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Inttoduction

Numerical solution of electromagnetic field problems usually results with a large amount of data,
which is impossible to interpret correctly without using a good visualization system. In our
laboratory, it has been already proposed several visualization tools for electromagnetic field
computation with main aim to facilitate grasping of the physical behavior in electromagnetics
[1][2][3]. Additionally, if such visualization system can provide interaction with the computed data
in real time, then these systems can be very useful as an analysis tool for education and design
purposes in electromagnetics. Recently, for an educational or design tool in electromagnetics, it has
been developed the interactive system to visualize the computational results in 2D electromagnetics
[4]. The previous interactive system can instantly visualize the field distribution, when a user
changes position or size of an object in analysis domain. Two main features of the previous
interactive visualization system are:

1) Using several data sets, which consist of the computational results for few user-defined model
configurations, the previous system can compute and interactively visualize field distributions for
any other configuration by utilizing a simple interpolation technique.

2) The previous system can visualize interactively the magnetic vector potential distribution, the
magnetic flux density distribution, the magnetic flux lines and the magnetic flux density vector or
any combination of them.

From the interactive visualization using the previous system, the students who study to
electromagnetic field problems can understand iriulitively and use for education in magnetic or
electric field, the designers can explore the position and size of the object filling designer’s demands.

On the other hand, in the common electromagnetic field visualization systems or the previous
interactive system, the magnetic force is represented by the size and the direction of arrow or cone.
However, in reality, we surely recognize force through a part of our body, such as hand. It is the
reason why it is proposed a new system that makes a user feel the magnetic force in electromagnetic
field by using the haptic interface [5] on real time. This system provides understandings of the
physical phenomenon deeper than by using only the graphical visualization. Accordingly, the
proposed system is very useful for an educational tool.

The previous system helps us to understand the physical behavior in 2D electromagnetic field.
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However, an actual or realistic electromagnetic field should be represented in 3D, whose physical
behavior is more complicated than that of 2D. Therefore, it is necessary to consider the 3D
electromagnetic field in order to make more practical tool for education and design. It is proposed a
3D interactive visualization system with force feedback device based on the previous 2D system [4],
due to dealing with more realistic models. Surely, the newly proposed system can not only visualize
the field distribution map, but also make a user feel the magnetic force in 3D electromagnetic field
simultaneously. I am sure that the proposed system becomes more useful and more effective for
education and design.

The main purposes of my master thesis are following two: (1) The first purpose is that the
function which feedback magnetic forces to a user is added to the previous 2D system. (2) The
second purpose is that the 2D previous system is extended to apply 3D electromagnetic field.

This master thesis is described the background and the purpose of my research in Chapter 1. In
Chapter 2, it is described the proposal interactive system, whose contents are the outline and the
construction of the proposed interactive system and the main feature of this system. And the method
to obtain the unknown distribution and magnetic force is described. In Chapter 3, the results that the
proposed interactive system is applied for 2D and 3D electromagnetic field problem are described.

Finally the conclusion of my master thesis is described.
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