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Abstract

The authors propose an optimization procedure basegknetic algorithms able
to aid the design of indoor MV/LV substations lahin urban areas, reducing
the magnetic field pollution within civil buildingsutside the cabin. In particular,
coupling genetic algorithms with a 3D magnetic digtalculation code, an

attempt was made to mitigate the magnetic fieldegated by a transformer
substation using an active shield, consisting sifigple energized loop. From the
analysis of the results, it emerges that the pregpospproach may be
advantageously used in order to mitigate the mégfiek density in a room of a

house bordered on an existing or a new MV/LV cabin.

Keywords: magnetic pollution, active shielding, ggn algorithms, indoor
MV/LV substations.

1 Introduction

In urban areas, the indoor MV/LV transformer sutisites are usually located in
proper rooms within civil structures or residentialldings. For this reason may
be of great interest the mitigation of the magnégtd pollution produced by

these cabins. In fact, Regulatory Standards impseseveral countries, the
limits of the maximum magnetic flux density admidsifor human exposure.
Actually, in Italy, the discussion concerning theduction of these limits has
been closed: in an approved Degree (DCPM 8 ludig32- G.U. N° 199 del 28

agosto 2003), the exposure has been fixed aiTlfdr existing electrical power

systems, and at|8T for new ones.



1.1 MV/LV transformer substations

A typical indoor MV/LV transformer substation (fig) has been considered in
this study. It has input and output MV supply powsbles, and two LV
outgoing distribution cables, as shown in fig. he$e distribution cables start
from the power center (PC), which is a LV distribat switchboard installed
downstream the MV/LV transformer. The PC and thedistribution cables are
usually critical sources in a MV/LV cabin, with pect to the problems related
to magnetic pollution at power frequency. For ti@ason, the target volume has
been deliberately located near both the PC andLtheoutgoing distribution
cables (fig. 1).

1.2 Shielding techniques

The shielding of indoor transformer substations nmapresent a challenge
because of the known difficulties arising in theigation of magnetic field due
to power plants at power frequency. The reductibrmagnetic flux density
produced by indoor MV/LV substations may be gergi@thieved using passive
shield composed by ferromagnetic materials [1,2ktive shielding has
demonstrated to be a very interesting techniqué¢hireduction of the magnetic
field generated by power lines [3]. The number afiables to be controlled, in
order to obtain good results in particular situasiomay sometimes be very huge
because it depends on the chosen shielding arrargenn this situation,
interesting results may be obtained using efficigutimization techniques such
us those offered by GAs [4,5].
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Figure 1. Schematic 3D view of an indoor MV/LV stdi®n. The active
shield loop and the target volume are also highdigh



1.3 Proposed solution

In this paper, in order to design active shieldiagps (e.g., consisting of a
simple energized loop, fig. 1) which may be usedntitigate the magnetic
pollution in previously defined volumes (called gar volumes) outside an
indoor MV/LV substation, a procedure, based on @aspled with a full 3D
magnetic flux density calculation code [6,7,8,1ts been proposed. The design
is aimed at assessing layout and excitation thgthmaused in order to reduce, in
a target volume (e.g., located in a room of a hdame&lered on the cabin), the
magnetic field below thresholds fixed by standards.

The proposed algorithm has been initially appliedstudy a simplified 2D
configuration, in order to test the efficiency ahe reliability of the code; then,
it has been extended to achieve a fully 3D solutibthe problem in real cases.

2 GA optimization procedure

Genetic algorithms are considered wide range nuwaledptimisation methods,

which use the natural processes of evolution ametierecombination. Thanks

to their versatility, they can be used in variopplecation fields [9].

GAs are particularly useful when the goal is todfian approximate global

minimum in a high-dimension, multi-modal functionrdain, in a near-optimal

manner. Unlike the most optimisation methods, thegn easily handle

discontinuous and non-differentiable functions.

The algorithms encode each parameters of the proldebe optimised into a

proper sequence (where the alphabet used is ginieirzdry) called a gene, and

combine the different genes to constitute a chremes A proper set of

chromosomes, called population, undergoes the Dé@wiprocesses of natural

selection, mating and mutation, creating new gdiwers, until it reaches the

final optimal solution under the selective pressfrthe desired fitness function.

GA optimisers, therefore, operate according tafetlewing nine points:

1. encoding the solution parameters as genes;

2. creation of chromosomes as strings of genes;

3. initialisation of a starting population;

4. evaluation and assignment of fithess values to itidividuals of the
population;

5. reproduction by means of fithess-weighted seleatioimdividuals belonging
to the population;

6. recombination to produce recombined members;

7. mutation on the recombined members to produce thmbars of the next
generation.

8. evaluation and assignment of fithess values toinkésiduals of the next
generation;

9. convergence check.

The coding is a mapping from the parameter spatieetchromosome space and

it transforms the set of parameters, which is gahercomposed by real

numbers, in a string characterized by a finite fen@he parameters are coded

into genes of the chromosome that allow the GAvimwe independently of the

parameters themselves and therefore of the solsgiace (fig. 2).
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Figure 2. Encoding of the solution parameters azegef a chromosome
consisting of 36 bit.

Once created the chromosomes it is necessary ctiwseimber of them which
composes the initial population.

This number strongly influences the efficiency bé talgorithm in finding the
optimal solution: a high number provides a bettengling of the solution space
but slows the convergence. A good compromise ctnsischoosing a number
of chromosomes varying between 5 and 10 times tmber of bits in a
chromosomes, even if in the most of situationis, gufficient to use a population
of 40-100 chromosomes and that does not dependhefldéngth of the
chromosome itself. The initial population can b&sdn at random or it can be
properly biased according to specific featuresefdonsidered problem (fig. 3).
Fitness function, or cost function, or object fuotprovides a measure of the
goodness of a given chromosome and therefore tbhedngss of an individual
within a population. Since the fitness functionsaah the parameters themselves,
it is necessary to decode the genes composingea gitromosome to calculate
the fitness function of a certain individual of thepulation (fig. 3).

The reproduction takes place utilising a propeec@n strategy which uses the
fitness function to choose a certain number of goaadidates. The individuals
are assigned a space of a roulette wheel thabjgopiional to they fitness: the
higher the fitness, the larger is the space asgignethe wheel and the higher is
the probability to be selected at every wheel tanrent. The tournament process
is repeated until a reproduced population of Nviullials is formed.

The recombination process selects at random twiwithdhls of the reproduced
population, called parents, crossing them to ge¢edveo new individuals called
children.

Crossing Kutation
propability propability

Actual generatioh Fitness evalutation ' ey | Mutati l New generation
(N chromosomes) and reproduction kL {N chrom osomes)

Figure 3. Operative scheme of GA iteration.



The simplest technique is represented by the singjiet crossover, where, if the
crossover probability overcome a fixed thresholdraadom location in the
parent’'s chromosome is selected and the portiohefthromosome preceding
the selected point is copied from parent A to clijdand from parent B to child
B, while the portion of chromosome of parent A daling the random selected
point is placed in the corresponding positions hificcB, and vice versa for the
remaining portion of parent B chromosome.

If the crossover probability is below a fixed tHrekl, the whole chromosome of
parent A is copied into child A, and the same hagder parent B and child B.
The crossover is useful to rearrange genes to peothetter combinations of
them and therefore more fit individuals. The recorabon process has shown to
be very important and it has been found that itughde applied with a
probability varying between 0.6 and 0.8 to obthia best results (fig. 3).

The mutation is used to survey parts of the satutgpace that are not
represented by the current population. If the nmaprobability overcomes a
fixed threshold, an element in the string composigchromosome is chosen at
random and it is changed from 1 to O or vice vedspending of its initial value.
To obtain good results, it has been shown thaatimts must occur with a low
probability varying between 0.01 and 0.1 (fig. 3).

The converge check can use different criteria sagtthe absence of further
improvements, the reaching of the desired goalher teaching of a fixed
maximum number of generations (fig. 3).

The optimization procedure reads, from a file, getsypnand excitation currents
of all conductors placed inside the cabin. Therdds geometry and thresholds
fixed by standards for target area/volume(s) chdisethe user. At this point, the
procedure starts with the definition of possibleometrical arrangements and
excitation currents for active shielding conductors

Then, both geometries and excitations of shieldingductors are codified in
terms of chromosomes (or individuals) of a popalatio be optimized by GAs.
During the evolution process, the magnetic fluxgiignis numerically computed
by means of a calculation code, according to tleeipusly defined 3D model of
the cabin. The GA generates, at the end of theug&wal process, optimal
individuals, which correspond to geometrical aremgnts of shielding
conductors and their related currents. These iddals ensure the higher
mitigation of magnetic flux density inside the targrea/volume(s).

3 Numerical results

3.1 2D mode

In order to test the capability of the proposed hodt (with respect to the
prediction of the best arrangement and excitatioments of the active shielding
conductors) a simplified configuration (fig. 4a)shaeen initially studied by a 2D
model. For an assigned configuration and excitatioment of the main busbar
of a PC installed in a MV/LV cabin, the GA optimia procedure has chosen
the arrangement and excitation current of the achielding conductors in such
a way to mitigate the magnetic flux density insitle target area (fig. 4a). The
results obtained are shown in figures 4b and 4c.
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(in A/°). Magnetic flux density (T) generated, mettarget area, by
the MV/LV cabin: b) without shielding; c) with thective
shielding loop.



In particular, in these figures are respectivelytield the magnetic field density
maps inside the target area when the active slieltdsent (fig. 4b), and when it
is working as fixed by the GA optimization procegl\fig. 4c). These tests have
permitted to evaluate the efficiency and the rdligbof predictions based on
GA optimization procedure. The results are verydiop in fact, the mean value
of the magnetic flux density computed inside thgdaarea has been reduced of
about 57%.

3.2 3D model

The GA optimization procedure has been also appbestudy a typical indoor
MVILV transformer substation (fig. 1) by a full 3model (fig. 5). In this case,
main busbars, distribution busbars, connectionesatdupply power cables and
all their effective excitation currents have beewndeiled. The target volume has
been chosen in such a way to include the spacerregutside the cabin, which
probably has the highest magnetic pollution.

The GA optimization procedure has been applied ttmlys a typical indoor
MVI/LV transformer substation by a full 3D model. fhis case, main busbars,
distribution busbars, connection cables, supply gowables and all their
effective excitation currents have been modellelde Target volume has been
chosen in such a way to include the space regiatside the cabin, which
probably has the highest magnetic pollution.

The geometrical configurations of the active shigldconductors have been
limited to simple loops, each of which can alsodietwo different planes (e.g.,
xz plane and/or yz plane, fig. 1). In this case,¢bnductors of the loop on the xz
plane can be located, by the GA procedure, betwerabin wall and the PC,
while, the conductors of the loop on the yz plareeyrbe located over the PC
(e.g., between 2 m and 3 mm of height) or unde(&@., at 200 mm below the
ground level).

Figure 5. Layout (lengths in mm) and schematic 3w(lengths in m) of
the modified configuration of the MV/LV cabin undanalysis.
The PC has been shifted away from the wall (and,thbe
distance from the target volume has been increas8d0 mm).
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Figure 6. Magnetic flux density (T) generated, lie target volume, by the
MV/LV cabin when the active loop works: a) Contglot on a yz
plane at x = 2 m; b) Contour plot on a xz plang/ & -1 m; c)
surface plot on axy plane at z =1 m.



A synthetic description of the GAs operative prples has been given before.
We want now describe the GAs implementation for 8i2 problem under
analysis. Since the horizontal part of the compiémgastructure has been
considered to be placed at 20 cm below the groemdl| it is immediate to
verify that the whole structure is localized whea given the coordinates (x, Y,
z) of one point of the upper side of the verticadd, a coordinate (x) of the other
point at the same height but at the opposite sidé finally one coordinate (y) of
the extreme points of the horizontal buried loophef structure.

This means that the compensating structure is ifmmhlby means of 5
geometrical parameters. These parameters are egpedsy means of bits and it
is necessary to choose the correct number of thigire a high number ensures a
high precision but a slow velocity of the GA whietoo low number of them
ensure a high velocity of the GA but also a poacgmion in the localization of
the compensating structure (in fact, the optimaitszn may be lost because of a
not precise localization of the shielding loop).eDto the dimensions of the
operative volume where the compensating structarele placed (50 x 400 x
200 cm) a good compromise has demonstrated tohthieecof 5 bits (32 values)
to represent each geometrical parameter of compegsstructure. It is also
necessary to consider the current that flows inidecompensating structure. It
is described in term of magnitude and phase. Simsecurrent must varies as a
function of the current that flows inside the cocidus of the main busbar, its
magnitude is represented as a percentage of thentuhat flows inside one of
the mentioned conductors. The magnitude of thisectithas shown to be always
less than 30% than the main current to obtain Bagmit results and for this
reason this percentage is represented using §3atsalues). The phase of the
current inside the compensating structure can \‘matyveen 0 and 360°; we
choose to use 9 bits that allow of representing fidrdbers. Since the necessary
numbers to codify the phase with a resolution edoal® are only 360, the
remaining 152 values are used to represent theesmonding phase values
between 0° and 152°, maintaining them active inahelution process. A 8 bit
encoding is not possible since it allows to repnesamly 256° with a resolution
of 1° that is not enough for our purposes. Thelttdagth of the single
chromosome is therefore equal to 39 bits. The ntagrftux density is
numerically computed, during the evolution procdss means of a calculation
code accounting for the fully 3D problem. The GAegrtes, at the end of the
evolution process, optimal individuals, which cepend to geometrical
arrangement of conductors and the related curoénte active shielding system
that ensure the highest mitigation of magnetic filensity inside the target
volume (0<x<4 m, -4<y<-1 m, 0<z<2 m). A populatioh100 individuals has
shown to be sufficient to give good results in terraf computational
performances of the GA procedure. The geometrigaifiguration of the
optimized shielding system is shown in figure 5jlehin figures 6, the magnetic
flux density maps are plotted. These results cacobgpared with those referring
to the unshielded situation [10]. The magnetic ftlensity is reduced of about
28% (from 34uT to 24.3uT), after the installation of the active shielding
system. A quite similar trend has been obtainedtlfier mean value of the
magnetic flux density inside the target volumeg(tisi the value which pilots the
evolution of the GA optimization procedure).



4 Conclusionsand remarks

From the analysis of the results it is possiblednclude that the active shielding
of indoor MV/LV substations can produce relevardustion of the magnetic
pollution in target volumes outside the cabins.sTiechnique may be used both
in new installations (when the magnetic flux densialues are very critical in
some regions outside the substations) and in egistiabins (when more
restrictive limits must be respected). In additiagrhas been also demonstrated
that the GA optimization procedure, can be advadagly applied during the
design of active shielding systems, which havedinhe to mitigate, in assigned
target volumes, the magnetic flux density produdey indoor MV/LV
substations. The authors are working in order toeggize the proposed
approach and to test its reliability in more rdaiscases (i.e., when the
excitation currents are unbalanced and/or thewlagetime varying).
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