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ABSTRACT

In this paper a new technique is proposed to takewesign parameters of Elliptical micro-strigghaantenna
using Atrtificial Neural Networks (ANN) for circulgpolarization. Training data is collected from HF&&soft Simulator.
ANN models are developed to calculate the antermmampeters, for the given resonant frequency, aspéot dielectric
constant and height of substrate. The Levenbergyldadt (trainlm) algorithm, with multilayer percem (MLP) feed
forward back propagation (FFBP) network is trainedachieve an accurate model. The model is theiatad by
comparing with the simulated and measurement. Té®gd model is very useful for computer aided degiGAD),

antenna engineers and other similar applications.
KEYWORDS: ANN, Microstrip Antenna, Resonant Frequency, FFBIRIFSS Simulation
INTRODUCTION

In modern communication systems like cellular msympersonal computer cards for wireless local aedaork;
micro strip antenna is preferred as compare toratidiators. Micro strip patch antennas are lowfifgroconformable to
planar and non-planar surfaces, and can be eadiichted using printed circuit board technologhey are also
mechanically robust when mounted on rigid surfages] compatible with Monolithic microwave integmteircuit
(MMIC) designs. These patch antennas are useddbrgerformance spacecraft, aircraft, missile aatdlbte applications,

where size, weight, cost, performance, ease dadliabn, and aerodynamic profile are constraints.

When a particular patch shape and excited modesealected, they are very versatile in terms of rasbn
frequency, polarization, radiation pattern, and éagince. In this work Elliptical micro strip patchtennas (EMSA) are
the ones under consideration as their geometryeptegreater potentials for a variety of electhjcamall low-profile
antenna applications. The elliptical shape hasraéwvantages like providing larger flexibility e design, more
degrees of freedom compared to the circular gegnastd circular polarization is achieved with sinfged. Elliptical
patch geometry is perhaps least analyzed regudgnrespeometry due to involvement of Mathieu’s andlified Mathieu’s

function in mathematical analysis.

The involvement of these functions makes mathematit elliptical patch geometries extremely difficul
There are various methods available for the caficulaof resonant frequency for elliptical patchemnmia. These methods
obtain resonant frequency for evdg and odd f) modes as the function of input variables, whioh the height of the

dielectric substrateh, dielectric constantef), and antenna dimensions (the major axis and thernaxis). But reverse
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calculation of the antenna dimensions from the tsipike frequenciesf,, f,), height f) and dielectric constant,) is not
available in the literature. In this paper, theeama dimensions are determined by usingficial Neural Networks.
ANN design aims at utmost simplicity aiself-organizationIn the present paper feed forweback propagation neural
network (FFBPNN) are used andetLeven BergMarquardt training algorithm is used to train tleec-forward Back
Propagation (FFBP) networdhe FFBPNN train with Levenbe- Marquardt (LM) training algorithm is one of th

approaches which show a great promise in thissggrtoblems because of its faster learning capi

Figure 1: HFSS Designed Basic Model of Elliptical MicrostripAntenna

THEORY OF ELLIPTICAL MICROSTRIP ANTENNA

Elliptical patch antenna is shown in Figll, wherea is the semi major axidy is the semi minor axis aragg is
the effective semi-major axighe fee position islocated along the 45° line between the major minor axis of the
elliptical patch. The radiated fieldsause two modes tt are perpendicular to each otlaerd have equal amplitude, but

90° out of phase. An ellipticplatch antenna witoptimum dimensions acts a Circular Polarized wave radiator
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Figure 2: Elliptical Micros trip Patch Antenna for Circular Polarization

The patch is excited by a coaxial probe extendimgugh the ground plane and contacting the patdb sisown
in Figure1. The empirical formulas for calculation of duakonance frequency using approximated Mathieu ifum

[1-3] are listed below.
Effective Semi Major Axis

aeff =

a[1+ (Z%I'I &){In(%h)+ (1415 +177)+ 1Y/ (02685 + 1_65)}]1/2 .
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Even Mode Resonance Frequency

i = 1% eae \/qTé @

b= -0.0049e+3.78880.72787+2.314¢€ (3)

Odd Mode Resonance Frequency

fn= 1% € eff \/% *)

0h1=-0.0063e+3.861321.3151°+5.2229¢ (5)
Where
a — Semi-major axis
h —Height of dielectric substre
g — Permittivity of dielectric substra
as — Effective semmajor axi:
e —Eccentricity of elliptical patc
f1.°° — DualResonance frequer
01:°° — Approximated Mathieu function of t dominant (TM:*% mode
CONVENTIONAL ELLIPTICAL PATCH ANTENNA

In this study, first a conventional elliptical patmicrostrip antenna, of se-major and sen-minor axes of length
a andb, respectively, has been considered. The patclonsidered lying in XY plar over a large ground plane wi

substrate thicknesé k<lI,), substrate dielectric constag,) and relative permeabilityi= 1) as shown in Figu 2 (a).

N

RADIATING PATCH
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/
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Figure 3: Geometryand Feed Arrangement ofConventional Elliptical Patch Antenng

The magnetic field in such structure has esseptiatind ycomponents. Becauh<<l,, the fields do not vary
along the z-direction and tltmmponent of the current normal to the edge ¢ microstrip antenna approaches to zer
the edgesWith these assumptions, this elliptical structuem de considered ascylindrical resonator wittmagnetic

sidewalls bounded at its top and bottom by elec walls. In the designed structure, length of ¢major and
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semi Minor axes ara =1.7cm,b = 1.41cm, respectively with eccentricity= 0.558. The structure has been designed on
glass epoxy FR4 substrate having substrate thisknes0.33 cm, substrate relative permittivig/= 4.5 and loss tangent
tana = 0.0011. The simulation analysis has been caoigdy applying IE3D simulation softwarel4 whilepeximental
work has been carried out at ISAC; Bangalore bypgisihe available facilities. The simulation anadygveals that in the
range of 1-3.5 GHz, antenna resonates at a siegtenance frequency 2.25 GHz corresponding to itsimint mode as
shown in Figure 2. The measured resonance frequefnitys antenna as shown in same figure is 2.28%,@vhich is in
close agreement with the simulated frequency. Tipgedance bandwidth corresponding to 10 dB retuss i® 58 MHz.

The following figure shows the resonant frequenagve.
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Figure 4: FFBP Network Structure
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Figure 5: Resonant Frequency Curve
ANN MODELING

FFBPNN has three layers of neurons, namely inpidden and output, which are fully interconnectedshown
in Figure 2. The input layer consists of just thputs to the network. The number of nodeis equal to the dimension of
input vectorX = (X4, %......%). Then follow a hidden layer, which consist of anymber of neuron. Each neuron performs
a weighted summation of the inputs, which then gassnonlinear activation functian also called th@euronfunction.

The nonlinear activation functianhere we used is Hyperbolic tangent sigmoid trarfsiection (i.e. tansig)
tansig(n) = 2/(1+exp (-2*n)) -1

In order to design FFBPNN, network weights aréb¢ofound. Finding the weights is called networkniray.
The Levenberg-Marquardt training algorithm is udedtrain the feed-forward Back Propagation (FFBRwork.
The training process requires a set of exampleproper network behavior network inputs P and tamaputs T.
The FFBPNN has to be trained with the input data (X3, X,... X) and the targets T#,(t,,....... .&). During training the

weights and biases of the network are iterativejjusted to minimize the network performance funttio
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(i.e. mean squared error). By using set of inpupotupairs, called training set, the network par@mgeare optimized in
order to fit the network targets to the given impuffter training, the FFBP network can be usedchvdata whose
underlying statistics is similar to that of theitiag set, known as testing set. A trained neusdivork can be used for

high-level design, providing fast and accurate @isvo the task it has learned.

In this paper FFBPNN is built to obtain antenneelsions from the function of input variables, whiare
resonant frequencye], the height of the dielectric substraty, (dielectric constants of the dielectric mate(ig) and the

eccentricity of elliptical patchef as shown in Figure 3.
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Figure 6: FFBPNN Model for EMSA

RESULTS AND ANALYSIS

Best Training Performance is Nall at epoch 258

Mean Squared Eror {mse)
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Figure 7: ANN Training Performance

Table 1: Data’s from HFSS

. Minor | Substrate . Resonant
PSLCh Axl\igz(ig;rcm Axis(b) | Height(h) Pels?rﬁwlig\\;ﬁy Frequency
) cm cm (GHz2)

1 2.5 1.92 0.34 2.55 2.799
2 2.6 2.0 0.35 2.55 2.734
3 2.7 2.07 0.36 2.55 2.649
4 2.8 2.15 0.37 2.55 2.548
*5 2.9 2.23 0.38 2.55 2.477
6 2.1 15 0.33 3.5 2.757
7 2.2 1.57 0.42 3.5 2.610
8 2.5 1.78 0.45 3.5 2.323
9 2.4 1.71 0.48 3.5 2.397
*10 2.5 1.78 0.37 3.5 2.346
11 2.8 1.86 0.37 4 1.834
12 2.9 1.93 0.41 4 1.723
13 1.8 1.2 0.42 4 2.148
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Table 1: Contd.,

14 15 1.0 0.45 4 2.50
15 1.2 0.8 0.48 4 2.985
*16 11 0.73 0.5 4 3.199
17 1.7 141 0.33 4.5 2.261
18 15 1.25 0.35 4.5 2.491
19 2.2 1.83 0.39 4.5 2.610
20 2.5 2.08 0.42 4.5 2.321
*21 2.7 2.25 0.45 4.5 2.109
22 2.5 1.56 0.34 6 2.948
23 2.7 1.68 0.35 6 1.473
24 2.6 1.62 0.36 6 2.842
25 2.2 1.37 0.37 6 3.309
*26 2.1 131 0.38 6 3.486
27 2.5 1.47 0.34 10 2.224
28 2.6 1.53 0.35 10 1.046
29 2.4 141 0.36 10 2.296
30 2.3 1.35 0.37 10 2.371
*31 2.2 1.29 0.38 10 2.484
32 2.3 1.77 0.33 10.2 2.946
33 2.2 1.69 0.34 10.2 3.061
34 2.1 1.61 0.35 10.2 2.498
35 2.0 1.53 0.36 10.2 1.273
*36 1.9 1.46 0.37 10.2 3.46

*tested Data Sets

Table 2: Comparison between ANN, HFSS and Theoretitly Measured Output Data

Patch | HFSS | ANN Tﬁ:;ﬂf:gy
No. | Outputs | Outputs Data
1 | 2799 | 2799 2.7
2 | 2.734 | 2734 28
3 | 2649 | 2649 2.66
4 | 2548 | 2548 25
5 | 2477 | 247 24
6 | 2.757 | 2.757 2.66
7 | 2610 | 2610 259
8 | 2323 | 2323 24
9 | 2397 | 2397 23
10 | 2346 | 236 2.28
11 | 1.834 | 1.834 1.81
12 | 1723 | 1.723 17
13 | 2148 | 2148 2.49
14 | 250 250 255
15 | 2985 | 2985 2.09
16 | 3199 | 3.189 3.0
17 | 2261 | 2261 232
18 | 2491 | 2491 3.44
19 | 2610 | 2610 2.7
20 | 2321 | 2321 2.39
21 | 2109 | 2105 2.19
22 | 2048 | 2948 2.88
23 | 1473 | 1.473 1.41
24 | 2842 | 2842 2.79
25 | 3.300 | 3.300 338
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Table 2: Contd.,

26 3.486 3.466 3.4
27 2.224 2.224 2.2
28 1.046 1.119 1.2
29 2.296 2.296 2.0
30 2.371 2.371 2.4
31 2.484 2.47 2.52
32 2.946 2.946 2.99
33 3.061 3.061 3.12
34 2.498 2.498 2.5
35 1.273 1.273 1.29
36 3.46 3.453 3.47
CONCLUSIONS
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Figure 8: Error Presentation

The results obtained by using FFBPNN for ellipticgicrostrip patch antennas are in good agreemetft w
available targeted results as compare to resultslated from theoretical approach. Figure 8 shthwespresent ANN error
and theoretical error. The proposed network reguiess training time and is more accurate in ptiedi. Figure 7 shows
the ANN Training performance. Using these FFBPNNdels, various possible dimensions can be obtaioeathieve
high bandwidth and single feed circular polarizatidNN models are simple, easy to apply and vesfuldor antenna

engineers to predict both patch dimensions ancheegdrequency.
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