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ABSTRACT:
This paper presents a solution method for a fixed multichannel frequency domain feedforward controller, which is

optimized for different sound field disturbances, each corresponding to a different control objective. A controller

determined on the basis of identical control objectives for different disturbances can be solved efficiently by using

the inverse of two relatively small matrices, the Hermitian square of the secondary path and the cross-spectral den-

sity matrix of all combinations between the reference signals. In contrast, the dependence between the disturbance

and the control objective results in a large matrix, which may not fit in the memory of a computer. To design the con-

troller for systems with relatively large numbers of sensors and sources, an iterative method based on the conjugate

gradient technique is used. A preconditioner based on a disturbance-independent control objective is proposed. This

preconditioner improves the convergence rate for some applications. A numerical example of the iterative method is

given for active control of the acoustic field inside a room in which a disturbance dependent weighting function is

applied to the cost function. It is shown that the iterative method efficiently finds the solution for the disturbance

dependent active noise control problem. VC 2021 Acoustical Society of America. https://doi.org/10.1121/10.0003376
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I. INTRODUCTION

Multichannel active control has several applications,

such as the reduction of cabin noise in propellor aircraft,1

road noise in vehicles,2 noise through open windows,3 trans-

former noise, and many others. In the feedforward active

noise control problem, a secondary field generated by sec-

ondary sources is added to a primary field in order to mini-

mize a cost function based on a number of error sensors. In

this paper, the unconstrained feedforward active control

problem in the frequency domain is considered.4 In many

applications, the position of the source generating the pri-

mary field is fixed such as in the examples mentioned above.

In other applications, the primary source is moving, for

example, in the case of traffic noise.5 The controller could

be made adaptive to track changes of the disturbance caused

by the moving source. Dedicated hardware for multichannel

adaptive filtered reference least mean squares (FxLMS) con-

trollers6 is available. In multichannel applications, conver-

gence and tracking can still be slow, depending on the

eigenvalue spread.4 Although efficient adaptive controllers

can be implemented, which improves the convergence and

tracking speed of the FxLMS algorithm, such as in Ref. 7,

multichannel implementations are costly, and tracking may

still not be fast enough. If the controller can be determined

before control for all possible disturbance conditions, then

tracking may be unnecessary.8 If multiple primary source

positions are to be addressed by a fixed controller, then

multiple reference sensors are needed. In the frequency

domain, and if the contributions of the different primary

sources are weighted equally, then the control solution still

can be obtained efficiently4 using the inverse of two rela-

tively small matrices, the Hermitian square of the secondary

path and the cross-spectral density matrix of all combina-

tions between the reference signals. However, this method is

not applicable to a controller based on a disturbance depen-

dent control objective. This is especially the case if spatial

distributions of primary sources have to be distinguished.

Even in the frequency domain with, for example, Gauss-

Newton based frequency domain FxLMS,4 it takes some

time before convergence is obtained. The FxLMS algorithm

a priori is unaware of the spatial distribution of the primary

sound field and has to obtain this information separately and

incorporate it into the iterations. Furthermore, not only the

number of control sources and the number of error sensors

can be large, as in a typical multichannel system, such as in

a propeller aircraft, but also the number of reference sensors,

which leads to high computational complexity. If the control

objective is disturbance dependent, then the system of equa-

tions complicates further, leading to a generalized Sylvester

equation (this paper). The result has high computational

complexity and large storage requirements if the problem is

solved by traditional solution methods, such as lower

triangular-upper triangular (LU) factorisation with backsub-

stitution.9 Methods to solve the generalized Sylvester matrix

equation are described by Gardiner et al.10 A solution for

the generalized Sylvester equation and the equivalence with

the solution of coupled Sylvester equations is proposed by

Chu.11 An iterative method for the solution of the Sylvester
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equation is described by Deghan and Hajarian.12 An over-

view of numerical methods, including Sylvester equations,

is given by Simoncini.13 Solvability and uniqueness of the

solution of the generalized Sylvester equation are discussed

by De Teran et al.14 In this paper, an iterative method is

described to solve the system of equations for the feedfor-

ward active noise control problem with the disturbance

dependent cost function using the preconditioned conjugate

gradient (PCG) method for self-adjoint operators. The

method is illustrated with an example of the control of the

acoustic field inside a room.

II. METHOD

Different sound field conditions i ¼ 1;…; I are consid-

ered, each corresponding to primary contributions

di 2 C
Ne�1 at Ne error sensors. An active noise control sys-

tem is used to control these disturbances from the primary

acoustic field by adding contributions yi 2 C
Ne�1

from a

secondary path, which are obtained by passing reference sig-

nals xi 2 C
Nx�1

from Nx reference sensors through a control-

ler W 2 C
Nu�Nx having Nu outputs, producing the control

signals ui 2 C
Nu�1, i.e.,

ui ¼ Wxi: (1)

A block diagram is shown in Fig. 1. The control signals ui

are used to drive secondary sources that provide the second-

ary path contributions yi,

yi ¼ Gui; (2)

where G 2 C
Ne�Nu is the transfer path between the secondary

sources and the error sensors, the secondary path. The

assumption is that the secondary path does not depend on the

condition i, in other words, the geometry, including the sec-

ondary sources, error sensors and reference sensors, the

acoustic properties of the air, and the properties of the bound-

ary, are constant. If during operational use a different primary

source is active, then the secondary path G should not

change. The sum of the contributions of the primary path, di,

and the secondary path, yi, yields the error signals ei,

ei ¼ di þ yi: (3)

The error signals can be written as

ei ¼ di þ GWxi: (4)

A modification of the above equations is introduced in such

a way that for each disturbance condition, i, a specific

weighting of the error signals is applied. Assuming that ei is

weighted by a square matrix Ei 2 C
Ne�Ne , then the weighted

error signals êi for condition i can be defined by

êi ¼ Eiei: (5)

Similarly, a square weighting matrix Xi 2 C
Nx�Nx can be

applied to the reference signals for condition i, resulting in

weighted reference signals x̂i,

x̂i ¼ Xixi: (6)

Furthermore, a square weighting matrix Ui 2 C
Nu�Nu can be

applied to the control signals for condition i, yielding

weighted control signals ûi,

ûi ¼ Uiui: (7)

Left multiplication of Eq. (4) with Ei, assuming that Ui is

incorporated in the secondary path and Xi is added to pro-

cess the reference signals, shows that the modified error sig-

nals for condition i can be written as

êi ¼ d̂ i þ ĜiWx̂i; (8)

in which d̂ i ¼ Eidi and Ĝi ¼ EiGUi. The objective is to

design a fixed controller W by minimizing the cost function

J ¼
XI

i¼1

tr êiê
H
i ; (9)

where “tr” denotes taking the trace of the matrix and the

superscript H denotes the Hermitian transpose. Minimizing

the cost function with respect to the controller coefficients

in W shows that

XI

i¼1

Ĝ
H

i ĜiWx̂ix̂
H
i ¼ �

XI

i¼1

Ĝ
H

i d̂ ix̂
H
i ; (10)

which can be written as

XI

i¼1

HiWYi ¼ �
XI

i¼1

Zi; (11)

where Hi ¼ Ĝ
H

i Ĝi; Yi ¼ x̂ix̂
H
i , and Zi ¼ Ĝ

H

i d̂ ix̂
H
i . Equation

(11) has the form of a Sylvester equation.10 A solution for W
is possible by using vecðABCÞ ¼ ðCT � AÞvecðBÞ in which

� is the Kronecker product.15 Applying the vec operator to

both sides of Eq. (11) and changing the order of the summa-

tion, the vec operator shows that

XI

i¼1

YT
i � Hi

" #
vecðWÞ ¼ �vec

XI

i¼1

Zi

 !
: (12)

The solution for the vector form of the control coefficient

matrix W is obtained as

FIG. 1. Block diagram of a fixed frequency domain controller W used to

control different sound fields with disturbance signals di and reference sig-

nals xi in which i is the condition of the sound field, G is the secondary

path, ui are the control signals for condition i, and yi are the outputs of the

secondary path, thus, the error signal is ei ¼ di þ yi; blocks Xi, Ui, and Ei

are square weighting matrices, leading to x̂ i; ûi, and ê i, respectively.
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vecðWÞ ¼ �
XI

i¼1

YT
i � Hi

" #�1

vec
XI

i¼1

Zi

 !
: (13)

The matrix to be inverted has dimensions NuNx � NuNx.

If Ei is an identity matrix, then for all i, Ĝi equals G and

d̂ i equals di. Then Eq. (10) becomes

GHGW
XI

i¼1

xix
H
i ¼ �GH

XI

i¼1

dix
H
i ; (14)

and the solution for W can be written as

W ¼ � GHGð Þ�1
GHSxdS�1

xx ; (15)

with Sxd ¼
PI

i¼1 dix
H
i and Sxx ¼

PI
i¼1 xix

H
i , which is identi-

cal to Eq. (5.3.10) of Ref. 4 if the summation is replaced by

the expected value. The solution of Eq. (15) involves the

inversion of two matrices of dimensions Nu � Nu and

Nx � Nx, which is much less costly than the solution of Eq.

(13), which involves inversion of one much larger matrix.

Furthermore, for problems of significant size, the system

matrix in Eq. (13) is so large that it may not fit in the mem-

ory of a computer.

In this paper, an iterative method is considered which

does not have the requirement to store the full matrix of Eq.

(13). Equation (10) is written as

XI

i¼1

HiWYi þ Zið Þ ¼ 0: (16)

An iterative procedure is assumed to solve W in which Wn is

the approximation of W at iteration n. The use of the approx-

imate solution Wn instead of W leads to a nonvanishing

right-hand side in Eq. (16). The value of the nonvanishing

right-hand side is defined by

XI

i¼1

HiWnYi þ Zið Þ ¼ Rn; (17)

where Rn is the residual at iteration n. The update of the con-

troller matrix Wn is defined by

Wn ¼ Wn�1 þ gngn; (18)

where gn is a scalar quantity that is, in general, complex val-

ued. Substitution of Eq. (18) into Eq. (17) leads to

Rn ¼ Rn�1 � gnrn; (19)

where

rn ¼ �
XI

i¼1

HignYi: (20)

The cost function at iteration n is defined as

Jn ¼ tr RnRH
n : (21)

Substitution of Eq. (19) into Eq. (21) shows that

Jn ¼ Jn�1 � 2 RefgnAng þ jgnj2Bn; (22)

where

An ¼ tr rnRH
n�1; (23)

Bn ¼ tr rnrH
n : (24)

Equation (22) can be written as

Jn ¼ Jn�1 �
jAnj2

Bn
þ
����gn �

A�n
Bn

����
2

Bn; (25)

which shows that Jn, as a function of gn, has a minimum for

gn ¼
A�n
Bn
; (26)

and in which the superscript “*” denotes complex conjugate.

At this minimum, Jn becomes

Jn ¼ Jn�1 �
jAnj2

Bn
; (27)

which shows that Jn < Jn�1 provided An is not equal to zero.

The cost function can be simplified as Jn ¼ Jn�1 � gnAn. An

orthogonality property,

tr rnRH
n ¼ 0; (28)

follows from Eqs. (19), (20), (23), and (24). It is noted that

the operator at hand is self-adjoint because

tr
XI

i¼1

HiWYið ÞVH ¼ tr
XI

i¼1

W HiVYið ÞH: (29)

A second minimization step can be defined in which An is

kept constant and Bn is minimized, resulting in a further

reduction of the cost function.16 The procedure leads to the

conjugate gradient (CG) directions such as described by

Refs. 9, 16, and 17. Here, the CG scheme for self-adjoint

operators is used, as described by Ref. 17, with the excep-

tion that the Hermitian transpose of An and the complex con-

jugate of gn are used so that these are identical to those of

Ref. 18. The CG directions for self-adjoint operators are

taken.17 For the present application, these are given by

gn ¼
Rn�1; n ¼ 1;

Rn�1 þ
An

An�1

gn�1; n > 1:

8<
: (30)

Substitution of Eq. (20) into Eq. (23), subsequent substitu-

tion of Eq. (30), and using the orthogonality of Eq. (28)

shows that
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An ¼ �tr
XI

i¼1

HiRn�1YiR
H
n�1: (31)

A PCG scheme is obtained by taking17,18

gn ¼
PRn�1; n ¼ 1;

PRn�1 þ
An

An�1

gn�1; n > 1;

8<
: (32)

in which P is a preconditioning operator which approxi-

mates the inverse of the operator at hand. Similar to Eq.

(31), the expression for An with preconditioning becomes

An ¼ �tr
XI

i¼1

HiðPRn�1ÞYiR
H
n�1: (33)

Inspired by Eqs. (10), (14), and (15), the following precon-

ditioning operator is chosen:

PRn�1 ¼ H�1Rn�1Y�1; (34)

where

H ¼
XI

i¼1

Hi (35)

and

Y ¼
XI

i¼1

Yi: (36)

Regularisation is necessary in case of ill-conditioned matri-

ces, and can be introduced by using

Hi ¼ Ĝ
H

i Ĝi þ bHINu
tr Ĝ

H

i Ĝi=I (37)

and

Yi ¼ x̂ix̂
H
i þ bYINx

tr x̂ix̂
H
i =I; (38)

where INu
2 RNu�Nu and INx

2 RNx�Nx are identity matrices,

and bH and bY are normalized positive regularisation param-

eters for regularisation of the secondary path correlation

matrix Hi and the reference signal covariance matrix Yi,

respectively. Finally, matrices G and the matrix consisting

of the columns x̂i are divided by their norms before the start

of the iterations, and after the iterations, the final unnormal-

ized solution of W is obtained by multiplication with these

norms. The computational complexity of the preconditioned

CG method and the direct QR method is shown in Table I.

A graph of these quantities with respect to NxNuNe is shown

in Fig. 2, assuming that Np, Nx, Nu, and Ne are proportional

to the dimensions of the system expressed in ka. It can be

seen that for NxNuNe larger than approximately 300, PCG

requires less memory than the direct method. For NxNuNe

larger than approximately 105, the computational complex-

ity of PCG is less than the direct method.

III. CONTROL OF THE ACOUSTIC FIELD INSIDE
A ROOM

The methods of Sec. II are applied to design a controller

for the acoustic field inside a room of infinite height in

which the field in the height direction is constant. The com-

putations can then be applied to a two-dimensional configu-

ration. The medium has a speed of sound c¼ 343 m/s and

density q¼ 1.21 kg/m3. The specific impedance at the

boundary is 10qc. The size of the room equals 2a� 2a in

which a is the shortest distance from the center to each of

the walls. Primary volume injection line sources are placed

at coordinates ðrp cos hp; rp sin hpÞ in which rp ¼ 0:5a, and

hp ¼ 2pnp=Np; np ¼ 0;…;Np � 1 in which Np is the num-

ber of primary sources. Error sensors are placed at coordi-

nates ðre cos he; re sin heÞ in which re ¼ 0:75a, and

he ¼ 2pne=Ne; ne ¼ 0;…;Ne � 1 in which Ne is the number

of error sensors. Secondary volume injection line sources

are placed at a distance of rs ¼ 0:95a from the x or y axis

TABLE I. Computational complexity in terms of real multiplications and memory usage of real numbers for the PCG method and the direct method of Eq.

(13), assuming a QR method; both methods assume complex numbers, and nmax is the maximum number of iterations.

PCG Direct

Computational complexity 8nmaxNpðNeN2
u þ NxN2

u þ NuN2
x Þ

8

3
N3

x N3
u

Memory usage 4NeNp þ 4NeNu þ 8N2
u þ 16NuNx þ 2N2

e þ 2NxNp þ 8N2
x 2N2

x N2
u

FIG. 2. Computational complexity (PCG, circles; direct, cross) and memory

usage (PCG, plus; direct, asterisks) of the PCG and direct methods, assum-

ing nmax ¼ 100 for the PCG.
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using Nu secondary sources. The secondary sources are

placed on the edges of a virtual box of dimensions 2a� 2a
in which the distances along the edges are used to determine

the separation between the secondary sources using equal

separation distances. Reference sensors are placed at

coordinates ðrx cos hx; rx sin hxÞ in which rx ¼ 0:75a, and

hx ¼ 2pnx=Nx; nx ¼ 0;…;Nx � 1 in which Nx is the number

of reference sensors. The reference sensors measure the out-

ward propagating pressure 1
2
ðpþ qcvrÞ in which p is the

pressure and vr is the particle velocity in the radial outward

direction. The error sensors measure the inward propagating

pressure 1
2
ðp� qcvrÞ. A configuration is shown in Fig. 3.

IV. RESULTS

This section shows the results of simulations of the

acoustic field inside the room. A controller is computed,

which minimizes the acoustic field measured at the error

sensors, using the reference signals as inputs. Subsequently,

a weighting is applied to the cost function in such a way that

the inward propagating wave field of each of the primary

sources is emphasized in the control objective.

A. Simulation of the sound field in the room

The pressure and particle velocity were computed for

Np¼ 54 primary sources, each with a different angle on a

circle with radius rp. These primary sources each provide a

separate condition so that I¼Np. The pressure and particle

velocity were computed at Nx¼ 36 reference sensors and

Ne¼ 72 error sensors. The number of secondary sources is

Nu¼ 42 for which the pressure and particle velocity were

also computed. Using Table I, it can be seen that for this

configuration, the computational complexity for iterative

techniques and direct techniques are approximately the

same, i.e., 1:1� 1010 for PCG, using nmax¼ 100, and

0:92� 1010, whereas the memory usage is 91� 103 for

PCG and 4:6� 106 for the direct method. For larger config-

urations, especially the memory requirement increases rap-

idly for the direct method. A frequency f¼ 100 Hz and

dimension a¼ 5.459 m were used, which results in ka ¼ 10

with k ¼ 2pf=c as the wavenumber. The computations were

performed in Comsol 5.3a (Stockholm, Sweden) using at

least four quadratic elements per wavelength.

B. Computation of feedforward active noise control

An example calculation of a fixed gain active noise con-

trol system with a disturbance dependent cost function is

given. The feedback from the contribution of the secondary

sources on the reference sensors is cancelled by subtracting

a prediction of it, which is assumed to be perfect. This feed-

back cancellation makes the system feedforward. In the

example, weighting is applied to the cost functions, and reg-

ularisation parameters are taken to be bH¼ 10�1 and bY

¼ 10�1. The weighting matrix Ei for disturbance i is a

diagonal matrix with diagonal elements given by 1

þ 3 exp ð�2j exp ðjheÞ � exp ðjhpÞj2Þ in which each value of

hp corresponds to a disturbance i and j is the imaginary unit.

The weighting is periodic in both he and hp. Application of

the weighting matrix results in varying weightings of the

error sensors, depending on the location of the primary

source, with a 12 dB range of the weighting coefficients.

The two weighting matrices Xi and Ui are taken to be iden-

tity matrices. The fixed gain controller obtained in this way

is, thus, designed to behave differently for different primary

sources. In this example, the goal of weighting is to increase

the attenuation of waves which are propagating inward at

the error sensor specifically for waves originating from the

corresponding primary sources. The number of unknowns in

this example is 36� 42¼ 1512. The fixed gain controller is

computed by taking into account all 54 primary sources and

all 54 versions of the 72� 72 weighting matrices Ei.

The error signals for primary sources at angles hp ¼ 0

and hp ¼ p are shown in Figs. 4 and 5, respectively. These

are two example outputs of the single fixed gain controller

for which all possible primary sources, i.e., 54, and corre-

sponding weightings have been taken into account. First, it

can be seen that without weighting, the attenuation at the

error sensors is the same for both hp ¼ 0 and hp ¼ p except

for the rotation. However, if weighting is included, it can be

seen that the disturbance dependent weighting gives specific

emphasis on the distribution of the error signal, which is

dependent on the specific primary source that is active.

Increased attenuation for error sensor position angles he is

obtained for primary source position angles hp having a sim-

ilar value, and somewhat less attenuation is obtained for val-

ues of he which are substantially different from hp. Figures 4

and 5 also show that the solution of the iterative scheme is

almost equal to the solution of the direct minimization of

Eq. (14). The PCG method converges in a single step if the

FIG. 3. Geometry of a square room of dimensions 2a� 2a with

a¼ 5.459 m, Np ¼ 54 primary sources at radius rp ¼ 0:5a (indicated by

plus symbols), Nx¼ 36 reference sensors at radius rx ¼ 0:75a (indicated by

circles), Nu¼ 42 secondary sources at a distance rs ¼ 0:95a from the x or y
axis (indicated by asterisks), and Ne¼ 72 error sensors at radius re ¼ 0:75a
(indicated by dots). The reference sensor locations are identical to half of

the error sensor locations.
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cost functions do not depend on the different disturbances,

i.e., if the cost function is constant.

Two examples are given to show the convergence of

the iterative schemes and the usefulness of the precondi-

tioner in different situations. In the first example, the pre-

conditioner does not improve performance, whereas in the

second example, the preconditioner does improve perfor-

mance. Results of the first example are shown in Fig. 6,

which is based on the configuration described above.

Results of five CG schemes are shown of which three

schemes use the PCG scheme and two schemes assume a

self-adjoint system. It can be seen that the PCG, self-adjoint

method has fast convergence for the first two iterations only

but is unable to achieve further reduction of the cost func-

tion. The CG and PCG schemes for non-self-adjoint systems

do show somewhat faster convergence. Still, faster

convergence is obtained with the self-adjoint CG. Because

of the initial fast convergence of the self-adjoint PCG, a

graph is shown of the use of the self-adjoint PCG for the first

two iterations and the self-adjoint CG for subsequent itera-

tions. For this application, this combination performs

slightly better than the self-adjoint CG. A similar perfor-

mance was found for the nonsymmetrical configurations, for

example, having a boundary with a random surface rough-

ness on the order of a quarter of a wavelength.

An example in which the self-adjoint PCG scheme is

more successful is the case in which there is a relatively

large variation of the secondary source strengths. To demon-

strate this, each secondary source signal of G was multiplied

by a factor 1þ R in which R ¼ Rr þ jRj, where Rr and Ri

areGaussian random numbers for which ðEfR2
r þ R2

j gÞ
1=2

¼ 10, wgere E denotes the expected value. The regularisa-

tion parameters are bH¼ 0.1 and bY¼ 0.1. In Fig. 7, it can

be seen that the preconditioned scheme for self-adjoint sys-

tems requires the smallest number of iterations. One hun-

dred iterations took about 1.34 s in MATLAB 2018b (The

MathWorks, Natick, MA) on an Intel Core-i7 8650U CPU

(central processing unit; Santa Clara, CA).

The CG schemes with and without the preconditioner

for self-adjoint systems were also tested on larger and less

symmetrical configurations of more than 105 unknowns.

Convergence up to machine accuracy was still obtained in a

similar number of iterations as for the smaller configura-

tions. Convergence of the preconditioned scheme does bene-

fit from a smooth spatial variation of the weighting

functions. For non-smooth weighting matrices Ei, for exam-

ple, with sharp transitions for the weighting coefficients of

FIG. 4. Error signals ei for a fixed controller W designed for 54 primary

sources without control (circle), control without weighting (cross), and con-

trol with disturbance dependent weighting using regularisation parameters

bH¼ 10�1 and bY¼ 10�1, direct method (diamond, iterative method (plus

sign), evaluated for a primary source at hp ¼ 0; the value of the weighting

matrix Ei used for this value of hp is indicated with a square.

FIG. 5. As in Fig. 4, using the same controller W except that the output of

the controller is evaluated for hp ¼ p.

FIG. 6. Convergence of iterative schemes to solve the disturbance depen-

dent active noise control problem with 54 primary sources, 72 error sensors,

42 secondary sources, 36 reference sensors, and a cost function, which

depends on 54 different disturbance dependent weighting matrices Ei of

dimensions 72� 72 (see the text). The schemes of the present paper are

CG, self-adjoint (without preconditioner) and PCG, self-adjoint (with pre-

conditioner). The other schemes are for non-self-adjoint equations with pre-

conditioner (PCG) or without preconditioner (CG); the scheme PCG/CG

uses PCG self-adjoint iterations for the first two iterations, and for the rest,

it uses CG self-adjoint iterations.
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adjacent sensors, it was found that the convergence

degraded. With perfectly symmetric configurations, the CG

self-adjoint scheme was found to outperform the precondi-

tioned self-adjoint scheme in which the initial fast conver-

gence of the preconditioned scheme was followed by slower

convergence. The formulation is also suitable to incorporate

disturbance dependent weighting of the reference signals

and source driving signals, although this has not been exam-

ined in this paper. In practice, the method could be used to

establish connections between a spatial distribution of sour-

ces and different spatial distributions of quiet zones. A limi-

tation of the method is that it can be used for frequency

domain excitations if the spectrum does not change too rap-

idly. If the spectrum changes rapidly, then a broadband

approach should be used in which causality4 is taken into

account. For a fixed gain time-domain controller using finite

impulse response filters, one could use a block-Toeplitz

approach8 for which efficient solution methods exist and

there is no fundamental difference of computational com-

plexity when disturbance dependent weighting is applied.

However, the complexity for such a time-domain approach

is much higher than the complexity with the frequency

domain approach as discussed herein. Furthermore, the

method computes a fixed gain controller and not an adaptive

controller, therefore, small deviations of, for example,

underlying models cannot be compensated by adaptation of

the controller using measured error signals.

V. CONCLUSION

A solution method has been given for a fixed gain fre-

quency domain active noise control system with disturbance

dependent weighting, which results in a generalized

Sylvester equation and is solved with a CG scheme for self-

adjoint operators. The method is applied to active noise con-

trol in a square room in which inward travelling waves are

attenuated using an array of reference sensors measuring

outward travelling waves driving an array of secondary

sources. The objective function is made dependent on the

primary source that is driven. It was found that a precondi-

tioner can improve the speed of convergence in configura-

tions with large differences in the transfer functions of the

secondary path.
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