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Abstract — This paper presents a study on a class
of algorithms based on Uniform Theory of
Diffraction (UTD) for multiple diffractions.
Within this context Slope UTD with Convex Hull
(S-UTD-CH) model based on Slope UTD and
Fresnel zone concept was reviewed. S-UTD-CH
model can be used for fast and more accurate field
prediction for multiple diffractions in transition
zone. An extensive simulation results for
comparison of UTD based algorithms with respect
to the computation time and accuracy was
provided. Furthermore, the study shows how
relative permittivity constant, conductivity and
inner angle of wedge and polarization type affect
the relative path loss.

Index Terms — Convex hull, Fresnel zone,
material properties, multiple wedge diffraction,
radio propagation, slope diffraction and Uniform
Theory of Diffraction (UTD).

I. INTRODUCTION

In order to construct more reliable and
efficient digital communication networks and
broadcasting systems, accurate and time efficient
theoretical models being capable of generating
field predictions are necessary. Along with the
literature, many models have been proposed to
meet required demand of accuracy. Propagation
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models have traditionally treated irregularities in
the terrain as knife edge, wedge or cylinder for
UHF. For example, while mountains and hills can
be modeled as wedge, buildings can be modeled as
knife-edge.

Multiple diffraction problems have widely
been investigated for a long time; UTD based and
numerical solutions have been proposed to predict
the field strength in the urban, rural, suburban and
indoor environments. In asymptotic high-
frequency electromagnetic wave propagation
methods, the total electric field at a receiving point
is the sum of the field associated with all the rays
that reach this point. These reached rays can be
direct, reflected, refracted or diffracted rays [1, 2].

Although, previously proposed UTD method
by [3] is time efficient method, it fails to predict
the field strength accurately when, even if one
obstacle is placed in the transition zone of the
frontal obstacle. UTD method is high frequency
asymptotic method used in electromagnetic wave
propagation [4]. A more accurate solution is called
S-UTD, has been proposed by [5, 6] by including
slope diffraction terms to predict the field strength
accurately. In S-UTD method, it is claimed that
the phase continuity should be ensured in
calculating the distance parameters appearing in
the amplitude and the slope diffraction
coefficients. S-UTD method gives acceptable
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results when compared with [7]. Vogler’s method
is based on numerical solution of Fresnel-like
integrals and it is known to be ultimate in
accuracy. However, S-UTD method still exhibits
an error when number of diffraction increases.
Although, S-UTD method has shown to deal with
multiple transition diffraction problems, its
validity has been reported to be limited in the
number of diffractions. It is reported in various
studies [8-10] that after a total of 10 diffractions,
S-UTD method loses the accuracy, causing
unreliable and inefficient digital communication
networks and broadcasting systems.

Relative path loss is a measure of the average
RF attenuation experienced by a transmitted signal
when it arrives at the receiver, after traversing a
path of several wavelengths [11]. In other words,
relative path loss is a path loss divided by free
space loss. In order to overcome the path loss
problem, a UTD based method called as the Slope
UTD with Convex Hull (S-UTD-CH) is proposed
in [9, 10]. S-UTD-CH method combines S-UTD
and Convex Hull methods. Convex hull method
reduces the diffracting wedges and then Slope
UTD algorithm runs. By reducing wedge number,
computation time is reduced. UTD based solutions
are known with small computation time in urban
radio propagation modeling, with respect to
numerical methods. There is a trade-off between
computation time and accuracy. Methods having
higher accuracy require large computation time as
in numerical methods [7, 12-15]. These methods
seem to be infeasible in many cases. In this paper,
the UTD based model proposed in [9, 10] is
reviewed. The simulation results for comparison
of UTD solutions are presented and discussed.
Hard polarization is considered in simulations.
Accuracy of predicted relative path loss and
computation time is compared in UTD models.
Moreover, how material properties like wedge
angle, conductivity and relative permittivity
constant of wedge affects the path loss is analyzed.

II. SLOPE UTD WITH CONVEX HULL
METHOD

S-UTD-CH method combines S-UTD and
Convex Hull methods. Convex hull method uses
the Fresnel zone concept [16]. Fresnel zone
concept is not new and has widely been used in
UTD based radio propagation modeling in
urban/suburban, rural and indoor applications.
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Fresnel zones are ellipsoid of revolution about the
direct line from a transmitter to a receiving end,
with the transmitter and receiving ends serving as
foci of the ellipse, as shown in Fig. 1.
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Fig. 1. Fresnel zone configuration.

In this figure, wg, is radius of Fresnel zone at a
given distance given by:

e, = |2 (M
where 4 is wavelength of the incoming wave. s
and d is distance from transmitter and receiver.
Fresnel zone radius is the maximum at the
midpoint between the transmitter and receiver.
Although, the obstacles which are placed outside
the first Fresnel zone may introduce reflected,
diffracted or scattered contributions to the total
field strength, they cause only a small distortion in
the original wave and can mostly be ignored [9,
10].

In order to reduce the computation complexity
of diffraction problem, convex hull model is
introduced [16]. By means of convex hull model,
unsuccessive diffracting obstacles are excluded
from the scenery. Convex hull is described as a
polygon formed by some selected wedges between
the transmitter and receiver positions [12].

S-UTD-CH based on Fresnel zone concept
along with S-UTD, provides an improvement to S-
UTD implementation both for computation time
and accuracy when the number of the diffracting
obstacles is greater than 10. S-UTD-CH model
compared numerical model proposed in [13] and
relatively small computation time obtained [9, 17].
The detailed sequence of S-UTD-CH algorithm is
given in reference [9-10].

According to this sequence for a given height
distribution, the main Fresnel zone is constructed
between the transmitter and the receiver and the
obstacles outside the main Fresnel Zone are
eliminated. Following, the secondary Fresnel



zones are constructed between the transmitter and
the highest obstacle and then the highest obstacle
and the receiver. The obstacles outside these
secondary Fresnel zones are eliminated. The
process is repeated successively for smaller
Fresnel zone to be constructed under the
secondary Fresnel zones until no obstacles are
remained for elimination. In this way, the convex
hull is constructed by the obstacles remained as a
results of the elimination process. From the
theoretical point of view, the diffraction from the
obstacle placed outside the first Fresnel zone does
not contribute much to the received field and can
be ignored for most cases. After forming the
convex hull, 2D ray tracing algorithm is run to
find all the rays originated from the transmitter to
the receiver point. Finally, S-UTD algorithm runs
for calculating the total field at the receiver. For
the wedge case, the process is illustrated in Fig. 2.
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Fig. 2. Construction of the convex hull.

The motivation for the above approach of
eliminating less important obstacles, which are
outside of the Fresnel zones, is to reduce both
computation time and make a compromise
between computation time and error when the
number of diffractions is large.

When the wedges outside Fresnel zone can be
determined and eliminated before running slope
UTD, the computation time can be substantially
reduced with minimum error. Eliminating one
obstacle approximately decreases the
computational time by one-fifth and the lesser
obstacles are in the Fresnel zone, means lesser
computational time.

I1I. COMPARISON OF MODELS
In order to investigate the ray theoretical
methods, simulation results are compared in this
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section. Computer configuration is as followed.
Processor is Intel (R) Core (TM) 2 Quad CPU
Q8300 2.5 GHz and RAM is 3GB. Within this
context, to compare the UTD, S-UTD and S-UTD-
CH methods, following test case is considered for
GSM  with hard polarization. The transmitter
height is taken as 60 m, the operational frequency
as 900 MHz and receiver height changes between
0 and 120 m. There is 25 km between transmitting
and receiving antennas. There are 4 hills as
wedges with 30° inner angle. At 6, 12, 16 and 22
km there are four wedges of 65, 70, 65 and 30 m
heights, respectively. Relative permittivity of
constant of the hills is taken as 15 and
conductivity of the hills as 0.0012 S/m. Relative
path losses of the three methods for the considered
terrain profile are given in Fig. 3.
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Fig. 3. Comparison of the results for hard
polarization.

This figure illustrates relative path losses of
the methods for given scenario. Solid line presents
UTD method. Dotted and dashed lines show S-
UTD and S-UTD-CH methods. As can be seen
from Fig. 3, S-UTD and S-UTD-CH gives almost
same results. However, UTD model gives
relatively higher error, resulted from wedges that
are in the transition zone of the previous wedges.
As illustrated in Fig. 3, there is 5 dB errors in
prediction of field strength. Table 1 shows the
computation time for the ray theoretical methods.
As can be seen from Table 1, UTD is the fastest
method with lower accuracy (5 dB error). S-UTD-
CH model is a faster method than S-UTD method,
with almost the same accuracy.

Table 1: Computation time for the simulation
UTD (s) S-UTD (s) S-UTD-CH (s)
8.3 73.7 59.4
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Material properties like conductivity and
relative permittivity constant and inner angle of
wedges, affect the relative path loss at the receiver.
To wvalidate this fact, a simple test case is
considered. In the considered case, the inner angle
of wedge is 160° with a height of 50 m, placed at 5
km of a propagation path of 10 km, at an
operational frequency of 100 MHz. The
transmitter height is 50 m, while the receiver
height changes from -100 to 200 m. Figure 4
shows the analysis of the relative permittivity
constant of the wedge with varying cases. As can
be seen from this figure, relative path loss
decreases with increasing of relative permittivity
constant.
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Fig. 4. Analysis of the relative permittivity
constant of the wedge.

Figure 5 shows the effect of inner angle of the
wedge on relative path loss. As it is illustrated in
the figure, relative path loss decreases with
increasing the inner angle. When the inner angle
tends to zero, it gives the same results with the
knife-edge case.
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Fig. 5. Analysis of the inner angle of the wedge.
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In addition, the conductivity of wedge is
another parameter affecting the relative path loss
at the receiver, as in Fig. 6. Relative path loss
increases with decreasing of conductivity, as
shown in this figure. Although, all parameters
seem to have minor effect on the relative path loss,
these effects tend to be important for total relative
path loss in multiple diffraction case.
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Fig. 6. Analysis of the conductivity of the wedge.

IV. CONCLUSION

In this paper, UTD based methods are
reviewed. Study indicates that the Slope UTD
contribution is shown in the transition zone
diffraction. S-UTD has larger computation time
with higher accuracy, while UTD has small
computation time with lower accuracy for
multiple-diffraction in transition zone. There is a
tradeoff between the accuracy and the computation
time, or the accuracy and the implementation
complexity of methods. Moreover, an improved S-
UTD method for multiple wedge diffraction is
reviewed (called as S-UTD-CH). It is shown that
S-UTD-CH that uses a selection algorithm of
diffracting wedges based on Fresnel zone concept
would be used for transition zone diffraction. S-
UTD-CH provides not only very low computation
time but also very accurate results for multiple
transition zone diffractions, due to that after 10
diffractions S-UTD loses accuracy. Furthermore,
increasing of relative permittivity constant,
conductivity and inner angle of wedge, decreases
the relative path loss at the receiver.

As a conclusion, S-UTD-CH model can be
used for radio planning tools, due to the fact that
they have relatively small computation time with
high accuracy.
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