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Abstract - The adaptive antenna arrays have been regarded as
the key solution for increasing the spectral efficiency and im-
proving the system performance in 3G and 4G r:]l(‘lhllt.‘ com-
munication systems, Although the implementation of adap-
live antennas is mainly investigated in the Base Transceiver
Station, BTS. it is interesting to evaluate their performance
at the mobile level. The purpose of this paper is to an-
alvze the results of the propagation measurements carried
out at 1.9GHz in a CDMA system with Triangle PIFA An-
tenna Array, not only in the signal transmission, but also
in its reception. with the aim of acquiring a suitable proto-
type, that can be applied to adaptive antenna systems. Dif-
ferent wireless environments, such as suburban, indoor and
woody were exploited, with line-of-sight (LOS) and non-
line-of-sight (NLOS) scenarios. The analysis of results was
based on attenuation prediction and comparisons with the re-
ceived signal by a traditional monopele that is still very used
in handsets. Besides, this work describes the Triangle PIFA
Antenna Array and monopole prototypes and analyzes their
main features in terms of return loss and radiation pattern.

Keywords: Adaptive anlenna arrays, altenuation, propaga-
tion measurements, PIFA, CDMA, steering.

Resumo - Os amanjos de antenas adaplativos ém sido re-
conhecidos como a solugiio chave para aumento da eficiéncia
espectral ¢ para melhora do desempenho dos sistemas de
comunicagdes moveis das proximas geragoes, 3G e 4G. Em-
bora a implementagiio das antenas adaptativas seja principal-
mente investigada nas ERBs, Estagdes Radio Base, ¢ inter-
cssante avaliar o seu desempenho na estacio mével, com a
finalidade de alcangar um protétipo que possa ser aplicado
em sistemas de antenas adaptativos. O objetivo deste artigo ¢
analisar os resultados das medidas de propagagio de um sis-
tema CDMA, centrado em 1,9GHz. uque utiliza um arranjo
triangular de antenas PIFA, tanto na transmissiio quanto na
recepgido do sinal.  Foram analisados diferentes ambientes
de propagagiio, tais como suburbanos, indoors ¢ arboriza-
dos, com ¢ sem linha de visada. A andlise dos resultados
for baseada na predigio de atenuagio ¢ em comparagdes com
o sinal recebido por um monopolo tradicional, que ¢ ainda
muito utilizado em aparelhos celulares. Além disso, esse tra-

Arismar Cerqueira S. Jr. is PhD student of Scuola Superiore
Sant’Anna di Studi Universitari ¢ di Perfezionamento, Ialy, L.C.
Kretly is with Microwave and Optics Department, DMO, Elec-
tnical and Computer Engincering Facully, FEEC, State University
af Campinas, UNICAMP, Campinas, SP. Brazil. E-mails: aris-
mar.cerqueira@cnit.it, kretly @dmo.fee,unicamp.br. Review coor-
dinated by Denise Consonni (Area Editor). Manuscript received
June/09/2003, reviewed Sept/26/2003, accepted Dec/02/2003,

balho descreve os protétipos do monopolo ¢ do arranjo trian-
cular de antenas PIFA, ¢ analisa seus principais parametros
em fungio da perda de retorno ¢ do padrio de radiagio.

Palavras-chave: Arranjos de antenas adaptativos, atenuagio,
medidas de propagagio, PIFA, CDMA, guiamento do feixe
de radiagio.

1. INTRODUCTION

The mobile radio channel places fundamental limitations
on the performance of wircless communication systems. The
path between the transmitter and the receiver can vary from
simple LOS to one that is severely obstructed by buildings,
mountains and loliage. Unlike wired channels, which are sta-
tionary and predictable, radio channels are extremely random
and do not offer easy analysis. Even the speed of motion im-
pacts how rapidly the signal level fades, when a mobile ter-
minal moves in space.

In recent years, the demand for mobile communication
system has increased in a significant way. Current mobile
communication systems have employed sectorization 1o re-
duce the jammer and increase their capacity. Increasing the
amount of sectorization reduces the jammer seen by the de-
sired signal. A drawback of this technique is that its effi-
ciency decreases with the number of sectors, due to the an-
tenna pattern overlap [1]. Morcover, the number of handoff
are proportional to the number of sectors.

Until the second generation of mobile communication sys-
tems, the engineers and rescarches attention was concentrated
on developing new protocols, codes and modulations. On the
other hand, in the next generations, 3G and 4G. the antennas
will play an important role in system performance. The tech-
nological progress in this area has a multidisciplinary feature
that includes the analysis of new antenna array geometries,
design of efficient switch and phase shifter devices and de-
velopment of optimization algorithms to be applied in the re-
ceived signal. This work was focused on antenna array and
phase shifter designs.

The adaptive antenna arrays have been proposed to re-
duce multipath fading of the desired signal and to suppress
the co-channel interference, through the steering of the main
lobe [2]. An adaptive antenna array can adjust and update
its radiation pattern to enhance the desired signal, to cancel
or reduce interference and to collect correlated multipath, as
shown in figure 1(a)[3].

The great contribution of this work is the creation of a tri-
angle antenna array with PIFA, Planar Inverted-F Antennas.
clements [4). The PIFA antenna satisfies the requirements of
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Figure 1. Adaptive antenna array concept and its coordinate
system,

terminals design of mobile communication systems, such as
a reduced size, cost and power consumption. Furthermore, it
has other advantages. as high gain and directivity in compari-
son to the commonly used normal-mode helical antennas [5].

The dimension of the constructed array can be considered
large for handsets, however it can be applied in a BTS and
it is a serious candidate for being incorporated into wearable
systems [6], which are coming up, such as wearable com-
puters or portable communication system and the associated
anlenna arrangement.

A commercial electromagnetic simulation ool, ZELAND
IE3D [7), was used to evaluate and optimize the antenna ar-
ray design for applications at 1.9GHz. This software solves
the current distribution on 3D and multilayer structures of
general shape. based on method-of-moments.

2. DEVICE DESIGN AND RESULTS

This scction presents the monopole antenna and anlenna
array design methodologics, including the project of quadra-
ture hybnd, that has been used as phase shifter of antenna
array. Furthermore, their simulated and measured results are
prescnled.

2.1 MONOPOLE

Wire antennas. lincar or curved, are some of the oldest,
simplest, cheapest and, in many cases, the most versatile for
many applications. In practice, 4 wide use has been made of
a quarter-wavelength monopole (I = A/4) mounted above a
ground plane, that is equivalent to a half-wavelength dipole
(' = A/2). The imaginary part of input impedance of a lincar
2

—

monopole can be eliminated by making the total length, [, of
the wire slightly less than n integral number of half-lenghs(
i.e.. I sight less than nA/d, n=1.2.3,4..) [8). In our case, we
had used the software Zeland TE3D 1o optimize it, in function
of return loss(Sy;). and we have gouen an optimized lengih
1=39.9cm at 1.9GHz, that represents | = 0.238), instead of
[ = 0.25),

Thick cylindrical monopoles are considered broadband
whereas thin monopoles are more narrowband. One method
by which its acceptable bandwidth can be enlarged is to de-
crease the 1d radio, where d is the monopole diameter. For
example. an antenna with /d=5000 has a bandwidth of about
3%, whereas an antenna of the same length but with /=260
has a bandwidth of about 30%. In general, it has been noticed
that for a given length wire its impedance variations become
less sensitive as a function of frequency as the 1/d ratio de-
crease [8]. Then broadband characteristics may be obtained
by increasing the diameter of a given wire. The optimized
diameter of prototype is d=1.0mm. The prototype was con-
structed on a circular ground plane of 15.0cm in diameter, as
shown in figure 2(a).

The Sy; parameter has been measured in a Network An-
alyzer. HP 8714ET, with the aim of checking the simulated
return loss parameters, Figure 2(b) shows the comparison
between measured and simulated return loss of constructed
monopole antenna. This result proves that the monopole an-
tenna has been well designed, because the discrepancy be-
tween simulated and measured Sy is only 0.05%. Beside, it
provides a dip equal to -29.61 dB and 381.006 MHz band-
width, which represents 20.05%. These differences are ex-
pected because simulation was done without ground plane.
The chosen criterion for operation bandwidih was Sy less or
equal 1o -10.0 dB, because in these cases 90% of the antenna
input power is radiated.

MEASURED

(b) Return loss results,

Figure 2. Monopole prototype and its return loss results.
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Monopole has an omnidirectional radiation pattern. It is
essentially unaffected by the wire thickness in regions of in-
lense radiation. However, if its radius is increased. the minor
lobes diminish in intensity and nulls are replaced by low-level
radiation. Figure 3(a) shows its 3D radiation pattern, whereas
figures 3(b) and 3(c) show its 2D pattern in the maximum di-
rections of azimuth and elevation plane, (f = 5°.0 = 170°).
respectively. The simulated directivity and efficicncy are, re-
spectively, D= |.88dB and 1 = 70.88%, thus the simulated
gain is approximately G=0.39dBi.
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(ad 3D radiation pattemn.

{c) 2D radiation pattern in ¢le-
vation plane at ¢ = 170°.

{b) 2D radiation pattemn in az-
imuth plane at § = 5°.

Figure 3. Monopole radiation patterns.

2.2 TRIANGLE PIFA ANTENNA ARRAY

This subsection is divided into threc parts: the first de-
scribes the design of PIFA element and its results, the second
part presents the quadrature hybrid, which has been used as a
phase shifter of antenna array, and, finally, the third part re-
ports the design methodology of triangle PIFA antenna array
(TPAA) and its characterization in function of return loss and
stecrable radiation pattern.

2.2.1 PIFA ELEMENT

The PIFA antennas are like quarter-wave monopole anten-
nas, but they are folded coplanar with the ground planc and
stretched to form a plate, as shown in figure 4(a). The side

profile looks like an inverted F figure, as shown in figurc 4(b).  G0.78% and radiation patiern, as shown in ligure 6

(a) PIFA general view,

-l L -
T i
A
| Wre lll le—s2 W
X
Ground Plane -
th) PIFA side view. (c) PIFA 1op view.

Figure 4. PIFA Antenna Geometry.  Dimensions:

L=34.0mm, W=12.0mm, h=7.0mm, X= 5.6mm

The width W and the length L of the PIFA determine the
resonance frequency, which is approximately given by [9]:

Co
= w0 &

where ¢, is the velocity of light and a is a constant approxi-
mately equal to 0.9. The antenna matching can be controlled
by the distance of feeding line, from the shorted edge of the
PIFA [10]. Figure 5 shows the simulated return loss of PIFA
antenna, with its operating bandwidth.
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Figure 5. Simulated return loss of PIFA element.

The PIFA clement has presented simulated directivity
D=3.99dB, 3dB Beam Width equal to 83.48°, cfliciency n =

3
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Figure 6. simulated radiation pattern of PIFA element.

2,2.2 QUADRATURE HYBRID

A quadrature hybrid is a four-port directional coupler, as
shown in figure 7(a). In general, they are built of microstrip
or stripline, as shown in figure 7(b). The great contribution of

this work is that hybrid and the TPAA usc the same ground
plane.

Input port
Z 02

o2,

(a) Quadrature Hybrid model.

(b) Constructed quadrature Hy-
brid.

Figure 7. Quadrature hybrid.

Thcf prototype was built on a fiber glass substrate with di-
clectric constant ¢,=4.8 and thickness equal o 1.6émm. The
arm lengths are A/4 and their widihs are 2.88mm(Z,) and
s_zumm(z,},a/-’g;. which are caleulated in accordance l:‘: [

In the ideal case, power incident on any port s dividcti
equally between two other ports with a 90°phase d%l’ ference
as shlnu.‘-n in the simulated result of figure B, and the I'mm'r;
portis isolated. Figure 8(b), measured resulis ol Sgz; and

Ssa; phases, shows unexpected phase shifts due to parasite
a s

clements of ground plane, array elements ang SMA conn,
-
Lors.
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Figure 8. Simulated and measured 82y and Sy, angles.

The output ports will always be on the opposite side 0
the junction from the input port, and the isolated port wil
be the remaining port on the same side of the input port. |
is possible to see this isolated port, not only in figure 9 b

the 3D average current density, but also in figure 10 by 5y
measurements.

A araL rAm)

Figure 9. Simulated 3D average current density.



Revista da Sociedade Brasileira de Telecomunicagées

Volume 19, Nimero 1, Abril de 2004

Figure 10. Sy, measurements.

223 ARRAY DESIGN AND RESULTS

The antenna array is formed by three identical elements,
forming a triangular geometry, as shown in figure 11. The
array spacing was chosen A/2, because the grating lobes ap-
pear in the antenna radiation pattern if this spacing is greater
that A/2, where A is the signal wavelength [12].

(a) Side view.

{b) Top view.

Figure 11. Constructed TPAA.

The antenna arrays consider that the desired and interfer-
ence signals arrive from different directions. The radiation
pattern is configured to match the signals from different el-
ements, as shown in figure 12, To reduce the fadmg and
cochannel interference. a diversity system processes three in-
puts signals, X (2), XNa(t) and X3(t) to create an improved
signal X.(t). The signal improvement depends on the cross
correlation and relative signal strength levels between the
three received signals [13).
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Figure 12. Adaptive Array for 03 elements.

In combining network, weights are attributed to cach ar-
ray element in accordance to the environment, then the feed-
ing intensity and phasc can be changed. With these different
feeding schemes the radiation pattern can be configured in
real time, with the help of control algorithms, which are able
1o determine the direction of the arrival (DOA) of electromag-
netic wave and to suppress the interference, thus the beam 1s
optimized only at the subscriber’s direction. Therefore the
reuse cell is improved and the signal-to-noise ratio, SNR, is
maximized.

The PIFA array was simulated with an infinite ground
plane, on a fiber glass substrate with diclectric constant
€,=4.8 and the thickness equal to 1.6mm. Figure 13 shows
the comparison between simulated and measured Sy of PIFA
array.

Eu: 11E. 197 Hi2
Cr: 153e.338 mur

/

Simulation

«——Measurement

!

Figure 13. Measured and simulated return loss.

The analysis of the scattering parameter Sy shows the pro-
tolype has been well designed, because the discrepancy be-
tween simulated and measured Sy is only 0.4%. Moreover, it
provides a bandwidth BW= 118.192MHZ, which represents
an improvement of 68.85% in comparison with a PIFA cle-
ment.

Figure 14 shows the influence of feeding phases (a; ), when
the elements 1 and 2 are kept fed and the delay phase is
changed, resulting in different 3D radiation patterns. Then
the PIFA array can steer the main lobe without varying the
fed elements.
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The radiation pattern of figure 14(n) is the mos

et S ! congep,.
trated, with directivity D = 8.24 dB . Whereps ligures 14(hy)
and 14(c) patterns have similar clectric features, hut th

WL the loh,
fizure |4ld)
for this re,.

directions are approximately opposite, Finally,
patiern shows two symmetric and identical lobes,
son the direetivity has deereased to D = 6.294p.

The adaptive array processing is very useful "
and the range improvement [12], because it s importan; iz
find users in cell, with the aim of steering the maip labe in
their dircetion. This technique is called SDMA, Space My[.
tiple Division Access. By means of this technique, the same
channel can be used more than once inside of the same ¢ef|
The bias diversity can be used to distinguish two very clm‘
users in a cell.

Based on different feeding schemes, some array configura.
tions have been simulated to exemplify its steerable features,
not only in azimuth plane bul also in clevation plane. Fig.
ure 15 presents the beam steering in some directions of el.
evation plane. Whereas figure 16 shows some 2D radiation
pattern examples in azimuth directions, with a high direetjv.
ity and without the presence of secondary lobes.

apacily

- . - 1 -

e

() ¢=25°

(c) ¢=15°

S —_— {
Figure 15. 2D Radiation pattern in different directions ©
clevation plane.

3. EXPERIMENT DESCRIPTION AND
MEASUREMENT PLAN

A set of propagation measurements was L‘"‘:“’"“::'?:
the State University of Campinas {UNICAMP} Lal:nn:; 3 .
the Electrical Engincering Faculty (FEEC) neighte :
where different propagation siations can hc '-‘-“Pm"'n;,imn.
as LOS, obstacle atenuation, woody and mdm:]'f orfor-.
ments. The purpose of this work is 10 analyze ! TMI:‘-IF in
mance improvement with Triangle PIFA Anteand .

e e —————
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different ¢nvironments, not only in signal transmission, but
also in its reception, The Triangle PIFA Antenna Array was
used o transmit the CDMA signal. It has been placed on a
7.6m tall tower, as shown in figure 17(a). In this tower, there
is a NITEC Robot Positioner EPR-203 servomechanism, that
is responsible for changing the directions of azimuth and cl-
evation planes. 1t has been controlled by Labview software.

The CDMA signal has generated, a1t 1L.9GHz, in laboratory
with Agtlent E63R0A CDMA Cellular/PCS Base Station Test
Set and amplified by HUGHES Traveling Wave Tube (TWT)
Amplifier 1177H L Band , as shown in figure 17(c). The mea-
sured gain of this amplifier at 1.9GHz is equal 1o 38.87dB
and the attenuation due o cables, connectors and adapters is
a = 10.19dB. Then it is possible to calculae the effective
radiated power in function of this measured gain, the output
average power Iy, of CDMA generator and transmission an-
lenna gamns.

The reception testbed simulates someone, who is making a
cellular phone call, as shown in figure 17(b). In this testbed,
the CDMA signal 1s received by monopole or by triangle
PIFA antenna array and analyzed by Spectrum Analyzer HP
8593E. The measured resulls are saved in o computer, as
shown in figure 17(d). A GPIB-Serial convenier, National
Instruments GPIB - 232CT-A, has been used to convert the
data from spectrum analyzer.

v
-

Rl

0 vt

{a) Transmission
anfennd lower.

(b) Reception prototype.

TX antenna
m TH anterna
Agilent - ;
pactium PIB-Serlal f
6380A i | Anstyzar {:mmri g }" 'ﬂ'f
tc)  Transmission  feeding (d) Reception feeding scheme.

scheme,

Figure 17. Reception prototype and feed schemes,

Figure 18 shows the map of UNICAMP campus with a cir-
cle in the coverage area. To evaluate the CDMA system per-
formance improvement with Triangle PIFA Antenna Amay ,
four different situations have been chosen:

* Link with Line-of-sight (LOS), as shown in figure 19(a).

* A suburban environment, as shown in figure 19(b).

* A woody environment, as shown in figure 19(c).

+ An indoor environment, as shown in figure 19(d).

Figure 18. Map of UNICAMP campus with the coverage

arca.

(c) Woody cavironment. () Indoor cavimonment.

Figure 19. Different environments used in the experiment,

4. PREDICTION ATTENUATION AND
MEASURED RESULTS

Radio propagation is affected by many factors, including
frequency, distance, antenna heights, curvature of the earth,
T
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Figure 16. 2D Radiation pattern in different directions of azimuthal plane.

atmospheric conditions and presence of hills and buildings.
Mobile-radio signals are also affected by various types of
scattering and multipath phenomena, which can cause severe
signal fading, that is compounded by the effects of long-term
fading and short-term fading, which can be separated statisti-
cally [14].

4.1 LINK WITH LOS

The first case is the simplest one, in which there is an un-
obstructed line-of-sight{LOS) between the reception testbed
and the transmitter antenna.  In this case, the free space
propagation model can be used 1o predict the received signal
strength. This model predicts that the received power decays
as a function of the T-R separation distance d. The received
power is given by the Friis free space equation, that has been
modified as shown in equation 2:

Ppx = Prx+27.6-20logd-20log f+Grx+Grx (2)

where Pry is the transmission power (dBm), d is the T-R
separation distance (m), [is the frequency (MHz), and Gy
and Gy are the transmission and reception antenna gains,
respectively, (dBi).

The simulated gains of monopole and TPAA are 0.39 dBi
and 6.30 dB [4], respectively. Since the CDMA average Pry
was equal to 0dBm, the predicted Pry of monopole ﬂl‘;d
TPAA are, respectively, -38.26dBm and -33.62dBm, whereas
!In: measured Ppy are -41.22dBm and -34.0dBm. as shown
in figure 20. Monopoles have an omnidirectional radiation
pattern, 50 it is more sensitive 1o reflections than TPAA
that has a directional radiation pattern, for this reason llu;
monopole case has presented a relative big discrepancy be-
tween its measured and predicied powers. The discrepancy
8

between measured and predicted powers of TPAA is only
0.38dBm, that proves the high directivity of this array and
that the prototype simulated gains are close to their real gains,

. e Hh'x,l‘.l‘phlu
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(b) Pry of TPAA.

Figure 20. Mcasured Ppy in link with LOS.

Al this site, it has carried out a measurement setup 0“’;;.
tric ficld in open ficld. So that, the NITEC servomechan »é
has been used 10 obtain the 2D azimuthal radiation PEES

3
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at the clevation direction ¢=5°. An algorithm has been de-
signed. in Labview, to get the average power by step of 5%t
.mmu:h direction, #. The elements 02 and 03 of TPAA have
been fed with phase delay equal 0 -90°, Figure 21 shows the
comparison between measured and simulated radiation pat-
tern. It is very easy to realize that their nulls have tallied at
the same azimuth dircctions, so it is possible to conclude the
simulation tool is suitable to predict and analyze the steerable
features of antenna arrays.

4180

no

MEASURED SIMULATION

Figure 21. TPAA mcasured and simulated radiation patiern
at 9=5°.

4.2 WOODY ENVIRONMENT

In the second case. the effects of vegetation media have
been explored on planming and design of radio links at
1.9GHz. Shiclding and scattering of microwave signals
caused by vegetation are important factors in the planning of
microwave radio links. Propagation loss, through a volume of
vegetation, has applications wider than that specifically asso-
ciated with site shielding in which an available screen may be
used to provide shielding from interference.

A traditional approach to meddle the additional loss caused
by propagation through vegetation assumes that this loss in-
crease exponentially with the distance through foliage. In the
model. hased on theory of radiative energy transfer for attenu-
ation and scauer predictions, the vegetation medium is treated
statistically homogencous random medium of discrete, loss
and scatterers [15). But it has computational complexity and
requires some specific data of the vegetation site.  For this
reason, the International Telecommunications Union (ITU-
R) model has been used to predict the additional attenuation
in this case [16]. This model is applicable in the frequency
range from 200 MHz to 95 GHz and expresses the atenua-
tion L in dB due to vegetation, in excess to that of free space,
as:

Ly =02 (3)

where [ is the frequency (MHz) and d is the vegetation aver-
age depth(m).

A set of propagation measurements has been conducted in
a woody region next to the Electrical Engincering Faculty.
The reception testbed has been placed at #=330°0f azimuthal
plane. For this reason, the elements 1 and 3 had been fed with
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Figure 22. Measured Pgy in a woody environment.

phase delay equal 1o 90°, so the main lobe has been steered
to this azimuth direction.

Considering that the vegetation average depth is 6.0m and
remembering that f=1900MHz, the calculated atienvation
due to vegewation is L, = 5.64dB. Since Pry = 0dBm,
the predicted Pry of monopole and TPAA are, respectively.
-47.32dBm and -42.97dBm, whereas the measured average
Pry are -50.98dBm and -44.28dBm, as shown in figure 22.
The discrepancy between measured and predicied powers of
TPAA is 1.31dBm. As well as in the first case, the TPAA has
improved the system performance.

4.3 SUBURBAN ENVIRONMENT

In the suburban environment, there was a building, with
height of 11.0m, between the reception and transmission an-
tennas, and others around it. that is a typical case of out-of-
sight link. The total path loss can be expressed in function
of three independent terms: the free space loss, the diffrac-
tion loss from rooftop to street and the reduction due to plane
wave multiple diffraction past rows of buildings [17].

The reception testbed has been placed at direction
f=150"0f azimuthal plane. For this reason, the elements |
and 2 had been fed with phase delay equal o -90°, so the
main lobe has steered at this azimuth direction,

There are many prediction modcels to calculate the path loss
in urban and suburban environments [18] [19] [20]. Lee’s
Microcell Model [ 14], which is used for distances of less than
| Km, has been used to prediet the attenuation in this environ-
ment. Since the distance d=117.73m. it is easy to see, through
figure 23, that the building loss is approximately -15dB.

9
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Figure 23. Lee’s Microcell Model.

Since Pry = 0dBm, the predicted Pry of monopole and
TPAA are -59.86dBm and -35.23dBm. respectively, whereas
the measured average Pry are -63.74dBm and -55.64dBm,
as shown in figure 24. The discrepancy between measured
and predicted powers of TPAA is approximately null. Be-
sides. the TPAA has provided an improvement in link quality
cqual to 8.1dBm. This experiment has proved the adaptive
antennas can improve link quality through multipath manage-
ment.
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Figure 24. Measured Pgy in suburban environment.

4.4 INDOOR ENVIRONMENT

Finally, in the last case, the reception testbed has been

placed inside a FEEC building, 45.5m wide, with the aim of
exploiting an indoor environment. In this case the signal has
been abstructed by rooms, then a new component needs to be

added to the path loss.
10

The transmitter and reception testbed have formed gy an
ale #=240%in this case, for this reason the elements (7 an(;
03 have been fed with phase delay equal to -90°fy, st
ing the main lobe at this azimuth direction. 1t js necessy 5
to consider two components te predict the attenuation 1!3
first due to free space{Ls ) and the second due 1 indogr
propagation(Lgz), where d1=70.5m is the distance between
the first room intersection and transmitter and d2=23.0m s
the distance between the first room intersection and I'C(:ei'.rel;
The first component is caleulate by Frii’s equation and ghe
second, for da in feet, is given by [21]:

L:ﬂ = Myroom IOg d‘2 (4)

where Meoom is the room SIODL‘, that is 20 in this case, he-
cause the total distance, d = dy + dy, is within the Fresnel s
Zone, that is given by distance [14):

Jhlhg
e O
where /1j and ho are the distances of transmission and recep-
tion antennas, respectively.

Then, since Prx = 5.0dBm in this case, the predicted
Pry of monopole and TPAA are, respectively, -70.59dBm
and -65.95dBm, whercas the measured average Pry are -
68.63dBm and -63.46dBm. as shown in figure 25. Surpris-
ingly. the measured Ppy is better than the predicted value,
It is justificd by the standard deviation of this method, thatis
within 3.0 dB [21]. 1t is casy to realize that CDMA signal,
reccived by TPAA is much more accurate than the signal re-
ceived by monopole. As well as in the other cases, the TPAA
has overcome the monopole and attended performance im-
provement expectations.
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Figure 25. Measured Pgy in indoor environme
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5. CONCLUSION

The experimental investigation and atienuation predictions
of CDMA systems performance improvement with TPAA,
in different environments, have been proposed and analyzed.
not only in base station but also at the mobile level. This
array represents a low cost solution to be applied in adap-
tive systems, because it has a steerable radiation pattern with
high efficiency and gain, These featres are quite interesting,
since the TPAA can efficiently configure its radiation patiern
in accordance to the environment in real time, with the aid of
control algorithms. Besides measurements of Sy, parameter
have shown that at 1.9GHz, this triangle array has a suitable
bandwidth and excellent dip equal 10 -35.67 dB.

The TPAA has been configured in accordance to the trans-
mitter and receplor positions with the aim of steering the
main lobe at the mobile station direction. Then in all studied
environments, the TPAA has overcome the monopole antenna
and the attenuation predictions have been satisfied. Measured
results have shown that the simulations in terms of steering
and gain are coherent and accurate. In the environment with
LOS, it has been possible to prove the simulated and the real
aains are approximately equal. In a woody environment. the
cffects of vegetation media on the planning and design of ra-
dio links have been analyzed and a suitable ITU-R model has
been presented and used to predict the attenuation due to fo-
liage. Whereas in suburban scenario. an improvement link
quality equal to 8.1 dB has been noticed, through multipath
management. Finally. the last case has been carried out in an
indoor environment, where the TPAA has presented an ac-
curate measured CDMA signal, with an improvement in the
measured P, equal 1o 5.17 dBm.

A measurement setup of radiation patiern in open field has
been successfully proposed and its result has proved the used
simulation tool is suitable for predict and analyze the steer-
able features of antenna arrays.

Furthermore. the design methodology of devices, used in
the experiments, has been presented. jointly with their simu-
lated and measured results .
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