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Abstract — The rigorous theoretical solution of the
human exposure to the near-field of radiobase antennas
requires a heavy computational effort. In this paper we
propose a full-wave solution based on the implementation of
a Finite-Difference Time-Domain method on parallel
computers, such as the APE-Quadrics SIMD machine with
512 processors. The cases of several GSM real antennas
interacting with a numerical phantom proposed by the
Visible Human Project are solved, demonstrating the
amenability of the approach and its accuracy for a point-
evaluation of all the relevant parameters (E and H fields, as
well as SAR or local currents) with a millimeter-resolution.

I. INTRODUCTION

The rapid diffusion of wireless technologies has
focussed the attention on the potential risks for human
health due to the exposure to electromagnetic (EM) fields.
The problem, not new, is now a hot topic both for
scientific research, and for its political and social
implications.

Among the several EM sources, a particular interest has
been addressed, till now, to cellular phones [1,2], whilst a
much smaller emphasis has been reserved to radiobase
station antennas (RBAs) [3]. Nonetheless, the exposure to
the near-field (NF) of such devices is a relevant issue for a
large class of workers, spending long daily time intervals
in the proximity of RBAs (for instance, employees
involved in radio-communication apparata installation and
maintenance, or working over building roofs hosting
RBAs). '

The NF interaction between RBAs and humans is a
difficult problem. It has been attacked with experimental
approaches [4,5], using homogeneous or simplified human
phantoms. A numerical solution, on the other hand,'is
potentially attractive, because of the several accurate
numerical phantoms developed in the recent past, and the
large variety of rigorous numerical EM techniques
proposed in the literature. Unfortunately, a numerical
accurate solution is quite hard, because of the huge
computational effort required. In fact, in many cases,

panel RBAs have a leading dimension D of nearly 2
meters, with consequent far-field distances which can
easily reach 10-20 meters (using classical DA  or
2DYA relationships [6]). Therefore, the use of a full-wave
solver, necessary for a rigorous NF analysis, is
unaffordable with standard computational techniques. In
such a framework, the development of a new computer
tool, able to give a numerical rigorous solution to the
RBA-human NF interaction problem, has several relevant
goals, such as:

i) the evaluation of dosimetric parameters in a human
subject exposed to a RBA and the consequent potential
health risks

i) the evaluation of the accuracy of experimental
apparata, using for instance the homogeneous phantom
approximation

iii) the evaluation of the accuracy of simplified
approaches, using the far-field approximation [3].

In this paper, a fullwave numerical solution is proposed
for the exposure of human beings to the NF of real RBAs
used for the GSM mobile system. The solution here
proposed is based on the implementation of a Finite-
Difference Time-Domain (FDTD) approach on a parallel
computer of the APE/Quadrics family. The Visible
Human Project (VHP) numerical phantom is used.

The paper is structured as follows. In Section II the
parallel FDTD approach is described, explaining the
choice of the parallel computer platform, as well as the
parallel algorithm. In Section I a short review is given on
the used pumerical phantom. In Section IV results are
given, validating the proposed FDTD code, and estimating
the human exposure to the NF of several real RBAs.
Finally, conclusions are drawn.

II. PARALLEL FDTD ON APE/QUADRICS PLATFORM

The FDTD approach is quite well-known and used for a
large class of EM problems, due to its high versatility. A
wide literature is available about FDTD, and this is not the
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appropriate context for a detailed description of the
method. We just recall here that, among the several
possible boundary conditions [7-9], Mur’s absorbing
boundary conditions (ABC) [7] are used. In fact, even
though PML ABC [8-9] can be more accurate, they are
more time-consuming, and their implementation on
parallel architectures such as the ones here adopted is not
trivial at all. Anyway, Mur’s ABC guarantee an accuracy
appropriate for the problem, as demonstrated in the
following. Moreover, the classical relationships reported
in [10,11] are used to guarantee spatial and time stability.

The elected architecture is the APE/Quadrics series
[12]. It is a so-called Single-Instruction Muitiple-Data
(SIMD) platform. A SIMD platform is a multiprocessor
architecture where every processor performs the same
operation on different data in the mean time, and is quite
amenable for an efficient parallel implementation of the
FDTD scheme.

A. Parallel implementation

On a machine with n processors, the whole computation
domain is divided into n sub-domains (with equal volume
and shape); each sub-domain is assigned to a processor
and adjacent sub-domains are assigned to adjacent
processors (both the algorithm and the machine
implementing it have 3D topology). The EM field
components are contemporarily updated in each
processor. When the computation- updates a field
component on the border of the domain, some values
belonging to the border of the adjacent domain are
required: in order to avoid communications during the
computations, each sub-domain is surrounded by the
border cells of the other domain. These border values are
communicated after the updating phase.

The implementation of the proposed algorithm on the
APE/Quadrics architecture guarantees very high speed-
ups, as well as the possibility of managing large memory
requirements. This is especially due to the small
granularity of the FDTD integration scheme, rendering
this problem very well suited to be implemented on
massively parallel systems.

III. NUMERICAL PHANTOMS

A relevant role in the accurate solution of the addressed
problem is played by the numerical technique utilized to
represent the electromagnetic properties of the exposéd
human subject. The use of an appropriate numerical
phantom, in fact, is the attractive issue to overcome the
real problem of several proposed experimental techniques,
using homogenous representations of the human body,
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Fig. 1: H and E-plane radiation patterns for RBA K730685. The
colour graph reports E-field levels (red for high-intensity areas,
blue for low-level areas)

with a consequent approximation error sometimes not
adequate to the goals of a radio-protection analysis.

The story of the development of accurate numerical
phantoms is rich and long, and we address to the
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Fig. 2: The 10g-SAR behavior along x-axis. The input power is
1W.

specialized literature the interested reader [13-16]. In this
work we refer to one of the most appreciated phantoms,
the one proposed by the Visible Human Project (VHP) at
Yale University. Yale phantom derives from the
segmentation of the Trasmission Computerized (CT) x-
Ray termography torso+head and MRI head slices of two
living human males. The manually segmented 129 x-ray
CT transverse slices were used to create a computerized 3-
dimensional volume array modeling all major internal
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structures of the body. The original x-ray CT images were
reconstructed in a 512x512 matrix with a resolution of 1
mm in the x,y plane. The z-axis resolution is 1 cm from
neck to mid-thigh and 0.5 cm from neck to crown of the
head. The final phantom is interpolated to create a
128x128x243 byte volume giving a 4x4x4 cubical mm
voxel size dimension [13]. Each voxel of the volume
contains an index number designating it as belonging to'a
given organ or internal structure.

IV. RESULTS

In order to validate the proposed parallel FDTD code,
we present now in Fig. 1 some numerical results for a real
RBA, the Kathrein (K) 730685, whose dimensions are
reported in the same Fig. 1. The simulated radiation
patterns (RP) both in the E and H-plane are evaluated
using an observation distance of almost 6 m, and
compared with the vendor’s data. Also, a color
representation of the levels of the electric field in both the
vertical and horizontal planes is reported in the same Fig.
1. It can be observed that a very good accuracy is
achieved. '

As further validation, a conspicuous number of
simulations on the most common canonical cases has been
performed. For instance, a 3-layered sphere
(skint+bone+brain) has been exposed to the EM-field of a
900 MHz half-wave dipole. The radiated power is 1W, the
external sphere radius is 10 cm, the feeding gap is 2.5 mm
and the distance between the feed and the sphere surface is
almost 6 mm. The local SAR, the SAR averaged over 1g
of tissue (1g-SAR) and over 10g of tissue (10g-SAR) have
been evaluated and the power absorbed by the head has
been estimated. The implemented simulation scheme and
the adopted reference system are shown in Fig 2. In the
same Fig. 2, the behaviour of the 10g-SAR is reported.
The result of Fig. 2 is in a very gbod agreement with data
reported in [17].

Among the possible applications, the developed parallel
FDTD tool can be used to verify the accuracy of several
experimental set-ups, using a homogeneous phantom
approximation. The human exposure to the near field of a
RBA has been solved using two different numerical
phantoms: the VHP heterogeneous phantom described in
Section III, and a homogeneous phantom with the same
shape of the VHP one, though modeled with constant
dielectric characteristics in each point (¢,43 and =0.83
S/m). The phantoms have been exposed to a real antenna
(K730678), varying the mutual position and the distance
between antenna and phantom; the maximum studied
distance is 60 cm. The following parameters are estimated:

a) the local SAR, the 1g-SAR and the 10g-SAR, in each
point of the studied phantoms;

b) the peak SAR both for 1g-SAR and 10g-SAR, in the
phantom head and in the phantom trunk;

c) the power absorbed by the phantoms (full-body, head,
brain, trunk and heart).

The domain is partitioned into 320x320x256 cubic cells,
the radiated power is 32 W and the operating frequency is
902 MHz.

The obtained results can be summarized as follows:

both the position and the value of the maximum
evaluated SAR are similar in the studied phantoms, for
each RBA-phantom distance and mutual position;

the values of the SAR averaged over a large portion of
human body, like the head or a portion of it, the bust or
the trunk, are comparable in both cases;

the comparison of the punctual values of the dosimetric
parameters, instead, put forwards substantial differences
between the use of a heterogeneous phantom rather than
a homogeneous one. In fact, because of the different
position of the local maxima and minima, a 40%
difference, in some investigated phantom’s points, can
be observed.

'

Fig 3. The qualitative E-field levels for oe of the several
implemented exposure conditions. The use of the VHP phantom

(left) rather than the homogeneous one (right), causes substantial
differences in the estimated SAR levels.

We recall now that the ICNIRP guideline recommends 3
different safety limits for workers:
1) whole body average SAR : 0.4 W/Kg;
2) 10-g SAR in each head or trunk point: 10 W/Kg;
3) 10-g SAR in each limbs point: 20 W/Kg.
In all the simulated cases the whole-body average SAR

_is substantially smaller than the reference value. On the

contrary, a more careful analysis and discussion must be
performed (and is here omitted for the sake of
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conciseness) for the remaining two limits, which are in
some cases exceeded.

In Fig. 3, the qualitative representation of the E-field
levels is shown in a vertical section of one of the
simulated cases (the human-antenna distance is 30cm).
The antenna and the phantom’s shape are easily
identifiable and the colour scale from blue to red put
forwards the different field levels, both for VHP and for
the homogeneous phantom (red colour is for high E-field
intensity). For this simulation, as an example, the
estimated peak 1g-SAR is 13.12 W/Kg for the VHP
phantom, against 12.42 W/Kg for the homogeneous one
(see Fig. 4); the SAR averaged over a large portion of the
head is comparable too (0.39 W/Kg against 0.35 W/Kg),
but a maximum absolute difference of almost 4 W/Kg has
been calculated in the 1g-SAR estimation.

V. CONCLUSION

In this paper a parallel FDTD tool is presented, suitable
for the solution of large dosimetric problems. The tool is
first validated on experimental and numerical data, and

Fig 4. The 1g-SAR levels in the phantom head for the exposure
condition reported in Fig. 3. A zone with high SAR differences is
marked.
then used to solve a relevant problem, such as the human
exposure to the near-field of radiobase antennas.

The attained results demonstrate the accuracy of the
approach, as well as its amenability to solve very large
problems. A specific discussion is also performed on the
use of homogeneous simplified human phantoms with
respect to accurate heterogeneous phantoms.
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