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Abstract

In this paper, a sysem architecture and its adaptive agorithm for
fedforward ANC sydem are pressnted. The propossd system
architecture congds of a multi-input / multi-output adaptive linear
combingr and secondary source propagation space which is
dextribed by gate equation modd. Some theoretical discussons on
equivalent sysem, cogt function and optimal weight parametersare
provided. Alo an adeptive agorithm is derived based on
Segpest-descent method. Finally, by a numerical Smulation example
for noiseattenuation in dosad room, it can befound that the proposed
architetureand algorithmwork effectively.

1. Introduction

For multi-input / multi-output control system, it is considerable to use
sete equation destription of modem contral system theary, because it is
vary convenience to cope with the difficulty different number of input ad
output, and dso many theoreticd property can be used.  We have
proposad asydem architecture and an adgptive dgorithm for feedforward
ANC sygem with dae equdion modd, it achieved very good
paformence for noise atenugtion in a dosad room [1]. However, these
previousworks are medefor practicd case Inthis peper, we provide some
theoreticd discussions on equivdent system, cogt fundtion and optimal
weght parameters Our ressarch has two points The firg one is for
theoreticd means We show that a feedforward ANC system can be
replaced by a preconditiond adaptive filter, it means that we can provide
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optimd weight parameters andyticdly and an dgorithm of updating
weght paraneter in a merix form like Fltered-X LMS dgorithm. The
second paint isfor practical meens: Although aFIR modd for secondary
Source propagation space has bean presented [2], the proposed architecture
can indude bath of FIR and IIR modd, however, IIR modd isableto be
used for describing acoudticd pole characterigticsin room.

2. System Description with State Equation Model

For giving aformulaion of our problem, we desribe the feedforward
ANC sygemwith two partsasfollowing:
() a multi-input / multi-output adgptive controller, which has an
adjustablewa ght parameter meatrix W.
(2 asound propagetion space for secondary source which is described
by agate equation modd.
Thesystemblodk diagramisillustrated in Fg. L

d(k) : [N]
s(k) : [L] u(k) : [K]
A:[M, M]
Wik 2
D: [N, K]
Adaptive Secordary Source
Controller Propagation Space

Fig.1 Block diagramof feadforward ANC sygem
The adgptive contraller is implemented by a multi-input / muiti-output
adaptivelinear combiner assshownin Hg.2.



Fig2 Diagramof multi-input / multi-output adaptive linear combiner
The sscondary source vedtor u(K) is given by combining weighted input
vector §K) asshownin following equetion.

u(k) = Ws (k) ®

whee W = [w; | isa K x L weght perameter metrix.

The sound propagation space for seoondary source is described by date
eguation asfallowing,

X(k +1) = Ax(k) + Bu (k)
y(k) = Cx (k) + Du (k)
x(0) = 0,,

@

wharex(k) isaM degree date vector and (k) isaN degree output vector
and A, B, C, D ae codfident malrix of date equation. When a noise
vector d(k) isadded, the ANC system mikes cancdlation by output vector
y(k), ad the resdud eror noise vedor k) will be detected by
microphones itisgiven by

(k) =d(k) - y(k)

Our prablem is to minimize a codt function rdated to this residud aror
noisevector k) by adjuding weight parameters

©)
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3. Equivalent System

Here we will give an equivdent system for fesdforward ANC system
showninFg.l If wedenotethat

H,=D @

H, =CA'B whee | =1,2,3..k ®

wecan givethe output vector (k) of sate equiation asfollowing.

y(k):[yl,Y2,"'YN]T:ZHlu(k_l) ©®

Futhermore, by denote H| =[] , thei-th dement of y(k) can be

i

written asfollowing.

MCDINMCIEPUPIVEIE)

1=0 j< 10 j=1  ml
kK K L K L K ™
=2 D D ik =D D W > s k-)
1=0 j=1m<l j=ml =0
Alif wedenotethat
k
Zm'](k)zzhlijsm(k_l) (€3]
1=0
then Eq,(7) can berewritten asfallowing,

yi(K) = ii\NJ mZmij (K

j=1m=1

©

Sothat theoutput vector y(K) isdenoted in metrix form asfallowing.

y(k) =W e Z(k) (10)

whee Z(K) is a LxNxK maix with demats of

Z,; (K) . The operation of @ is ddfined by Ec,(9). This equetion

shows that output vector y(k) can be given by asum of production of the
weght parameter metrix of adaptive controller and aoutput metrix froman
dternate system for second source propagation space. This sysem can be
considered as a preconditiond adaptive filter with KL weight paramgars
Theblock diagram of thisequivdent sygemisshoanin Hg.3.
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Fig3 Equivalent blockdiagramof Fig.1

The dtemate system of sscondary source propagation spece can be given
by following extanded gate equetion.

V(k+1) = A®V(K) + BR S(K)

Z(K)=C®V(K)+D®K) )
V(0)=0,..«
whee S(K) isa Lx K x K metixwithlayer of
s (k) 0 - 0
sw= o ST @
0 0 - 5K
ad V(K) isa LxM x K marixwithlayer of
Vi Vo V,
V, (k) =| ma V2 meK 13
Vli VmM2 VmMK
ad Z(K) isa LxNxK marixwithlayer of
Zor L2 Zrak
Z (k)= Z“fl Z”jzz Z“fK 14
Znt Lz Zink

don, M=123--L in Eq(12), Eq3) ad Eg(l4). For a
2-dimendond matrix P and 3-dimensiond matrix (j , theoperation of

&  isdefined by following equation.
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4. Optimal Solution

The cogt fundtion to be minimized can be defined as the sum of the
meanrsquarearor Sgnd asfollowing.

J= E{ZN: e;(k)}

From Fig.3, the multi-input / multi-output ANC problem is replaced to a
preconditiond adaptive digitd filter problem, so we can use Wiener
solution to show optimal weight asfallowing.

CS(Wopt ) = RZT%CS( Rid )

(16)

@)

where R;; = {ZN: E(Ziy Zuns )} is aauto-cordation metrix of

A N

Z(k), R, = [Z E(d,2Z, )} is a cross-comelation matrix
m=1

o Z(K) ad d(K), cA)memnsoolumsringof metrixA.

5. Adaptive Algorithm

Basad on the degpest-desoent method, in order to meke the cost
function reech its minimum vaue, the updating formulation of the weight

perameter matrix isexpressad by following formulation.
W(k+l)=W(k)—%/N§ (18)

where f is trandent etimation of cogt fundtion in Eq.(16), which is
given by following equation.
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& =trle(k)e’ (k)] = Z en(k)

ad V& deotesthegadietof &, whichisgiven asfollowing.

) em(k)aém—vf/k)

¢
= 20
W (20

Becausetheij-th dement of ‘932*1(") isgiven asfollowing,
W



Nn(K) 0
ow, :mij("'”"ijzmiﬁ“‘):zmj(k) @)

the update equetion of weight parameters can be shown asfallowing.
N

w; (k+2) = w; (k) = 2D €, (K) Z,y; (K) @)
m=1

Here by denoting an operation of @  between a 1-dimensiond metrix
(i-e vector) and a3-dimensond metrix as

(k) ® 2 (K) = {iem(k)zmi,- (k)} -

the updating formulation of weight parameters in merix form can be
shown asfallowing. Thisisaextended form of Fitered-X LM Sdgorithm.

W(k+1D)=W(K)+ue(K)®Z(K)

6. Numerical Simulation

A numearicd smulation has mede for enauring our proposed sysem. In
order to give destription for reverberation charadteristicsshown asin Hg4,
we choose a4-input and 5-output stete equiation with coeffident metrix in
Ea(25).
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Fig4 Reverberation charadteridtics of theroom
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Thesmulaion resuitisshownin FHg5s.
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Fig.5 Convergence charadteridics of proposed method

7. Conclusions

A sysem architecture for feadforward ANC system has been presanted.
Thissysem wasimplemanted by adaptive linear combiner and secondary
source propagaion goace destribed by a multi-input / multi-output Sate
equation. By udng state equation modd, we gave some discussons on
equivaent system, cogt function, and optimd weght parameters Also we
provided an dgorithm formulaion for updating weight parameters Findly
a dmulaion example was shown, and it shows that our system works
effectivey.
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