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ABSTRACT

This paper proposes a new algorithm to cancel the acoustic feedback and noise signals in digital hearing aids.
The proposed algorithm combines the feedback canceller to remove acoustic feedback signals and the noise
canceller to reduce background noises. The feedback canceller is implemented by normal adaptive FIR filter, and
the noise canceller is implemented by using the Wiener solution in frequency domain. This noise canceller has
the transfer function presented by the power spectral density of signals. To verify the performances of the
proposed algorithm, the simulations were carried out for the system. As the results of simulations, it was proved
that we can advance 10.85dB output SNR on the average for the forward path gain of 0dB, and 11.04dB output
SNR on the average for the forward path gain of 6dB, in the case of using the proposed algorithm.

.M E 2l ol s BASHE 22 Yihum), o5 2
Shgest, rah Fol BAVE G EAS ek

A oPEE I HA7)E mle]aE E) 9lH Wb wkEA 2 DSP 7|9 Wl ofs i
H e ArilEs= Hd% I x| BA7= ohdEa AlZE txE AE=
g AL A Ao HEAoFT ZEy Lo Wkt 1, 7 29 2A] Felele] e 3822
TF3) olu] A|xEle| :I-Jﬂ'E] FA Aaxﬂ?‘f&ﬂ, 2 ?4—&%}04 2A719] 715E vig AHSHA Al
AEo|ExA7] So] ohdB A2 AHeEr] u g 5 glch S 7 3R] HAEA ) ule} Ful

¥ 2 AT 20109 % AEiEtae] AH|E A sdvte} =gl
* gl A HEAIFS (hwlee @nsu.ac.kr)
=W F D KICS2010-08-411, A4zl 20109 8 249, FHFEw=ixad=t: 20104 109 1Y

911

www.dbpia.co.kr



g oA Hr} AslsiA
otk tA" RAVE A
3ol glo] AP olleh wiAAhe 2
k| 3Hacoustic feedback) A&7} WA7] ALeAlE
Al EHE T SIS olsiAlkE 2<lo]
=3 glvh SRR BA7] o F] Al F
= F(vent)E F3to] 2AH| Alse] ARt mlel=a
2 AgEs Alselch 2Amelr] S5 $4EY
A WRsh ave] ke 2ANTE FET
e 247] oah A Ale] Fe HE Ea]
SPRE fEE, of At Bk vlelaE Bl
fralgles galae] sk . o) AEE
b Ao A Fobeel Ak Alsst 2%
ol slal BAPozA Al ARl 20l%
AP}, Z ARABL] Foe Aol L3
Z717F A =3 FAle] A
sl dok 483 FAEAFE e dEE o
A" Alselx] $AAE ARt A% 2 AAlse
2335) AR Ao} T},

ols} o] A7) Ae AT BAS
A7) slete] o ABARE Ao 34
slo] ABREL AASKE A ABAAZ} ALg
5 glek oleldt W RAY] Mgl S
AEE ALY} FA| QAo Aghe A
= JYAls= Aog, ARz HA7] fgHEXSI}
o] AES A skt Aolez 2H8s
ok S A8-gee A 84Sl wel A%t
ARE FA3 AE RS AASHA ==,
Al s i8AEt EAE A-8ZEl7E A%
25 Fgshzrl ofelwel olrk m=F wA7|e] vt
olmE 4] E]TIE As= 9 Zexls7) i-sl—ﬂu:]
SE7)eA SRSt I SEEe] S-S At
Al71aL AZAA7 ] S HLoﬂﬁ}ﬂl o} meA
BA7] AlzEle AFAlseat ol 5ol AlA
gl [

B dgelxds ARAA7I ASAA7IE S5
Ao g Zzaksl= ullS Agksleit]h o] 7S Udukd
Ae duzlEen EAshs AA1e A
AeAE EPe Gt PNES Foke
Al AAsME ALAAZ R AR o] ¢
JEEE AFs] Slstel A AlEHeldS
sl AR 9 A et Wlapse =8
-8-& 114ll4] PSD(Power Spectral Density)S- ©]
|8 ST 2 AT AA daElES Aldeisl

3, MM E o] dxe|&el gt AlEHeld ¢

o
N
v
o
T
N o
_l

7= 28

l

N O

I~

A

o
o]-m i

912

2 Al T} 7)%slgle:
Age £Ee.

, Fog VA

I. e ¥ &5 A L1215
£ =R AlEEs AAs] gk A3A

7719k ARAEE ARATI] $7 A7 E
AYY ol dhalel ATSAEH Az
= A wlolmel] ol S ARHES
EAslslo] elAmalEel oFk AgAlEe] BAS
T, olF vlola FEAEZVE Ao RA
FEHAREINE AARE 7 lek AR RS A
A7 W R, E A% dEel 2k ¥
o), mA7)sh 1% e A, eAus) vlel=
o) A 912, = ge] =7] Sofl ujet chers)
A vehdr] witel A= 48w 2
she 723 2 ek

Al 2k HFhlse] AR A o
féi%%ﬂ /H?‘;ﬂ A]/\Eﬂ_ﬁ Uc—]lE]E,]Pi “]'O]ii
JeHE ATEE A FIR DS Agste] A
A& 5 Slok AAA7 1= Wiener siE o8-}
Folg cdedeld 2 Asge] Ay

2AEY

of 1
=2 olgslel ARYFE EAT 4 olek 7 1
AR L A FRAAHE] T2 nelF
R

SRS s(k), WS n(k), 282
FAIANTE f (k)2 P mlolZolle SAd A
2 A Er) E3kEe] YE R

go dlo

m (k) = s(k) + n(k) + f(k) M

AAA7 FEel SAFHNEE ARE=
A A0} mlolz JIHAEE ol gale] 4
ZE|ng

Feedback
Path

i Feedback
B Canceller
s(k)+n(k) -
o I
Noise
MIC - . RCV
m(k) % (k) Reduction b(k)

1. A3 2 A A
Fig. 1 Combined feedback and noise cancellation system

www.dbpia.co.kr



=/ UAE BAVIE S S U A A daElE

s(k) = b(k)*v(k) + mk) *u(k) Q)

714 w(k), u(k)E =AW FHAE 2 wlo]
3 HAEe| JHEASHS vehdnh S dare
Z2 gAFAAIZel HIgt PR 2 2 (mean square
error) g FA43}sk= EAlolch

e (k)} = E{(s (k) =5 (k))*} ©)

A7|M E{ -}
e},

ZX(expectation value)=

el Ber} 95 Seh

‘9’5{%67(2;’;)} = B{—2 s (bR + 25 (1) o (k)
L, PR Erw) ®)
% = FE{—2s(k)m(k)+2m(k)b(k)
IRCEETRCIE) ©
A7|IA A 1, (i) = Ba(k)b(k+i) ) =F 3
t‘li

=1y (1) +r () *v (@) +7, () *u(i) = 0 (7)

- sm( )+Tmb( ) U(i)‘f’?"nwn(i)*’lt(i) =0 (8)

Rab(Q)% aQ,]— b/\]io X‘j Z\__%Ed UE]
=

(power spectral density)2} 3wl o] 2l Ful4=
O:] —LE\:]_ [e)

ko

o

Ry(QV(Q) + R, (2 U(2) = Ry(2) (9)
R (V) + R, (U =R, (2) 10)

Wb 7+ Bee) A4

_ Ry(QR,,.(2) - R, (Q)R,, ()
V(Q) - Rbb(“(z)Rmm(‘Q) _Rl;zm((z) (11)
_ Ry(DR,,(2)~R,(D)R,, ()
u(n) = Rl R ()~ RE(Q) (12)

Felol eplae £ Jow walsl A

A37F B SAEAAS =

s(k) = [b(k)— m(k)

*Fﬁl{ %b( ) sm(Q)iRsb(‘Q)Rmb(‘Q) }:|
(DR, ()= R, (Q)F, () ]] 13)

_ 1{ R, (R, (2)—R, (R, (2) ]
*F
R,(Q)R,, (2)— R (2)

Wiener HE]7-32l FHeA17712] HDghp=
R (02
12)= R%EQ;
T RD+R, (D +R (2 —R ()

B 2L 717]& prior SNR3} posterior SNR<
o] 8sh

] Fck® FrT =9le] =712 Molel sbd o]

A FuE 0 =2ri/M. 283 A AT E
d(k)=f(k)—f (k:)E]— s mHAl Z#H 9] prior

SNR+= th&3) 7o) AejHct
SNRU(0) = R™(02,) s
v R+ RIM(Q) (15)

TR "_X]'__ RS‘, ( ,)i ‘4"!"‘3

m 1

SNRPH( L) [SNR m (Q )} +SNR m( )]*1 (16)

et gearle] Agas oh) Eelsh

SNR'™(£2,)
H™(0) = —— 17
() 1+SNR"™(12,) an

pri

/B SNR SNR"™(02,)3 SNRUW(0,)e AA

913

www.dbpia.co.kr



g2 A18}3] =54 *10-11 Vol. 35 No. 11

A|8Kdecision directed) HWAlell 2|3}e] AF=Fc)

(1—a) P(SNR™)(£2,)—1)

‘post

SNRQ(;")(Q) =

|H(m71)(9i)R(m—1)(Qi)|2 (18)
R(m)((}-)

nn 2

+a

(1—a)P(SNR"™ (Q)—l)

po. 91

SNR&")(Q) =

|H(m71)(9i)R(m—1)(Qj)|2 (19)
RI(2,)

+a

o714 &5 Pla) = (lel+2)/29]3, posterior
SNR-

SNR™ (Q ) = ————— (20)

‘post

oI RUM(02,)-& AplEe] Felo wideck u)
7Aee] A sslely] W RU(0) = ‘minimum
statistics” = ‘spectral minima tracking’2 ©]-8-3}
o] AL g8y AFieapilse] Ay A
Aeg] AE REN02)E SRS g¥ez 8

FHOoR ARLAE R oR

4714 "1,

KN
T L=
o Aomie] AY soEg

a"(e) Y
(m) - Qn
R{]d (“Q) - [ 1— G m (!2 ) ] Rff (“Q;) (23)

RM(02,) = RI"(2) +RI(2)+RIM2) 24)

mm 7 s nn

914

RIM(0) = RIM(2)+RI(2)+RIM(2,) (25)

nn

A1 22), 23)3F 24), (25)% ZAgsd

RIM(2)—R™(2) = Ri(2)—RI02,)
1+G"(0, (26)
_ ( )( z) RLm)(Q?)
1-G"() W

K3
e AL

RIV(2)~ RU(2) ~ RI(2)

G(m)((zz) _ mm i T i ff i 27
RIN0) = RU(02) + RE(2,) @7

ol AL RE(R2) =021 gl ARge) T
staa} sk AReAIA719] Adghrs A ( 2]
slo] Ankel 4= glek of7]A Alsd] AhgRle A
(16)7+ A (18)-20)% ol-8sted Falas, AH 2
=8 WEE A 22)-23)% olgsle] e ek
Zoa) ARSI A B B olgbH ASA| A=
As Ay ~dEy] W ofsle] ZAAEch ofu
ARAA7I9] e 3 SAEe) Ahgol Higk
AAZL] oz B2 AejAlrl. SAAlEe} e
of vls] Az WAt S5 A7
FHEEs 7RI 28 A e
LDWEﬂ SNRell eJal] AA=c) g 3HeA177]
AdaAbs Tehilsel Ashis Alole] AA
A ABAAZ ] Aes AT B
7} slck

m[o L

ek Hgalsel MAkE-S AMgElglon, AlS
°] g8 Fule 8 kHzolth o 93 A3t
7AZ2e] dd S5 Steiglitz-McBride 295 ©]
L3l on, S5 Hol= oF 8 msorh

Al B0 el AHeEl AZAIA )= 64-tap FIR
FzxolH, A-2A77]= Hamming =92} 50%

www.dbpia.co.kr



=/ HAR BAVE AR SR 2 AR A Sl

Swes AL83F 128-point FFT FX2 Ful5

dedellx TSk AgAIA71e] A=
ol dEH  AlZdixg¥]  SNRUN (k),

SNR_OUT (k) 238 o1& &3 SNRY o|5+
% SNR_OUT ,, & AH83l3ich

_ B{s*(k)}
SNR_IN (k) = 10log T
SNR_OUT(k) =10log Bl (k—D)} 29)

B{(b(k)—s(k—D))*}

e
SNRUIN ,, = ¢ §:] NR_IN (k)  (30)

I-1
SNR_OUT ,,, = % Y ISNR_OUT (k) (31)
k=0

I T= AEHo el ARRE 2 AZ5E2 el

ofsddwt Ele(k)}t= (1—n)E{z(k—1)} +nz(k)
of Zro] Axkem, 0 <n< 19| Agts Zerh

g 298] AL ASAIA A mre]a 9fHAl
5] Ht AlFeiaher] SNRLIN |, ol ek 7]&
o] okme]EIt AljIgE darelEe] % SNR 54
el 3 29 Aoz FHleF A 2o
G=0dB W A5AA77} 71 daEsE A
5h 734 F2ell Hat 23.35dB, Akl otare]
=5 AHgd A FHi 34.20dB9] SNRES ey
o}l wlebd A Zel5 G=0dBel|lA Alqk daelE
£ 7129 dwe|ZERr} Hi 10.85dB2] SNRE

oo i o 1o

wrelB]

SNR_OUT,
»
[}
il
1
+
1
|
|
|
*
r
N
\
[
)
N
!
|
*

— - - Normal (G=0[dB])
—&— Proposed (G=0[dE])
— @ - Normal (G=6[dB])
—&— Proposed (G=6[dB])

10— T T T T T T
-10 -5 o} 5 10 195 20
SNR_IN,, [dB]

avg

a3 2. AA11719] SNR 54
Fig. 2 SNR curves of noise canceller

A= e & olvk 2ea sk A Re
5 G=6dBY &= #AeAA 71E ogrjﬂf;e
AR - %ﬂoﬂﬁ 4 22.49dB, A|9kEF ¢
25s AN 73‘% 3 33.53dBS] SNRS »}E}
2|5 G=6dBellA] Akt U]
=2 7|29 %}5'_ ZHr} 4 11.04dBS] SNRE

= o & olvk =3k giH4lse] SNR
of gt %‘%ﬂﬂif’ SNR 7]& du|Felx =
HelellA A dA7 3hE A
sl o, Akt %ﬁﬂﬁoﬂx = 418 SNR| &7}
o wl#sle] shiElA Frlsisl o, HFAES o]
S A ARgle e el

—

% &
o

H

}.,

v.z2 E

E =reMe gRE 24719 Ast 2 3REA
718 s A 171 HEF *H 2 daE|Es
Aljretoick o] i = A $
gk AZHAIA 7] <} X&lee 7\:&*1 7171 {1& A&
AA7E A FE2E o] Fo Ik A=
Wiener 3"§& o83l Fa5 AHex 7+ 45
20 AY ~¥Ey] WUREs Fol HAITTE X
Yol 7l o2 ez

AAA7 = durel 64-tap H-3- FIR ZEF
X224 NLMS ¥38|Es AMsla, AeAA7=
Hamming 9%%¢} 50% 2H|=HS AM&3) 128-
point FFT FZ2A] F3l AlellA] F&ds)oict. o
71A ZF AZES FARCE As SHelzar 7}
Al B Aol Akl Ast 2 AgAA7]
Aes AFI] St AlEeeld ZEaE zt
Asta mo)AdggE esigich AY A, Akl
darelEs ARSI A REol5 0dBellA 71E9]
aBEE AR Al vl ARAACY B
10.85dBe] =¥ SNR, 7Z=Zc]5 6dBellA] B

u

-—

ru&

11.04dB2] %7 SNRo| aabeli= Aow vl
2o g8

(1) G. Faucon, R. Le Bouquin Jeannes, “Joint
system for acoustic echo cancellation and noise
reduction”, Proc. EUROSPEECH 95, pp.1525-
1528, September, 1995.

(2] R. Le Bouquin Jeannes, G. Faucon, B. Ayad,
“How to improve acoustic echo and noise

cancellation using a single talk detector”,

915

www.dbpia.co.kr



A18}3)=5-2] °10-11 Vol. 35 No. 11

916

Speech Communication, Vol.20, No.3-4, pp.191
-202, 1996.

S. F. Boll, “Suppression of acoustic noise in
speech using spectral subtraction”, IEEE Trans.
Acoust. Speech Signal Process. ASSP-27,
pp-113-120, April, 1979.

Y. Ephraim, 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, December, 1984.

R. Martin, P. Vary, “Combined acoustic echo
cancellation,  dereverberation, and noise
reduction”, Proc. 3rd Internat. Workshop on
Acoustic Echo Control, pp.125-132, September,
1993.

R. Martin, “Combined acoustic echo
cancellation, spectral echo shaping, and noise
reduction”, Proc. 4th Internat. Workshop on
Acoustic Echo and Noise Control, pp.48-51,
June, 1995.

R. Martin, S. Gustafsson, “The echo shaping
approach to acoustic echo control”, Speech
Communication, Vol.20, No.3-4, pp.181-190,
1996.

R. Martin, P. Vary, “Combined acoustic echo
control and noise reduction for hands-free
telephony”, Proc. EUSIPCO’1996, pp.1107-
1110, 1996.

O. Cappe, “Elimination of the musical noise
phenomenon with the ephraim and malah noise
suppressor”, [EEE Trans. Speech Audio
Process, Vol.2, No.2, pp.345-349, December,
1994.

R. Martin, “Spectral subtraction based on
minimum statistics”, Proc. EUSIPCO-94,
pp-1182-1185, September, 1994.

G. Doblinger, “Computationally efficient
speech enhancement by spectral minima
tracking in subbands”, Proc. EUROSPEECH 95,
Vol.2, pp.1513-1516, September, 1995.

0] & S (Haeng-Woo Lee) 3]

198511 2% Feolfsta AAlw
stat s}

1987 294 A7Festar HAlg

1 3} A
= 20014 29 ABsk AApE
oS | a3} b}
! 19870 29~1998 3% F=
ZAFEAlI A4

2001 39~&A AL ol
<FAlEeol g daElE, VLSI 3244

www.dbpia.co.kr



	디지털 보청기를 위한 음향궤환 및 잡음 제거 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 음향궤환 및 잡음 제거 알고리즘
	Ⅲ. 모의실험 및 분석
	Ⅳ. 결론
	참고문헌


