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ABSTRACT

A new and very speedy synthesis method for lineayantennas with periodic element spacing isrimesat.
This study presents an efficient method for theepatsynthesis based on Taguchi’'s method. A nuraber
representative examples are presented to demeniieatarious unique capabilities of the methodef of
phase shift weights are generated in order to steebeam towards any desired direction and avgidin
interference. For isotropic linear antenna arraysumeter. The fitness function that allows thewdat®ons of
the phase shift weights is presented. The restiliaguchi’'s method are validated by using rectasmgphtch
antenna and simulated by software CST2009 (CSTomave studio). Taguchi’'s method is briefly desalibe
in part 2. In part 3 the formulation of the arragtbr for linear arrays is given and fitness fumttwill be
mentioned. The numerical results optimized by Thgsianethod are given in part 4. The last resutts a
discuss and validated by using rectangular patdenaa and simulated by software CST2009 (CST
microwave studio) in part 5. Finally, part 6 makesaclusions.

Keywords: Rectangular Patch, Radiation Pattern, Phase Shifay Factor, Linear Antenna Array,
Synthesis Method, Antenna Arrays, Taguchi’'s Method

1. INTRODUCTION 2. MATERIALS AND METHODS

Recently, wireless communication technologies have

experienced fast growth. Spatial processing isidensd 2.1. Taguchi's Optimization Method

the last frontier in the battle for improved cediul Taguchi's optimization method will be briefly
systems and smart antennas are emerging as thkngnab described here.
technique. The use of adaptive antenna arrays lsileno Using the concept of the Orthogonal Array (OA),

handsets can facilitate the elimination of co-cheinn (Wenget al., 2007a). Taguchi method effectively reduces
interference and multi-access interference amohgrot the number of tests required in an optimizationcess.
problems. In fact, the synthesis of antenna arpéggs a ~ For more details, the interested reader may co(igng
very important role in communication systems. Atjua a@nd Choi, 2009). The steps taken in Taguchi's
another global optimization technique such as Thguc  OPtimization method can be illustratecHig. 1

method (Taguchet al., 2005), has been introduced to the 2.2 Design of a Linear Antenna Array
electromagnetic and antennas communities (Weng and i _ _ ) .
Choi, 2009). It was successfully used to optiminedr Taguchi’s method is used in the synthesis of linear
antenna arrays, ultra-wideband antenna, plana@Nténna array (Weng al., 2007b), A set of phase shift

: : : ; weights are generated in order to steer the bewmards
Qéﬁrgmg\rﬁ;lIzﬁggeggglggdhgygggfr ;/:/)g\ggmde (GPW any desired direction and avoiding interferenE&.( 2

. . presents the antenna array geometry.
Taguchi's method is further demonstrated by Which has N equally spaced elements along the axis

optimization of linear antenna arrays. It's usedegulate  y The element spacing is half-wavelength and the

phase parameter to achieve a desired angular seufor excitations of array elements are symmetric wigpeet
avoiding interference. This study is organizedadiswvs. to the axis z (Gie and Rahmat-Samii, 2003).

Corresponding Author: Amor Smida, Department of Physics, Electronics kataoy, Faculty of Science, Tunis El Manar 209i$ia

////4 Science Publications 1833 AJAS



Amor Smida et al. / American Journal of Appliede3des 9 (11) (2012) 1833-1839

Initialize the problem
Select an orthogonal array
Design a fitness function
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Design input parameters using OA
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Fig. 1. Flow chart of taguchi method

Lk

Fig. 2. Geometry of n-elements equally spaced linear array

B, = Phase shift weight at element n
¢ = %dsin(e)= kdsing )
8 = Angle of interfering or desired signal

In this study, only the phase shift weights are
considered, so the amplitude weights are constard.
if the phase shifts are odd symmetry, the arrayofac
can be written in the below equation 3 and 4:

AF(8) = 2§N3 cos[(n- 0.5)kdsing ¥ B, (3)
And in its normalized form:
AEJG)ziajicosKn— 0.5) +B, | (4)

This equation represents a mathematical desaripfio
the antenna radiation pattern and can be used by
optimization algorithms (Zuniget al., 2010). The Taguchi
algorithm is able to search for optimal phase shédights
using a fitness function based on this array factor

3. RESULTS

The following example was used to demonstrate the
performance of the Taguchi algorithm. We will redealthe
phase parameter to achieve a desired user andirayoid
interference. To resolve the problem of direct beam
forming, an array of 8 Isotropic elements is defireo N =
4 which is the dimension of the problerfig. 3) shows an
illustration of the desired and interfering angl&he
geometry of the linear array is defined as follovige
distance d of any two adjacent elements is sgfto

Where is the wavelength. k equals torf2. and

For N-elements symmetrical array, the array factor represents the wave number; amplitade) =1 and3,, is

can be written in the following equation 1:

AF(8) = Z @, it kdcose 7 )

Y =kd cose +B

1)

If the distance among elements is d and the rederen
point is the centre of the array, the new arrayofacs
describes in equation 2:

the excitation phase that will be optimized in timierval
[-180°,180°].

The algorithm stops after 100 iterations there teue
conditions to be met, the fitness consists of wcfions: F
(6,) which will attempt to maximize the value of theay
factor for the direction of userl (desired angle).

While a second function, B4 must minimize the array
factor for the direction of user2 (interfering a®)l The
following fitness function is deduced in equatiéAg:

2N fitness= E- E (5)
AF(B) =D e/t NN R (2)
n=t Where:
Where:
2N = Number of antenna elements ©6)
on = Amplitude weight at element n
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As the Fig. 4-5 indicate, we can observe the

1| N .
=N 3. cos[(d- 0.5)ksing, *B, I (7) performance of our algorithm. Figure show that rirain
n=1 lobe is directed to the appropriate sector and dingi
, interference.
F, =|AF(@,) (8) 4.1. Validation of Results Obtained by
Taguchi’'s Method
|t % cos[(d- 0.5)ksing, ¥B, I (9) To validate the results obtained by our numerigal t
NI, -, for optimization (Taguchi’'s Method) we will refep t

rectangular patch antenna. An eight-element linear
where,0; and 6, correspond to the angles of userl and rectangular patch (band 2.45 GHz, substrate pldag<sG

user2 respectively. with 4 mm height), uniformly }/2) spaced has been
realised Fig. 6) and tested for 2 cases of steered beams
4. DISCUSSION with null control.

The proposed design has been tested with good

Table 1 and 2 show the simulation results of the results. A 8-elements collinear half-wavelengthcpat
garray Fig. 7) with centers separated is now used for
synthesis purposes considering excitations with
variable phases.

proposed approach when it is used with prescribe
steering and null interference.

Table 1.Excitations for different steering lobes and nndérference

Synthesized excitations (phases) 0

Main lobe at -40°Null at 30°  Main lobe at -50°Nat 20° -3 @-40°, interf@30°

ﬁn ﬁn -10
N 69.0502° 69.0538°
1 162.6982° 179.0013° -15
2 -54.3478° -7.7110° =)
3 44.9444° 129.8318° =z 20
4 69.0502° 69.0538° =

= -25
Table 2. The different parameter of rectangular patch arden - 30
L w h tgd er
36 mm 36mm 4 mm 2.10 25 -35
-40 . .
Us‘e:r 1 -80  -60 -40

6 (Degre)

Fig. 4. Radiation pattern for desired and interfering asgle
40, 30°C

@-30°, interf@20°

&

[AF ()] (dB)
G

-80 -60 -40 -20 0 20 40 60 80
0 (Degre)

Fig. 5. Radiation pattern for desired and interfering asgl
Fig. 3.Radiation pattern for desired and interfering amgle 50°, 20°

///// Science Publications 1835 AJAS



Amor Smida et al. / American Journal of Appliedeaes 9 (11) (2012) 1833-1839

dB
7.33

5,04 -
3.66
2.29 -
9.916
2.0
8.1
143
-20.4
265
-32.7

| Farfield

roxination enabled (kR ¥ 1)
Farfield (F=2.4) [1]
s

. -0.1606 dB
-0.1958 dB

Gain 7329 d8

(© (d)

Fig. 8.(a, b, c, d). 8- Elements array pattern with (patcay antenna@2.45 GHz)
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Farfield [Arrav] farfield[f = 2 45][1[1.441+2[1.-541+3[1.162]
+4[1. 69]+5[1.-69]+6[1.-62]+7[1.54]+8[1 -44]] Farfisld

Q0

Frequencwv =2.45

Main lobe mangnitude = 0.0db
Main lobe direction = 40 0Odeg.
Angular width [3 db]=15.7 deg.

Side lobe level = 11.0 db

180

(b)

Fig. 9a, b.Radiation pattern for desired and interfering asgt0°, 30°

///// Science Publications 1837 AJAS



Amor Smida et al. / American Journal of Appliedeaes 9 (11) (2012) 1833-1839

Farfield [Arrav] farfield[f = 2.45][1[1.44]-2[1.-54]+3[1.162]
—4[1, 691+5[1,-69]~6[1,-62]+7[1.54]+8[1.-44]] Farfield

=T}

Frequency =2.45
Main lobe mangnitude = 0.0db
Main lobe direction = 40.0deg.

Angular width [3 db] = 15.7 deg.

Side lobe level = 11.0 db
180

(b)

Fig. 10.(a, b) Radiation pattern for desired and intemfigangles -50°, 20°
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We have used the software CST2009 (CST
microwave studio) in the simulation of radiatiorttpen
of 8 elements linear array (rectangular patch).

Lee, B.G., 2001. Smart antennas: Linear array ggigh
including mutual coupling effect. M.Sc Thesis, The
University of Queensland.

Figure 8 presents the Radiation pattern simulated atTaguchi, G., S. Chowdhury and Y. Wu, 2005. Taguchi’

different angle of view, with a frequency of 2.45itand
uniform excitations (amplitude and phase).

Figure 9a, b and 10a, bshow radiation pattern of 8
elements linear array (patch) with excitation phase
optimized by Taguchi’'s method (sector beam pattarth
null steering).

5. CONCLUSION

In this study, a global optimization technique lbea
Taguchi's method is used (in the synthesis of fiaedenna
array) to obtain a set of phase shift weights. &hesights
were optimized in order to maximize the power ef thain
lobe at a desired direction while keeping nulls dmig
interferers. The results of Taguchi's method arédated
by using array antenna (rectangular patch).At pteshe
possibility for optimizing both phase and amplitusi®eing
investigated.
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