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ABSTRACT

An experimental method accounting the Line-Of-sight (LOS) component and the diffuse
multipath components (DMC) to assess the whole-body specific absorption rate (SAR,)) in a

complex indoor environment was previously proposed; we validate it now by numerical
simulations with the Finite-Difference Time-Domain (FDTD) method. Results show good
agreement between measurements and computation at 2.8 GHz for the consider ed scenarios.

INTRODUCTION

The International Commission on Non-lonizing RadmtProtection (ICNIRP) defines the SAR as a
basic restriction for human exposure in the radégdiency (RF) band. Various works have assessed

the whole-body specific absorption rate in indoavieonments. In [1], theSAR, is calculated from

measurements data obtained with Personal Exposeters$/ [2] simulates a room with thin plates of
materials having different properties, [3] has agegly predicted the RF-electromagnetic fields
exposure for outdoor scenarios, but the indoor ates were not as successful because of the
considerable simplifications made for the inveggdaindoor environment. The objective of this

paper is the validation of the experimental asseasmrmethod [4, 5] of theSAR, . The SAR,

dependency to the DMC is also evaluated and disduks two scenarios. The FDTD numerical
calculations are performed under the same promagaéind phantom conditions as in the
experimental approach.

MATERIALSAND METHODS
Five identical cylindrical phantoms in polyvinyllohide (PVC) with an inner radius of 119.5 mm, an
outer radius of 124.5 mm (thickness = 5 mm), ameight of 1500 mm have been used (filled with
water, 6= 1.58 QY/m (conductivity), &= 77.32 (relative permittivity) ang= 1000 kg/m(mass
density)) to assess the absorption cross secti@sjAf one phantom like in [4]. Figure 1 shows the
location of the phantoms (for the assessment ocA®S8) in the investigated room.
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Figure 1: Phantomslocation in theroom
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The SAR,, is calculated for the following scenarios: in smen A, the phantom is located first at the

reverberation distance, i.e., the LOS componentthkaddMC power densities are the same, (about
6 m in the investigated room, the room volume isLlalB860 n1) and in scenario B the phantom is
located at 10 m from the transmitter (where the Dpb@ver density is dominating). These scenarios
were considered to satisfy the far-field assumptibime transmitter is located at 1.80 m above the
ground.
The experimental LOS component power density isrdahed by the Friis equation and the DMC
power density addressed in [6] expression is:

(1)
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where B, n, A, tb, C, T andnp are the transmitted power, the fraction of eneaggorbed by the
surfaces, the total area of the room, the distancphantom, the light velocity, the reverberation
time of the room and the polarization factor irfult fields, respectively. The polarization faasr
set to 0.5 assuming a complete diffuse field. TkeamentalSAR,, is expressed as:
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where SARSP | SARZPIT m 1L, | and ACSrepresent the whole-body specific absorption

rate due to the LOS component, the whole-body SARtd the DMC, the mass of the phantom, the
total power density of the DMC, the power densifytlee LOS component, and the ACS of the
phantom, respectively.

For the numerical simulations, we used the SEMCAS¢hmid & Partner Engineering AG,
www.semcad.com) simulation platform. The maximund gtep in the cylindrical phantom equals
0.07.,, where), )is the wavelength in the phantom. To avoid reftewtiof the waves impinging on
the boundaries into the simulation domain, uniayjatfectly match layer (UPML) is used as
absorbing boundary conditions. The UPML has bee¢rsgseghat more than 95% of the power of
incident waves will be absorbed by the boundargigayThe DMC is modeled with 81 plane waves
surrounding the phantom as follows: the DMC areiaesl to have a white azimuthal spectrum and
uniformly distributed arrival delays in time; th&eeation is assumed to be in the horizontal plane.
The amplitudes of the plane waves used to modeDiM€ follow an exponential decay with a
damping factor being the reverberation time ofaéhgty room. The directions of arrival of the LOS
component are determined by means of the Spacenatieg Generalized Expectation-
Maximization Algorithm (SAGE).

RESULTS
We obtained from measurements an average valuledi€S of the phantom of about 0.38. fihe
total power density for scenarios A and B are 4m9/n? and 2.00 mW/f respectively. The

experimentalso‘RWDp for the scenario A is 16.10N/kg (the SAR induced by the DMC represents
75% of the total absorption rate) whereas the tatsorption rate for the scenario B is about
9.90uW/kg (the SAR induced by the DMC represents 92%).

Table | shows the results of the numerical simafatind the relative deviation with respect to the

experimental results. The specific absorption irdeiced byonly the DMC is also listed AR/ 4™
).



DMC(no. of plane waves) 81
< SAR™M (LW/kg) 15.48uW/kg
-% SARMAA™ (1 \W/kg) 11.47pW/kg
o Part of DMC in theSAR 5 74.09 %
A Relative deviationASAR) 4.00 %
m SAR/ 9.83uW/kg
o fltd,dme 8.74uW/K
= SAR, HVVIKg
gé Part of DMC in theSAR 2" 88.91 %
Relative deviationASAR) 0.71 %

Tablel: Whole-body SAR from simulations

Simulating the DMC with more plane waves was nossilde, probably due to software and/or
hardware limitations; however 81 plane waves affcgent to obtain the desired accuracy.

As expected, the high power density in scenari@guits in a higher absorption rate. The simulation
evidences a relative deviation from the experimeagaroach of 4 % and 0.71 % for scenarios A and
B, respectively, showing that both methods agreeelently. Moreover, the DMC contribution
calculated from the simulation is of the same ordéh the one derived in the experimental
approach.

CONCLUSIONS
A method to assess experimentally the whole-bodyrame specific absorption rate in a complex
indoor environment is validated through numerigadudations. Two scenarios are investigated to
ensure the validity of the method at different lomas within the investigated room. Experimental
and numerical results agree very well. From botlasueements and simulations it turns out that the
contribution of the DMC in the induced whole-boghesific absorption rate cannot be neglected.
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