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I. INTRODUCTION

1n the last decade, the advancematt of diy'tal sigzal processing technology has revived an
old idea of noise control. This idm, named Amive floise gonna] (ANC), relies in i) the

- masurema'it of the initial noise (primary field) and ii) the introduction of a proper
artificially-created "anti-noise" field that, what superimposed to the primary field, results

in a combined noise field of lowerintaisity than the primary noise field. The Active Lloise

Qontml System (ANCS) consists ofa) a set of seisors, b) a control unit and c) a sa of

actuators.

During the developmatt of an ANCS for an application use, all these three companions
should be desiyied optimally. The optimality of (b) is limited by the existing digital signal

prmsing technology (hardware and software). The optimal selection of (a) and (c) for an

ANC applicao'on is based, not always successfully, on traditional optimization techniques.
In this paper, a new approach for the optimal simultaneous selection of a sa of smsors and
actuators for an ANCS, based on Gmaio Algorithms, is presented. The results point out

the efficiatcy of the Gaietic Algorithm-based optimization tedmique for this type of

problems.

2. DESCRIPTION OF PROBLEM AT HAND

For the application of an ANCS in a demonstrator (in this case an aircrafl), the available

locations for the positioning of the satsors and aauators are idmtified. Due to

tedinoeconomical constraints many times it is necessary to use a number of sensors and a
number of aauators smaller than the available squat and aauator locations inside the

aircraft, mpea‘ivdy. Therefore, the definition oftlte pram optimization problem is the

following: givat the total number of available Iomtions for more (M1) and aauators

(NT) for the ANCS, the optimal locations for the positioning ofM saisors and N actuators

should be seleaed simultaneously, where M<M1-. N<N1 and M>N.

As optimal configuration (optimal locations ofM satsors and N actuators) is defined as

the one that produces the hiytest average noise reduaion over the M1 seisor locations in
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the control space e.g., in the present applimtion the inside of the demonstrator aircrafi.
The average noise reduction of any given configuration ofsensors and aauators in the

aircraft can be calculated a-priori (before tlne ANCS installation) usirng a simulation model.

Thns model, giver tlne M sensor and N acmator positions, it daemnines the optimum

excitation amplitude and phase of eadn aauator and calculates the reduced sound field and
the average noise reduction over the M1- sensor locations. This model is based on the Least

Squares mehod and its deailed description is not among the purposes of this worlg since it
may be regarded as a black-box simulation model for the optimization Genetic Algorithm

described later. The reader may refer to [2] for a description ofthe basics of such a model.

The reason behind the exclusion of an exhaustive searchof all the sensor—aauator
configurations and seleaion of the optimal, is their vast number. Assuming that M

locations should be used out of MT, the number of possible sensor configurations becomes

[MI-I/KMy-MM-Mll]. In the same way the number ofpossible aeuator configurations is

[NT!/{(N1—N)l-Nl)}, and therefore, the number sensor-aeuator configurations is

[MT!/(('MrM)I'Ml}]-[NTl/((N1—N)I'Nl)]. For the case of the demonstrator aircrafi and

the selected control unit Mr=80 and NT=52, while M=48 and N=26. Therefore, the

number of possible configurations was: [80!]32!~48!]~[52l/26!-26l] :5 1.087-10".

Assuming that for the calculation ofthe average noise reduction to be achieved by each of
the configurations, the simulation model needs 0.00] seconds (an assumption far hater

than rality), then the evaluation of all possible configurations needs LOW-10” seconds, or
3.45'1026 years! It is obvious that intellim optimization techniques should be

implanerted in this case. In the next senaion, the application of the optimization mehod of

Gmaic Algorithms (GAS) to this problem is presented.

3. THE APPLICATION OF GENETIC ALGORITHMS FOR

TEE OP'l'HVlAL SENSOR AND ACTUATOR I'OSITIONmG

The popularity of Genetic Algorithms (GAS) has incmsed exponentially the last demde.

This popularity is due to their following characteristics: a) they need only an objective

furnaion value for ch point in the optimimtion space, b) they provide usually more than
one equivalently good solution tothe problem they dl with, and c) due to their simple

format, the incorporation of constraints is very sy. For an overview of GAS the reader is
referred to Goldberg [1].

In order for the GA to be applied to this optimiution problem the parameter space was
coded. The purpose of this coding was to transform the indwendent variables of this

problem into a string (array of integers) that the GA would be able to use for the

optimization. Since the problem at hand was a combinatorial one, the following coding

was seleaed: the available sensor locations were numbered with inteyr codes from I to
80 and the actuator lomfions were numbered from 1 to 52. Any configuration of M

setsors and N actuators was rqzresented by a (M+N)—element string, consisting of two

sub-string; one containing the integers that corresponded to the M sensor locations

seleaed for sensor posin'oning, and one containing the integers that corresponded to the N
actuator locations selected for actuator positioning.

Based on his coding the initial population of strings was created. Each of the strings

comprising this population was created in random, as follows: Using a random number

generator, M different random integers from 1 to 80 were generated to take the positions of

the sensor sub-string. Then, N different random integers were generated for the actuator
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sub-string. In this way a complae string was created. This procedure was repted as

many times as necessary in order to create the strings ofthe initial population.

The fitness of each string was calculated using the ANCS simulation model discussed

arlier. The average noise reduaion that was calculated for ads string, sewed as its

objeaive function value. In case that the string contained the same saisor, or actuator,

location morethan once it corresponded to a meaningless ANCS, since only one sensor, or

aauator, rnaylbe positioned in each location. In this case the fitness value was sato be

0.1 (paialty). Since the fitness funaion values were roughly in the area from 1 to 7, it is

obvious that the penalilation liis value was very low.

The operators mat were applied to the initial population, were the following:

- Reproduction. The classic "roulate" reproduction operator was used. For a

description ofthis operator the reader is referred to Goldberg [l].

- Crossover. The crossover operator used was similar to the classic one. with the

following variations (Fig. 1). It was not performed directly to the two strings seleaed

for the crossover (parents), but baweai two temporal strings. The two temporal strings

were formed by removing, temporarily, the sensors and actuators that appared

simultaneously in both parent strings. Afier the crossover bawem the temporal strings

was performed, two temporal ofi‘springs were crated. Then the sarsors and actuators

common to the paratt strings, that had beat removed temporarily, are placed back in

their places y'ving rise to the two new strings (offsping). Among the two parans and

the two ofl'springs, the two bat string were kept for the next population. This

crossover operator has bee-r applied suwessfirlly to similar optimization problems by

the LFME team [3], [4].

- Mutation. The classic mutation operator was used. For a description of this operator

please refer to Goldberg [l ].
From the application of these operators to the population, a new population was created,

The generation of new populations, from the old ones, continued in a similar manner, until

a maximum predefined number ofgaterations was reached.

4. RESULTS AND CONCLUSIONS

Several runs of the developed GA were performed with the following population sizes:

200, 400, 600, 800 and 1000 strings. The number of gmerations performed for each run

was setto 1000.

It is known that the GA starts sarching from many points in the optimization space,

and continuously converges to the global optimum. In each generation there is a string that

is the best of the population. The fitness ofthis best string versus the time it was achieved

is gym in Fig. 2, for unit GA run. The maximum fimss adiieved was 6.46 1135 for the

case of 600 strings. Further rise of the populan'on sine lads to no hater solution thus the

optimal population size is about 600 strings. Moreover, it is evida'tt that almost all the GA

runs converged to a fitness value between‘odes and 6.5st, showing in this way that the

global optimum should be nmr that value.

From the results, the following conclusions can be drawn:
1. GAs offer a promising, efficient and asy—to—apply optimisation strategy for the

problem of optimally positioning simultaneously sensors and actuators in an ANCS.

2, Ever though it is not evident from the graphs. the GA developed provides more than

one string -saisor and aauator configuraticms- with similar near-optimal average noise
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reduaion. This is very important since it enables the moor—designer to dioose the
configuration that fits better to the possible engineering constrains on the positioning of
the actuators.

a. mating First Sub-string Second Sub-string l

 

(with gray the similar smsor, or awuawr, positions are denoted)

h. creation of temporal strings, crossing site selection and citing

Tmporal Strinsl IIEIZIEIEIE Ella“
Tel-moral String 2 alumnae:lammama

 

  
X.

c. creation ofdlemnoralofls ' 3

Temporal Ofispn'ng I IIEEIEIEIEIWIE
Tamaral Ofl‘spn’ng 2 mammary“an!!! ‘
d. creation of the offspring:

First Substring Second Sub-string

 

 

  
Fig. l. The Crossover Operator
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Fig. 2. GA nms fiat populations size of 200‘ 400, 600, 800 and 1000 strings
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