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Abstract. This paper presents a methodology for a solution of
inverse problem in electromagnetic devices - to predict the profile,
the location, the physical material constants and the density of the
unknown sources, situated in inaccessible for measuring control
regions. The1 proposed procedure is preferable especially in the case
of identifying of a large source region. An application example is
given referring to the identification of the shape, dimensions,
situation, permittivity and charge of the electrostatic source by means
of measuring control in the accessible control points. The control
points positions are out of the inaccessible enclosure with the source.
The object function is defined on the basis of the comparing the
measured and the calculated values at external control points.
Approximate description of the field at the control points is used
applying thei method of the experimental design. Each numerical
design experiment includes the solution of the field analysis problem
applying FEM. The identification procedure is proposed reducing the
object function to its global minimum. At each step secondary to the
previous an improved model of the source is introduced.

1. INTRODUCTION

The accurate solution of the field analysis problem is no longer sufficient for the
purpose of engineering design. The exact solution of the inverse problem is what
engineers expect at present. The use of an appropriate numerical method for field
distribution analysis combined by the optimization methods is a powerful tool for
solving inverse problems [1] - [7], etc. An important inverse problem is to identify the
density, material, location and shape of the source situated in an inaccessible region.

Applying a least squares object function created on the comparing between
measured and calculated values in external control points in [8] is solving this inverse
problem. The unknown source is synthesized by computing the gradient of the object
function with respect to parameters, which are changed. The calculation of the
derivatives is implemented in two manners: numerically and by varying only one
parameter and fixing the others. The determination of the derivatives is related with
additional numerical errors and limits the number of variables. The authors change the
geometrical centre, width, length of the identifying rectangular source region, the
permittivity and the charge of this region. So the optimization procedure is not
completely correct. The values of the same geometrical parameters are determined in
[9] applying the advantages of the design of experiments. The both two papers
appreciate only a rectangular source region.
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An inverse problem methodology with some additional advantages is proposed in
this paper. They are: the shape of identifying source region may be with arbitrarily
form, not only rectangular, and the optimization procedure is more precisely
formulated. The investigation procedure is preferable especially to identify the shape
of large inaccessible source region. Applying FEM at the steps of this procedure an
analysis field problem is solved. Accuracy in solving of the analysis problem is a
necessary condition for increasing the accuracy of the inverse problem solution. The
proposed methodology is demonstrated on a predicting the charge, material, location
and the shape of interior source region. The restriction the region to be identified is
homogeneous is only imposed.

2. THE NUMERICAL PROCEDURE FORMULATION

The numerical procedure is. formulated on the basis of least square objective
function. The parameter vector CLm contains « measuring field values at n fixed points
located in the accessible region Q and the parameter vector d - computed values in
the same points. Because of the considerable reduction of the .computation time,
approximate descriptions of the field values in each of these points are obtained. These
functions are described by means of numerical experiments and they all constitute a
secondary model of the observed field. Numerical experiments are carried out by
assigning designed combinations of values to the parameters {u|, U2,....,up}, which
describe significantly the source region. Using a full factorial experimental design, the
j-th of these functions at the j-th control point is approximated by polynomial of the
following type:

rWr . (1)
*=1 *=! k=\,k*r

where hk is normalized uk parameter and bk , bu , b^ are coefficients obtained by
means of the experimental design. In the constructing the expressions (1) the ordinary
field analysis problem has been solved. The objective function is described by the
following expression

The problem has been solved under permissible limits:

K-h\ k=l*p.

where h*k defines the limits in normalized units.

3. T H E PROPOSED ALGORITHM FORMULATION

The algorithm consists of three iteration procedures.
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Figure 1: Obtaining of the rough solution (1st iteration procedure)

The first iteration procedure includes a rough solution. It obtains by dividing the
hole inaccessible region into the rectangular sub-regions (Fig. 1). The dimensions of
their sides are determined as a fixe part of th boundary dimensions of the investigated
inaccessible region. The location of the source region as one of these rectangular is
sought. Each of the investigated rectangular has been considered as a source region
with fixed permittivity and charge. The optimization criteria (2) has been satisfied with
respect to the field values in the control points. The rectangular location for which the
objective function (2) is the best has been chosen as an initial source region. Than the
additional improving with respect to the rectangular dimensions has been made
following the next criteria. The sign of the expression concerning field values in the
control points is regarded

(3)
7=1

Accepting the fixed charge and permittivity values expression F* (u) >0 leads to
the conclusion that the rectangular source region dimensions are smaller than real
ones. The relationF*(u)<0 means the opposite that dimensions are bigger.
Depending on the F (w) signs, the sides of the rectangular have to be changed in a
suitable way. The first iteration procedure formulated above has been terminated on
the step (k+1) when the restriction

<5 (4)

is satisfied.
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Figure 2: The vertices of the initial rectangular are moving to a new positions
(2n iteration procedure). The local coordinate system is introduced.

Figure 3: Adding vertices on the axis of symmetry of the rectangular
(3diteration procedure).

Than the second iteration procedure begin to specify the improved positions of
the quadrangular vertices. The geometrical center of the previous iteration
procedure rectangular has been chosen as the origin of the local coordinate system.
The coordinates of the vertices are free for varying only in the corresponding
quadrant (Fig.2). The calculations for full factorial experimental design are
implemented. Each numerical design experiments includes the solution of the field
analysis problem applying FEM. As a result the approximate analytical field models
(X in all control points j =1 * n has been obtained. The improved vertices positions
are determined solving the optimization problem by the criteria (2).

Third iteration procedure has been made. Each next step of this procedure
specifies the source region shape by adding new nodes posed on the axis of
symmetry of the previous shape sides (Fig.3). The object function value of the
current step is compared with the previous step value. The numerical procedure stops
when the changes of the object function are negligible. The final step of the third
iteration procedure includes a final investigation by varying the charge and the
relative permittivity of the last source region. The additional minimization of the last
criteria (2) minimum is reached.
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4. EXAMPLE AND RESULTS

The enclosure where the unknown source region is situated is supposed to be
rectangular by lm x lm length of the sides.

8 r=5

points (l-J-8) - control points
points (a-rh) - source determined

points

Figure 4: Exact shape and position of the source region.

The inaccessible source region is with the exact shape shown on JrigA. The
following parameters specify the region: the charge <J = \0C/m , relative
permittivity er=5 and the coordinates.
The coordinates of the exact source region vertices are presented in Table 1.
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a

0.350

0.600

0.347

0.610

b

0.458

0.572

0.462

0.577

c

0.550

0.600

0.564

0.600

d

0.532

0.502

0.520

0.493

e

0.564

0.400

0.564

0.396

f

0.458

0.432

0.440

0.426

g

0.351

0.400

0.357

0.393

h

0.320

0.500

0.331

0.495

At the first iteration procedure the enclosure is divided in the rectangular sub-regions.
They are identical. The initial length and width of these rectangular are chosen to be:
m=0.05 M and h=0.05 H (Fig. 1) respectively.
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Figure 5: Rough solution
(1st iteration procedure).

Figure 6: The last solution.

The "rough solution on Fig.5 is the final for the first iteration procedure. If the
point 7 is the origin of a coordinate system the center of the obtained rectangular
region has the coordinates: x±0.44m and y=0.50m.The sides of this rectangular have
the following dimensions: m=0.19 and h=0.20.
The last solution is presented on Fig.6. The coordinates of the source region vertices
are described in Table 1 and comparing with the exact region coordinates can be
done. The charge and the relative permittivity values of the final source region
solution are <J = 9.1 CI m a n d £ r = 4 . 5 .

Table 2
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3
4

Value of the object function
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5. CONCLUSIONS
A methodology for inverse problem solution is considered. This methodology is

suitable for problems concerning inaccessible for measuring control regions and for
nondestructive control. An example of electrostatic inverse field problem is solved.
The results show that the consecutive iteration procedures gradually reduce the
objective function values towards the global minimum-zero.

6.References
[1] A./shiama, S. Kanda, H. Karasawa, and T. Onuki. "Shape Optimization of Iron Shield for

Superconducting Solenoid Magnets", IEEE Trans. Magn., vol. 23, no. 2, pp.599-602, 1987.
[2] K.Preis, and A. Ziegler, "Optimal Design of Electromagnetic Devices with evolution

Strategies", Proc.of International Symposium on 3-D Electromagnetic Fields, Okayama,
Japan, pp. 119-122, 1990.

[3] O.Mohammed, D.Park, F.Uler, and C.Ziqiang, "Design Optimization of Electromagnetic
Devices using Artificial Neural Netwo'rks, " IEEE Trans. Magn., vol.28, no.5, pp.2805-
07,1992.

[4] /. latcheva, and R. Stancheva, "Electromagnetic Field Synthesis in the End Zone of a
Large - Capacity Turbine Generator, " Int. Conf. on the Evolution and Modern Aspects of
Synchronous Machines, Zurih, Switz., pp.615-617, August 1991.

[5] R. Stancheva, and I. latcheva, "A Possibility of Electromagnetic Field Synthesis in
Electrotechnical Devices," Int. Symp. on Electromagnetic Fields in Electr. Eng.,
Southampton, England, pp. 49-52, 1991.

[6] R. Stancheva, and I. latcheva, "Defining Optimum Parameters and Conditions of Skewing
and Screening the Stalor Core end of Powerful Turbogenerators, " Int. Symp. on
Electromagn. Fields in Eng., Greece, pp.25-27, September 1995.

[7] R. Stancheva, and I. latcheva, "Overheating limitation in the end region of a large turbine
generator, " Proceedings of the First Japanese-Bulgarian-Macedonian Joint Seminar on
Applied Electromagnetics. 14-15 September 1998.

[8] H.Ratnajeevan, S. Hoole, S. Subramaniam, R. Saldanha, J. Coulomb, and J. Sabonnadiere,
"Inverse Problem Methodology and Finite Elements in the Identification of Inaccessible
Locations, Sources, Geometry and Materials, "IEEE Trans. Magn., vol. 27, no.3, pp.3433-
43,1991.

[9] S. Papazov, and V. Borshukova, "Solution of Inverse Problems by Using FEM and
Structural Functions, " IEEE Trans. Magn., vol.31, no.6. pp. 4297-4305,1995.

[10] R. Stancheva, and 1. latcheva, "An Inverse Problem in Electromagnetism, " X. Int. Symp.
on Theoretical Electrical Engineering. Magdeburg, Germany, pp.11-15, September 1999.

133


