
MK0500049

Development of Steering System
in Network Environment

Fumihiro Kanagawa. So Noguchi, Hideo Yamashila
The Department of Electrical Engineering, Hiroshima University, 1-4-1 Kagamiyama, Higashi-

Hiroshima, Hiroshima 739-8527, JAPAN

Abstract. We have been developing the steering system,
which can successively observe the data obtained during
the numerical computation and change the parameters in
the analysis. Moreover, this system is also extended to
link the network. By using this system, a user can easily
detect errors immediately and achieve the rapid and
accurate analysis with lower computation cost.

1. INTRODUCTION

Recently, the ability of computer and the technology of the numerical analysis on
science is in advance. The analysis of more practical and more complex models can be
performed, and the optimal design problems, which are time-consuming, can be also
done. Therefore, since the amount of numerical data obtained by the analysis becomes
enormous, it has been essential to change the numerical data into the easy form, which
user can easily understand, by using the visualization technique. However, the
obtained data is basically visualized after the numerical computation is entirely
executed. So when the error or the mistake is found after the analysis, it has to be
corrected and restarted from the beginning.

From the background mentioned above, it is meaningful to keep visualizing the
numerical data obtained by the analysis during the process and to observe the
visualized images anytime. Moreover, if a user can change the parameter into user's
desired value during the analysis by using the technique of Steering [1], the user can
shorten the computation time of analysis. Applying this steering technique into the
optimization problem, a user can prevent from local minima by changing the
parameters. On the other hand, a user can also perform analysis with various ideas, if
one experiments various sets of parameters.

In this paper, the steering system based on the system [2] using two computers
linked to the network is described.

2. STRUCTURE OF SYSTEM

The structure of this system is shown in Fig. 1. As shown in Fig. 1, this system
consists of three modules, "Analysis Module", "Transmission Module" and
"Visualization Module". The detail of each module of the system is described below.

2.1. Analysis Module

This module only performs the numerical computation. When necessary, the
numerical data is transmitted to and received from Transmission module linked to the
network. When applying analytical programs to this system, the parts of the
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transmission and reception have to be added into the program applied to Analyst
Module.

Analysis Module

Socket j
*

Transmission Module

Visualization Module

User
interface

Window
view

It 
tl

Shared
Mem ory

Figure 1: Structure of proposed system.

2.2 . Transmission Module

This module plays a role of connecting Analysis Module and Visualization Module.
The socket is used for the connection between Transmission Module and Analysis
Module, and the shared computer memory is used for the connection between
Transmission Module and Visualization Module because of the high speed at data
transmission. Owing to Transmission Module, a user can execute the analysis program
and visualization program using separate computers.

2.3. Visualization Module

The main purpose of this module is to visualize the numerical data in the shared
computer memory between Transmission Module and Visualization Module. In order
to visualize the data, two-window view is prepared. One of windows displays a scalar
quantity as an x-v graph, which can visualize the transition of noteworthy data, such as
the residual value or the value of the objective function. Another window displays the
shape and its transition of the model used in the optimal design problem. Using this
window displaying the shape of the model, a user can recognize whether the analytical
program is correct or not, immediately, and always observe the result during the
analysis. And besides, this module has a user interface that receives user's requests.
The requests are '"start", ''pause", "stop", "quit" and "change the parameter" of the
analytical program. By using this interface, a user can easily control the analytical
program, and execute the steering technique.

3 . APPLICATION

For the purpose of verifying the effectiveness of this system we applied this
system to the optimal design problem of the static and the rotating devices. Moreover,
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in case of both applied steering and not applied, we investigated the transition of the
objective function against both the number of generation and the computation time.
Optimization of Static Device
Firstly, we applied this proposed system to the optimization problem of the static
device. The analytical model is shown in Fig.2. This model is a quarter size of the
magnet composed of the magnetic shield and the permanent magnet. This problem
aims that the magnetic field is generated as homogeneously as possible in the
homogeneous area, which is illustrated in Fig.2. Therefore, we set the difference
between the maximum and minimum of y components of the magnetic flux density in
the homogeneous area to the objective function.

O : Moved
• : Not Moved point

Magnetic Shield

Permanent Magnet
Homogeneous area

70ram

Figure 2: The analysis model of static magnet

The design variables are angles 0[t62,9i, which decide the shape of magnet, and
angles <pt,<p2, which represent the direction of the magnetization. As the field
computation method we used the finite element method (FEM), which can deal with
the change of the shape and can accurately compute. As the optimization method we
used the genetic algorithm (GA), which can easily deal with many variables. By using
GA the solution can be converged in early generation. On the other hand, it is easy to
trap into local minima. Therefore, when the solution almost trapping into a local
minimum, we try to adjust the parameters of GA such as the mutation in order to
obtain the better solution in earlier generation. In this problem, the parameters that we
can change are the mutation and the crossover rate, the number of genes in one
generation and the number of elite genes. The result after the application of steering is
as follows; the transition of the objective function against the number of generation is
shown in Fig.3 (a), and the transition of the objective function against the computation
time is shown in Fig.3 (b).
As in Fig.3 (a), in not applied case, the value of objective function did not change from
around 30th generation to 60th. So it is seemed that the solution was trapped into a
local minimum. Therefore, the mutation rate and the crossover rate were changed as in
Table 1 in order to get out of a local minimum as quickly as possible. The reason of
changing the parameters as in Table 1 is that it is possible to search the genes more
widely by increasing the mutation rate and it is possible to generate more genes by
decreasing the number of elite genes. As a result, by changing parameters at 42nd
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generation, the objective function was remarkably changed. The shape of the model
before and after steering is shown as in Fig.4. As in Fig.4, the shape of the model
remains almost same. However, the objective function becomes better after 50th
generation.
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Figure 3 (a): Number of generation vs.
Value of objective function
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Table 1: The value of the parameters

Number of
Generation

Mutaion
(%)

Number of
Elite Genes
Crossover

(%)
Number of

Genes

1

10

5

60

20

42

20

2

60

20

52

10

5

60

20

3.2. Optimization of Rotating device

This system was applied to the optimal design problem [3], which optimizes the
shape of the permanent magnet motor (PM motor). The analytical model of the PM
motor is shown in Fig.5. In this model, the ferrite magnet is placed on the surface of
rotor. This motor is a 3-phase, 4-pole synchronous motor with 24 slots in the stator.
Because of the 4-pole motor, for the real analysis of magnetic field a quarter size of
model is used as shown in Fig.5 and FEM is used as a field computation method. On
the other hand, the purpose of the optimal design is to maximize the efficiency of this
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PM motor and to minimize the cogging torque. So the objective function is set as
follows:

\ D, (1)

•: Not applied steering

• : Applied steering

Figure 4: The shape before and after steering

Figure 5: The model of the analysis.

where 7] is the efficiency of the PM motor, D is the difference between the
computational and the sinusoidal magnetic flux density in gap. (X is the weight
parameter. GA is used as the method of the optimization, and 15 design variables a as
in Table 2 for practical use. In this problem, a user can change the parameters of GA
such as the mutation and the crossover rate, which are the same parameters as Section
3.1.

The results are shown in Fig.6 and Fig.7. As shown in Fig.6, in the ordinary case,
the solution is led into the local minimum at around 50th generation, because the value
of objective function does not change. At this time the shape of the model is shown in
Fig.8 (a). This shape is not so smooth on the face of the rotor that it is not practical for
the product. So the parameters were changed at the 56th generation as shown in Table
3. Because of this change, the value of the objective function became remarkably
better and the shape of the model became smoother as shown in Fig.8 (b). Although
the shape of the motor becomes better, the efficiency fell off due to the second term of
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Eq.l. Therefore, we reset the parameters into the initial values as in Table 3. After this
reset, we can see that the value of the objective function and the efficiency becomes
better. Consequently, the convergence toward the optimal solution was improved in
earlier generation and we could shorten the computation time. In particular, the shapes
of model at the final generation when applying the steering and when not applying are
shown in Fig.8 (c), (d). The copper loss of this motor is clearly larger than the iron
loss. So when comparing these two Figs, in the case applied to the steering the slot
square is small. On the other hand, in the case not applied to the steering the solution
trapped into a local minimum.

Table 2: Design variables
x\ ~*5

xb " x\0

x\\

x\2

*13

X14

*15

Position of Inner Surface of PM

Position of Outer Surface of PM

Inner Radius ofStator

Width of Teeth

Length of Motor

Diameter of Wire

Number of Turn of winding

Table 3: The value of the parameters

Number of Generation

Mutaion (%)

Number of Elite Genes

Crossover (%)

Number of Genes

1

5

5

60

20

56

20

2

60

20

70

' 5

5

60

20
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4. CONCLUSIONS

We have developed the steering system in the network environment and applied the
analytical problem with GA to this system. Consequently, when the solution of
analysis trapped into a local minimum, the solution could get out of the local minimum
by using the steering technique.

Further, it is necessary to improve the entire system for a wide use, and because of
more practical and easier use, it is desirable to develop the web-base steering system.
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