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ABSTRACT

The designing of an antenna is a critical area for the present
wireless communication system. It is important to maintain an
agreement amongst gain, bandwidth, return loss and VSWR
characteristics of antenna. In this paper an exclusive design
concept for the circular patch antenna is introduced. Initially a
circular microstrip patch antenna is designed and the
performance of this new design is enhanced after applying
different types of slotted perturbations in one half of antenna.
The antenna performance is transformed from single band to
multiband by employing ‘Y’ shape slotted structures. The
proposed antenna represents quad band behavior at resonant
frequencies 2.44 GHz, 6.48 GHz, 7 GHz and 8.25 GHz with a
good value of return loss of -12.29 dB, -16.48 dB, -15 dB and
-27.81 dB respectively. This design also represents VSWR
between the specified range of 1 to 2 for the said resonant
frequencies with an acceptable value of gain in dB. The
antenna is designed and simulated with FEM based
electromagnetic field solver. The proposed antenna design is
suitable for WLAN, Radio astronomy, Passive sensors and
Point to Point defense system wireless applications. The
proposed antenna is analyzed for proper coaxial feed location
using radial basis function neural networks. The results
obtained using RBF neural networks are in a good agreement
to the simulation results obtained using electromagnetic
solver. The feed location provided by the RBF neural
networks results in six band behavior.
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1. INTRODUCTION

In recent years the requirement for wireless communication
systems has increased rapidly demanding quality of service,
protection of information and increased data rate for the
wireless local area networks (WLANSs). The main aim of
advance wireless communication system is high speed
networking service for different media communication.
Microstrip patch antennas offer numerous advantages such as
low cost, light weight, low profile, ease of fabrication and
conformity [1-2]. Instead of these advantages it also has some
disadvantages like narrow bandwidth and low gain.

Several techniques have been suggested to overcome the
limitations of the simple microstrip patch antenna. Applying
perturbations is one such technique amongst those all
suggested for designing the microstrip patch antenna. To
comply with the requirements in communication systems such
as the Wireless local network (WLAN), Global Positioning

Systems (GPS), Radio astronomy, Point to Point high speed
wireless applications it is often mandatory that antennas are of
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compact size, low cost and capable of operating at multiband
frequencies [3].

The task of designing antenna becomes very challenging
while considering trade-offs associated with operation over
multiple frequency bands, constraints on size and limitations
of commercial low cost materials Low cost and conformal
antennas support the operation of many modern
communication systems [4]. The development of patch
antennas progresses day-by-day as James et al. [5] presented
microstrip patch antenna array for microwave life detection
system. This system was developed by Chen and Huang in the
year of 2000 and scope of this system is to search human
objects under earthquake rubble or behind the barrier. The
operating frequency of antenna of this life rescue system is
1.150 GHz.

Agata et al. suggested a novel printed bow-tie antennas for
dual-band dual-mode mobile handset applications. They
introduced this antenna for dual-band GSM/DCS 1800
operation on a single handset employing dual-band antenna
concepts[6]. Behera et al. presented a balanced amplifying
microstrip patch antenna at 2.4 GHz. He discussed the
advantages of an ideal balanced configuration which
comprises good isolation with improved stability, good input
and output external matching, cancellation in the load of
products and harmonics are considered in designing a
balanced configuration for the active antenna [7].

Onofrio Losito proposed high efficiency and broadband
microstrip leaky-wave antenna. He was able to achieve
tremendous antenna characteristics such as wider band of 33%
for VSWR < 2, higher gain and higher efficiency [8]. Roy et
al. proposed miniaturized broadband microstrip antennas for
HIPERLAN/2 application. They reported U-slot loaded and
V-slot loaded proximity coupled microstrip antennas. The
performances of two antennas are investigated in frequency
band of high performance wireless local area network.

Mohammad Tariqul Islam et al. presented a high gain
microstrip patch antenna. His design comprises contemporary
techniques; probe feeding, inverted patch structure and
stacked multiple slotted patch. The composite effect of
integrating these techniques and by introducing the novel
multiple shaped patch, offer a low profile, broadband, high
gain, and compact antenna element [9].

Asghar et al. proposed a circular microstrip patch array
antenna for c-band altimeter system. The aim of this antenna
construction was to obtain a high gain, an acceptable pattern
and a reasonable value of SWR for altimeter system
application [10]. Lai et al. presented and discussed a circular
patch microstrip array antenna for ku-band wireless
application. The proposed antenna is simplest in construction,



low cost and miniaturized in size. This design is suitable for
the wireless applications such as WLAN, Radio astronomy
and Passive sensors for satellite services [11].

2. RADIAL BASIS FUNCTION NEURAL
NETWORK

Radial basis function network is a feed forward neural
network consisting of three layers of neurons — input, hidden
and output. The single hidden layer uses radial basis
activation functions for hidden neurons, representing a series
of centers in the input data space. Each of these centers has an
activation function, typically Gaussian. The distance between
the presented input vector and the center decides the
activation function. The closer the vector is from the center,
the higher is the activation and vice versa. The generation of
the centers and their widths is done using an unsupervised k-
means clustering algorithm [12].

The parameters cij and Aij are centers and standard de-viations
of radial basis activation functions. Commonly used radial
basis activation functions are Gaussian and Multiquadratic.
Given the inputs x, the total input to the ith hidden neuron is
given by Equation (13).

o n Xj—Cjj
YI - j=1< }Lij

Where i=1,2,3........... N

N= Number of hidden neurons

The output value of the ith hidden neuron is
zij = o(yi)
Where o(yi) is a radial basis function.

Further, the output of RBF network is computed as:

N
Yk = Z WkiZki
i=0

Where wki is the weight of the link between the ith neuron of
the hidden layer and kth neuron of the output layer.

3. DESIGN METHODOLOGY

To design and analyze the proposed antenna, High Frequency
structure Simulator (HFSS) electromagnetic software tool is
utilized. HFSS is a high performance full-wave
electromagnetic (EM) field solver for arbitrary 3D volumetric
passive device modeling. It integrates visualization,
simulation, solid modeling and automation in an easy-to-learn
environment where solutions to 3D EM problems are quickly
and accurately obtained [14].

Ansoft HFSS employs the Finite Element Method (FEM),
adaptive meshing, and brilliant graphics to give unparalleled
performance and insight to all 3D EM problems. Ansoft HFSS
can be used to calculate parameters such as S-Parameters,
Resonant Frequency, and Fields. HFSS is an interactive
simulation system whose basic mesh element is a tetrahedron
thus allowing us to solve any arbitrary 3D geometry. Once the
antenna is designed using the electromagnetic simulation
software, further it is analyzed using RBF network in
MATLAB release 2010a. The feed location plays a significant
role in antenna performance as it decides the impedance
matching for maximal transmission of signal power from
transmission line to antenna. Without proper impedance
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matching at feed location, the signal power reflects backs to
the transmission line rather than radiating outside in the
environment.

Radial basis function networks are very popular for their fast
convergence in function approximation as compared to Back
Propagation Neural Networks. In this work, the feed location
of novel designed antenna is taken as input variables for
learning of RBF networks while return loss is taken as output
variable. The rest of parameters such as dielectric constant of
substrate, height of substrate and resonant frequency are all
considered constant while collecting samples for training and
testing. The analysis model for this is shown in figure 1(a).

Samples have been taken using random feed locations for
coaxial probe feeding technique in the proposed design using
HFSS electromagnetic solver. Total 70 samples have been
taken for training while 10 different samples were taken for
testing for the purpose of checking the validation and
accuracy of the trained neural network. The network is trained
for different values of spread constant ranging from 0.01 to 10
in order to get optimum value of spread constant for desired
purpose. The final spread constant is taken to be 0.01 that
satisfied the desired accuracy of testing.

Fx

RADIAL BASIS
FUNCTION NETWORK

Fy

Fig 1(a): The analysis model for RBF

4. ANTENNA LAYOUT & STRUCTURE

The structure of the proposed antenna design is to be studied
in this section. Figure 1(b) represents the architectural view of
the proposed antenna. This antenna is made up of three layers
in which first layer comprises the conductive ground plane,
second layer comprises the substrate i.e. dielectric material
and third layer comprises the conductive patch. Simply we
can say the circular patch antenna of specified dimensions is
separated from the ground plane by a substrate of ‘Rogers
RT/duroid 5880’ of finite thickness. Co-axial probe feed is
preferred to analyze the antenna for better impedance
matching. Slotted perturbations are employed in upper half of
the circular patch antenna to transform the antenna
characteristics from single band to multiband.

The dimensions of the slots are to be chosen through
literature as well as iterative trials so that the proposed
antenna geometry could be able to radiate at multi resonant
frequencies. With this only one particular patch antenna is
utilized for almost four applications as aforesaid. As the
resonating characteristics of the rectangular patch depends
upon its length and width similarly resonating characteristics
of the circular patch depends upon the radius of the patch
which is described from literature review, the effective radius
of circular patch is found by [15]:

Teff =T \/1 + nzr‘: [ln &)+ 1.7726] @)
Where r = physical radius of circular patch

Return
loss



h = height or thickness of the substrate
er = dielectric constant
The effective area of the patch is then given by [16]:

Aggr = Tr g 2

Fig 1(b): Geometry of proposed antenna
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Fig 1(c): Elementary slotted structure 1

The effective radius and effective area of the proposed
antenna are calculated by the equation 1 and 2. The effective
radius of the circular patch is somewhat higher than the actual
radius because of the fringing phenomenon in the microstrip
patch antennas.
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Fig 1(d): Elementary slotted structure 2

As the effective radius changes due to fringing, definitely
there will be change in the area of the circular patch that
actual area is to be calculated by equation 2. To enhance the
antenna performance different slotted structures of figure 1(c)
and figure 1(d) are embedded in the upper half of the
proposed antenna as shown in figure 1(b).

The dimensions of the patch antennas are playing very
important role in deciding the performance characteristics of
the analyzed antenna. The initial dimensions are to be
calculated as per the mathematical expression presented by
[17] and further optimized values of all the parameters are
obtained by having iterative trials on the software. All the
optimized dimensions of the proposed antenna geometry are
presented in the table 1 for the better understanding. The
dimensions of the ground plane i.e. length and width of the
ground plane are same as the length and width of the substrate
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material, therefore ground plane dimensions are not included
in the table 1. The dielectric constant of the substrate material
plays a vital role in deciding the resonant frequency as well as
impedance bandwidth of the patch antenna is represented by
the ‘er’. Radius of the circular patch is represented by the ‘R’
and height of the substrate material is denoted by ‘h’ and their
typical values are mentioned in table 1.

TABLE 1. Design parameters of the proposed antenna

Antenna Dimension Antenna Dimension

parameter parameter
L 50.10 mm L,y 1.00 mm
W 52.00 mm W, 13.00 mm
R 22.33 mm W, 5.00 mm
& 2.2 W, 9.00 mm
h 1.58 mm W, 7.00 mm
L, 2.00 mm W 4.00 mm
L, 1.00 mm W 50 m
L 2.00 mm

5. RESULTS AND DISCUSSIONS

In order to analyze the performance of the proposed antenna
design, First of all the height of the Substrate should be
selected so that proposed design must radiate at the specified
frequencies. Variation in the substrate thickness is chosen
according to the availability of the material in the
international market. Figure 2 shows the response of the
proposed antenna with respect to the frequency by varying the

thickness of the substrate from 1.3 mm to 2.65 mm.
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Fig 2: Return loss Vs. frequency plot of height variation of
proposed antenna geometry
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It is observed that with substrate thickness 1.3 mm
antenna resonates at frequencies 6.4 GHz, 6.81 GHz and 8.18
GHz with return loss characteristics of -15.36 dB, -18.32 dB
and -24.44 dB respectively and shown by black squared line
in figure 2.

The return loss characteristics changes if substrate
thickness is 1.45 mm, antenna resonates at 6.48 GHz, 7 GHz
and 8.25 GHz frequencies with S11 < -10dB of -16.43 dB, -
15.05 dB and -27.81 dB respectively and represented red
circled line in figure 2. If thickness increases to 1.58 mm the




antenna resonates at frequencies 6.51 GHz, 7 GHz and 8.25
dB with S11 <-10dB of -19.82 dB, -11.12 dB and -18.56 dB
respectively and shown by blue triangled line in figure 2.

Similarly the antenna performance is observed by
varying the thickness upto 2.65 mm and observed that the
substrate thickness of 1.58 mm is preferably opted as it
provides the required return loss values at specified
frequencies. Tabular form of results of return loss versus
frequencies is presented in table 2 for more clarity.

Figure 3 represents the performance of the proposed
antenna with different ground sizes varies from 48 mm to 55
mm. At ground width of 48 mm antenna resonates at
frequencies 6.48 GHz, 6.96 GHz and 8.22 GHz with S11 < -
10dB values of -17.26 dB, -10.22 dB and -19.24 dB
respectively and shown by black squared line in figure 3.

TABLE 2. Resonant frequencies and return loss
characteristics at different thickness of substrate

International Journal of Computer Applications (0975 — 8887)
Volume 101- No.14, September 2014

1.45 6.48 -16.43 7 -15.05 8.25 -27.81
1.58 6.51 -19.82 7 -11.12 8.25 -18.56
2.05 6.48 -14.22 6.85 -12.88 8.22 -13.89
2.65 6.51 -9.75 7.11 -8.84 8.22 -9.04

Further ground width increases to 50 mm and observed
that return loss characteristics changes and only two
resonating frequencies are found at 6.57 GHz and 8.25 GHz,
which means antenna offers dual band performance at 50 mm
ground size. The ground width increase to 52 mm and the
performance of proposed design is shown by the green

triangled plot of figure 3.

Substrate It is observed that at 52 mm antenna represents the
height Fr S11 Fr S11 Fr S11 multiband (quad band) characteristics at resonant frequencies
(mm) | (GH2) | (@B) | (GHz) | (dB) | (GH7) | (dB) 2.44 GHz, 6.48 GHz, 7 GHz and 8.25 GHz with the return

loss S11 < -10dB values of -12.29 dB, -16.43 dB, -15.05 dB
) ) i and -27.81 dB respectively. Similarly antenna is analyzed for
13 64 1536 | 681 1832 8.18 24.44 55 mm ground width and the result is represented by triangled
blue plot of figure 3. It is not easy to distinguish the
performance of the antenna from the line plots presented in
figure 3; therefore all these results are also represented in
table 3 for more convenience.
TABLE 3. Resonant frequencies versus return loss characteristics for different Ground sizes
Ground
Size (mm) Fr (GHz2) S11 (dB) Fr (GHz) S11 (dB) Fr (GHz) S11 (dB) Fr (GHz) S11 (dB)
48 2.48 6.3 6.48 -17.26 6.96 -10.22 8.22 -19.24
50 2.48 9.3 6.57 -16.39 NA NA 8.25 -22.87
52 2.44 -12.29 6.48 -16.43 7 -15.05 8.25 -27.81
55 6.51 -15.63 6.96 -13.96 8.22 -17.7
2.44 -0.26
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Fig 3: Return loss Vs. frequency plot of ground size
variation of proposed antenna geometry

No doubt we have discussed the analyses of proposed
antenna to achieve the perfect values of the substrate
thickness and ground plane width size for the particular
antenna, but without knowing the gain pattern of the antenna
we cannot claim that our proposed antenna is a good radiator
or absorber. The 3D gain plot of the proposed antenna is
represented in figure 4.

It is observed from the 3D gain plot of the proposed
antenna that it radiates almost equally in all directions normal
to the patch means it exhibits Omni directional characteristics.
The gain of 6.33 dBi is obtained from the antenna which is
very sufficient for the small distance wireless applications.

Input impedance is very important factor while analysing
the antenna because it tells about the matching characteristics
of the feedline and the patch antenna. If the input point at the
patch is not matched with the feedline impedance then most of
the signal is reflected back from the feed point which causes
the development of voltage standing waves in the feedline.
The perfect match of feedline and feed point is obtained at 50
ohm impedance. Figure 5 represents the input impedance plot
at different resonant frequencies and it is observed that the
impedance value varies nearly to 50 ohm for all the resonating
frequencies.
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Fig. 4. 3D gain plot of proposed antenna geometry
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Fig 5: Input impedance Vs. frequency plot of proposed
antenna geometry
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Fig 6: Training performance of RBF network
After optimizing the design of proposed antenna, the
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design is analyzed using RBF neural network. Fig. 6 shows o omras
the training plot of RBF network taking feed location as input Best Linear Fit
variable and return loss as output variable. The spread ! T
constant taken is 0.01 and final error goal is zero. After
training, error performance has been reduced to 6.47* 10-5
which is quite acceptable. Fig. 7 shows the post training 0
analysis to test the training efficiency of the learned network. 5
It performs a linear regression between the network response =
and the target, and computes the correlation coefficient (R Tf."—'“’
value) between the network response and the target. z
g 20+ p
A ° A
Z o
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Fig 7: Post training analysis of trained RBF network

After successful training, trained neural network has been
trained for 10 testing samples and results arrived with the
accuracy of 97 percent. The feed location obtained using

11




trained neural network is (8.65, 18.5) for x and y co-ordinates.
The feed location obtained by trained RBF network resulted
in the six band behavior at resonant frequencies ?? as shown
in fig. 8.

Thus, function approximation property of RBF neural
networks serves an important alternative to trial and error
method of finding optimum feed location for antennas in
ordeg to obtain proper impedance matching.

54
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Return Loss in dB
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Frequency in GHz
Fig 8: Return loss v/s frequency plot for feed location
provided by trained RBF network.

6. CONCLUSION

A novel circular patch antenna design is investigated and the
parameters are chosen by mathematical as well as iterative
trial with the simulation software. The analysed design
exhibits multiband behaviour at different resonant frequencies
of 2.44 GHz, 6.48 GHz, 7 GHz and 8.25 GHz with the return
loss S11 < -10dB values of -12.29 dB, -16.43 dB, -15.05 dB
and -27.81 dB respectively. It is also observed that the
proposed design offers a good value of gain of 6.33 dB and it
is also matched at input impedance approximately equal to 50
ohm. The proposed antenna design is suitably recommended
for the applications like WLAN (2.44 GHz at -12.29 dB),
Radio astronomy (6.48 GHz at -16.43 dB ), Passive sensors (7
GHz at -15.05 dB) and Point to Point defence system (8.25
GHz at -27.81 dB) wireless applications. In addition, the
optimum feed location is found by wusing function
approximation of RBF neural networks. The solutions
obtained using RBF networks are quite in good accord with
the simulation results obtained using HFSS simulator.
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