDDDDDDDDDDD
0odoboodbz-s0000000 IH%IDDDDD
0000000000 d.000000D0O0O0O0O0OO0n
0000odooooooDooooooooooo oo
Oo0oooooooooooooooooooooooon
ooooooooooo

O00—-£000000 u,; OOODOOODODOOO

-0L

Olbni

= Ry — R}, (48)



gooooooobooo
IPSJ SIG Technical Report

BWARY ba v L

B R B 8B 33 248

5 10 15 20 25 30 [s]

HRKARY v a s L

¥R 882588

5 10 15 20 25 30 [s]

0O 5 “MUS-mz 5701 ENSTDkCI” 00000000 OCOCOOO
goooooOooocoOoobooOoOooboOoOoOoboOoOoooo
ooooooooooooo

O00D000O00OR,; 000 R,

ni

gooogoood

R, Z(/tm + 1200 10g2 ’I’)Xmmjr + fmymnur (49)

mjr
Ri=>" fnXmnir + (ini + 12001085 ) Yinijr (50)
mjr
gobobooboboobobooboooboobobog py g
gooboobobooboboo

fini = R Rpin (51)

00000000 w,; 000000000000y, 00
000000 [eents)] 00000000000000OO0O
00000000000000000000000000
000000000 O[cents)] 0000000000 DOOO
000 440 x 23/1275 = 16.3516 [Hz] 0000000000
u; 00000000000000000000

0000000 [2,990000000000000-£0
e; 000000000

—aL

aaj = (Rl - R//)a’l (52)

ooo0ooobOOoOR;000 R;DDDDDDDDDD

Rj = Z anier»?ner(Wni'r) (53)

mnir

R; = Z Y”’"U"Fs,ier(wnir) (54>

mnir

oobooooooooooooooodoooog a; 0
obodooboooobooooooboooooon

aj + R;'Rja, (55)

O000ODAPODODOODOODODOOOOOODOO
o000 (1)0ooooooooooooooooo

© 2014 Information Processing Society of Japan

Vol.2014-MUS-104 No.9
2014/8/26

IREERET VR

SHAICHHALT 4 V&
LBy )

2HREICHES IR T 4 V2

-4
1,000 2,000 3,000 4,000 5000 6000 7,000 8000 9,000 10,000 [cents]

06 “MUS-mz570_1_ENSTDkCI” 0000000000 OOO
oooooooooo

4. 0000

00000000000000000 (ISbAP) OO0
gboboobbooboooboooboba

4.1 0O0O0O0O

O0000OMAPOOOOOUOOODO [21)00000OO
0000 “MUS-mz_570_1. ENSTDKCI” 00000 [8] O
0000030000000 4.1kH.000000000
gbobooboobooobooobooobooboo
gbobobbooobooobooobooobooboo
0000000000000 10ms)] 000000000
0 0900 [cents] O O 10400 [cents] OO 10 [cents] OO0 OO
goboodoM=90000 N=3000lDDOOOOOOO
I=88,J=3 ap=as=1, R=20, P=12, 02 = 100,
ag =1, by = Eemp|[Xmn) ! 0000000000000
00 XOhooooooboooooboooooooo
o0 J=30000000000bO0bOO0OO0DOoDbOn
{ui},0000008800000000000000
gboboobooobooboboooboobn

gbobooobooboboboo robOooboDbDOon
goooooboobobobo«:0ooboobooboao
3 0ni; Fnijt Smnin Hni; 0 0000000000000
oo00n00 u,, OOODOO FOOODOOOODODOODO
ggoboobobobooooobbooooobboobooog
000 rOO0OO0OOOODOODOODOOO

4.2 OO0

U s0bgobobooobobobboobooobono
goboobobooboobooobuoooboooboa
goboobboobbooobooobbooboooo
goboobobooboboobooboboobooboo
goooboooobooobooboboobbooboo
gobobobooobbooobbooobbooobooboo
gogooobobobobbbbbbobboooooooooobon
000000000000000 [7,8) 0000 FOOOO
goboobobuoobbbooobuoooboooboo
gobooodbooooboooobuobooobo ey



gooooooooo
IPSJ SIG Technical Report

gobobobbooboooboooboboobboo

gobobooboboboobobooboooobobag

gobboobbooooboooboooboooobo
goboooboooboobboobb
iISbAPOO0O0O0O0ODODOODOOOOOOOOOOOOO
gobooboobooobobrobobbooboooo
gogbobooboooboooboobbobooboboo
goboboboooboooboobboobboobg
gobooooboboooborooobboobobooobobog
0O [6,11)0000000000D0000D0O0O0O0OOOO
gobbooboooboooboobbooobooon
goboboobboooboboooboobbobboobag
gobbooooobbooboboobbbboobboo
goboboobboooboboooboobbobboobag
gogbobooobooobobboobboobboon

5. Uogno

0000000000000 oooo (ISbAP) OO0
goobobobobobobooboooo NMFOOO
goboboobboobboboooboooboooboobo
gogbboobooobooooboooboooboo
goomoobooobooboobooboooboomooo
gogbbooobooobooobooboobbobon
gobboobbooboboooboobbobbooba
gogbobooboooboooboobboobooon
goboboobobobooboobboobboobog
gogbboobooobooobooobboobboo
gogbooobooobooboboobboobo

O0: 00000000JSPSO0ODO 26700020, 242200060
24700168 000 JST CRESTO OngaCREST OO ODOOODO
oooooooo

oooo

[1]  Smaragdis, P., Févotte, C., Mysore, G., Mohammadiha,
N. and Hoffman, M.: Dynamic Source Separation Us-
ing Nonnegative Factorizations: A Unified View, IFEE
Signal Proc. Magazine, Vol. 31, No. 3, pp. 6675 (2014).

[2]  Hennequin, R., Badeau, R. and David, B.: NMF With
Time-Frequency Activations to Model Nonstationary
Audio Events, IEEE Trans. on ASLP, Vol. 19, No. 4,
pp. 744-753 (2011).

[3] Durrieu, J.-L., Richard, G., David, B. and Févotte, C.:
Source/Filter Model for Unsupervised Main Melody Ex-
traction From Polyphonic Audio Signals, IEEE Trans.
on ASLP, Vol. 18, No. 3, pp. 564-575 (2010).

[4]  Virtanen, T. and Klapuri, A.: Analysis of Polyphonic
Audio Using Source-Filter Model and Non-Negative Ma-
trix Factorization, NIPS Workshop on Advances in
Models for Acoustic Proc. (2009).

[5]) Kameoka, H. and Kashino, K.: Composite Autoregres-
sive System for Sparse Source-Filter Representation of
Speech, IEEE International Symposium on Circuits

© 2014 Information Processing Society of Japan

[6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Vol.2014-MUS-104 No.9
2014/8/26

and Systems (ISCAS), pp. 2477-2480 (2009).

Yoshii, K. and Goto, M.: Infinite Composite Autore-
gressive Models for Music Signal Analysis, International
Conference on Music Information Retrieval (ISMIR),
pp. 79-84 (2012).

Carabias-Orti, J. J., Virtanen, T., Vera-Candeas, P.,
Ruiz-Reyes, N. and Canadas-Quesada, F. J.: Musi-
cal Instrument Sound Multi-Excitation Model for Non-
Negative Spectrogram Factorization, IEEE Journal of
Selected Topics in Signal Proc., Vol. 5, No. 6, pp. 1144—
1158 (2011).

Bertin, N., Badeau, R. and Vincent, E.: Enforcing Har-
monicity and Smoothness in Bayesian Non-Negative Ma-
trix Factorization Applied to Polyphonic Music Tran-
scription, IEEE Trans. on ASLP, Vol. 18, No. 3, pp.
538-549 (2010).

Badeau, R. and Ozerov, A.: Multiplicative Updates
for Modeling Mixtures of Non-stationary Signals in the
Time-Frequency Domain, European Signal Proc. Con-
ference (EUSIPCO) (2013).

Hoffman, M., Blei, D. and Cook, P.: Bayesian Nonpara-
metric Matrix Factorization for Recorded Music, Inter-
national Conference on Machine Learning (ICML), pp.
439-446 (2010).

Benetos, E., Ewert, S. and Weyde, T.: Automatic Tran-
scription of Pitched and Unpitched Sounds from Poly-
phonic Music, International Conference on Acoustics,
Speech, and Signal Proc. (ICASSP), pp. 3131—3135
(2014).

Vincent, E., Bertin, N. and Badeau, R.: Adaptive Har-
monic Spectral Decomposition for Multiple Pitch Esti-
mation, IEEE Trans. on ASLP, Vol. 18, No. 3, pp. 528
537 (2010).

Bryan, N. J., Mysore, G. and Wang, G.: Source Separa-
tion of Polyphonic Music with Interactive User-Feedback
on a Piano Roll Display, International Conference on
Music Information Retrieval (ISMIR), pp. 119-124
(2013).

Lee, D. and Seung, H.: Algorithms for Non-Negative Ma-
trix Factorization, Neural Information Processing Sys-
tems (NIPS), pp. 556-562 (2000).

Cemgil, A. T.: Bayesian Inference for Nonnegative Ma-
trix Factorisation Models, Computational Intelligence
and Neuroscience, Vol. 2009, Article ID 785152 (2009).
Itakura, F. and Saito, S.: Analysis Synthesis Tele-
phony based on the Maximum Likelihood Method, In-
ternational Congress on Acoustics (ICA), pp. C17-C20
(1968).

El-Jaroudi, A. and Makhoul, J.: Discrete All-Pole Mod-
eling, IEEE Trans. on Signal Proc., Vol. 39, No. 2, pp.
411-423 (1991).

Févotte, C., Bertin, N. and Durrieu, J.-L.: Nonnegative
Matrix Factorization with the Itakura-Saito Divergence:
With Application to Music Analysis, Neural Computa-
tion, Vol. 21, No. 3, pp. 793-830 (2009).
dooood,gdb: jdoodboodboooboooood
00o00o0oooooUoooobooooooooooo,o
000000000, Vol. 2012-MUS-94, pp. 1-8 (2012).
0do000:0000b0ob0o0 roODODOODODOO
00000ooO0o0oooooOooOoo,0o0oooooo
00000oooooo, pp. 211—214 (2010).

Emiya, V., Badeau, R. and David, B.: Multipitch Es-
timation of Piano Sounds Using a New Probabilistic
Spectral Smoothness Principle, IEEE Trans. on ASLP,
Vol. 18, No. 6, pp. 1643-1654 (2010).



