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Field Computation Time Reduction for Discrete Ray Tracing Method
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Estimation of electromagnetic wave propagation along various types of terrestrial
environments is significantly important for designing and constructing efficient radio
communication network systems. Discrete ray tracing method (DRTM) was proposed
in order to numerically analyze propagation characteristics along random rough
surfaces (RRSs) as well as in urban areas. Although DRTM enables us to save much




computational time for electric field evaluations compared with the conventional ray
tracing method (RTM), it still requires a certain amount of computational time to
evaluate electric field distributions in case of long distance propagation.

In order to reduce computational time further for analyzing the long distance
propagation, we have proposed a new algorithm for DRTM by introducing a variable
plate-length discretization method for RRSs to keep accuracy of terrestrial surface
profiles and also of electric field intensities. The new algorithm can change
plate-length data automatically based on the inner product of vectors derived from
the surface profiles: for example, a short plate-length is applied near a mountain
summit and a long plate-length is applied for a planar area.

The purpose of this thesis is to review the DRTM and to modify it as an application
program so that we can deal with the long distance propagation problems in
particular. To achieve our goal, we have implemented the new algorithm to the
conventional DRTM to reduce computational time maintaining numerical accuracy. It
1s demonstrated that the modified DRTM provides good numerical results both in
computational time and accuracy.

This thesis consists of 8 Chapters. In Chapter 1, we have described introduction
and background of this study. In Chapter 2, we have reviewed DRTM and discussed
how to discretize RRSs and rays. In Chapter 3, we have shown some numerical
results to check the accuracy of DRTM focusing on the number of discretizing plates
of a conducting cylinder. In Chapter 4, we have introduced terrestrial data by use of
GIS, and we have estimated field distributions in case of long distance propagation

corresponding to a realistic situation.

In Chapter 5, we have discussed diffraction edge points and sampling rate for
DRTM. It is found that intense sampling rate is needed near the edge point and less
sampling rate is needed in the planar area. In Chapter 6, we have proposed a
modified DRTM by introducing variable plate-length for RRS profiles. It is found that
we can reduce computational time not only for searching rays but also for computing
electric field intensities by applying the proposed method. In Chapter 7, we have
checked computational time and accuracy of the numerical results based on the
proposed algorithm. It is demonstrated that the proposed method can save much
computation time with a good numerical accuracy. In Chapter 8, we have concluded
this research and we have also described our future work.
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