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1. INTRODUCTION

Aclive noise control {ANC) is a technique whereby the average level of a soundfield is reduced by
destructive imterference from a number of controlled “secondary” sources of sound. The optimal choice
of secondary source locations in an active noise control system is a difficult problem. The noise
reduction that can be achieved using an active control system will depend on these secondary source
locations, but typically the secondary sources could be positioned in many possible locations. When
implementing a practical active noise control system, it is impossible to measure the reductions resulting
from all possible locations of secondary sources, so that secondary source locations are selected from
the most praclicable positions, although there is still generally a larger number of possible positions than
sacondary sources which can be controlled. An engineering judgement must be made as o which
lecations are fikely to produce the best attenuation.

At low frequencies in an enclosure this could be based on getting a reasonably unitorm distribution of
secondary sources throughout the space, so that the maximum number of acouslic modes can be
independantly controlled. Al higher frequencies it appears 1o be better to posllbn 1he secondary sourcas
as close as possible o the assumed primary excitation source, which is generally a distribution of
velocity over the boundaries of the enclosure. These guidelines were used 1o position the 16 secondary
loudspeakers in a series of flight trials of active noise control In a propelier aircrafi described by Elliott et
al|3.4]. M was slill necessary, however, lo investigate the periormance of about 26 different
combinations of loudspeaker positions before a satisfactory performance could be achieved, and this is
clearly an expensive process if all experiments have to be carried out in flight. There is also no
guarantes that the final loudspeaker positions used were

in any sense optimal.

1t should be emphasised that once the position of the B
secondary sources has been decided, the calculation of
their optimal source strength Is a quadralic optimisation i
problem ( Figure 1} which can be readily Ssolved
analytically. We follow the approach of Nelson & Ellioft
[1] in formulating the active noise control problem in t
enclosures. The hammonic pressure measured at each Socondary source sirength
microphone position is the sum of pressures due to Figue 1 VariaSion of e Acoustic endrgy In an anclosurs
primary and secondary sources, so i can be written as with sacendsfy soutce stengt, a quadratic variation.
p=p,+Zq, (1
where p is an L by 1 vector of complex total pressures, p, is an L by 1 veciorofpressamsdustotm
primary source alone, Z Is an L by M matrix of complex acoustnc transfer impedances and q, an is M by
1 vector of complex secondary source sirength.{ All quantities in the following equations are assumed
complex, vectors are denoted by bold lower case symbols and matrices are by bold upper case
symbols ). If the number of microphone{l) is greater than the number of secondary source(M), the
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problem Is ovardetermined and least squares mathod can be used. A cost funclion given by tha sum of
the modulus squared pressures is

J=p"p : (2
Thus, from equation{1) and equation{2)
J =[q"Z"2q,+q'2"p,+p,2q,+P;Pp,] (3)

Equation(3) is a standard Hermitian quadratic form in which 2"Z is positive definite. Thus, Jhas a global
minimum when the vaciors of complex secondary source strength is (1],

q,, =272 2%, )
which results in the minimum value of the cost function given by
Juo =PI I-Z(Z"ZY" 2% ]p, (5)

The cast function with no control is J, = pp, . Thus a theoreticat limit on the maximum achievable
attenuation is given by

-

. J Py P
Attenuation(dB) = lOlogm(J—’lf-] =10 logm(p -z £-2 ) (6)

N (Z¥Z)"'2")p,
Also, the sum of the sguared optimum source strengths, called the control “efort”, is
q%.q,, =p,2{Z"2)"2"p, (7

The variation of attenuation with the locations of
the optimally adjusted secondary sources is,
howevar, very definitely not a quadratic
optimisation problem. As the position of any one
source ts varied, for example, the attenuation will
typically rise and fall, with numerous maxima and
minima as shown in Figure 2. The object of this
paper is 1o study the use of various algorithms to
solve this optimisation problem, and in particular
o investigate the wuse ol Genatic Position'of optimally sdjimied wcendary source

Algorithms (GAs) in this application. Figure 2 Variation of the acoustc enargy In en encosura Wit

secondary 60UNE position , & non-quadratic variation.

Acustic Energy in Enclosure
_—-—-_-‘

2. VARIATION OF PERFORMANCE WITH NUMBER OF SECONDARY SOURCES -

A rmuhi-channel active control system has been 30
constructed, which has 32 efror microphones and AT = i
16 secondary source loudspeakers, for in-flight 72 E0 . B ¥ “id
axperiments on the acdlive control of propeller- 3 R

induced passenger cabin noise [3.4]. A wooden e I

laboratory mock-up of an aircraft interior has also T, iy . R
previously been constructed for experiments with "s . [£F R P

this control system. The Intemal dimensions of E S . [

enclosure were 2.2m X 2.2mX 6m (Figure 3). T 2,

The walls werg lined with 1-inch open call foam 6B ~ 2o L3

in front of a 1-inch cavity and the floors were | = [1]] >

carpeted in order o increase the 200UStC Figure 3 Experimentsl loudspeaker positons where position set1 b
drawn In 808 line and poaltion cet 2 n ¢ashod line
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damping. Figure 3 shows two sets of positions of the 16 ludspeakers used as the sacondary sources.
The 32 microphones used as amor sensors were uniformly placed at standing head height. The primary
acoustic field was generated by a loudspeaker  of 300mm diameter } in the enclosure, driven from an
oscillator which also provided the reference signal for the control system.

By suitable partitioning of the measured data {acoustic impedance transfer matrix and primary fiekl
pressure vector), the attenuation can be calculated for all possible combinations of secondary source
positions using equation (6). For example, for the loudspeakers in the positions comasponding to set 1 in
Figure 3, the atienuations have been calculated for all combinations of loudspeaker positions such that
the total number of secandary sources is varied from 1 10 16. In each case there exist 16C1, 18C2,...,
Ce combinations of secondary source position. The resulls are summarised in Table 1 for an
excitation frequency of 88 Hz.

Alternation Toual nunber of loudspeaken
[€8) L 2 3 & 3 & 1 3 S 10 M2 13 14 18 18 |
n 0 0 o 4] o a a L] [} ¢ [} ] 0 o o o
£l ] 0 o 0 o o o L] 0 [ 0 ] 0 o o o ]
30 0 0 ] 1] 0 0 0 o 1 10 3 &7 7 ¥ 10 1
22 a o ] o o Q Q 1 an L] M) 4 1 B4 ]
28 ] ] [ o ] ] 1 % 09 402 M6 w13 18 1 ]
7 [ o ] o 0 Q 9 99 ns 1 Ly W M L} ] 0
26 [J o ] 0 0 0 4 197 499 555 0 10 N 4 ] o
L o ] LJ o o 5 L1 k] 46 36 51 LM L1} 13 o
4 ] ] [ ] 1 26 135 1 m m N4 158 N 3 . LI ]
) L] [ a ] 9 63 148 190 L Lra] A 1M 3 2 ] ]
2 0 4 [} 1 10 -] n m Wi 43 3% 1M 19 1 o o
n L] 0 [ 1 3 13 193 LT 1%0 141 3T %0 14 1 0 ]
w ] ] ] ] 1 7 4 8 49 N 364 134 40 3 [ [ ]
19 L] o [} 0 ] [ 3 0 1126 1082 3% 1 n 1 0 [ 0
1% ] [ 0 ] 1 146 )] 103 ™m a7 ] il o ] [} ]
17 L] 0 ] 1 29 13 né 915 21 ™ 49 3 L] ] L] 0
15 [ N o 9 18 m o0 1052 4 332 241 76 13 ] o o
15 ] [ 1 3 i Er- 94 1141 696 130 sl 2 L] L} o 0
14 o o 9 1 &7 416 9t Bag 458 166 2% ] 0 o ] L]
13 o ] o 10 14 s 1323 1053 351 7 n 11 1 ] ] L]
12 -] ] 1 18 FL N 1w T “? s - H L] ] ] 0
1 -] [} 3 ki 443 1074 1336 53 426 L3 2 [/ L] ] ] o
10 0 L] u 1M 539 13 543 402 4] 4 0 % 0 ] ] 0
9 ] 1 o m 677 1024 39 133 7 1 0 o a o ] o
) [} 5 60 %9 358 5N m n n 0 ] 0 0 a L] ]
1 1 12 a$ 138 M) 00 90 ¥ L] 0 o 0 ¢ Q D ]
6 [ 1 D 137 42 1% n b1} 2 0 o ] e o ] [
3 0 5 N B4 20 13 107 M 1 0 o 0 0 0 0 ]
4 1 10 4 128 180 214 n 2 [} 0 ° ] L} ] ] L
1 1 n 61 162 & 1 15 o Q 0 1] o [ 0 ] ]
2 1 v 7 10% 124 28 1 L] o 9 o [} L} o o 0
1 1 - NS w9 10 0 L} Q Q ] L] L} ] Q a
1] 11 k] 13 1 1] 1] ('] L] [} -] ] [} 0 [}
Number of
budpokey | 16 1@ S0 1 L8 W L0 13 ke RR O e %0 1 18 1

Tabis 1 NMNMMMWMWWNWW&MMM
restictad o 1, 2,..., 16.  Dain set 1, 86 Mz excitaton,

This table shows the occurrence of attanuation (represenied by rounded values) according to the number
of sacondary source positions used. The maximum attenuations which can be achieved with different

numbers of secondary loudspeakers are plotied in Figure 4, which also shows the comesponding results
for excitation frequencies of 176 Hz and 264 Hz. At 88 Hz, 8 well posilioned loudspeakers can give an
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attenuation which is within about 2 dB of that

achisved with 16 foudspeakers. At the higher 2 Py
frequencies, the absohute levels of attenuation L o

are smaller, and the achievabla attenuation 1] V;"‘ T
continues 1o increase with the total number of g > ! ~a~176 My
loudspeakers up to the maximum of 16, g ® // -i-j"ﬂ

K was also noted that at the lower 2 L

frequency (B8 Hz), there are relatively few & - o e
combinations of 8 loudspeaker positions which 4

give high attenuations, indicating thal the o L™

loudspeakers neod to be at very specilic 2 4 6 2 T I B VR 1
locations. At higher frequencies( with more e of kespedbinrs used

acoustic modes exciled ) the exact posiioning Figure & Maximum aBienuations obiained from exhscstive searching at
is less critical and there are a larger numbers 88, 176 and 264 Hz eccording to the number of kudspeakers used

of loudspeaker locations which give good reductions.

3. USE OF GENETIC ALGORITHMS IN FINDING BEST 8 LOUDSPEAKER POSITIONS FROM 16

The purpose of this work is to apply genetic algorithms to the problem of finding oplimum secondary
source Inudspeaker locations in a feedforward active noise control system. The use of genetic
algorithms in finding optimal actuator locations in the feedback contre! of structural vibration have been
reported in [9], in which the best 3 locations from a possible 8 were calkculated for which there are 56
combinations. In active noise control we are typically interested in optimising the position of a larger
number of secondary sources from a much larger number of possible locations. In the final example
reported in this paper the problem of finding the besl 8 locations from a possible 32 is studied, for which
thare are over 10" possible combinations.

We must first code the loudspeakar positions in a way which can be used by a genetic algorithm. A
binary codlng has been used, with each possible secondary source position baing indicated by a bit
position in a binary string, with each bit havmg a value of 0 or 1 indicating the absence or presence of a
source, as |1Iusiratac| below.

Lm.dspuker
I iOIIIOIthI [-r-1-1-7T-7T-1-1-10-]
e ] T
18

123- .

Secondly an objective funclion needs 1o be defined which must be maximised by the ganetic algorithm.
The reduction in ithe sum of the squared ouipits of the microphone array, in dB, as described in
equation (6), is called the attenuation below, and was usad as the objective function, or "fitness”, in the
genetic algorithm,

3.1 INTRODUCTION TO GENETIC ALGORITHMS

Ganetic algorithms {(GAs) are robust stochastic global optimisation procedures for finding the global
maximum { or minimum ) of a multimodal function. GAs require the natural paramater set of the
optimisation problem 1o be coded as a finite-length string containing alphanumeric characters called
genes{bits). Genetic algorithms starts with a population of randomly selected strings. The fitness value
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for each member of this initial population, for each initial siring, is then calculated. The strings in this
first generation are then selected at random, but with a probability proportional 1o their fitness in order to
perform a reproduction operation to generate the next generation of strings. After selaection, various
genstic operators such as Cressover and Mutation are used to extract common properties shared by two
good strings which are then "mated” and used 1o provide selected offsprings for the next generation. The
process Is repoated until convergence is achieved to a population dominated by the global maximum of
the fitness funclion or salislying user defined conditions. Genetic algoribms are robust and
computationally simple 1o implement and are not limited by restrictive assumptions(continuity, existence
of derivativa, unimodality, etc.) about the searching space.

A simple genetic algorithm used in many praclical problems is composed of three operators ;
Reproduction, Crossover and Mutation [5].  Reproduction is a process in which individual strings are
used again at random in the next generation according 1o their cbjective function value {fitness value).
Hence, strings with higher fitness have a higher probability of composing one or more offspring in the
next peneration. One of the easiest way of implementing this operator is to create a biased roulette
wheel where each string in the curremt population has a roulstte wheel slot sized propartional 1o its
ftness. Every spin of the weighted wheel then yields the next candidate. In this way, sirings with higher
finess have a higher number of ofispring in the succesding generation but the process of selaction fs siill
random. - In a crossover operation, newly reproduced strings are "mated” at random. Each pairs of
strings undergoes crossover as follows : an iMeger number &, which determines the crossover site, is
selected at random between 1 and the string length less one, with uniform probabilitios. Two new sirings
are created by swapping &l genas behind the crossover site( called as a "tail® of a string ). For axample,
assume sting A="0101, string B="0110"and crossover site k=3, The crossovar operation yields two new
strings (A" and B) as follows where the crossover site is marked with a dotted lina.

< Before> < Afrer>

A=roro A=ty 00"

Barorroe: E Bwtory
The mulation operator alse plays an importan role in the aperation of genetic algarithms. In the simple
genatic algerithm, mutation is the random afteration of the value of genes in the strings, usually with a
small probability. In the binary coding of a string, this simply medns changing a '1' to a ‘0" and vice
versa. The mutation operator helps protect a genetic algorthm against converging to local optimal
points in the searching space. It acls as an insurance policy against premature converging behaviour.
Empirical studlies of genetic algorithm have shown that good mutation probability is on the order of one
mutation per thousand position transters [6].

3.2 A SPECIFIC CONSTRAINT IN APPLYING GENETIC ALGORITHMS TO ANC PROBLEM

The secondary source loudspeakers used were coded using a binary format, ie. a string
DO00000011111111° means thal the first 8 speakers{ from loudspeaker No.1 to No.8 } are not used and
last 8 loudspeakars( from No.8 to No.16 ) are used. Because of the restriction that the total number of
loudspeakers used should be a conslan, general genetic algorithms could not be usad directly without
modifications. For instance, consider a simple example of selecling 3 locations from 6 and assume
string A="000111" and siring B='711000" are mated in a crossover operation, For the given twp strings,
any crossover site will cause the two strings after crossover to not have three *1's in any strings. !f the
crossover site is 3, for example, string A becomes 000000° and string B becomes 1171111". A number
of methods were investigated of applying tha constraint that the tolal number of sources remain constant
during crossover [7]. The most successtul was to identify the total nrumber of pairs of genes (bits} which
waere different in the two parant sirings, and 1o swap a random but even number of these pairs between
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the two strings to form the next generation, while mairtaining a constant total numbar of secondary
sources ("Modilied random reordering”). Furthermore, in the mutation operation, a mutation ol one gene
in a string should be.accompanied by anolher muiation of a different gens which has different value to
keep the constant number of *1's in the string. That is, a mutation of cne gene in a string from *1" 1o ‘0"
should be followed by another mutation of one gene in the string from "0 to *1°.

On the basis of the simple genelic algorithm, varicus modifications were investigaled such as the
*Penalty Method™ (5] , "Constrained random crossover” [7], "Madified random reordering” [7], "Elitist
model” [5], "Vaniable mutation probability” [7], "Linear scaling™ [S], etc. 9 modified genatic algorithms
ware developed using the above techniques which incorporate this constraint and the results were
compared to each other( see reference [7] for the details of each algorithms and their comparative
performance ). Among all these possibilities, P
algorilhm SG33 showed the best performance in 4,
which "linear scaling”, “stochastic remainder selection
without replacement”, "Modified random reordering”,
"Variable mutation probability" and “Elitist model®

techniques were used, ;

An example of the resull of using algorithm SG33 to
choose the best 8 loudspeaker positions from a
possible 16 in sat 1 is shown in Figura 5, which also
shows the results of using three other variations on : . .
this algorithm. The maximum attenuation resulting I I0IF W oW W o
from any of the 30 strings in each generalion is Fipure s mﬂmm « o v
plotted against generation number, averaged over the Simutaion rasu ganctc algarithms
results of 20 applications of the genetic algorithm. fo e "ol UL secondery oures locadons from
From the possible 12870 combinations, the algorithm - 56331 ; 5633 + fixed mutation pmbabmy ad'lamn
finds a loudspeaker arrangement which has an = 5G44 : 56331+ oor
attenuation within about 0.5 dB of the best possible ™ 562 : 5644 + mmm‘mmm
{from Figure 4} after an average ol 8 generations, i.e.

after evaluating the results of 240 strings-

Max Atterustion [dB)
pipBelByly

4. USE OF GENETIC ALGORITHMS IN FINDING BEST 8 LOUDSPEAKER POSITIONS FROM 32

If L microphones and M secondary source loudspeakers are used in the control system, the measured

impedance matrix (Z) has dimensions L x M, in equation (1). The Z matrix can be augmented simply by

attaching another Z matrix for other set of secondary source positions 1o the criginal Z matrix, or ¢an be
reduced simply by deleting some columns from the original. For exampla, two different transter
impedance matrices Z1(LxM) and Z2 (LxN), measured for two ditterant sets of secondary sourca
positions, can be combined 1o form an L by M+N Z matrix under the assumplion of linear superposition
of acoustic response. A raduced L by M-N Z matrix can also ba cttained by eliminating N columns from
the original. Predicted maximum aftenuations can thus be calkulated for any combination of
loudspeakers and microphones from the new Z matrix and similady parditioned primary field vector P,

Using the measured transler impedance data for the two sets of secondary source positions shown in
Figure 3, the attanuation of any combination of loudspeakers from both sets can be calculated. In this

way the maximum attenuation which can be obtained by choosing 8 loudspeaker positions from the
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possible 32 in both sets has been calculaled. This is a much larger problem than that discussed above,
with 10,518,300 possible combinations. Figure 6 shows the resulis of using the genetic algorithm SG33
in this casa, in which the objective function (fitness) was taken as the sum cf the mean square pressures
at the 32 microphones at 88 Hz. An exhaustive search of all possibla combinations was also run for this
case 1o establish the bast possible performance, a procedure which would be prohibitively expansive
under normal circumslancas since it requires the equivalent of a months sunning time on & 486PC |

kY

Max Attenuaticn [SB]

Figure 6 also shows the results of a simple 5, The maximem echievablle suenuation !
random searching in which the initial ' A
population generating procedure used in the az oo ]
GAs is repeated every generation so that all !

the strings are ganerated in a purely random - mf** OSSN N T PO
way without any gerietic operations. - Also, a iy oS i
simulated annealing method [B] was / ; H
investigated for comparison. The simulated yr _ ‘.&m{m sa33 |
annealing method i an  oplimisation ~ i S e peted
techniqua sultable for very large scale ! I
loudspeaker postions is selected randomly TO0D 2000 3000 30 of aings i

and the objective function is calculated. New Asgorithm perfomiance comparison | Genatic aigorit
solutions are generated by replacing two mmmmmmmuupﬂ
location with dissimilar values at random and  of Bnding optima § sacondary source positions from 32 at B3Hz( avemgad
monkoring the change in the objective ™5uftof 20 per sach mathod).

function value. If the now configuration produces a higher attenuation value, i Is accepted
unconditionally. If not, it is accepted with probability o6 whare E is the changa in the objective
function and T is a “temperature” selected such that the initia! acceptance rate is approximately 50
percont. If the new solulion is not accepted, the previous cenfiguration is restored. H the convergence
criteria for a particular value of T is satisfied or tha maximum number of Herations has been reached, T
is reduced by a user specified amount, decreasing the probability of acceptance, and the best solution is
used as a starting point. Final convergence occurs when the solulion remains unchanged for &
predetermined number of times. Since too rapid “cooling™ increases the probability of converging on a
local optimum and too slow cooling causes high cost in the searching, a balance must be obtained by
adjusting tha parameters. In the simulations for this problem, an initial value of T=50 as above was used
and then T was decreased by assigning each subsequent value fo be 90 percent of the current value.
Alsp, the number -of Herations

required at each temperature was [ Mo | Binary coded svings mprasanting Aorumtion | Number of
se! to 200 and the maximum . W i) ::umm
number of ileration success in " ouudnpanker not present ) 861
each temperaturé was sat 10 20. 11000000000000101010100000010100 34.004 3
The resut of the simulated 2 | 11000000000010100110100000000100 | 33851 37
H 11001 1H0000000101010003000006100 33600 2

smesing matad was comeared | o |20 |
h . : 5_|_11000000000000100110100000010100 | 32049 18
in Figure6. Algorthm SG33 4 171010001000000101010000000000101 | 32832 4
showed better performance than 7| 01010000600000101010001000000101 | 32841
simulated annealing method in 0101D00000O0C1C1010000010000101 | __32.646 F
ihis case, ahhough it cannct be 1100001000001 10001 0100000000100 326872 7

: nclud ; 16 |_01000000000000101010100010000101 | 32613 1
definflely concludad that genelic e nd by axhatisive seavching or e problom of Ending

algorithm will always out perfomm . em. g incagions from 32 a1 88Kz and number of cases found by 20 runs of e
genstic slgortthm 5G33. _
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simulated annealing methods since algorithm SG33 was developed through many refining proceduras to
produce the best results but the simulated annealing method was not so exhaustively developed.

Table 4 shows the 10 strings found by the exhaustive search which produced the best attenuations at
88 Hz. Also shown is the number of times each of these strings was idenlified over 20 runs of the
genatic algorithm SG33 which were allowed 1o run for 50 generations with 200 strings per generation,

Algorithm SG33 was also used ( for & total of 100 generations with 200 strings per generation ) to find
optimal 8 locations, in which the objective function was taken as the sum of the mean square pressures
at the 32 microphones at the thres harmonic frequencies 88 Hz, 176 Hz and 264 Hz. The resulis
indicated that best parformance may be obtained with the combination of loudspeaker numbers 2, 3, 5
and 15 in position set 1 and numbar 1, 3, 14 and 16 lbudspeakers in the position set 2 ( Figure 3 ). Itis
interesting 1o note that these loudspeaker positions are nol just those closest 1o the primary-source. An
experiment was then performed using loudspeakers placed al those positions in which an adaptive
algorithm (2] was used to adapt the outputs 1o the loudspeakers at the three frequencies 1o minimise the
output from the 32 microphones. The results,

together with the predicted reductions, are shown | £ e vt | an ""“‘.“:“m A“:‘“"'“":m
in Table 5. Despite the small differences between {trom GA coarch) ot 5
calculated and measured attenuations, the genetic M) 30.06 30.0
algorithm had clearly found a set ol secondary 176 1067 105
source positions which gave vary good reduclions 264 728 8.0

in practice. There may be many reasons for the m;mm;m%m using 8 sacondary souTces

differences between expected and measured

values in Table 5. Among them, the most significant reason is thought to be inconsistencies in the data ™ "

for the primary pressure field. In fact, there exist two ditlerent primary field vectors ; measured with the
loudspeakears in the position set 1 and position set 2. The two vectors wers expecied 10 be identical, in
practice, however the acoustic field formed by the primary source was slightly changed by the secondary
source budspeakers located in the two diterent sets of positions. Averaged values of the primary fieks
were used in the objective function calculations in the genstic algorithms used, which were thus not
entirely consistent with the practical measuremen conditions. The differences between calculated and
measured attenuations were, however, less than 1 dB at all frequencies.

5. DISCUSSIONS AND CONCLUSIONS

In Figure 7, the control efforis { equation (7))
are plotied according to the descending order of
attenuation values { equation (6) ) for the best
100 cases for the problem of finding the best 8
sacondary source positions from 16 using data
taken from position set 1 at 88 Hz. This shows
that the optimal control effort is very similar for
many  budspeaker  combinations, but
substantially higher for olhers. Among thesg
100 cases, experiments were performed for the
best 7 secondary source position sets and
-showed good agresmenis(within 0.5dB

difference) between the predictad N jum taess i smenoton tune oy tostive S oo

problem of Anding optimal 8 locations from 18{position sat1 at BAHZ),
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measured attenuations in all but one case. In that case (marked with « in the Figure 7), the effort
required was relatively high, the measured attenuation was 3 dB less than that predicted and a much
longer time was needed for the contro! system.to converge. In order for the genetic algorithm not to
select such ill conditioned solutions [2], it may be advantageous to include an effort term in the objective
function used to assess the fitness of each string.

As a way of confirming the robustness of the positions for the secondary sources, found by minimising
the sum of the mean square pressures at the three harmonic frequencies using genetic algorithm SG33,
the primary source fundamental frequency used Primary source Tundame

in the experiments was changed from 88 Hz to WM!'"_"! [Mz) nwt -} & o
89 Hz and to 87 Hz. As shown in Table 6, the Attenuation at 1st harmonsc [dB] 302 288

measured reductions produced by the ANC | __Attenuation at 2nd harmonic[dB] 89 108
system under these conditions were still high, L__Atenuaton at3rd harmonic [dB] 62 18

even though the transfer impedance matrix used mmm of ationuaton for Mo first troo

by the control system was learned at 88 Hz. We  gach ) in a modet cabin using 8 loudspeakars.

have thus found that the source locations found

by the genetic algorithm are reasonably robust to small changes in the conditions of the experiment, but
this robustness has not been exhaustively explored, and further work on this aspect of the problem is
currently underway.

In this paper we have concentrated on finding the optimal secondary source locations for a feedforward
active control system designed to control a pure tone enclosed soundfield (an interior problem). We
_have found that genetic algorithms provide an efficient and robust search procedure for such problems,
which appears to perform better than random searching or simulated annealing algorithms. Similar
techniques could be used to find the optima!l secondary source locations in the control of sound radiation
from a body (an exterior problem), or in the active control of vibration using mechanical actuators. The
genetic algorithms developed above may be also applied to find optimal error microphone positions so
that the total number of microphones could also be optimised. The method could also be extended to
the active control of broadband noise using either feedforward or feedback methods.
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