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o BER2: IRIBANRY
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s Y(w), X(w), Nw) :EAEE, BEFESR, HEEBE DB
FourierZ2 (1R ARINL)

ar = BB xr ==
 EEEER

Y(w)=X(w)+ Nw)

MoBEFICERT H/TA—F 0 ZH#EEL=L

NiRE:
s B X(w) EHME Nw) (LB
s BHE X () [XFHODERIEFR D N0, Ax (w)) [ZHED
s MEE Nw) (FEBHODERIERDHNO, AN (W) IZ
s HEE/NT—ZARINLERE Ay (w) (ZBEAT
(BIZIXEEEXENOHEEFHEVIIRAZTEE)

I




RN

/R

L
HoDHEEE
» x5 (Maximum Likelihood) # xE =
I —— argmax p(Y'|0)

0

w 5x /N T FEFEZE (Minimum Mean Squared Error) #EE =

Drinien: = argminIE[(é - 9)2|Y] = IE[9|Y]

0

p(0ly)

éML éMMSE
mia%E 0 ETBMN?
s B EANRINL X(w)
s HEANRIML X(w) OIRIE A(w) = | X (w)|
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= X Alw) = | X (w
s ) (@) = X (w)
[R.J. McAulay and
Vit B M.L. Malpass (1980)]
MMSE [N. Wiener (1949)] [Y. Ephraim and

D. Malah (1984)]

N. Wiener (1949), Extrapolation, interpolation and smoothing of stationary time series

with engineering applications, Campbridge, MA: MIT Press.

R.J. McAulay and M.L. Malpass, “Speech enhancement using a soft-decision noise
suppression filter,” IEEE Trans. on Acoust. Speech Signal Process., Vol. 28, No. 2, pp. 137-

145, 1980.

Y. Ephraim and D. Malah, “Speech enhancement using a minimum mean-square error
short-time spectral amplitude estimator,” IEEE Trans. Acoust. Speech Signal Process., Vol.
32, No. 6, pp. 1109-1121, 1984.
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s ) (@) = X (w)
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Vit B M.L. Malpass (1980)]
MMSE [N. Wiener (1949)] [Y. Ephraim and

D. Malah (1984)]

N. Wiener (1949), Extrapolation, interpolation and smoothing of stationary time series

with engineering applications, Campbridge, MA: MIT Press.

R.J. McAulay and M.L. Malpass, “Speech enhancement using a soft-decision noise
suppression filter,” IEEE Trans. on Acoust. Speech Signal Process., Vol. 28, No. 2, pp. 137-

145, 1980.

Y. Ephraim and D. Malah, “Speech enhancement using a minimum mean-square error
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X (w) DMMSEHERE £ (1/2)

W REREERE -
" Y(w) = X(w)+ N(w)
n N(w) ~Ne(N(w); 0, An(w)), X(w) ~ Ne(X(w); 0, Ax (w))

[] ;I%&)f:b\d)(j: XMMSE(W) — IE[X(w)|Y(w)]

Z L EGaussHD I DME

Yl (Y] (2w 2
o= ([ [ 5] m=e e amiio o
Y(w)

[o] [)\X(w)+/\N(w) ,\X(w)D

X(w)| |0]’ Ax (w) Ax (w)
Ax (w)

Ax(w) + An(w

p(Y(w), X(w)) = Nc (

— EX (W)Y (w)] =

) Y(w) (WienerZ74JL#3)
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X (w) DMMSEHETE = (2/2)

L

B WienerZ4ILAIE X (w) DMMSE¥EE S

XMMSE(‘*") = G'wiener(w)Y (w)

B Ax (w)
G\Nlenel‘(w) T )\X (w) - )\N(W)

W)
E(w) +1

Jin

= HIISNEE
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= X Alw) == | X (w
HEE () (@) = X ()
ML . [R.J. McAulay and
M.L. Malpass (1980)]
MMSE [N. Wiener (1949)] [Y. Ephraim and

D. Malah (1984)]

N. Wiener (1949), Extrapolation, interpolation and smoothing of stationary time series

with engineering applications, Campbridge, MA: MIT Press.

R.J. McAulay and M.L. Malpass, “Speech enhancement using a soft-decision noise
suppression filter,” IEEE Trans. on Acoust. Speech Signal Process., Vol. 28, No. 2, pp. 137-

145, 1980.

Y. Ephraim and D. Malah, “Speech enhancement using a minimum mean-square error
short-time spectral amplitude estimator,” IEEE Trans. Acoust. Speech Signal Process., Vol.
32, No. 6, pp. 1109-1121, 1984.
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Alw) DMLEEE = (1/4)

WA E
" V(w) = A(w)e*@ + N(w)
m N(w) ~Ne(N(w);0,A\n(w)), ¢(w) ~ Uniform[0, 27)

WRDE=LDIE AML(w) = argmax p(Y (w)|A(w))

A(w)
p(Y (w)|A(w), p(w))
= Ne(Y (w); Aw)e?“), Ay (w))
. 1 Y (w) = A(w)ei?@)]?
- mAN(w) exp( An(w) )
1

(_ Y (w)|? — 2A(w)Re{e 1?“)Y (w)} + A(w)2>
AN (w)
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Alw) DMLIEE £ (2/4)

Wow) DREHIAE:

7 [ P )IAW), 6()dé(w)
1 T oy [ Y @7 = 24(w)Re{e Y (w)} + A(w)?
_W/\N(W)/o p( A (@) )
_ 1 [Y(@P+ AW
W) p< A (@) )

2 w)RefeI¢@ Y (w
L [ e (ARl OV ()

do(w)

=138 L fZBesselFE %L : 3

I(l) = 5= [ exp (Refze #*})ds IO<2A(w)IY(w)I)




Alw) DMLEEE = (3/4)

’é%—ﬁjﬁ‘ﬁ/Bessellaﬁi&@ﬁM L/
Io(|z|) ~ exp(|z]) 1

\/7

W p(Y(w )IA( )

1 - (_ Y ()2 + Aw)? — 2A(w)|Y(w)|)
m\N \/2 24(w)]Y (w)] AN (w)

AJ\' (UJ)

WRDE=M>=DIZ AML(w) = argmax p(Y (w)|A(w))

A(w)
gpV AL g s g (w) = L (V)14 VTP —3w)
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A(w) UDML?EEE (4/4)

BELDAW) EERIRIFY (W)/|Y ()| IZ&YX (w) DHEBEESS
pmr=mm=ny V(W)

XI\/IcAulay (w) ﬂl‘fl-l\ilg-((:)\)\f@_:_ GMcAulay (w)Y(w)
Amr(w)
GMcAulay( ) |Y(CU)|

Y (w)? Y (w)|?
> 1(w) = (@)

= 2SN

B | =
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l\D*I —_—
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= A Alw) = | X(w
HeE g () () =X (@)l
[R.J. McAulay and
vt N M.L. Malpass (1980)]
MMSE [N. Wiener (1949)] [Y. Ephraim and

D. Malah (1984)]

N. Wiener (1949), Extrapolation, interpolation and smoothing of stationary time series

with engineering applications, Campbridge, MA: MIT Press.

R.J. McAulay and M.L. Malpass, “Speech enhancement using a soft-decision noise
suppression filter,” IEEE Trans. on Acoust. Speech Signal Process., Vol. 28, No. 2, pp. 137-

145, 1980.

Y. Ephraim and D. Malah, “Speech enhancement using a minimum mean-square error
short-time spectral amplitude estimator,” IEEE Trans. Acoust. Speech Signal Process., Vol.
32, No. 6, pp. 1109-1121, 1984.
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A(w) ODMMSEHETEE (1/4)

Gk

REEY TE -
Y(w)=X(w)+Nw), Xw)=Aw)e*™
N(w) ~ Neg(N(w);0, Ay (w)), X(w) ~Ne(X(w);0,Ax(w))

WROH=VDDIE Avuse(w) = E[A(W)|Y ()]

p(Y (w)[A(w))p(A(w))

p(Y(w))

p(Y( )IA(w))p( (w))
A w))p(A(w))dA(w)

P(AW)[Y (w)) =

| — /0 " AW)p(AW)|Y (@))dAW)
fo A

w)pY (w)|A(w))p(A(w))dA(w)
Jo ﬂy_ﬂﬂﬂlﬂﬂ_))dA(w)
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p(Y ()| A(w), $(w)) = Ne(Y (w); Aw)e” ™), Ay (w))

p(Aw), d(w)) = Ne(Aw)e?™);0, Ax (w))

Anvumse(w) =

Joo Jo" AW)Ne(Y (w); Aw)e®@), Ay (W) Ne(A(w)el*@); 0, Ax (w))de(w)dA(w)

o fo%N«:(Y (w); A(w)el?“), Ay (w))Ne(A(w)el?); 0, Ax (w))do(w)dA(w)

_ [ Ax(w)An(w) 05 1 —w(w
_\/Ax( o (o) F1R(-05, 15 —p(w)

r: Ho<EH#
N i bR EIE e

g(w) (confluent hypergeometric function)

ylw) = 1+MM EHSNEE

EHISNEE




A(w) DMMSEHETE = (3/4)

Anvumse (w) =

T i _ Ax(w)
.\/ Ax (w)An (w) :\/ Ax (w) i )= AN (w)
Ax (W) +Anv(w) |V 1+ €w) i Y (w)|?
) =S w)
_ WY@ yw) "
I+EWNw)rw) | Ax(@) =Ewinw)
| Y (w)[?
Ewhlw) 1 oo = &(w)
J(l + f(&))) ( ) Y( ) i..'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_"_Z/_EC_'('J:):_':
v(w) i e §(w) "
) B T
B 3(-05,1;—2) = e #?[(1 + 2)Ip(2/2) + zI1(2/2)]
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W Aw) ODMMSEHEE =IZHBITDARINLT A

AMMSE(W) = GEphraim(w)Y (w)

GEphraim (W) = \277 71(/5;) = <_ V(w)>
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W EHISNLE:

(@) = 35 (BRIEBD/T— RO EENSE)
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! W 5% ;% (Power Subtraction;%)
B Y(w)=X(w)+ N(w),
N(w) ~ Neg(N(w);0, A\n(w)), X(w) ~ Ne(X(w);0,Ax(w))

NDHET E 2
Ax (w) = agg}:le;xp(Y(w)l/\x(w))
BE/NJ—ARINLZEOHEMEET HEHMEOYS
n R E LY

p(Y (w)[Ax (w)) = Ne(0, Ax (w) + An (w))

_ Qlogp(Y () [Ax (w))
(f)/\x(w)

ERISNEEDHEE BT - - E(w)

=0 —> Ax(w) =Y (w)]* = An(w)

_ Ax (w)
/\N(w)

=7(w) -1
E1ASNEE

]
lin
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WPSKIZRDHEEIRIE VIV (W) — Av(w) EBRIIAR Y (w)/Y ()]
[IZ&Y X () DHEEEELEE %&_c‘:%_f

_ VY@ =)

Y () oy )P
_ \//(w)—l > T S
V2w EESNE

WPS/EICREEFE /NI —ARINL B EH EEZ R AL=Wiener
TAIILRELEBRLTHDE -
Ax (w) _ bw) v(w) -1
Ax(w)+ Av(w)  €&(w)+1 k v(w)

§(w) =r(w) -1

G\’Vi(}ll(.‘.l'(w) —
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s EBDERARIMNL IRIBARYINL

*RAL(MLEEE &/NFH—FBREMMSE)HEE =

s HEEL ERANRY
o HBER2 IRIBANRY
o A3 IRIBAANRY

~NLOMMSEHERE & [Wiener1949]
S LOMLEE £ [McAulay1980]

~LOOMMSEHEE &£ [Ephraim1984]

BERISNE (FREBE/SD—IARIMNLBRE) DHETE HE
s x5 (XD — I E (PS)iE)




e
B Rt B SR R E O




SAa—UANN/AXDOREEHEIL



BERmaLEDRER - 7—FI7ILDFRE -

& B EMANEL, FEBRBMEDI VT, F
BE7—F TP o (ChIdEa—Sh L) ZERIENS)

MNELESTLH, CNIET ADEESFE

FRlIREEEOTLED,

T i

19 BRI, K=
ﬂ‘ %.

S EENBERRTHETEONIA—THIL/ A XER
E R T T B RN |

[IE[EETH D, F=, MatHEE S

EBHED, DFY. HHMETIZ L EDEM A D,
3 4 (32T HO R 15 5 DR RO HE T R RAZ B B,

O K%, S1—SHIL/ARITBELTIE, HE
RENTOEDENSTIRAH S, EoTC.

B NIFEAE

1) FIZ2—VHI/AXDEERFEEDIVLENH D
(2) RIS 22a—PHIV/AXZRIBT HESTUEZHFET D,

31



HEAHEICETEEROZEMNTHES !

BE/AROHE

Al

?

4
\

w//a

ED

EDHTE AR

,f%?ﬁml7—(§§55%&

AT

?

ANSHIAXDES ‘\

.}
<
.}

3,

05 ) FRALTT.

5)(]7"—-&"_' L/c

L= ?



Q) 22 -VHL /A XDRERS

BI—hIL/AR=T—2FRRLBHFEH]

Bh—d BE-BRIESICIEEICESEN, ARNFJLOTF
LEIZTEBR DS E, ANMITh—2ELTRELS]
BEE - BREEBSUNTEHBLI-A=32—"AIL/4X

FRAERD TR wpﬂ

e B
71*@"4‘“"" HEEHS

—Eﬁ_ﬁﬁﬁd) ﬁli




o, ot =
gaéﬁﬁﬁﬂﬁwﬁl

m— I‘/Z(d\ x)

.

- ARHFEIEICE DO PDFEH =R E ]
- B DEEEF A I aEE %S

|
kurtosis = #—42 Hi (iPDng)O)nJX:E—)(‘/F (ME#BRD=
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o¢ Power
X':F"LMI:,:E AVNTIIBW-OMEBELGRELITIELGS (QEHESL

Probability |
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5 v
B /\D— RXA2SS
JXD— RXAA>DSSTIR,
xm? ¥ (k)= IX (ks m)2 = B-EplINk, m)2]- ¢ EXm)
X(k, m)
,, il EWSRTHNZEES.
Noise 2T, NNO=—pandly RECEEE
Estimation X(k, m) : 2 _p. 2
' Flooring { if X, m)l” = B - En[INCGe, m)I"] <O
5 Subtraction then Y(k,m) = p-|X(k, m)| - o/ arg(X(k,m))
EnlIN(k, m)|*] “
| Y(k,m)| DEDC, TOFYUY EMFEFNDIIET
Flooring 4 ND—ZBERI TS,
EET INSA=FFLLTFDED.
y(0) | B 1 IRERE QLIERE) (S A—5)
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[PDFZHZ] OB BINETEENT D

Step 3
Power [SSug] JOFUSS (XD—=OICsE<)
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EXRKIEE=NS.
EEKA.{x>Qa>Oﬁ>O,
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E[P(x)] = b,

39



& B RATEDRE LASEDET Y >

_ Wy SOk S
= FEIDmOESTY > J(SEL TULD
S 2R EREESTIITED
—SHIORAEMED/ND—IART NSy, BED) (D —
AR MUEK DWW mRICIED C ERFRSNTLD
= PN BEECEDWTE DEFENRFMEENFON
= BISEV/REERE

mEU>T6

s BT ) AXDINDT—=ANRT ML
H R DHORARBEN1DZE (Jﬁélﬁ'ﬁ

X RESEIIDRARCE R LRV

40



& HUIRMICLBDERREDET YYD

B ERIBEEOIREERED— FS X

mmm Shape Parameter (o) 3 Kurtosis
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10 15 20 25
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x>0,a>0,0>0,

R ESDH— KX

de

= 1/[I(a)8],
P(x)=C- @175,
kurt _H4
u 2’
2 74

NRE—X> MY,

,unzf x”P(x)dxzf C . xatm=l,-
0 0

KT, D= RDDFARE—AZ MNIE

“4:f C. @t H=1,-5
0

CEEREMIT D E,
pg =C f (X - 9)@+H-1,~X ggx

0
_ gt f = y(@+d)-1,-X 5y
0

D =

X =

= CO% . (o +4). FRREE+E—A> D)




N SSUUB(C &3 11— M RZEAE
& % (BEEDH— ~S2R)

x20,af>0,9>0,
FRECLT, B— RS RODBERRE—A>DN) = /IN@e),

YD P(x)=C-x*" le—s,
1y = CO¥2 - T(a +2), "

2

kurt =

DZ(Z, BUEBDH— MR (kurtyig)lE,

CO* . I'(a+4)

[CO¥2 . (@ + 2)]?
C(a+3)a+2) - T'(a+2)

CO% - I'(a + 2)?
(@ + 3)(a +2)

[‘(a»)(—)a’ 0¥ a+ Da - I'a)
_(a+3)a+2)
 (a+ Da

kurtorig =
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x+Ba®)* e (x>
NRE—X> M, PUfﬁéﬂﬁw o
o0 x+Bal /140 |
Un :f )Hq[C(x+,8af€)a_le_ g |dx. |kurt="—%
0 2 4

T4 —EHRICKD (x +,6’a/6)a_1 = xa_l _|_ﬁa,9(a, _ 1)xa’—2 n
H— RS ZDBFARE—A> M),
x+faf

o0 x+Bab 0
a4 Zf Ao = g + Babla—1) | x0T dx+ -
0 0

X=g¢§@§mu,zm$ffﬁwvéc
w 0%
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FHRESLE

IZHITERRE—AVMER

—RGAE RN ILBE [EURASIP JASP 2010]

f: (—ﬁa)l N '(m+1) T(a+m—1,Ba)+ n2m’}’(a + m, Ba)

[+ D0(m — 1+ 1) T(a)

V(e 2) = [yt Lexp(—t)dt : FIBFTEH U VEH

D(a,2) = [t exp(—t)dt : F2BRTES 2 TBIR

A\



http://maru.bonyari.jp/texclip/texclip.php?s=/begin{align*}

 /label{eq:qpwf_MM}

 {/cal M_/mathrm{QPWF}}(/alpha,/beta,m,/xi,/eta)=

/frac{1}{/Gamma(/alpha)}

 /int_0^/infty

/frac{t^{(/xi /eta +1)m + /alpha -1}}

 {

 /left/{

 t^/frac{/xi}{2} + /beta 

 /frac{/Gamma(/alpha+/frac{/xi}{2})}{/Gamma(/alpha)}

 /right/}^{2m/eta}

 }

 /exp(-t)dt

/end{align*}



FRESLEIIHTOIERE—AVMNER

RAOT2UMMSEE FIRIGHET [IWAENC2012]

(n1= Ki(|lY(f.7)%)

pa= Ka([Y(f, 7)) +KF (Y (f, 7))

pa= Ka(|Y (f, 7)) +4K (Y (f,7) ) KLY (F, 7))
HKF(|Y (f.7)°)+6K2(|Y (f,7)P)KT([Y (f.7)%)

L +EHY (f, 7))

o e

Where I\’-'.".(I)":_f.l.)'-: =

Y (=) (1—a) ™ (R(B)nB)™ Zi (m) Km (€™ (£, 7)),

Ki((E™(f.7)) )= pss
ﬂgl:[ciml[f.rzl:'i]= L3 |"-_|"-_,|_ﬂ.-|+['\-\. _
CKs((E™(F£. 7)) )= paiss—3pa 55)Hi[Ss +2p;
[55] i ] |5*—,
P I L 3
Ka((E™(f, 7)) = .n1.|aa|—-1.n?. S 5]H]55] — 33iss)
k H2pa;1551Hijss)— B iss)

m

1rzlf+lrr]*1):—]r]l |
Hm[SS] = E '—? /
s (i +1)(m—-1+1) //
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N—b AR RDBITHI(ARIMLERIE)

8
kurt(ap, 3,m) = Steo, f, )% 0 7o, B 4 ] (00 +3) a0+2)J

(S, B,2) + n*F(a, 8,2)) J (o + 1)

MBEOH—IR FAUAESOH—FR
1 ! '(m+1)
S(a, B,m) = m;(—ﬁa) T0 T OTm—1+ 1) T'(a+m —1, Ba)
Fla, B,m) = L& ;:(7:), Ba)

H =n* LB ET, 2RAEBRKITIFE
H = {F(aw, B,4)(a0+1)aog—F*(ag, B,2)(co+3)(o+2)}
— D55 0E

TR B &E 1L
ZITISEMTES

S(ag, 8,2)F (g, B,2)(ag+3)(ag+2)

+ [{S(Ozo,ﬁ, 2)F (o, B8, 2)(co+3)(cg+2)}
— {.7:(040,B,4)(ao—|—1)ao—}"2(a0,6,2)(a0+3)(a0—|—2 }

1
2

{S(ao, B,4)(ag+1)ag—S*(ay, B, 2)(0404—3)(0404—2)}]
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at i 52 5

ER/INTUAX 4X

B (B4, Ki24)
24t 22 3 HBEHORAHEE (a=0.97)
. EELE#ME (¢=0.21)
AJISNEE 0 [dB]
HT) ) IR 16 [kHz]
fftf= 1024 [samples]
prg s 512 [samples]
vIME 256 [samples]
NRR 10 [dB]
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Kurtosis ratio

One-shot spectral subtraction:
MMSE STSA estimator:

Wiener filtering: [}
lterative spectral subtraction: [

12 12
| | % ;
c
S
=
g
6- % 1 6- 1 .9
©
[
B
! 1 3t 1 &
| I | o
0 l 0 i

White Gaussian noise Speech noise

ERDMENE

LEART,

8

»

S

N

8

White Gaussian noise

§
il

NS
I

Speech noise

Fi% (one-shot SS, WF, MMSE-STSA) [Z

21—SHNIA RN, EEEAHDEL



EX THS IS PO e S

One-shot spectral subtraction: Wiener filtering: [}

MMSE STSA estimator: [ Iterative spectral subtraction: |}
95% confidence intervals:
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