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without needing a new experimental characterization.
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* P-6 STATISTICAL MULTIPATH EXPOSURE OF A HUMAN IN A
REALISTIC ELECTROMAGNETIC ENVIRONMENT
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Ghent University, Ghent, Belgium

Objectives. Several statistical models exist for the description of a realistic electromag-
netic environment. If we want to investigate the whole-body exposure of a spheroid human-
body model in such an environment, then a huge number of simulations are required with
any FDTD- or MoM/FEM tool in order to obtain statistical relevant results. Therefore, a
new and fast method is proposed for the assessment of the exposure of a spheroid phantom
in a realistic electromagnetic environment.

Methods. In [1] a statistical model of the electromagnetic field in an observation point r
has been proposed for several realistic environments. This statistical model describes the
electromagnetic field distribution as a finite sum of incident plane waves. Using this model,
we generate a large number (50000) of complex field distributions.
To investigate the whole-body averaged SAR (SARwb) in any phantom, it is sufficient to
determine the Poynting vector from the electric and the magnetic field distribution on a
closed surface around the phantom. Integrating the Poynting vector over the observation
surface and taking the real part, gives us the absorbed power inside the observation surface.
As only the phantom is inside the observation surface, the absorbed power equals the losses
in the spheroid phantom. Taking into account the weight of the spheroid phantom, one
finds SARwb.
The linearity of the Maxwell equations allows us to evaluate the fields on the observation
surface for each individual incident plane wave and, finally, to make the superposition of
the fields on this surface to find the resulting field.
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Because a homogeneous spheroid model has rotation symmetry around the major axis and
reflection symmetry across the plane defined by the minor axes, the field distribution of any
incident plane wave can be determined from the field distributions of the TE (transverse
electric) and TM (transverse magnetic) polarized incident plane waves for every elevation
angle θ between 0 and π/2, and a single azimuth angle φ (see Fig. 1). The fields of these
incident TE and TM polarized plane waves form a complete set of basis field distributions
and have to be calculated with a FDTD or MoM/FEM tool.
The amount of elevation angles for which the fields of the TE and TM incident plane waves
have to be calculated can be significantly reduced by the use of spline interpolation. With
this method we have limited the number of simulations to 18 for the investigation of SARwb

in a homogeneous spheroid in a realistic electromagnetic environment.
Using this set of 18 simulations of the fields and the interpolation, the absorption can be
calculated from every complex field distribution generated with the model of [1].

Results. The proposed method was validated with a MoM/FEM tool. All deviations on
SARwb were all below 1 %. After performing the numerical simulations to determine the
set of basis field distributions, calculating the exposure for a single sample only takes 0.5
sec on a PC with a 3.4 GHz processor. Fig. 2 shows the cumulative distribution function
of SARwb in a homogeneous spheroid (2a=1.75 m, b=0.138 m) with dielectric properties
εr=41.4 and σ=0.99 S/m in an urban macrocell environment [1] at a frequency of 950 MHz.
The number of samples was 50000. Erms averaged over free space was set to the ICNIRP
reference level at 950 MHz, i.e. 42.38 V/m. For an urban macrocell the median of the
SARwb is 0.014 W/kg with standard deviation of 0.0025 W/kg. In 99 % of the cases the
SARwb will be less than 0.02 W/kg. The chance of reaching the ICNIRP limit of 0.08 W/kg
is not probable.

Conclusions. A new and fast method has been proposed for the investigation of the whole-
body exposure of a spheroid model of a human in a realistic environment. The method has
been validated with numerical simulations with a MoM/FEM tool and excellent agreement
has been observed. The results of SARwb for a spheroid in an urban macrocell environment
at a frequency of 950 MHz are presented and are compliant with the basic restriction of
0.08 W/kg.
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Figure 1. : The method for the exposure of a spheroid in a complex elec-
tromagnetic environment.
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Figure 2. : The cumulative distribution function of SARwb in a spheroid
model of a human (2a=1.75m, b=0.138m) in an urban macrocell environ-
ment at 950 MHz when the average of Erms over the entire space equals the
ICNIRP reference level.
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