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Comparison of Adaptive Algorithms for Active Noise Control
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Abstract In this paper, we confirm the effective adaptive algorithm for tha active noise contorl (ANC)
though the performance comparison between adaptive algorithms. Generally, the normalized least mean
square (NLMS) algorithm has been widely used for an adaptive algorithm thanks to its simplicity and
having a fast convergence speed. However, the convergence performance of the NLMS algorithms is often
deteriorated by colored input signals. To overcome this problem, the affine pojection (AP) algorithm that
updates the weight vector based on a number of recent input vectors can be used for allowing a higher
convergence speed than the NLMS algorithm, but it is computationally complex. Thus, the proper algorithm
were determined by the comparison between NLMS and AP algorithms regarding as the convergence
performance and complexity. Simulation results confirmed that the noise reduction performance of NLMS
algorithm was comparable to AP algorithm with low complexity. Therefore the NLMS algorithm is more
effective for ANC system.

Key Words : Active noise control, filtered-x algorithm, normalized least mean square algorithm, affine
projection algorithm, performance comparison
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Fig. 1. Active noise control system for pipe environment
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Fig. 2. Filtered—x structure for active noise control

3. Filtered—x Affine Projection ¥12|&

) &uelE

AP <au8lEe AT PY 948 HEHES 7]
wo 2 Al WS A st o A3 (5]

3.1 Affine Projection (AP

W(n-‘rl):W(n)+uX(n)(XT(n)X(n))7le(n) 3

e(n) =dn)—X%(n)w(n) (4)

wn)e A8 deAFod, p= 53 450

1, X(n)e (NxP)xe #A=x A5 wEeEd~

ole, e(n)at d(n)e oledet F 98 AFolrt
o] AE= thg A o] n 6]

_ e(n)
€= 10— welm—1) ©

eln—1)&
7Nl el

e(n—1) wee g9 (P—1)

3.2 Filtered—x AP 12|

AP 418&S 13 19 Filtered—x &ad&
o] X-8-3l Filtered-x AP (FxAP) ¢1d8&&
Qth[7-8] 22+ A= S(2)7F MAe] FIR E =
ag Foa 7bgetd a9 19 e Ase

E
%iﬂr o] x4

R,
]
o}

e(n)=dn)—R7(n)w(n) )

oldl, r(n)=x"(n)s(n)olth. 2 (3)¢] AP
d5s 55 e Aojdd H&3t Filtered-X

AP L4359 Alg A AL oS3 Z2oh

le(n) (8)

win+1)=wn)+ uR(n)(RT(n)R(n))f

olu, P7} 1221 AH$7} filtered—x NLMS
(FXNLMS) &g 59 4 $-o|th

2% = 250Hz9 ]_ FRFEE z



48 SHIHHBHKEMI|AEH=2X X8R HIE

0 01 02 03 04 05 06 07 08 09 1
normalized frequnecy

12 3. F 4% AHEE

Fig. 3. Primary noise spectrum

mz 7Y sa &g AAE
QAT E 15m ol )
o gvta g stgom, e slolat ww
icka by stk mebd W

A=} 22k AR 247 8 3 sample AAE
Zr=t} o]g]sl AFAL nlgrow Ao9lul Au7)
Atole] F w4 AR P(z)9} 2379} o

nfol = Aole] 22k A2 §(z2)E 128-tap FIR 2
Bl 2 modeling stggon thg 18 49 2t)
2% ARe Aol Fe FAHAG 74
sto] ARS At A5 H7FE 93] Mean
Square Error(MSE)E &
Aol ] apet F A Ameke] Power
Spectrum Density(PSD)E v}t A3 <]
3 AHEE 2§ Y9 A

0.1

oosf || J
I reTs—
£ 005 ]
0.4
06 : : : :
o.4f1 i
€ o2 i
i R
02 J
04

. . L .
20 40 60 80 100 120
sample(n)

T8 4. (a) T S ER P)e (b) 2& H=2 S(2)
Fig. 4. (a) Primary path P(z) and (b) secondary
path S(z)

2 12828 AMgsiglen, 7 daElE FxNLMS

s FxAP 578 24 217} 0057 0.006 skt

olw] FxAP9] projection 2} 2, 835 AF&-3}

Ak oS O 55 Z duElsd %S #H7)
3

st7] 918 MSE ZA3E vlask Zlojt
-30
FXNLMS
Y FXAP with P = 2

—--— FxAPwithP =8

45+

REEIIEATYY

-50 : : : :
0 10 15 20 25 30
time(s)
2! 5. BNLMS, P= 22} p= 82| FxAPol| Cifgh MSE =M
Fig. 5. MSE curves of FxNLMS, FxAP with pP=2
and P=8

w L

919 AERE FxAPE= FxNLMSol| H] &)
AXEES AFREo = FxNLMSo| H| s}
Adse zol7t AA] e AE FR

13}
U=

=
o g 55 28 Aol AlzElelA AP 9
7

=
o AT RS FAT F Ak oS

PSD(dB)

I I
0 0.1 02 03 04 05 0.6 0.7 0.8 0.9 1
normalized frequnecy
(a)

PSD(dB)

1
0 0.1 02 03 04 05 0.6 0.7 08 09 1
normalized frequnecy
b

PSD(dB)

1
0 0.1 02 03 04 05 0.6 0.7 08 09 I
normalized frequnecy
c

O8 6. F 2323} oll2foll st PSD ZT} (a) FXNLMS,
(b) P=22}(c) P=382| FxAP
Fig. 6. PSD of primary noise and errors of (a)

FXNLMS, FxAP with (b) P=2 and (c) P=S8.



6
Aol E 913 5E 2% Aole] Be dmelE

= i
AP gmE|gel wls) AL ddgE T
NLMS7} Z&49ds dds g3 alaisirt

¥ > o oN 1% [o ot mu
fitl

oo [0 do K

JE'E e, :
of my

S-S
oo
|
[o
>
oo
1 o
&
X0,
v
o
2
rﬂ
Hi
rlo
Q

z

b1

N
_O‘L
= o
12
Kl
53
PN
Lo
=
El
fu
L
e
i
2

rie
il

=2 projection

FxNLMSe] 1] 3}
st whef

=
A e S

& Al

w &

prg

32

o

o p
i)

5

5

=

r

i

&Y

2
k1
XS ML
e
QL
=

oX,
olf
o
%
2,
o
o,

0;
[o

Hir
rlo
>
oft
[o
>
oo
=)
k.;

:
= e
7%
e
oo
AC)
[N
o,
i
)
s
=
[e]
2 =

55

ol > 12 O N oo

oy o2 m

o
>
>
opp

o 1

[P

K
_121,
o
D

REFERENCES

[1] P. A Nelson and S. J. Elliot, Active
Control of Sound, Academic Press, New
York, 1992.

[2] S. M. Kuo and D. R. Morgan, “Active
noise control: A tutorial review”, Proc.
IEEE, vol. 87, no. 6, pp. 943-973, Jun. 1999.

[3] S. J. Elliot, Signal Processing for Active
Control, Academic, London, U.K., 2001.

[4] S. M. Kuo and D. R. Morgan, Active Noise
Control and DSP
Implementations, Wiley, New York, 1996.

[5] K. Ozeki and T. Umeda, “An adaptive

orthogonal

projection to an affine subspace and its

Systems—Algorithms

filtering algorithm using an

properties”, Electron. Commun. Jpn., 67-A,
no. 5, pp. 19-27, 1984.

[6] S. Haykin, Adaptive filter theory, Prentice
Hall. Englewood Cliffs, NJ,2002. 4th edition
[71 A. Gonzalez, M. Ferrer, M. diego and G.
Pinero, “Fast filtered—x affine projection
algorithm for active noise control”, Proc.
IEEE WASPAA, New Paltz, New York,

2005.

[8] A. Gonzalez, M. Ferrer, M. diego and G.
Pinero, “Fast filtered-x affine projection
algorithm with efficient computation of
coefficient update”, Proc. ICASSP, Int. Conf.
Acoust., Speech, Signal Process., pp.V-285

- V=288, 2006.

AAoHE

o] & AH(Keunsang Lee)

o 20061 2€ @AM AR
74t (3

o 20109 29 : AAEta ALl
a3t (4D

e 20109 3€ T EA : AAE
i A (k)

uAg Az, He AeAd,
4 AzA



50 et=yeExsArIsstsl=2x M MIT

¥l o A (Young-cheol Park)

o 19869 2¢ : AAMsta A7 A
Azetst (s

o 19334 29 : AMsta Ar]A
Azest (b

e 19934 2¢ : AAMsta A7]A
e (2

o 20021 3¢ T dA : AAMstu
DR AR ENF]

049 AEAE, ere A5
54 A3 AY, A Al

S
[}
3

2

2,



