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Abstract

The engineering optimisation of wireless systenghsas

the measured transmission coefficients with prestist
obtained from a theoretical model as a function tioé
polarization, frequency and incident angle.

2 Theoretical modelling

WIFI, WIMAX, and UWB that work at many differentThe literature includes various methods that carused to

frequencies is based on propagation modelling. tBe,

determine the dielectric properties [B]the assumption can be

purpose of this paper was to model the electrontagnenade that the sample is a homogeneous dielecthe, t
properties of various building materials over a géar transmission coefficienk is expressed by:
frequency range. A measurement campaign was done at

different frequencies, incidence angles and paéion in an
anechoic chamber.

horizontal and vertical polarization.

1 Introduction

Results of measurements on typica T=
construction materials are presented and discuseed
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Wireless systems, such as WIFI, WIMAX and UWB, amoﬂn free space, d is the thickness of the sampias the

others, are expanding rapidly due to the increadergand on
mobile services. The deployment of these netwoekgiires
the study of the propagation environment. In indoontext,
the received power is attenuated due to the irtieracof
electromagnetic waves with surrounding walls anhifure.
It is necessary to know the reflection and transiors
properties of the construction structures to siteulvave
propagation in buildings. These properties areediffit from
one material to another and depend on differenarpaters,
such as composition, incident angle and polarisatithe
polarization influence on building materials hast teen
investigated very often although there is muctrditere on
building materials at different frequencies [1,2].

Some reported analysis [3,4] show different resudts
dielectric constants that can be explained by wffe
experimental configurations such as antennas, ratks or
materials. The characterization of building matsriaver a
large frequency band [2-16 GHz] using
experimental conditions will allow an objective brsés of
the frequency dependence of the materials.

A measurement campaign was performed at the Otaaige
centre in Belfort, on several typical constructioraterials,
glass, plasterboard, door and cinder-block usindioad-
vertical (VV) and horizontal-horizontal (HH) polaation.
The objective of this study is to estimate the alitric
parameter value of various building materials bynparing

relative complex permittivity of the sample, aréll is the
incident angleR is substituted by the Fresnel's reflection
coefficient in the cases where the field is in hontal or
vertical polarization.

If the sample has a layered structure that candmetied by a
dielectric N-layer, the transmission coefficiengisen by:

Ttotal :Tt;,l (2)
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the samV(\a/heredI == /sri sin“ 8, A =4 —k,q cosf, A is the

wavelength in free space, id the thickness of the i-th layer
sampleg, is the relative complex permittivity of the i-th

layer, and & is the incident angl®;,;and T, are the

Fresnel reflection and transmission coefficients the
interface between the i-th layer and the i+1-thetayn the
cases where the field is in horizontal or vertjalarization .



3 Measurement setup

Measurements were carried out inside an anecha@mibsbr
where the material was fixed vertically on a ratgtarm. The
angle of incidence with respect to the normal ® thaterial

was varied by turning the material in 5° increments

realized with the material between the
Measurements were repeated for the two combinatafns
polarizations (HH, VV). The measured; Svith and without
material gives the transmission coefficient fromickhthe

relative complex permittivitys, =& - j&') is extracted.

Measurements were made for angles of incidence degtw

-65° to +65°. The angles of incidence were limitedthis
range in order to comply with the width of the fiEresnel
ellipsoid [6]. Table 1 lists the selected samplesl d@heir
dimensions.

Materials | ThicknessDimension
(cm) (cmxcm)
Glass 0.5 127.5%x84.5
Plasterboard 1.3 100x120
Door 4.5 200x83
Cinder Block| 10 100x100

Table 1: Material dimension

Two identical standard horn antennas (ETS Lind@&h7)
that covered the frequency range from 1 to 18 Gldewsed

4 Dataanalysis method

The data analysis method consisted in comparing
experimental transmission coefficient to an intémaltilayer
model for transmission and reflection coefficientEhe
comparison result made the reconstruction of tledediric
properties of the sample studied easier. A leastiss
criterion is used and the optimal couple; (&' ), which

minimize the function error S, is researched:

=1 =1
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where N is the number of measurement points inuteaqy

as transmitting and receiving antennas. The medsug®main, M is the number of measurement points igukar

material was placed at the midpoint between boteraras
(Figure 1). The distance between antennas was 4<i@in
that the material sample object was in the fadfief each
antenna. With this configuration, the incident &lemagnetic
field that arrives on the material is essentialpylane wave. A
schematic sketch of the free space measuremerdgnsyist
presented in Figure 1.
Materia

Transmittr Receive

w“_x

: VNA |

Figure 1: lllustration of the measurement setup

The measurement procedure consists in a frequemegts
method, performed with a Vector Network AnalyzeN&
20). By connecting antennas to the two ports ofahalyzer
and by measuring the,Sparameter, the frequency respons
of the channel was obtained,;Svas measured at 6000
stepped frequency points in the range of 2 GHZtGHz. A
time domain gating function was used to filter adge
diffraction effects and reflections from other gauf the
system such as cables, connectors and analyzengtdion

domain, Theois the theoretical transmission coefficient (séengl
layer or multilayer), and g, is the measured transmission
coefficient. The value of this function gives tt@responding
RMS modelling error and indicates the accuracy betwthe
measured data and the analytical data

5 Experimental and theoretical results

The transmission coefficient of a number of matsriaas
measured using HH and VV polarisation of the twieanas.

5.1 Glass
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but a few, and guaranteed that only the directadigmas Figure 2: Transmission coefficient of glass fromaserement

measured. The following steps were applied for the

measurement. Firstly, measuring the channel withmaterial

and the theoretical model

between the antennas performed the free spacerataib The dielectric constant was firstly estimated fémsg. The
with the effect of antennas. Secondly, the measenéwas values obtained from measured transmissivity wersd to

antennas.

the



be & =6.625-j *0.500¢ with an RMS error between5.2 Plasterboard

measured and theoretical values (the single laymdeinwas ({/Ieasurements were repeated for the plasterboarpleafihe
e

sults obtained weres, =2.25-j *0.017% with an RMS

error (the single layer model was used) of 0.07dd HH
polarization ands, =2.41- j *0.025€ with an RMS of 0.085

Figure 2 represents the measured and computed svaf@ VV Ppolarization. The curve fitting obtained for
obtained at normal incidence. The results obtaishdw Measurements is shown in Figure 5. Fallowing tresgla
small variations between the model and the experahe small dlss_|r.n|lar|ty. exists between experimental anddel
value. The 0.5 dB difference in the 2-8 GHz band tie Value butitis negligible (0.1 dB).

vertical polarization may be explained by negligibl

variations ing, estimations for this band. Yet, the dielectri 0 HORIZONTAL VERTICAL

used) of 0.0614 for HH polarization  an
& =6.375- ] *0.4172¢ with an RMS of 0.078 for VV

polarization.

T T T T T T
parameters are close for the two polarizations. djyeroach | | | | L |
used is validated by plotting the transmission ficieft for ! ! 2.41-0.0258
the angle range analyzed (Figure 3 and Figure 4). !
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Figure 3: Transmission coefficient of glass fromasierement
and theoretical model using HH polarisation.
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The results obtained for the door sample were

0,%%%%%%47?7;?* ] & =2.08-j *0.12 with an RMS error of 0.056 for HH
g | | | | | | | \} polarization ands, =2-j*0.16 with an RMS of 0.061 for
é Lo :L o :L o i: +  Experimental ,i, - ,i, - f:\;\, _ VV polarization. The thickness estimation obtairfezim the
s | | — ’V'Ode" | | | \\ optimization was 1.24 cm for the chipboard layedt 4r©3 cm
< | | | | | | | - for the air gap in the HH polarization. Values foiv
P A S w w w w w | polarization was 1.42 c¢m for chipboard layer ar@7icm for
¢ 10 20 30 40 50 60 70 80 90 the ajr gap. The RMS for the 1 layer model was 9.ft8 the

HH polarization and 0.154 for the VV polarization.
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Figure 11: Transmission coefficient of door from
Figure 9 presents the horizontal section of the rdoo measurement and theoretical model using VV poltoisa
Considering the internal geometry, the multilayer
transmission coefficient was used in (4) to fit theigures 10 and 11 show the comparison results rimsteof
experimental data. The door was represented byage3ed incident angle for horizontal and vertical polatiaas,

model, 2 layers of chipboard and one of air. Debeation of respectively. The & values obtained are acceptable
the thickness of each layer was included in theagation. compared with those reported in [8].

1900000000000000000000000¢0¢
Figure 9: Interior structure of door



3.4 Cinder Block

A panel of cinder block wall was measured. The eirfallock
wall was more complex than the others sample (EidLB).

were presented. The results showed agreement betilvee
predicted and the measured values for a wide freguband
and wide range of incident angle. The dielectricapzeters
showed no significant variation with the polaripati

As does the door, Cinder block was represented 8 aprthermore, the dielectric parameters presentedariation

layered model, 2 layers for the block structure ane for air.

with the frequencies for low loss materials. A $ngalue

Determination of the thickness of each layer waso alegyig pe used to represent the dielectric paramdeer2 to

included in the optimisation. Figure 8 shows theaseed

transmission coefficient and the predicted one frim@ 3-
layer and the 1-layer model.
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Figure 12: Transmission coefficient of cinder bldickn
measurement and the theoretical model

The results obtained were, =9.7792-j *0.70¢ with an
RMS error (the single layer model was used) of 6419for

HH polarization ands, =9.72-j *0.842< with an RMS of

0.211 for VV polarization. The thickness obtainednf the
optimization was 1.33 cm for block structure an@7icm for
the air gap in the HH polarization. Values for Vularization
was 1.27 cm for block structure and 1.08 cm foraingyap.

It follows from the figure 12 and from results obtd that
the 1 layer model and the 3 layer model were npt@piate
for the estimation of the dielectric parametersréladvanced
studies on periodic structure may be undertakeralidate a
theoretical model [9].

F‘igure 13: Structure of cinder block

4 Conclusion

The theoretical model, based on homogeneous mataria

multilayered material was used to estimate theedtat

16 GHz. As a result, the values obtained may beal use
improve the prediction quality of ray-tracing masléd indoor
environments. Further work is needed to investigtdie
propagation in multilayer structure.
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