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Designing of E-Shaped Microstrip Antenna
Using Artificial Neural Network
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Abstract— Now-e-days the area of microstrip antennas has some
creative effort and is one of the premium vigorous fields of antenna
theory. The microstrip antenna design is not an easy task to achieve.
The E-shaped microstrip antenna (EMAS) is a type of microstrip
antenna, which are design in this paper. The proposed antenna design
by using IE3D Software based on method of moment (MOM). Find
144 resonant frequency of (EMAs) with various dimensions and
electrical parameter. Apply artificial neural network (ANN) based on
backpropagation (BP) algorithm multilayer perceptron (MLP) model
of different learning methods to compute the resonant frequencies of
EMAs. The 130 resonant frequencies and parameter of EMAs are
used for training and 14 parameters are used for testing. Find the
average percent error (APE) from different learning algorithm
compared with each other in which the best result obtained by
Levenberg Marquardt (LM) 0.1689%. Thus, the LM algorithm is the
best algorithm, which give better accuracy. So the computed resonant
by ANN is much closer to simulated resonant frequency of EMAs.

Keywords— E-shaped microstrip antenna (EMAS), artificial
neural network (ANN), backpropagation (BP), multilayer
perceptron (MLP).

I. INTRODUCTION

Microstrip antenna due to their many attractive feature have
been drawn attention of industries for an ultimate solution for
wireless communication. The existing era of wireless
communication has led to the design of an effective, wide band
Jow cost, and small volume antennas which can readily be
merged into a broad spectrum of systems [1-2]. Microstrip
antennas are used in an increasing number of applications,
fluctuating from  biomedical diagnosis to  wireless
communication [3]. They have the ability to work in dual and
triple band operations but; narrow bandwidth came as the main
drawbacks of microstrip antennas [4]. In this paper presented
E-shaped microstrip antenna base on ANN.

There are different shaped of microstrip antennas such as
rectangular circular, annular et.c.
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The (EMAS) is a type of microstrip antenna which is much
simpler to make by only modifying length, width and position
of probe feed point. The leading objective of designing a
EMAs is to optimized the base design and achieve higher
bandwidth [5]. The EMAs is a miniaturized antenna fabricated
with two identical parallel slots on the patch of rectangular by
loading the slot technique. The modifying slot length and slot
width of the EMAs that is attained acceptable performance [6].

Artificial neural networks are one of the popular clever
methods in solving engineering difficulties. Neural network
processing grants a different approach to store and manipulate
knowledge. Artificial neural network is a model worked as a
biological neural networks which are used to approximation
the functions that are mostly depend upon the large number of
inputs which is usually unknown .ANN is well-defined
computing system organized by number of unpretentious,
extremely organized handling elements, which process data by
theirs exciting state reply to external inputs. ANN are the basic
model of neural processing that are used as artificial
intelligence in the brain [7]. Recently, ANN have been useful
to microwave computer-aided design (CAD) and RF problems
as well. Neural networks are first trained to model the
electrical performance of active and passive components.
These trained neural networks, often mentioned to as neural-
network models , then can be used in advanced simulation and
design, providing fast responses to the mission they have
learned [8-9]. In the works, ANN models have been fabricated
usually for the analysis of microstrip antennas in various forms
such as circular ,rectangular and equilateral triangle patch
antennas [10-14]. An ANN is trained frequently and at one
point, it extents a stage where it has ‘learned’ a particular
desired function. With accurate training, it can simplify; hence
that even different data, which was not part of the training
data, will yield the wanted output.In proposed antenna applied
ANN based on MLP to trained ant the test the data of EMAs.

Il. DESIGNING METHOD OF E-SHAPED ANTENNA
USING IE3D SOFTWARE

In this paper, designed E-shaped microstrip antenna using
IE3D Software to find resonant frequency. The E-shaped
microstrip antenna is a miniaturized antenna, when to parallel
slots are incorporated in to the rectangular microstrip patch
antenna, it become E-shaped microstrip antenna. The (EMAS)
is simpler in construction. The geometry is shown in Fig .1 as
it can be seen from the geometry of antenna that’s have
composition of L, W, Is, ws, thickness h height of the substrate
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and dielectric constant er. To find out resonant frequency there
are 144 different E-shaped microstrip antenna parameters with
different combinations of L, W, ws, h and «r.
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Fig. 1. Geometry of E-shaped microstrip antenna

To find out the designing method (EMAS) using IE3D. The
software are design of certain thickness of that’s z-axis
parameters have great advantages of microwave devices is
used for two dimensional mapping, simple user interface, high
efficiency. Taking the data from Table 1 as an example which
is L = 25mm, W =20mm, Is=2mm, ws = 4mm, h = 1.57mm
and er = 2.33. To designing antenna set the parameter first, the
thickness "ztop” set to 1.57mm, which is height and dielectric
constant Epsr er is 2.33. Then click "ok" and save.

TABLE | E-SHAPED MICROSTRIP ANTENNA PARAMETERS

L(mm) | W(mm) | Is(mm) Ws(mm) h(mm) | &

25 20 2,4,6,8 4,8,12,16 1.57 2.33,4.5,6.15

325 25 255,751 | 5,10,15,20 2.50 2.33,4.5,6.15
0

40 30 3,6,9,12 6,12,20,26 | 3.17 2.33,45,6.15

Design the pattern of E-type microstrip antenna as shown
in Fig. 2 .After it find the probe feed from the selecting data.
The formula of finding the probe feed point is xf = 2(W —
ws)/3 and yf=(2L-1s)/3. Then in the IE3D “build probe-feed
port” set the probe point and click “ok”.Finally simulate the
resonant frequency as show in Figure 3. Which give the best
return loss of -12.91db at 3.51GHz resonant frequency. The
same method is used for all 144 E-type antenna only change
the parameter to obtained different frequency of return loss
S11 <-10db. Based on artificial neural network the resonant
frequency of 144 E-type microstrip antenna 130 is used for
training and the remaining 14 is used for testing to find out
accuracy.
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Fig. 2. Structure of E-shaped microstrip antenna
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Fig. 3. Return loss for resonant frequency

I11. ANN MODELING OF E- SHAPED MICROSTRIP ANTENNA

In this paper design E-shaped microstrip antenna based on
artificial neural network. There are 144 different data, which
are used for designing E- shaped microstrip antenna using
IE3D software to find out resonant frequency. From 144 (L,
W, Is, ws, h and er and fIE3D) data, 130 are used for training
and 14 are used for testing to build network.

For the proposed antenna Multilayered Perceptron (MLP)
model Backpropagation (BP) algorithm are used. The model
are trained of 144 sets of input/output data, which are obtained
by IE3D Software based on MOM .The model is trained and
test for different value of parameter to get a desired resonant
frequency. The model have three layers input layer, output
layer and hidden layer. From the combination of data (L, W,
Is, ws, h and er) are given as input and the resonant frequency
obtained from IE3D given as output as shown in Figure 4.In
this network there are 6 input neurons 1 output neurons and 25
hidden neuron which depending on network accuracy. The
different training algorithm is used in which are Levenberg-
Marquardt (LM), Scaled Conjugate Gradient (SCG) and One
Step Secant (OSS) for finding the error.
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Fig. 4. ANN Model

neural network using MATLAB to train and tested the data In
ANN model training process, chosen (L, W, Is, ws, h, er) of E-
shaped microstrip antenna were introduced as input and
simulated resonant frequency value fIE3D were given as a
target to ANN model as show in Figure. 4. The MLP model are
used to trained the network for the relationship between input
and target value to obtained the resonant frequency fIE3D for
all parameter which are give in table.1.The total of 144 E-
shaped microstrip antenna data 130 data are used for training
and 14 data are used for testing which selected randomly. The
ANN model was separately trained three different algorithm,
which is LM, SCG and OSS .By using average percent error
(APE) equation that find the best algorithm.

TABLE Il RESONANT FREQUENCY OF ARMAS AND APE VALUE FOR TEST PROCESS

Antenna parameter fIE3D fANN
L w Is WS h er fIE3D LM SCG 0SS
25 20 6 4 157 2.33 3.49 3.488 3.468 3.408
25 20 4 8 1.57 2.33 2.97 2.988 2.980 2.956
25 20 8 4 157 2.33 3.524 3.523 3.499 3.526
25 20 6 4 1.57 45 2.578 2.584 2.531 2.550
25 20 2 12 1.57 6.15 1.597 1.602 1.616 1.664
325 25 7.5 5 25 2.33 2.66 2.659 2.676 2.684
32.5 25 25 10 2.5 4.5 1.739 1.738 1.741 1.760
325 25 7.5 20 2.5 4.5 1.17 1.170 1.151 1.188
32.5 25 7.5 20 2.5 6.15 1.009 1.008 0.997 1.016
40 30 3 20 3.17 2.33 15 1.499 1.527 1.523
40 30 3 26 3.17 45 0.899 0.893 0.891 0.890
25 20 8 8 1.57 45 2.31 2.307 2.223 2.301
40 30 3 6 3.17 6.15 14 1.402 1.381 1.379
40 30 9 12 3.17 6.15 1.22 1.221 1.230 1.223
APE% 0.1689 0.988 1.229
IV. MATLAB SIMULATION AND RESULTS OF NETWORK
TRAINING AND TESTING APE — z fIE3D — fANN | O
MATLAB is a kind of advance computer language, which fIE3D |

are applied to scientific research and build simulation to solve
engineering problem.in this paper designed E-shaped
microstrip antenna by using IE3D Software to obtained
resonant frequency. After simulation of IE3D, apply artificial
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To test the performance of 14 data and simulated resonant
frequency obtained from E-shaped microstrip antenna and
resonant frequency from ANN of different algorithm as shown
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in Table. 2. By using different algorithms the comparison of
simulated data from IE3D and resonant frequency from LM
are much closer as compare to other algorithm .The APE value
of LM is 0.1689%, SCG is 0.988% and OSS is 1.229%. It
means LM shows good accuracy.so we know that ANN model
using MATLAB is best choice for antenna optimization.

V. CONCLUSION

The proposed antenna design in this paper is E-shaped
microstrip antennas (EMAS). The EMAs are designed by suing
IE3D base on method of moment (MOM).The work designed
144 EMAs using different parameters obtained different
resonant frequency. Apply artificial neural work (ANN) based
on MLP for training and test the network. The 130 EMAS
parameters are used for training and the remaining 14
parameters and resonant frequency of EMAs are used for test
to build network. The parameter are test and trained by applied
different learning algorithms in which the average percent
error value (APE) are obtained. The best result give by
Levenberg- Marquardt (LA) compare to other learning
algorithms. The comparison of simulated resonant frequency
from IE3D and from ANN are much closed to each other’s.
Therefore, in the conclusion remarks that ANN model are
successfully used for determining the resonant frequency of
microstrip antenna without any complex calculations. Now a
day, ANN is commonly used in microwave modeling and
design for its good learning capability and simplification.
Generally, ANN hurts a huge number of samples to guarantee
the accuracy, which significantly increases the assignment to
establish ANN. The ANN model also gives fast and accurately
result.

REFERENCES

[1] Balanis, C. A., Antenna Theory, John Wiley & Sons, Inc., 1997.

[2] P. K. Singhal and L. Srivastava, “On the investigations of a wide band
proximity fed bow tie shaped microstrip antenna”, Journal of
Microwave and Optoelectronics, Vol. 3, pp. 87-98, April 2004.

S. S. Pattnaik, D. C. Panda, and S. Devi, “Radiation Resistance of
Coax-Fed Rectangular Microstrip Patch Antenna Using artificial Neural
Networks”, Microwave and Optical Technology Letters, 34, 15 July
2002, pp. 51-53.

https://doi.org/10.1002/mop.10370

Pauria, Indu Bala, Sachin Kumar, and Sandhya Sharma. "Design and
Simulation of E Shape Microstrip Patch Antenna for Wideband
Applications.” International Journal of Soft Computing 2.

Ang, Boon-Khai, and Boon-Kuan Chung. "A wideband E-shaped
microstrip patch antenna for 5-6 GHz wireless communications.”
Progress in Electromagnetics Research 75 (2007): 397- 407.
https://doi.org/10.2528/PIER07061909

YANG, F—ZHANG, X. X.—YE, X. N.—RAHMAT-SAMII, Y.
Wide-Band E-Shaped Patch Antennas for Wireless Communications,
IEEE Transactions on Antennas and Propagation 49 (2001), 1094-1100
https://doi.org/10.1109/8.933489

https://doi.org/10.1109/8.918619.

Amalendu Patnaik, Dimitrios Anagnostou, Christos G. Christodoulou,
and James C. Lyke. "Neuro computational analysis of a multiband
reconfigurable planar antenna." |EEE Transactions on Antennas and
Propagation, Vol. 53, issue 11, pp. 3453-3458, 2005.
https://doi.org/10.1109/TAP.2005.858617

K. C. Gupta, “Emerging trends in millimeter-wave CAD,” IEEE Trans.
Microwave Theory Tech., vol. 46, June 1998, pp. 747-755.

V. K. Devabhaktuni, M. Yagoub, Y. Fang, J. Xu, and Q. J. Zhang,
“Neural networks for microwave modeling: Model development issues

[3]

[4]

[5]

[6]

[71

(8]
[9]

https://doi.org/10.15242/1JCCIE.F0418101

26

(10]

[11]

[12]

[13]

[14]

and nonlinear modeling techniques,” Int. J. RF Microwave Computer-
Aided Eng., vol. 11, 2001, pp. 4-21.
https://doi.org/10.1002/1099-047X(200101)11:1<4::AlD-
MMCE2>3.0.CO;2-1

S .. Sagiroglu, K. Guney, “Calculation of resonant frequency for an
equilateral triangular microstrip antenna using artificial neural
Networks”, Microwave Opt. Technology Lett., Vol. 14, pp. 89-93, 1997.
https://doi.org/10.1002/(S1C1)1098-2760(19970205)14:2<89::AID-
MOP5>3.0.CO;2-H

S ,. Sagiroglu, K. Guney, M. Erler, “Resonant frequency calculation for
circular microstrip antennas using artificial neural networks”,
International Journal of RF and Microwave Computer-Aided
Engineering,Vol. 8, No. 3, pp. 270- 277, 1998.
https://doi.org/10.1002/(S1C1)1099-047X(199805)8:3<270::AlD-
MMCE10>3.0.C0O;2-8

D. Karaboga, K. Guney, S |, . Sagiroglu, M. Erler, “Neural computation
of resonant frequency of electrically thin and thick rectangular
microstrip antennas”, Microwaves, Antennas and Propagation, IEE
Proceedings-Vol. 146, No. 2, pp. 155 — 159, April 1999.

K. Guney, S . Sagiroglu, M. Erler, “Generalized neural method to
determine resonant frequencies of various microstrip antennas”,
International Journal of RF and Microwave Computer-Aided
Engineering, Vol. 12, No. 1, pp. 131-139, January 2002.
https://doi.org/10.1002/mmce.10006

F. Abboud, J.P. Damiano, and A. Papiernik, “A new model for
calculating the input impedance of coaxfed circular microstrip antennas
with and without. air gaps”, IEEE Trans Antennas Propagat 38 1990,
1882-1885


https://doi.org/10.1002/mop.10370
https://doi.org/10.1002/mop.10370
https://doi.org/10.1002/mop.10370
https://doi.org/10.1002/mop.10370
https://doi.org/10.1002/mop.10370
https://doi.org/10.2528/PIER07061909
https://doi.org/10.2528/PIER07061909
https://doi.org/10.2528/PIER07061909
https://doi.org/10.2528/PIER07061909
https://doi.org/10.1109/8.933489
https://doi.org/10.1109/8.933489
https://doi.org/10.1109/8.933489
https://doi.org/10.1109/8.933489
https://doi.org/10.1109/8.918619
https://doi.org/10.1109/TAP.2005.858617
https://doi.org/10.1109/TAP.2005.858617
https://doi.org/10.1109/TAP.2005.858617
https://doi.org/10.1109/TAP.2005.858617
https://doi.org/10.1109/TAP.2005.858617
https://doi.org/10.1109/22.681196
https://doi.org/10.1109/22.681196
https://doi.org/10.1002/1099-047X(200101)11:1%3c4::AID-MMCE2%3e3.0.CO;2-I
https://doi.org/10.1002/1099-047X(200101)11:1%3c4::AID-MMCE2%3e3.0.CO;2-I
https://doi.org/10.1002/1099-047X(200101)11:1%3c4::AID-MMCE2%3e3.0.CO;2-I
https://doi.org/10.1002/1099-047X(200101)11:1%3c4::AID-MMCE2%3e3.0.CO;2-I
https://doi.org/10.1002/1099-047X(200101)11:1%3C4::AID-MMCE2%3E3.0.CO;2-I
https://doi.org/10.1002/1099-047X(200101)11:1%3C4::AID-MMCE2%3E3.0.CO;2-I
https://doi.org/10.1002/(SICI)1098-2760(19970205)14:2%3c89::AID-MOP5%3e3.0.CO;2-H
https://doi.org/10.1002/(SICI)1098-2760(19970205)14:2%3c89::AID-MOP5%3e3.0.CO;2-H
https://doi.org/10.1002/(SICI)1098-2760(19970205)14:2%3c89::AID-MOP5%3e3.0.CO;2-H
https://doi.org/10.1002/(SICI)1098-2760(19970205)14:2%3C89::AID-MOP5%3E3.0.CO;2-H
https://doi.org/10.1002/(SICI)1098-2760(19970205)14:2%3C89::AID-MOP5%3E3.0.CO;2-H
https://doi.org/10.1002/(SICI)1099-047X(199805)8:3%3c270::AID-MMCE10%3e3.0.CO;2-8
https://doi.org/10.1002/(SICI)1099-047X(199805)8:3%3c270::AID-MMCE10%3e3.0.CO;2-8
https://doi.org/10.1002/(SICI)1099-047X(199805)8:3%3c270::AID-MMCE10%3e3.0.CO;2-8
https://doi.org/10.1002/(SICI)1099-047X(199805)8:3%3c270::AID-MMCE10%3e3.0.CO;2-8
https://doi.org/10.1002/(SICI)1099-047X(199805)8:3%3C270::AID-MMCE10%3E3.0.CO;2-8
https://doi.org/10.1002/(SICI)1099-047X(199805)8:3%3C270::AID-MMCE10%3E3.0.CO;2-8
https://doi.org/10.1002/mmce.10006
https://doi.org/10.1002/mmce.10006
https://doi.org/10.1002/mmce.10006
https://doi.org/10.1002/mmce.10006
https://doi.org/10.1002/mmce.10006
https://doi.org/10.1109/8.102754
https://doi.org/10.1109/8.102754
https://doi.org/10.1109/8.102754
https://doi.org/10.1109/8.102754



