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Abstract — Along with the resounding growth of prodicts
and services utilized in modern information technabgy
applications, wireless communication systems haveetome
essential part of working life. Particularly, in indoor
environment, the localized exposure assessment forstalled
wireless devices is complex, because persons argased to
non-uniform fields subjected to fading, multiple reflections,
diffraction and scattering. This paper presents a nmerical
approach in order to compute the Specific Absorptin Rate
and temperature rise in human head related to expase to
WLAN:-like fields, at a frequency 2.45 [GHz] and fordifferent
types of exposure conditions. Considerations abouésults and
exposure limits are presented.

I. INTRODUCTION

Wireless personal communication is a rapidly exjpand
sector, particularly in the fields of cellular mebphones,
and wireless local area networks (WLANs). WLANs &ver
introduced in the early 1980s to reduce the iretialh and
relocation costs for conventional wired LANs andptrmit
the mobility of connected elements in the workspadee
existing applications of WLANs are spread spectrum
systems operating at the Industrial Scientific Mat{ISM)
frequency (2.45 [GHz]) and the Unlicensed National
Information Infrastructure (U-NIl) (5.5 [GHz]) [1].
Although this framework has given numerously adagas
to people, the steadily increasing use of these new
technologies may result in greater radio-freque(iR¥)
exposure in homes and work places. Many internation
protection organizations and regulatory agenciese ha
proposed recommendations for a safe exposure [2].

The goal of this paper is to evaluate and disdussisks
of human head exposure to such devices evaluating s
important parameters, i.e., Specific AbsorptioneREAR)
and superficial temperature increasing. Within this
framework, it is important to underline that WLANMstems
use almost omni-directional antennas. The usebeariose
to the radiating antenna, where the ElectroMagn@id)
field assumes its highest values. As a consequeéhgés,
important to consider the possible health hazaeltdisuch
systems and, in particular, to define criteria #meésholds
for human safety [3].

In this paper, our goal is to verify if actual dlands in
wireless devices respect the Institute of Electriand
Electronic Engineers (IEEE), European Committee for
Electrotechnical  Standardization @ (CENELEC) and
International Commission on Non-lonizing Radiation
Protection (ICNRIP) standards [4] - [7]. Particlyarour
aim is to quantify the absorbed power by a biolabic
organism exposed to a EM field and determine its
distribution considering EM field that propagatesiie
several scenarios [8]. This work presents a nurakric

approach based on Finite Element Method (FEM) &l i
divided into two phases. First we realize the imdoo
environment and set antenna specifications to at@lEM
field that propagate inside several scenarios. nivfied,
using previously information, we adopt a FEM appgtofor
geometrical and physical modeling of a human head.
Simulations let us to determine how much of EMdiéd
absorbed by the human head model and which aeéfétst.

Il. STATE-OFART OFFIELD EXPOSURE

Human tissues exposed to EM field interact with it
absorbing its energy and producing different effect
depending principally on its frequency. We focusr ou
attention on effects produced by high frequencyatazhs
and particularly, as said before, at 2.45 [GHz|;duse of
our interest in WLAN applications. Dosimetry is theence
that quantify the interaction between an EM fieldd aa
biological tissues. The problem consists in the
guantification of the absorbed power by a biologica
organism exposed to a EM field and determine its
distribution. The analysis can be consequentigtuced to
the determination of a parameter called SAR thatesses
the power absorbed per unit of mass, as in (1):

SAR:@ W/ Kg] (1)

where ¢ is the conductivity of human brain tissye the
density and H||is the norm of the electric field.

The SAR value is an average over a region eithgiglLO
or 1[g] of brain tissue, depending on national suleThe
numerical approach used in this paper in ordereterthine
this parameter is quite used and analog procedtge a
described in literature especially referring to Hidld
generated by cellular phones. Although this, studibout
the interaction of EM field with human bodies were
investigated since ‘80s when Wi-Fi technologiesdidxist
yet. Revolution in this sector has started in '9@ken
computer more powerful and software more sophisita
were developed. The analysis has been concentrategle
part of human body (e.g. the head) and not to wholdy
since high frequency radiations. The main advantafe
actual tools is the precise modeling of human hbgd
importing MRI images and setting the parameters of
different tissues. Evaluating WLAN field exposure i
different from studying cellular radiations in hebdcause
the field source can be generally in close proxinit the
user but not so near as in mobile telephone cdses.
addition, it must be considered the effect of iattion of
the field with the environment, so it has to modet only
the direct radiation, but also the effects of sraty. Due to
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larger scenarios, FE approaches is affected by high
computational complexity.

I1l.  APPROACH TO THEN-STUDY PROBLEM

The assessment is done numerically using two difiter
approaches, respectively Ray-Tracing model andte~ini
Element Method (FEM).

> ”
Fig. 1. Example of geometrical representations wi@adifferent
scenarios exploited with Ray-tracing approach

The dual approach is due to the fact that in preserf
large scenarios, FEM is affected by high computatio
complexity. In order to decrease the computatidoad of
FEM, we reduced the in-study environment, repraugyici
indoor scenarios in a Ray Tracing based environment
evaluating the EM field propagation and retainirge t
results for the subsequent FEM based step. Withis t
framework, Maxwell equations have been exploited to
calculate energy filed that invests the head model.
Particularly, our model solves the vector Helmholtz
equation everywhere in the domain for an imposed
frequency: ox@/y )0xE-Ke E= . Here y, is the relative

permeability,k, is the free-space wave vector, and the
permittivity for a vacuum. Constant values of bréssues
have been taken from a G. Schmid presentation T6].
evaluate temperature increases, moreover, Bio-heat
equation has been exploited [10]:
O0-KOT) = p,6, (T, -T) +Q,, +Q,, - Herepy is the densityg,

the specific heat,w, the perfusion rate and, the
temperature of blood respectively,,Qthe metabolic and
Qe¢ the spatial termic source respectively. Different
scenarios have been evaluated, mainly consideneadot-
spot and the human being located in two differeams.
Numerical models remarked how intensity of SAR and
temperature increments, as well as the exposedaddriee
human head, are strongly affected to the preserice o
obstacles or separation surfaces. The inspectettities, in
fact, change according to direct or scattered qtisor of

electromagnetic waves by the human head

will be given in the full paper.

Fig. 2. Geometrical representation and mesh of munead in FEM
approach.

4 458

Fig.3. Surface plot of temperature distribution {be left) and Slice view
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