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Abstract — This paper presents a multi-objective
optimization approach based on numerical, statistial and Il. - OPTIMIZATION PROCEDURE
fitness evaluation concerning the conductor positits in a A working volume is assumed to be a region instue t

Transmission Line Excitation Chamber (TLEC). The field reverberation chamber (Fig. 1) were the homogernditie
profile and the related indexes of merit, like thestatistical ones, glectric field attains a prescribed level. EMC sespuld be
regarding the ~ working volumes are used to evaluatdhe  yarformed only with this minimum homogeneity levehd
chamber configuration performance. The compromise beveen the mean value withithe working volume should be as high
working volume and E-field standard deviation are sbw as possible considering low input power

through the Pareto’s Front. :

9 In this work, the main interest is to understandvtbe
reverberation chamber works when associated tot afse
. . _ . transmission lines positions and its related waykinlumes.

In previous works the Transmlssmn_Lme Excitationt should be mentioned that when the working volume
Chamber (TLEC) performance evaluations have begreases the mean electric field decreases. Tédmanthat a
carried out using different approaches. These wesented 1 jijopjective optimization algorithm should be gioyed
inf1] and [2] in which FIT and TLM, and also an (two or more antagonistic goals).
optimization tool were used to evaluate the fighifmmity Here, the optimization problem has twelve optinitzat
within the working volume on a predefined TLECygiaples: three pairs coordinates (TL positionsho
configuration. The TLEC configuration here presente oqyatorial radii, polar radius and three parametessciated
based on three-conductor ~phase-shifting excitatiqy the ellipsoid translation (shift) from the chaerb centre
configuration and proposed as an alternative WBm | (ihege six last variables define the working voljinte this
frequencies are taken into consideration[3]. Fighbws a set, inside some working volume the electric fichigh,
sketch of a three-wire reverberation chamber cardiion. | hereas the volume is low.

Thus, the optimization problem aims to maximize the There are other working volumes, which belong ts th
working volume and the E-field, which is restrictéd gt pyt have low electric field and high volumesitle the
unlform|_ty constraints. _ _ working volumes the field homogeneity is constrdirsy

In this work, the main focus is to find the Dbetter e gefined values. When the chamber charactesizat
transmission lines configurations, i.e., wire posis, which performed, the engineer could make a choice toirbke
present the best TLEC performance related to theqygt suitaiale set of TL to design the TLEC.
aforementioned indexes. A good TLEC performance is |, order to solve it, the optimization problem ssamed
associated to a high working volume and E-fieldsrage ¢ an unconstrained optimization problem, whergiatty

values. To obtain the wire configuration and theqnstraint was treated as a penalty function.
corresponding TLEC performance, a numerical apgroac

has been implemented by applying multi-objective A. Modeling the chamber
optimization. Deterministic and statistical appfioe® are  The mean E-field E,), the Standard Deviatioroy) and

applied in the analysis. Standard Deviation in dB&X) are calculated by (1), (2)

I. INTRODUCTION

and (3)
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Fig. 1. Sketch of the three-wire reverberation dr@roonfiguration g, =20log, [ ] (3)
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Similar equations could be obtained to the y-axisxis
and to the combined E-field [1], [2] and it is as®d a
value equal to 4 dB as the standard deviation éfinohg the
working volume at frequencies lower than 80 MHz.

B. The Optimization Problem

The conductor position problem could be writtenaas
optimization problem as follows:

{Max WorkingVolume
Max Ex.y.z 4)

S. t:Max (&x,&y,&z,&x,y,z)SMB

In order to bounder the optimization parameterg, Fi
illustrates and shows a cross-section of the chanthée
analyzed. First of all, it is assumed that eacleusrparallel
to one of the three axis of the chamber as FigolvshSo,
each wire could only be placed in the grey regmtause it
could not be close to the wall, due to the starglatth the
other hand, if we put it on the center of the chamfthe
forbidden area) the associated working volume lrélsmall.
Thus the TLs can only be moved inside a space étlts
the walls in order to avoid solutions that are isgble for
practical utilization.

.\f Wire

Forbidden
Area

Fig.2 Chamber Cross Section: the position wire

Multi-objective optimization (4) seeks to optimizbée
components of a vector-valued cost function. UnBkegle
objective optimization, the solution to this prablés not a
single point, but a family of efficient points cadl Pareto-
front. Each point on this surface is optimal in gense that
no improvement can be achieved in a cost vectopooent
that does not lead to degradation in at least dnéh®
remaining components. Each element in the efficigsit
constitutes a non-dominated (non-inferior or nopesior)
solution to the multi-objective problem. With thiset of

solutions it is possible to understand the depetelen

between each objective.

3
The Pareto-set of this multi-objective problem Waé]

obtained by using the Multi-objective Genetic Aligom
(MGA)[4]. The MGA
Algorithm, which is a stochastic procedure basedtlos
concepts of natural selection in genetics.

C. Coupling the Field Computation Software and the
Optimization Environment

The adopted procedure has six fundamental steps:

i) Random positions for TL are generated, as well the

working volumes and ellipsoid radius;

is derived from the Genetic [4]

ii) TL positions are charged to the field computation
software, that uses FIT [5];

iii) The field computation inside the reverberation chem
is performed with FIT [5];

iv) The values of the E-field are exported considering
regular grid

v) The working volume is calculated. For the deteriiima
of a particular working volume, Eq. (1) should loéved,
and

vi) The indexes of merit are applied to decide whick are
the better TL configurations.

The third and fourth steps are computed by applfireg
FIT [5] At the end of step iv a file is exported twr
optimization environment.

The EMC standards adopt a parallelepiped as a ngrki
volume[7]. In this work we have adopted anotheiidstd
characterize the volume: an ellipsoid[2].

lll. RESULTS

Fig. 2 shows some results which allow us to know th
compromise among the searched objectives (maxid €ied
max working volume), the constraints and the cotmuc

positions.
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Fig. 2. Compromise between working volume and Etfie

By inspection of Fig. 2 the maximal working volem
taking into account a defined E-field level, candimsen.
For instance, it yields approximately 15&n@ for an E-
field level of 15V/m considering the total chamlvetume
equal to 0,432 fh
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