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Abstract

Howling Canceller using Adaptive filter

Toru Morita

The system to suppress howling using the nocth filter which attenuates a specific
frequency is proposed. In this system, howling frequency is estimated based on the
distance measured by an ultrasonic. Then, it computes multiple frequency candidates
of the howling. Those frequency removes them by notch filter. Howling is resonate
occurred by increasing a specific frequency. And, to remove all howling frequencies the
notch filters are cascading connected. However, output sound quality is deteriorated by
passing the cascading notch filter.

In this paper, I have proposed howling canceller used an adaptive filter which can
be operated easily by anyone and remove howling frequency automatically. In proposed
system, the adaptive filter which estimate an echo causing the howling and remove an
echo suppress howling. As a result of computer simulation, effectiveness of howling

suppression can be confirmed.
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RESCTI, #ICTEMBICRR, BTN VI HEBERETES D@L 7 1 VA&
WENT D YT Xy R TIZDOWTRERIT /2, H#7A VAIZEINT )V ITDRK &
BOTWHLI—%MEL, TA—REETIZETNYVY VY ITOMEEIT> 2. AFET
&, AT 2 HGICENTENT ) VIBREVEMNIITA S Z L 2R LD, &HE
MEDRERIT DN DN TUIIRMEED 72 DS HMGEN B ETH D, AL TREL 2F
FEEAVWTEHERY I 2L —Ya v EITWIERE MG U 28558, NV » TBRENERNIT
AL EMERL .

4.2 S1EDOERE

SHOMEELUTIE, ATV TTAVOERTANEDORY TEIZE>T, NHEENE
DOREEM BT 0MEEEZ 17D BEXDH D, HHIFRETH D 2O@SHEIZ DN TOMEH
BETHD. 7, WIE7 4 NVANDAINGE z(n) EHFHENDDERET s(n) MHHE%Z R
DY, WIHT A NVRIKIEFERKEEZFRELTLUES. ZOLDBGAHITE, #EE7 1 I)VZIE
AE=ANSIA 207 4 VEIDA V)V AREERERSHEET D LN TIRN. 20

72, BREEEZHAT I RESBROMMPBETDHD.
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S B

AWFGEZFTOINTH Y, ADFGERE ROV URBE TS 22 B < — NS MfEE L THEWY
T REARE MBI DN DL £9. KEVFHDICEBEDLTHHAES ETHEIZ AT
HEIREIZIIREEREZENIUELAEZ., COMBETOEEZRDBZ ZZ 21X, AR
WO TIHRIZRERMEICIRY, HATHETHED 2D & TIES U WM ZE &I
INZEHALTWET., ThERTEEDOENTZLEENET.

7o, AHEOFEEZ U CTHN N BHIHESR, HHE—FHMICE RSN 7. Fl
DF-HAENMHREZ SNFUE L.

WHRAOBEITZEMICEBERAHESE, R, BXYPHYE TH L5280 KRESH
G EUZAEAERBIFICE OO B U LT Ed. 2O D FOENERL N/
DEFMABEDENTTY. FAMEIIODVWTR T LEVDOERMED 2L TH KEBHERIC
Y E U

DEHIGES IZE/RD LY, HEZ B THWZEEEXBTICELLLBLHL ETFET.

BEODONEBVHDFEZENTLKEZIDHINE D TIVWELL. Ea, HRERMER

IREBHEEIZRY U

HWEEBLICIZEROLT, HEDENFAMIN U T8I X THW 2R BRI
LEHBLET. ZOMEETOAFEZEL TROBEE, T&EHIADIS BRARICARD Z
1BV ELE. SBRERAIADEIODBZAMZHBELTHELEY. 5ETOAETH
LT 2 hETT.

HEHSDOWERDHDIZEH/DST, M—DTIRVAEHEEL THWZHAMKKIZE &
WEUET. HAIADPSLTHNAZBIZE) LD DHITALZNEZYOENTTHOHDIIER
YD EMMTEE L. £z, MAETOMEAI ADTENIRE S RE L AN
%<, MAUNTELZSIADI L ZMEI T TIHE XU .

[ 4 fEAED ERMBIZIIEDOH TR TIZEWT, B sE#HOSEEH T IENWTTd.
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HEE

T I ADTERVEE, EMBIZEZKBHEREEENILE LA, FETESEILI,
FHBOENMNTEZE>THLBETIEDY) FEA. BBEELFEUZOINNELEVDEH NI
BRLIFENETHESINLIAUSEHHU ET. EMEIFFAIZE >TORKTT.

[ U< [ 4 FEEDOMEBIIEEERERRIMINVANA LT THESH Y NE S TV E
U7z, RBEMCTRERVBEIGEL TOAREELENETHIREY»M) LA AULE
HAIZE SHELEDHRENLY 7 b 27 THOHMEFTERESMERIZZ) LA H@#EOZ
U Z2fZ B CHHESHY NS TXVWELA. AUSKMBEICEEHLET. WANA
BIENDHZDEIFENETHSBREHEE> TS ATV,

BRI E XA TS EZI 22 TONIEHBL 9.
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T8k A

BEIME 5L

Al NSIA—SHEERBE

AN T =EDEZDRMY AT LOMEL NI A= EMET DL &Y AT LFAE
LIFC, SEISESIIET O REDIST X =& (1 V7OV AR HERE e UTRY b
ns.

A.2 @EH7ILTY XA

ZITRARBNREIE TN T) XAIZOVWTHERS. 1960 £, Widraw & Hoff 1@
I8 A Ay F Vv J I EEO#FZE T Widrow-Hoff @ LMS 7 )V 31 XA (Least Mean Square
Algorithm, AR LMS 7V 3V XA & KF) LIFIEND WG TV TV ZLADREEIT- 7~
LMS 730 X Ald, “HEEIREZ RAR FICEOWTHR/MIT L HRT, ZEMNDH
D, HERNPDBZNEWSRENSBATHERBNZEG TN T) ALERS>TWD. —H,
1967 FFICEFH L FED, FHEEEOREET /2. Zhd, BITERZLMS 7V ITY X
MZHAEHETIEH 20, WHREENANESORE IIEEL RV WS Rz Ri>TH
D, FEHRIZEENZHEGTIVT) ALATHEDEVZE. IN6DOT7IVT) ALE, HET
NENRTA—ZDOEIZHDREERT S DR H L. L, AMEEVREHaTHIY
BT, DOREENE LSBT D Vo2 REVHI SN T WS, F72, 1960 4, Kalman
W& D BEBIFR ALY > 7 4 W B PMREI N2, WUV T IV RIZBE T, REEHE

ETRIEIRRST A= LU, TONTA=EPRFFIZEZB LAV ERETD L, TN
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A3 #

¥
al

ERERES

WY T4V RE & SHON/ZZBREN 257 Vv T Y XL (Recursive Least Square, BAT
RLS 7V IV AL LK) &—8HT 5. RLS 7TV AL, #HETRENRT A =L D
BaE Negdl, 19 TdHiY) N2 IZHHITHEBORR2 5L TS, LMS 7T
D ZLRZEEEZEIEDORE MDY N IZHHI 2 0 & g iE, RLS 7V TV X LITHE
BN TINEAA LAOMBIFHREEL VRS, LTIV T XA TIEEE S & IHGEE D BIfR
I NV —RA T OBRIZH D

A3 FEBEEE

ZHEEEEIE, Normalized LMS 7LV XA LIEEN LMS 7V TV RLADIST A—&
BIEHE%Z 7 4 )V EDATTRENYZ MV TERIEINZEDLABRTIENTES. Kt
BB T« VADET] y(t) DRV AT DT d(t) ICFELWET DL,

d(t) = KL xn(t) (A1)

ERGTIELNTES.

ULDL, hy = wy 2T 20101E, TRTOANEE z(6) 1S LT (A1) A Y AL
2B NUER 57800,

ZZ TR (AL) 2 TMEADNRERRY NVE hy(t) 95, ZOMEAIZR (A1) &£
D, ANMRZ Ml ay(t) KEZLTWSEWVWAS. S50, wy RIOMESIZETHTH
DT, hy(t) D2 END oy (t) HANZ/ST A—REELAZE E, BE wy ISEORE D
AB.

LAD5T, hy(t) & wy(t) CEIGEDIF 220100, BYICEDZHDEEIYE wy
ZEVIEN hy(t+1) ZROEBIENT A=2OGPIE L THIERW. LEDZ & &Y,

hy(t+1) = hy(t) +{hn(t +1) = hn ()}
e ) () — ()
=hn(t) + | hn(t+1) —hn(t) ||
(4 1) —hy(t)
[ hn(t+1) —hy(t) |

(A.2)
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A3 EEEER
YRB. EEL, || BRZ MVDI—2 )y R VAERL, BEO 2 BMOFHHRY E
#95. Z2T,

hN(t 1) —hN(t) . xN(t)
D ENOIECL (4-3)
[ — A (0} o (8) = d(t) — ()
= e(t) (A.4)
PHATF DT, & (A.2) 1,
B (1) .
A +1) = hoy (1) + ) (A.5)

DESIIERTE L. FHAEEIE, RN (AD) DEBENRT NUVIATY TrA v E#i)

xN(t)

hN(t + 1) = hN(t) + ame

(t) (A.6)

THALND.
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