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An Improved Heuristic UTD Solution for
Multiple-Edge Transition Zone Diffraction
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Abstract—This paper describes a new heuristic approach for
multiple edge diffraction modeling based on the uniform theory
of diffraction (UTD). It incorporates the slope diffraction terms
which can be realized as a second-order diffraction process, vital
for accurate predictions when more than one edge exists. The pre-
dictions of this approach are compared with the Vogler solution
and were found to be in very good agreement for many different ge-
ometrical arrangements, with low computational complexity. The
solution is also extended to wedge diffraction.

Index Terms—Geometrical theory of diffraction, propagation
modeling.

I. INTRODUCTION

M ODERN services, such as digital video broadcasting and
cellular communication systems, have led to the devel-

opment of powerful theoretical deterministic models for the pre-
diction of field strengths over paths of given profile [1], [4]–[6].
Due to the widespread use of radio frequencies of wavelengths,
small compared with the major terrain irregularities, obstacles
are commonly treated as knife-edges, with wedges and cylin-
ders used for increased accuracy. This representation has been
found appropriate for built-up areas [7], with the Vogler solution
[4] representing the ultimate in accuracy compared with other
approximate deterministic models (e.g., [1], [6]).

A common feature of all multiple knife-edge diffraction
models is that there is a trade-off between accuracy and
computation speed. Methods that are characterized by small
computation times are unable to estimate the received signal
strength with great accuracy and vice versa. Although, the
Vogler solution can offer very accurate results, the complexity
in computational requirements makes it prohibitive, especially
when area coverage predictions are needed, although recent
work has shown how to minimize the time [8]. A new approach
has been presented in [1], which couples small computation
times with fairly accurate predictions. The formulas in [1]
perform much better in accuracy than the original first-order
UTD solutions in [9], proving that the slope diffraction term is
a critical component for accurate diffraction predictions. How-
ever, the predictions of this heuristic approach still suffer from
inaccuracies, especially when the number of edges increases or
the edges have unequal heights. A more accurate UTD solution
has been studied in [5], but the diffraction process involves
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Fig. 1. Ray geometry for multiple knife-edge diffraction.

computation of many higher order terms whose number cannot
be predicted for a particular path profile. The present study
explores and improves the heuristic approach presented in [1],
maintaining the simplicity of the method, while producing more
accurate predictions with low computation times. Detailed
simulations are quoted in order to illustrate the new formulation
and compare it with other methods.

II. BASIC THEORY

According to the UTD theory [2], the diffracted field for a
single absorbing knife-edge is given by

(1)

where
;

diffraction angle with respect to the-face of the edge;
incident angle with respect to the-face of the edge
(Fig. 1);
spreading factor

(2)

The amplitude diffraction coefficient is given by

(3)

whereas, the slope diffraction coefficient is given by

(4)
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The term is the known as the transition function

(5)

and the derivative of this function is

(6)

According to (4), (6), the slope diffraction coefficient is given
by

and its derivative by

(8)

The contribution of [1] was that the and parameters in
(3) and (7) were calculated according to some continuity equa-
tions, which ensure continuity of the diffracted field and its
slope along the shadow boundaries of the edges.

The innovation in the approach presented here is to develop
different continuity equations which vary for each ray indepen-
dently. Hence, the values of and are different for
each ray, even if the diffracted edge and the receiver point are the
same. Although such an approach results in a little added com-
plexity, this method produces more accurate output compared to
[1] as will be noticed in later example calculations. Furthermore,
the present approach is thought to be more physically correct,
since both the magnitude and the phase of the signal are taken
into account when the and parameter values are calculated.

III. D OUBLE AND TRIPLE KNIFE-EDGE DIFFRACTION

In this section, two and three knife-edges colinear with the
transmitter and the receiver, and arbitrary spacing are consid-
ered (Fig. 2). It is assumed that the slope of the field is zero
only when it originates from the transmitter. Hence, denoting
the total field at edge by and the field at edge due to
edge as , the total field on the second edge is

(9)

where
incident field from the source;
incident field from the source at edge 1;
comprises the transmitter, the first, and the second
edge.

The continuity equation for evaluating theparameter that ap-
pears in is

(10)

For , the amplitude diffraction coefficient is given by

(11)

Fig. 2. Path geometry for 3 knife-edges with equal heights and spacings. The
index of eachL parameter refers to the edge where the ray originates, amplitude
diffracted and received.

Hence, following (10)

from which

(12)

The total field at edge 2 is then

(13)

The present approach differs from [1] when the field at edge
3 and after, need to be calculated. First, theparameters for the
second edge need to be evaluated. The continuity equations for
amplitude diffraction are

(14a)

(14b)

(14c)

From (14a)

(15)

From (14b),

(16)

Finally, from (14c)

(17)

As can be noticed, the parameters or do not have
the same form as or , contrary to the assumption in
[1] where all these terms have similar formulation with
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or . This effect becomes more significant as the number of
edges increases or if the edges have very different heights.

Finally, for the slope term

(18)

Following the same continuity equation as [1] for the slope term,
the parameter is

(19)

Although, the parameter is the same as that calculated in
[1], it produces different values when more than two edges exist
in the propagation path.

The total field at edge 3 is then

(20)

Hence

(21)

As can be noticed, for only two edges with equal heights, (21)
is the same as [1, eq. (16)]. However, for more than two edges,
the solution of the present approach is more close to the correct
result [3] as will be shown in the next section.

IV. M ULTIPLE KNIFE-EDGE DIFFRACTION

Following the results in the previous section, the proposed
method can easily be extended to three knife-edges and then
by recursion to knife-edges. For each edge there will always
exist an amplitude diffraction term and a slope diffraction term.
The and values need to be calculated according to the con-
tinuity equations which must be formed for each ray indepen-
dently.

Hence, the field at edge 4 (Fig. 4) will be given by

(22)
where is the total field at edge 4, is the field at
edge 4 with edge 3 absent, resulting in a two-edge diffraction
problem. The term is analyzed for all the components
of the field at edge 3 since the diffraction coefficient could pos-
sess different values for different rays. Finally, the same concept

Fig. 3. Relative field strength versus number of knife-edges for equal heights
and spacings.

should be followed for the term , where for this
term an additional calculation to find the derivative of the slope
diffraction coefficient is made, as given by (8).

A recursive computer algorithm has been implemented to il-
lustrate the performance of this heuristic approach. As illus-
trated in Fig. 3, for nine edges, the method in [1] exhibits an
error of approximately 1 dB whereas in our case, the error is
only 0.04 dB. In addition, the method proposed in [1] diverges
more rapidly from the correct result as the number of edges in-
creases, significantly overestimating the relative path loss.

Although the present method is more complicated than [1], it
is still very easy to implement in a recursive computer algorithm
with fast computation times if compared with [4].

V. UNEQUAL HEIGHTS AND SPACINGS

When the edges have different heights, theand param-
eters are determined as previously, although different path pro-
files have to be considered. An unjustified constraint of [1] is
that for unequal heights, only the magnitude of the signal is
considered in every continuity equation. If the phase is also in-
cluded, the equations do not give an acceptable value. Such a
practice might suggest that the heuristic approach in [1] cannot
be physically correct, since the magnitude alone is not enough
to evaluate correctly each or parameter. However, in the
present approach, both the magnitude and the phase are taken
into account. Since the continuity equations are valid only when
the origin of the ray, the diffracting edge and the field point lie
on the shadow boundary, new field points needs to be found.
Since the continuity equations are valid only when the origin of
the ray, the diffracting edge and the field point lie on the shadow
boundary, new field points needs to be found. Fig. 4 illustrates
how these receiver points are calculated, whose total number is

for edge , where is the total number of edges.
Assuming that a line-of-sight case exists for all the edges, the
total number of parameters is , whereas the total
number of parameters is .

In Fig. 5, the output is compared with [4, Fig. 2] with a very
good agreement whereas the method in [1] exhibits a maximum
error of approximately 0.7 dB. In addition, when the middle
edge does not exist, both the Vogler solution and the present
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Fig. 4. Path geometry for three knife-edges with unequal heights and spacings.

Fig. 5. Comparison with [1, Fig. 7(b)] and [4, Fig. 2]. The output agrees
exceptionally well with the Vogler solution.

Fig. 6. Comparison with [4, Fig. 3]. The output agrees exceptionally well with
the Vogler solution.

method find similar path loss (21.6 dB) whereas the solution in
[1] exhibits an error of approximately 0.1 dB.

Another important feature in Fig. 5 is that the evaluation of the
parameters when only the magnitude of the field is considered

results to large errors, as practiced in [1].
In Fig. 6, the output is compared with [4, Fig. 3] with an ex-

cellent agreement, whereas Fig. 7 shows another example calcu-
lation for three edges at 100 MHz with equal distances between

Fig. 7. Relative field strength versus spacing. The output agrees exceptionally
well with the Vogler solution.

Fig. 8. Comparison with [5, Figs. 8 and 9]. The output agrees exceptionally
well with the higher-order solution.

the first and second edge and also between the second and third
edge. In this figure, different curves correspond to different dis-
tances between the final edge and the receiver. As previously, the
method agrees very well if compared with the Vogler solution.
However, even the present approach does not produce the cor-
rect predictions when the relative distances are very small com-
pared to the total path length (less than 50 m spacing in Fig. 7),
an effect which is inherited from the original UTD solution.

VI. A PPLICATION TO WEDGES

The same approach may also be applied to conducting or re-
flecting wedges by considering the appropriate formulas that
exist in the literature for the UTD solution [2].

In the case of perfectly conducting wedges, (3), (7), and (8)
need to be modified to account for the interior wedge angle.

Fig. 8 shows an example calculation with two and three per-
fectly conducting wedges of interior angle 60at a frequency
of 100 MHz with horizontal polarization. It can be seen that
the present approach agrees very well with [5, Figs. 8 and 9].
However, the output in Fig. 8 may also be found if a knife-edge
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Fig. 9. Comparison with [5, Fig. 10] for two wedges. The output agrees
exceptionally well with the higher-order solution.

configuration is used, due to the small interior wedge angle. A
calculation that is more representative of the proposed UTD so-
lution can be viewed in Fig. 9, where the results can be obtained
only for a wedge configuration. The path profile is similar to
[5, Fig. 10] for two wedges, assuming horizontal polarization.
Once again, it can be noticed that it agrees very well with the re-
sults in [5], although the order of the solution is much less that
the one proposed in [5].

VII. CONCLUSION

A modified heuristic UTD solution was presented here in
comparison with a previous solution [1]. The results were char-
acterized by rapid computation time and very good accuracy
if compared with well known solutions [4], [5], even though a
second order UTD solution was employed in contrast with [5].
In addition to knife-edge configurations, the method was also
applied to wedges where the results verified the validity of this
approach. However, the method inherits a deficiency of the UTD
solution, as it cannot predict the correct diffraction loss when
two edges are very close to each other. Fortunately, this effect
is geometry dependent and does not appear in all cases where
there are very short separation distances.
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