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In this letter, an experimental validation of percolation-based approaches for
the prediction of wave propagation in random media is presented.
Measurements are collected in a real controlled environment, where the
obstacles are stochastically placed in a two-dimensional grid according to a
known non-uniform density distribution. The obtained results show that, in
spite of their simplicity, percolation-based approaches can be applied in real

propagation problems.

Introduction: The prediction of e.m. propagation in disordered distributions of
obstacles is a challenging research topic [1]. A possible approach to such a
topic consists in modelling the propagation environment by means of a
percolation lattice [2] and describing the propagation through a stochastic
process. This allows one to obtain analytical closed-form solutions that
describe the average properties of the e.m. propagation [3][4]. With reference
to the far-external source scenario and under the assumption that the
obstacles are non-uniformly distributed, this letter is aimed at presenting the
results of an experimental validation performed in a real controlled

environment to validate the percolation-based solutions [5][6].



Setup: The experiments have been carried out in an anechoic chamber, 6 m
long, 3 m wide, and 4 m high, available at the ELEDIA laboratory. Sketch and
wide-angle shot of the experimental setup are given in Fig. 1 and Fig. 2,
respectively. A 2m-sided square area has been partitioned in K=10 rows,
each one containing 1=10 cells. Obstacle were polystyrene cylinders with
square section (0.2mx0.2m), 2m high, lined with a metallic film. The
transmitting device, aimed at modeling the e.m. source, was an Oritel ANC
100/15dB pyramidal horn antenna whose dimensions have been increased by
means of metallic plates to 190mm, 130mm, and 120mm, respectively. The
transmitting antenna has been placed in the cross sectional plane of the

targets and it has been oriented so that its symmetry axis crosses the middle

of the first row and forms an angle of 45° with the upper side of the grid (see
Fig. 1). The working frequency has been set to 9.6 GHz. Since both the
transmitting antenna and the receiving one (i.e., a vertical half-wavelength
monopole connected to an Agilent E4407B network analyzer) are fixed at a
height equal to the half of the scatterers height, the behavior in the horizontal
plane quite carefully approximate a two-dimensional scenario. The
experiments are concerned with two linear obstacles density distributions
(namely, profile L1 and profile L2 in Fig. 3) where the occupancy probability

takes the form q; =g, + ¢ , j being the row index. For each obstacles density

profile, S=20 different grid realizations (referred in the following as maps and
randomly-generated according to the chosen profile distribution) have been
considered. For each map, experimental data have been collected by locating

the scatterers one row after the other. The measurements have been



collected in the successive and adjacent row by moving the dipole in

correspondence with each one of the 1=10 columns.

Definitions: The measured average path loss at a given row k is equal to:

(PL(K))™* = —10Iogl{Pi£ = 'Z Py [(k,i)s]ﬂ [dB] (1)
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where P; is the transmitted power and PY"[(k,i)s] is the power measured at
the (k+1,i)-th site in correspondence with the s-th realization when the grid is
filled with obstacles till level k. On the other hand, the same quantity is

numerically-estimated according to the following relationship:

(2)
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where <P,_-§S(k)> is the average power received at level k in free space and

Pr{O - k} is the probability that a single ray impinging on the two-dimensional
percolation lattice reaches level k before being reflected back into the above
empty half-plane. Such quantity is analytically computed by following either

the Markov approach [5] or the Martingale approach [6].

Results: Figures 4 and 5 show the results obtained for the obstacles density
profiles in Fig. 3 by means of (2) by applying the Martingale as well as the
Markov approach. The estimated values are compared with those measured
and using (1). Although several sources of error as well as approximations
(e.g., measurement inaccuracies, not infinite grid in the horizontal direction,

not perfect two-dimensional structure, limited data sample) are present, a



good matching between theoretical and reference data can be noticed

whatever the obstacles distribution and the prediction approach.

Conclusions: In this letter, some representative results from an experimental
validation of percolation-based approaches for the prediction of wave
propagation in random media have been presented. The matching between
measured and computed data values has assessed the reliability of statistic

strategies.
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Figure captions:
Fig. 1 Sketch of the experimental setup
Fig. 2 Wide-angle shot of the experimental setup

Fig. 3 Obstacles density profiles

Fig. 4 Estimated and reference values of <PL(k)> vs. k for the profile L1.

Fig. 5 Estimated and reference values of <PL(k)> vs. k for the profile L2.
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Fig. 1 - R. Azaro et al., “Experimental validation of percolation-based ...”



Fig. 2 - R. Azaro et al., “Experimental validation of percolation-based ...”
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Fig. 3 - R. Azaro et al., “Experimental validation of percolation-based ...”
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Fig. 4 - R. Azaro et al., “Experimental validation of percolation-based ...”
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Fig. 5 - R. Azaro et al., “Experimental validation of percolation-based ...”



