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Abstract. Stochastic methods and deterministic methods are used for
the problem of optimization of electromagnetic devices. The Genetic
Algorithms (GAs) are used for one stochastic method in
multivariable designs, and the deterministic method uses the gradient
method, which is applied sensitivity of the objective function. These
two techniques have benefits and faults. In this paper, the
characteristics of those techniques are described. Then, research
evaluates the technique by which two methods are used together.
Next, the results of the comparison are described by applying each
method to electromagnetic devices.

1. Introduction

In general, two techniques are used for shape optimization problems of
electromagnetic devices. Mainly, the stochastic searching method and the
deterministic searching method is used. These techniques have benefits and faults. The
stochastic searching method is suitable for multivariable problems, and the Genetic
Algorithm is one of the stochastic searching methods. This method is easily applicable
for the analysis models [1-3]. However, a lot of computation time is needed for
optimization. Another technique is the deterministic searching method. This method
does not need a long computation time for optimization. However, escape to the global
optimum is impossible when falling into the local optima. When using this technique,
if the design model is complex, the gradient of the objective function is difficult or
impossible to calculate. Therefore, the gradient method uses an estimated gradient for
the objective function by using the sensitivity analysis [4]. The method of using these
two techniques together was proposed. This technique searches using the GA in the
first half of the searching generations, and uses the gradient-based method in the
second half of the searching generations [5]. This technique has both the advantages of
the GA and the gradient method. However, it has some problems. The calculation of
the changing generation is difficult or impossible. Then, a technique was proposed that
did not have to calculate the changing generation of the search. This technique
mutually changes the GA and the gradient method [6]. The gradient method is
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searched in a discrete searching space, such as the searching space of the GA solution.
So, the changing of the search generation need not be calculated. In this paper, we
describe the characteristics of these techniques, and we describe comparison results of
the optimization.

2. THE HYBRID METHOD USING THE GRADIENT METHOD AND THE GA

Before explaining about the two techniques, the benefits and faults of the GA and
the gradient method are described.

The ordinary GA has the following characteristics,
• Advantageous for the multi-variable design,
• Easily applicable for the analysis model,
• Possible to escape into the local optima,
• Needs a lot of computation time.

One of the ordinary gradient methods has the following benefits and faults,
• Short computation time to find the local optima,
• Unsuitable to the design of a lot of variables' problems,
• Impossible to escape from the local optima,
• Needs to calculate the gradient of the objective function.

The hybrid method was developed using these benefits to improve the searching
method. One of the hybrid techniques of document [5] should calculate the gradient of
the objective function, and this gradient is estimated by the sensitivity analysis. This
technique has more than one problem. It's difficult to calculate the changing generation
of two techniques. However, this method has the following benefits;

• When the GA is used, it can find the global optimum,
• Possible for the multi-variable design,
• Easily applicable for the analysis model,
• Using the gradient method is speedy.

On the other hand, the hybrid technique of document [6] is not necessary to
calculate the changing generation of two techniques, because two techniques are used
together alternately. Moreover, it is possible to escape from "ailing into the local '
optima every time, because the gradient method isn't continually used. There is a
possibility of the escape from the local best solution if the GA is done alternately. The
processing is done as well as a general search algorithm such as the GA search. The
process for each is shown below.

Step 1. Initial values of individuals are given using random values.
Step 2. Device shapes for individuals are calculated, and then the element shapes

are created.
Step 3. The magnetic flux density values are analyzed from the element shape by

the finite element method, and the fitness values are calculated.
Step 4. When the gradient method is done, individuals are generated along with

the inclination of the gradient.
Step 5. When the GA search is done, selection, crossover and mutation generate

next generation's individuals.
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Step 4 and Step 5 exclusively processes either. And, if the designer obtains the
best shape or finishes the generation, it stops. Where, the processing of Step 4 does the
processing for information such as the locations of the estimate of the gradient. The
sensitivity is analyzed by using the minimum distance of GA-points. The method of
document [6], the processing of Step 4 and the processing of Step 5 are alternately
repeated. And, the maximum number of search generation or settling as well as the
end judgment of an ordinary GA can decide when to stop searching. These are the
following benefits when the method of document [6] is used.

• The hybrid method alternately does the GA search and the gradient method by
using the sensitivity analysis.

• The search change generation does not need to calculate by the method changing
alternately.

• It does not keep using the gradient method; the escape from the local best
solution is possible.

• The stochastic searching method is not keep using,.so a lot of computation time
is not needed for the search.

This hybrid method is applied to a pole face model that is the design model of an
electromagnetic device. This model is shown as follows.

3. ANALYSIS MODEL OF A POLE FACE

Figure 1 shows the analysis model of a pole face used to compare the techniques. This
model is designed for the shape of the pole face so that the magnetic flux density
approaches the sinus curve along with line A-B on the stator surface. The pole face
shape is designed by arranging the control points, which decide the surface of this
rotator. The five control points are included on the pole face and move in a vertical
direction to search for the solution. To smooth the pole face shape, it was calculated by
spline function. The magnetic flux density on the observation point along with line A-
B is calculated by using the Finite Element Method for the pole face shape. The
optimization goal is to minimize the equation (1).

Fig. 1 Analysis model of a
pole face. The five control
points are included on the
pole, and move to the
vertical direction.
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(1)

where N is the number of observation points, Bo, is the desired magnetic flux density
on the discrete observation points, B, is the computed magnetic flux density.

4. COMPARISON OF OPTIMIZATION RESULTS

The optimization results for a pole face model are shown in Figure 2. The results show
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Fig. 2 Average values of the objective function for number of generation.
(1) Gradient-based method, (2) Ordinary GA, (3) Ordinary GA then
gradient method and (4) Mutually changing of the GA & the gradient
method are described.

(1) the gradient-based method, (2) the ordinary GA, (3) the technique of document [5],
(4) the technique of document [6]. The result of the gradient method (1) was trapped in
the local optima. So, it had the worst result. Secondly, the result of the ordinary GA
(2) did not grow up enough, so a good result was not obtained. Thirdly, the result of
using the GA in the first half and the gradient method in the second half was not so
bad. However, method (3) did not escape completely from the local optima. Finally,
method (4) always obtained a good result
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after the first few generations. The method (4) of mutually changing the gradient
method and the GA was best for the shape optimization of this pole face model.
Analytical models of other electromagnetic devices are thought to exist with similar
local optima. Therefore, this method (4) will obtain a good result when applied to the
analytical model of other electromagnetic devices. Figure 3 shows the values of the
magnetic flux density distribution for the observation points. The optimized
computation values are close to the desired values of sinus curve, and the errors are
within 0.1% for observation points of 1-5 using hybrid method of document [6]. The
error of about 3.5% for observation points of 1-5 is contained when we calculate the
best solution using the ordinary GA for same computation times. Finally, the
optimized shape of a pole face model with the obtained magnetic flux lines is
presented in Figure 4. It can be seen that the optimized shape of a pole face shape is
very smooth, as a result of using spline functions for surface shapes approximation.
The total computation time after 100 generations 12 minutes on the Intel Pentium
processor.

5. CONCLUSIONS

We compared techniques document [5] and document [6] using hybrid methods to
optimize a pole face model, which is the electromagnetic device model. The technique
of document [6] was excellent for escaping the local optima and it can calculate the
best solution. It's also possible to calculate in a short time.
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Fig. 3 The magnetic flux density for the final shape of the pole face model.
There are (2) Using genetic algorithm and (4) Using hybrid method of

document [61.

138



Fig. 4 Optimized shape using the hybrid method of
document [6] and magnetic flux lines.
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