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ABSTRACT

The prediction of the electromagnetic field distribution in complex radio environments, useful to design indoor

microwave LAN systems and to investigate possible EMC/EMI problems, is presented. The adopted field prediction

model takes into account the presence of building’s walls, floors, corners, and furniture. An accurate electromagnetic

characterization of the environment is obtained by means of a suitable heuristic UTD diffraction coefficient for

penetrable objects. A three-dimensional beam-tracing algorithm, which includes diffraction phenomena, has been

employed to compute the field distribution. Numerical examples of field computation inside indoor environments, and

of the coupling between radiating systems and targets simulating electronic equipments are presented.

INTRODUCTION

Nowadays, wireless local area networks (WLAN) are frequently used, for computer data and personal communications,

in environments, such as offices, factories, hospitals, airports, etc.. The performances of these systems strongly depend

on the behavior of the field propagation which is dominated by many scattering processes due to obstacles (walls,

openings, furniture, etc.) [1]. In addition, the presence of human beings, electronic apparatus and equipments involve

that WLAN systems must guarantee also EMC requirements [2]. To satisfy those requirements directly during the

design phase, it is necessary to evaluate preliminarily the field coverage and potential EMC problems. To this end, a

numerical prediction tool can be usefully employed.

In this paper, a model based on the Uniform Theory of Diffraction (UTD) is used to predict the electromagnetic

field distribution in realistic radio environments. The model employs a suitable heuristic diffraction coefficient to

analyze the scattering from penetrable objects [3], modeling wall junctions and non-metallic furniture. In order to

determine the characteristics of some indoor radio environments, the field distributions, and the disturbance levels

caused by the radiating system on targets simulating electronic equipments, have been evaluated.

I. THE THREE-DIMENSIONAL BEAM-TRACING METHOD

The computation of the field is based on an enhanced tridimensional beam-tracing method employing the broadcast

technique [4]-[7]. This technique has a computational burden that is not strongly dependent on the number of surfaces

describing the environment and it is particularly efficient when the number of the field computation points is large. In

this method, the field radiated from the antenna is modeled by means of beams shooting from the antenna location. The

interaction of the beams with the scattering objects is evaluated using the reflection, transmission and diffraction

coefficients. For penetrable objects, the methodology proposed in [3] has been adopted to derive the diffraction

coefficients. The field at the observation point is given by the superposition of all the electromagnetic beams that

impinge on that location. To obtain an high degree of accuracy in the evaluation of the field distribution, necessary to

solve EMC/EMI problems, up to five GO- and three UTD-beam bounces are taken into account.

II. DISTURBANCE INDUCED IN A TRANSMISSION LINE STRUCTURE

The model described in Section I. has been employed to evaluate the disturbances induced along a transmission line,

simulating a target equipment, by an indoor microwave LAN system. To evaluate the induced voltages and currents, a

transmission line model excited with distributed sources, properly related to the external electromagnetic field, has been

adopted [8]-[10]. The considered transmission line is formed by a suspended metallic strip placed above a finite

dimension metallic ground plane. The distributed source terms have been computed, in discrete points spaced about



λ0 15/  each other, taking into account all the ray fields that impinge on the metallic strip, then the disturbances

induced along the line have been evaluated using the equivalent transmission line Green’s functions. To compute the

field that impinges on the metallic strip the field scattered from the ground plane edges has been neglected.

III. NUMERICAL RESULTS

The electromagnetic field distribution, and the signal received from an E-field probe and a transmission line, simulating

target equipments, have been analyzed inside some indoor environments, composed of rooms, furnished with wooden

and metallic tables and cabinets. The disturbance levels have been computed by taking into account the polarization and

the location of the radio source. Typical frequency values (1.8 GHz, 2.44 GHz, 5.2 GHz) have been considered. Here,

for brevity’s sake, only an example of the analyzed environments is given.

In Fig. 1, a typical room, provided with a wooden table, metallic cabinet, a wooden cabinet, is shown. The

material characteristics used in the numerical computations are given in Tab. 1.

Fig. 1. The Tx point indicates the location of the corner reflector antenna working at 1.8 GHz. The shadow region,

which includes the probe location, indicates the field computation zone.  The external brick wall is at x=5 m. The

internal brick walls are at x=0, y=0, and y=5 m.

Tab. 1 Material Characteristics
εr σ (S/m) thickness

(cm)
Ceiling and Floor 7.9 0.089 25.0
External Brick Wall 5.2 0.028 22.0
Internal Brick Wall 5.2 0.028 12.0
Metallic Structure 1.0 10 7 -
Wooden Structure 3.0 0.0 4.0
Glass Window 3.0 0.0 0.5

The vertically polarized corner reflector antenna radiating 250 mW is located at the corner of the room, as shown in

Fig. 1. The field computation zone is at 1 m from the floor. The power received from an E-field probe has been

evaluated along a x-oriented line crossing the center of the table.

The magnitude of the electric field distribution is shown in Fig. 2, while the power, received from an E-field probe

oriented along the z-axis, is shown in Fig. 3. From Fig. 2, the complex field distribution and the fast and slow

multipath fading due to the multiple reflection and diffraction processes are particularly evident. The influence of

multipath fading on the disturbance levels, detected by the probe, can be observed in Fig. 3.



In Fig. 4, the induced current appearing along a 50-Ω x-oriented microstrip line, located at the center of the table,

is shown. The microstrip structure, formed by a 5 mm width strip placed at 1 mm above a perfectly conducting ground

plane, has a length of 25 cm. The transmission line is terminated with two matched loads. From Fig. 4, it appears that

the level of disturbance induced by the external field are significantly influenced by the diffraction phenomena.

Fig. 2. Electric field magnitude. Frequency 1.8 GHz.

Fig. 3. Power received from a z-oriented E-field probe. Frequency 1.8 GHz.

Fig. 4. Current induced along a 50-Ω x-oriented microstrip line located at the center of the table. Frequency 1.8 GHz.



IV. CONCLUSIONS

Some examples of EMC-oriented field predictions have been performed to analyze the field distribution and the

potential disturbance levels generated by a wireless communication system operating in a realistic indoor environment.

The numerical results show that the electromagnetic field distribution and the disturbance levels are significantly

influenced by the diffraction phenomena. The prediction model employed can be also successfully adopted as starting

point to find the optimum location of the radio sources, in order to reduce the EMC/EMI problems in sensible

electronic equipments working in the same environment and to analyze the problem of the exposure conditions for the

population working in the site.
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