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Active Control of Noise in Ducts Using Stabilized Multi-Channel Recursive LMS
Algorithms
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Abstract - An adaptive IIR filter in ANC(Active Noise Control) systems is more effective than an adaptive FIR filter
when acoustic feedback exists, in which cause an order of an adaptive FIR filter must be very large if some of poles of
the ideal control filter are near the unit circle. But the IIR filters may have stability problems especially when the

adaptive algorithm for adaptive filters is not yet converged.

In this paper, a stabilized multi-channel recursive LMS (MCRLMS) algorithm for an adaptive multi-channe] IIR filter
is presented. RLMS algorithms usually diverge before the algorithm is not yet converged. So, in the beginning of the
ANC system, the stability of the RLMS algorithms could be improved by pulling the poles of the IIR filter to the center
of the unit circle, and returning the poles to their original positions after the filter converges.

Computer simulations and experiments for dipole ducts using a TMS320C32 digital signal processor have performed to

show the effectiveness of a proposed algorithm.

Key Words : Active Noise Control, Duct, Adaptive IIR filter, Multi-channel RLMS, Stabilization

1. M8

AFt dqdMe AFHAHA 2F Al e TF &
SAAZIY B HE3 dTE 80dd Eo RAHoR
FAHAG, 53] HEA F dxd Hee &} Ao
ANzge 78E 7tsA dFE 224 DSPY 2R 4
9ol HaF AFgeldAM F7HA EHE e AFA,
T2 45, de H 337 5 e FoldM d83E AT
dT7E FAH 2 AHL2L

TF A0 Aade HIYHEE AR FA HE
o FIR 7&7} ®o] A1853 oy e Hx9 A5E o
71 434 IR F2R o £& A5 de7t dasA o
o] Aol B ©iel Au2]l IR 729 HHE Alxd
o #F &7 IR B9 FFo] HHAAN &9 ¢ pe
2 Urte A8 A" A0 EXAHsAE A3

2 =EdAE Aade ZF 27|d= IR B89 3¥&
LHYFLE FoBA AHZE MM A4 d
AARZ B ey gl 9%e AR g dA=S} F
3t¥ MCRLMS 2 neEg A¢sAct olFF 9E ANC
Negde 5% THEDE AHS3t =2 on, Aty
FuAFEE AL HFHH Mgy o Hd¥e sy

b
A=}
heg

A& A7

« GEE BFYSE IR 43 as
o FES o SRdTE ostd Wr)Fa HAAA
oex QAT GFAGE Aoty BB A S
v EE  }FEAFAYRT EYAAT N5

30

4% 7129 IR B8 ¢uelZg o848 By AN2dur
*5Te AR

2. MCRLMS 2322 &

tEAd RLMS ¢xeldel 85305 a9 159 2oi4] %47
A Je 7189EAE, KE Ao, M LapdA 8] o)1, Pz)
L FRAZ ALY YR [ xM, S@)& 22 E AL 4

2 KxXM 848 zter

x(n)

a3 1 chEsd ¥ LMS ¥2l5e 28k

ks 22599 28L& o5 Ao

J K
pn) =2 AT Xm) + Y BI ) Y,(n~1), k=12, K (1)
j=1 i=1

o7} A

X](n) = [z](n) ...z].(n—L+1)]T, j=1.J 2
Y.(n) = [z,(n) . z(n—L+D), j=1, K 3
Lxte] MakAlo] "ejek [xte) AgAle] Hejz) 3 HejAS



Wl ohEat oo,

4,(n)
By (n)

a1 (n)]” @
by, An))” )

= [ak;a ”)%31( n) oo

b1 (n) by (n) - - -

[

GEAE RIMS €3aEE thest o] mddoiz]

A;(n+1) = 4,0 +,JGE X (n)e,, (7) (GY
B, (n+1) = B,(n)+p, 2} Y i (e, (0) G
AN Xy (n) = S,,(n)* X;(n) ®
Yim(n) = 8, 7 (n)* Y (n) ©)

4@ @AM S,n)e 23t A2 Agus Ay S, (n)
& %@f?} Ztoluk
Qdon gAY 4e IR PE Aol e ko) Fo
sglel 21 =40] p4us) Ul B WOR WA
Basks A9st Womz Zsld W 3 ANE weidel
34 Wges 23 97 5 AN HYe ARoH F o @
BE £8 1IMS LuFE 488 4 UL

“L

A} Ae#a g2 F(z) & vpg-i go] Felgick
fll(z) f12(2) f);((z)

Fla)=} 3 a0
flﬂ(z) "fK;((Z)

fkk(z) = 1+kbkg 1 (n)l*‘ +---+k‘1bk,c',(n)z' 1, 0<k<7? (8%

AgAel Aard fulz)=[1-b,(2)]9 2¢ 2z, &
P08 fr(2) & WA 28 k2ol 9tk
Ful2) =14by ()27 by, (n)27=0 12
Fulkz) =1+kby  (kz)) 2t -+ Kby (kz)) 277
<kl (13)

FEAZAS 27 2T AM FHo| AA EEEY] g
2 ooﬂ 77 #o= A gRUgos YT RAabdhd s
kE 12 39 Y49 F-3E /RGEL 5,

kin+1)=

Ml +(1-2),k0)=0,0 <2< 1 a4y

A (148 2o} k& 7MEAMA AN e8 IMS g3EiEe ¢

AEE P F U
3.0/23 deo 2y
GUT Azde Aol §UNA T4Y YAEY 5% o
Bl 484 A Agel ﬂ, Aol Y4 E FAH ]

oz, Ao &as £ }E%a 2 442 A9
Y wY AAY AL CENA 5T ALE AL
24 Aadel ¥AAAAE 2 wwzz} 3% Nxg

o] ksl Ari4l

0 3 olEF AlAHe ERME

a9 20 A7) &% A 29 A4 RN s

olgg Hesozs 2z "E zzd oy AL ¥F
A,B.C,G.F,F, & 9% ¥ ksl
e—k(l‘H’““H‘){l‘f"Rle'Zk‘" } {1+]?20~2M"}
Plz)= =R A ™) 15
e‘u.{1+]ﬁe~2k1‘, }{1+Rze_wh“““‘+m }
Diz) = CRE-™) (16)
e kl.(l+R1c~2k(lq+z,+q+L;) }(1+R26_2“5}
Gla) = RR™) an
~ k(g + 1) — 2kl ) —2kl,
e "1+ Re Hi+Re }
C;(Z): {1'}21172{2&5} (18
- RzRﬁ-k(‘u»s, 13){‘+(1/12}}&%(1\,“1)}(1_{_(!/&)6&«.”5)}
F(z)= (1= RAe ™) (19
B R;%E/k(zz—tz){l+(l /Rl)em"‘ﬂ‘)}{1+(1/R1)ezm’“‘+'5)}
Fy(z)= (- ARe ™y 20

4. HiFE Al2yold

Asid 1ed A7 208
o}%’\mﬂ, HEY Foee 2
4E Fesialch 2vA
J”f"ﬂf‘H W A% R,

- 717} 03 05,

; @2‘303

548 As, a*
R, 02, 012 7b4shdon, gEe) A% Ip- I,k
16, 03, 05, 03 [ml2 F3irh

ag 4 ofs

2 FXLMS 23alE



-
e
-
2
°
=
.
-
-e,

¥ 5 ol&s=

Sreutizes N2 e

, RLMS &12|&

rinm win singieoh. fer Gussiing enaine nolesGEEOIREMD

—ANG oni

Endhal]

B ok b aw s

1ebiized IR fiter wigorthm with multbch. for Gesoline snaine noimeGEROOIRPMD

Leomran On L

Enfl|

=
&
e
a
2
°
=
-
-
.,

&
timeteec)

g 7. o}33, Hetd

BEY 7o Akib), FXIMS 2259 e
Ae guAFe B4 % RRe A4E 247 %A% 4%
@4z T ANZel o HeHE BFeD ALY
2E%o] 6 $& 47 54E Hyonl, 9T ok o33
Azgel 297k B F& 54 Bat HRES AHAA o
& 7128 IR BH9 B$oli 19 8o mol F3o] wsl
4 Mo Wt wasigont Acte gaeiEe a9 95 el
Z30] GNY Wyl Pl

2567,

R GHter whi
e v

z Sote ot 181D
g
% Somte orc-m20n
Los : : J
e~ I = e T
timalaec)
a3 8 71=9 RLMSe =X #H
I I P AR :
g - ™
g os g 5 -
g H : H .
§ o T OIS ORI AN A N OARN NEONS SR S
2
D.G4s
°, s .‘m.f."cl N SR St S
a3 9. HeotH RLMSel 2™ #H
5 28 2 HE
AYS Asted 2% 10% e UYE dES Azkses,

TMS0VC3 DSP HEE olgsle] Age Sasigic), HES
R AR R 43T 2ol Yok YElS A 16416342
392 o A9E 7Y 11 2 120 Bk Az 58] ol B

32

ZO(dB]°1 & 2
237t 7]o€ch

A8 9%+ AR oY A%

g zold o F

a8 10 A HE A

a8 19 FIIOV‘“’I FFT ‘;‘J &
: =

.E:: 12 Moi%e| FFT @ 48

£ =@dME dARs ZsE dFAdE RIMS ¢3dgF
& AAEI olg o] & JFF YE TF *3*1101 N&g
& AEEHY. o]FF YE ANC A=9E Frdg
AHg3tel 2dgdtn AFE 498 HES %}—% ZA0A
ZAFEH Agdold 2 488 ST 4 AL N2l
71&¢ RLMS &x185$ ol4% IR 3§ R FXLMS ¢33
2 5E o] 4% FIR e BA¢ET & 23E AU

o2
=%

Z »n o2 #®

[1] Tokhi M.O. and Leitch R.R., Active Noise Control,
Clarendon Press, Oxford, 1992.

{2] Kuo S.M. and Morgan D., Active Noise Control System,
John Wiley and Sons. Inc., New York, 1996.

[3] Nam HD. and Baek K.H., "Sathilized recursive LMS
algorithms for active noise control,” Internoise 2003, Jeju,
pp.467-473, 2003.

[4] Swinbanks M. A. "The active control of sound
propagation in long ducts, "Journal of Sound and
Vibration, 27(3), pp. 411-436. 1973.

[5) Elliot S. J. and Nelson P. A., "Models for describing
active noise control in ducts”, ISVR Technical Report
No. 127, University of Southampton, U. K. 1984.



