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Abstract

A Uniform Asymptotic Physical Optics solution, employed to evaluate the field diffracted
by the edge in a rough lossy wedges, is presented. Such a solution is obtained by using a
Physical Optics approximation of the surface current densities induced by an incident field
on the illuminated face and by performing a uniform asymptotic evaluation of the resulting
radiation integral. Its analytical expression, given in terms of the transition function of the
Uniform Geometrical Theory of Diffraction, is easy to handle and to implement in a
computer code. It can be used to evaluate the diffraction by buiding corners in urban
environments.

1. INTRODUCTION

With the spreading of wireless networks for personal communication services, various
models have been developed for simulating multipath propagation conditions in urban
areas. The model that has emerged as being well suited to this end uses a ray-tracing
approach based on the Uniform Theory of Diffraction (UTD) [1]. Ray-tracing approxi-
mates electromagnetic waves as discrete propagating rays that undergo scattering
phenomena due to the presence of building, walls and other possible obstructions in the
considered environment [2]-[5]. Accordingly, for an accurate prediction of the field
propagation from the transmitter to the receiver, reflection from smooth and rough lossy
surfaces and diffraction from edges must be properly taken into account in the UTD
formulation. For calculating the fields around finite conductivity wedges, a heuristic version
of UTD, including surface roughness effects, was developed by Luebbers in [2]. The
corresponding solution for rough lossy wedges is easy to handle and to implement in
computer programs, so that it is commonly used in ray-tracing propagation algorithms for
wireless communication systems in urban areas. Despite the large use of such an
approximate solution for solving practical problems, it must be remembered that it does not
possess a rigorous basis, and therefore it should be used only with considerable attention.

A Uniform Asymptotic Physical Optics (UAPO) approach has been recently proposed in
[6] to find the field diffracted from a nonpenetrable half-plane characterized by an
anisotropic impedance boundary condition. The solution has been obtained by using a PO
approximation of the surface current densities induced on the illuminated face of the
scatterer and by performing a uniform asymptotic evaluation of the resulting radiation
integral. Moreover, it must be stressed that the so obtained solution relies on a sound
theoretical foundation, is easy to implement in efficient algorithms and, although
approximate, is resulted to be accurate when compared with other more rigorous solutions
available in literature.

In accordance with [6], the UAPO solution for the field diffracted from a rough lossy
wedge, when illuminated by a normally impinging plane wave, is presented. Due to the
lossy material forming the scatterer, the transmission through the wedge is neglected and
the Fresnel’s reflection coefficients for parallel and perpendicular polarizations, properly
corrected to take into account the roughness effects, are used in the expressions of the PO
currents. Note that such a solution can be properly extended to consider the diffraction
from obstacles in natural and urban environments, for which an exact solution is unknown.

2. UTD FORMULATION OF THE PROBLEM
Let us consider a rough lossy wedge surrounded by free-space. The z-axis of a



cylindrical reference system is directed along its edge and the angle ¢' denotes the
propagation direction of a plane wave normally impinging on it (see Fig. 1). The exterior
angle is equal to nz. The observation point P external to the Wedge is identified by (p,¢).

According to the UTD formulation, the total electric fleld at P is expressed as sum of the
Geometrical Optics (GO) field (E%°) and the field (E ) diffracted by the edge. As well
known, the GO field is given as superposition of the incident field and the field reflected
from S, and §,, (the wedge surfaces at ¢ =0 and ¢ = nrx, respectively), namely,

E® =E'U'+E U, +E" U’ (1)

where U', Uy and U,, are unit step functions equal to 1 in the regions illuminated by the
incident and reflected fields and O in their shadow regions. For what concerns the
evaluation of the field reflected from the wedge surfaces, it is convenient to introduce the
diagonal reflection matrices R° and R" associated with the ordinary incidence planes for
S, and §,,. Their elements relate the field reflected from an equivalent infinite rough lossy
surface to the incident field. In particular, with reference to S, (see Fig. 2), it results:
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wherein k is the free-space wavenumber, the notations || and L denote the field components
(at the origin) parallel and perpendicular to the ordinary plane of incidence (see Fig. 2).
The reflection coefficients for parallel and perpendicular polarizations, determined by
material properties, incidence direction and frequency, are given by [4], [7]:
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where €, is the complex relative permittivity of the wedge structure and py is the surface
roughness attenuation factor. By using the Gaussian model for a rough surface, py can be
derived by the expressions [4]
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where A is the wavelength and Ah is the standard deviation of the normal distribution of
heights.
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Fig. 1. Geometry of the problem. Fig. 2. Geometry for the evaluation of the reflec-

tion coefficients for S,,.

3. DIFFRACTED FIELD: UAPO SOLUTION

The field generated by the PO electric and magnetic surface currents Jf 0

and Jf;g



induced by the incident field on the wedges surfaces can be expressed in the far-field
region by means of the well known radiation integral:
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where S=5,+S,.In (5) { is the free-space impedance, r and r' denote the observation

and source points, respectively, R is the unit vector from the radiating element at r' to the

observation point and [ is the (3% 3) identity matrix. Since the two field contributions can
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be determined in similar way, only E, "~ is explicitly considered. By following the approach

in [6], it results:
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wherein § identifies the diffraction direction,
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By applying the Cauchy’s theorem, the contribution to the PO field related to the
integral along the contour (c) (distorted for the presence of singularities in the integrand) is
equivalent to the summation of the integral along the Steepest Descent Path (SDP) passing
through the pertinent saddle-point ¢, and the residue contributions associated with all
those poles «,, that are inside the closed path (c)+SDP. As in [6], a uniform asymptotic
evaluation of the integral along SDP provides the edge diffraction contribution in terms of
the UTD transition function. The diffraction contribution related to §, can be determined
in a similar way, so that the UAPO solution for the diffracted field can be written in the
following compact form:
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In (11), U, and U,, are unit step functions which are equal to 1 or O depending on the fact
that the corresponding face of the wedge is illuminated or not by the incident field, F(x) is
the UTD transition function [1], a(x)=2 cos*(x/2) and
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The matrices M° and M", which account for the expressions of the PO currents on the
wedge surfaces, have been determined by following [6].



4. NUMERICAL RESULTS

Many numerical tests have been performed to verify the effectiveness of the UAPO
solution for determining the field diffracted from rough lossy wedges illuminated at normal
incidence by an electromagnetic plane wave. However, to save spacing, only the results
relevant to one case are here reported. Figure 3 refers to a 90° rough lossy wedge
characterized by €, =¢,—j600A =4.44—j0.045 and Ah=0.005m (parameters of a brick
wall at the frequency f =4 GHz [4]). The incidence direction is ¢'=70°. The incident field
is characterized by Ej =1, El4 =0 and the scattered field is evaluated at p=0.75m. As
expected, the UAPO diffracted field compensates for the discontinuities of the GO field, so
that the total field is continuous throughout, including across shadow and reflection
boundaries, demonstrating the uniformity of the solution.
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Fig. 3. Magnitude of the field scattered from a right-angle rough lossy wedge illuminated
at ¢'=70°. The observation point is at p=0.75m. The standard deviation of the
normal distribution of heights is AhA=0.005m. The relative permittivity is
€,=4.44-j0.045 at f =4 GHz. Incident electric field: Eb =1, E=0.
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