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Abstract — This article presents a reactive load dipole
antenna and it is working in the frequency range from
(10 MHz- 600 MHz). The LR Load can improve the
antenna characteristics to produce maximum gain. The
loads are in the combination of parallel and series LR
circuits. Genetic Algorithm is used to obtain the optimum
values of loads and their optimum position along the
dipole. The proposed design is simulated using 3D EM
CST Microwave Studio tool. In the working band, the
S11 parameter and gain of the loaded antenna are -15.73
dB at 328 MHz and from -15 dBi at 10 MHz to 2.80 dBi
at 600 MHz. An optimized reactive load dipole antenna
were fabricated and tested. Good agreement were attained
among the measured and simulated results.

Index Terms — dipole antenna, genetic algorithm, loading
antenna, reactive loading.

I. INTRODUCTION

Recent advances in broadband communication
system are generating a great interest in miniature,
efficient and broadband antennas. Antenna designers
used a lumped element to improve impedance matching
and the antenna bandwidth. A loaded wire antenna can
be obtained by placing reactive element on wire radiator
such as bifold monopole [1], long wire stub loading [2],
in order to modify the current distribution along the
conductors to enhance the antenna performance. In [3],
an inductor and resistor is loaded wire monopole antenna
with a matching network were designed by using genetic
algorithm optimization with VSWR less than 3. In [4],
an antenna consists of loaded wire monopole, a sleeve
pedestal and an on body matching network and they are
optimized by using Genetic algorithm to enhance the
system gain and increase the antenna bandwidth. In
[5], presents a new technique for wideband impedance
matching of short monopole antenna in HF/VVHF band is
designed to improve VSWR of antenna and a resistor is
located between the two parts of the antenna.

Discretely loaded resistive dipoles [6], were
implemented and analyzed for use of short pulse
radiation and reception application. Discretely loaded
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Vee dipole [7], and durable 2-arm resistor cross dipole
antenna [8] were designed for use of Ground penetrating
Radars. In [9], a non-foster matching network using an
operational amplifier is designed to reduce the reflection
in resistive loaded Vee dipole antenna. In [10], to broader
an antenna input impedance bandwidth, a frame work
based on reactive loading using NCM is presented. In
[11-13], designed a dipole with left handed topology
to realize matched input impedance values and a
miniaturized antenna with enriched performance. In
[14], discussed about the single feed cross dipole antenna
loaded with different NFPR element to implement
compact polarized reconfigurable antenna which is
used in wireless communication. In [15,16], investigates
to achieve circular polarization operating bandwidth
between of the broad band cross over dipole antenna
loaded with parasitic elements will be used for broadband
wireless communication system. In [17], designed a RL
loaded dipole antenna by using genetic algorithm. In [18-
20], present a dual polarized linear TCDA loaded with
resistive loops and to achieve a wide bandwidth and low
profile, a resistors were introduced in the array to reduce
a ground plane interference. In [21], an antenna design
method based on genetic algorithm optimization and it
is applied to the wire antenna loaded with lumped
components. In [22], a broadband six LR loaded dipole
antenna is designed and the load values and position are
optimized by using Genetic Algorithm. In [23], an
antenna with resistive loading is designed on a printed
circuit board and the performances were realized for
pulse radiation. In [24], a planar sleeve monopole antenna
is designed and its antenna performance is enhanced
by using passive lumped element loading. In [25], a
mode matching analysis of dipole antenna loaded with
metamaterial inclusion has been examined analytically.

In this article, we consider the use of genetic
algorithm optimization for a dipole antenna with
matching network. The designed antenna consist of a
loaded wire dipole and matching network, in which loads
and matching network are optimized by the genetic
algorithm in order to enhance the antenna performance.
The article is prepared as follows. In Section I, it
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deliberate about the antenna design. Section 111, discuss
about the antenna optimization, modelling and component.
Section 1V, discuss about results and its performance.
Section V discuss about antenna fabrication and
measurements results and finally conclusion of the paper
are discussed in Section VI.

I1. ANTENNA DESIGN
The steps for designing an initialized unloaded and
optimized loaded dipole antenna, as described in Fig. 1
in detail, are summarized in the following: Design an
initialized unloaded dipole antenna and it is operated
over frequency range from 10 MHz - 600 MHz is
simulated using 3D EM CST Microwave studio tool to
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evaluate the performance of S;; parameter, gain and
radiation pattern of the antenna. The reactive load is
employed in the dipole antenna to improve the antenna
characteristics performance with respect to the desired
frequency range. The optimized loaded and unloaded
dipole antenna are symmetrical in its length (h) and
diameter (D) [17]. The loaded dipole antenna is designed
by using two different software’s, simulation done by
using 3D EM CST Microwave studio software and the
load values and their position are optimized by using
MATLAB Genetic Algorithm optimization technique.
Then the optimized antenna parameters are updated to
3D EM CST Microwave studio software to extract the
antenna performance of the simulated result.

Generate geometrical parameters of the
initialized unloaded dipole antenna

Design and simulate the initialized unloaded
dipole antenna using 3D EM CST Microwave

studio.

Calculate the Sy1 parameter and gain of
the initialized unloaded dipole antenna

Optimized the design using
Genetic Algorithm in MATLAB

Update the optimized parameters of loaded dipole
antenna to 3D EM CST Microwave studio.

Evaluate the performance of the optimized
loaded dipole antenna.

Fig. 1. Steps for designing an initialized unloaded and an optimized loaded dipole antenna.

I1l. GENETIC ALGORITHM BASED
ANTENNA OPTIMIZATION
The Fig. 2 (a) illustrate the geometry and
dimension of the unloaded dipole antenna, Fig. 2 (b)
illustrates the geometry of the proposed LR loaded

dipole antenna and the Fig. 2 (c) represents the
geometry of the LR loaded antenna which, has a single
inductor as a load 1, one parallel LR circuit for load 2,
a matching network that is 1:4 impedance transformer
connected to an inductor in parallel with the antenna



terminal and two series LR circuits for load 3 and load
4.The dipole length and diameter is h and D. Reactive
loads of definite partition of the dipole antenna is effort
to adjust the characteristics performance with esteem to
a desired frequency band. Designing a loaded dipole
antenna system to satisfy certain requirements generally
entails the solution of a nonlinear optimization problem.
The optimizer has to determine the large set of optimal
parameter such as position, parameter values of the LR
circuits and the element of the equivalent network.
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In our design, an antenna loaded with four LR
circuits and matching network involves a simultaneous
optimization of parameters. The number of loads, their
location and the load parameter values are specified
using Genetic Algorithm Optimization. Genetic algorithm
is used to solve the number of electromagnetic problem
and finding optimum antenna design that maximize or
minimize the certain radiation property. It is prevalent
for its perception, experimentation, easiness and the
competency to crack nonlinear and optimum problem.
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Fig. 2. Geometry of the: (a) top view of unloaded dipole antenna, (b) proposed LR loaded dipole antenna, and (c) LR
loaded antenna, matching network and 1:4 impedance transformer.
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Fig. 3. A data flow for optimizing the dipole antenna using genetic algorithm optimization.

The Fig. 3 illustrate the data flow for optimizing the
dipole antenna using Genetic Algorithm. The Genetic
Algorithm is a search procedure and provide optimal
solution by successively creating population that improve
over many generation. Genes are the binary encoding
of each problem variable and all the genes are referred
as chromosomes. A set of chromosomes are named as
population. Chromosomes are the main concern of genetic
algorithm. Every chromosomes have two fragments.
Segment chromosomes tagging the load position and a
value chromosomes tagging the load value in genetic
algorithm execution, every one of the alignment entailing
N connected fragments are encrypted into 0 and 1
chromosomes. If the LR circuits positioned in any of
the N fragments the identical fragments will fixed as 1
else 0. Mutation is permitted to transpire at a small
possibility.

Synchronously each component value X, being

either capacitance or inductance or resistance [19], is
given:
X = Xmint Xm:i;% Zrl\llzo b)I\(I 2", 1)
Where, NX is a bit string:
b¥... bix — 1 is the binary representation of X.
Xmax and Xpi, are the maximum and minimum
value for X.

The objective function [3], is given by:

ObjV = o Zaly[Cowg Fg” + Cowy "] (2)
Where, N is the total number of frequency samples in
the selected ranges and F" and F{™ are the function
which controlling antenna bandwidth and gain [3] is
given by:

) if VSWR™ < B,

vswr(W g, (3)

F (n) -
b .
TowRe Otherwise ,



283

KAYALVIZHI, RAMESH: DESIGN AND ANALYSIS OF REACTIVE LOAD DIPOLE ANTENNA

0,
Go—G™
Go

m) _
Fg ' =

’

if 6™ > G,

(4)

otherwise

In these functions, B, and G, are frequency independent

gain has to be confined above G,. wé“),

weights. F™ and F{” are indifferent part of band.
CoefficientC; and C, are frequency independent
weights.

wMare selective

constants, VSWR has to be constrained under B, and

Table 1: Parameter ranges for GA optimization of antenna
Min Max # Bits Resolution
L 0.23 pH 1.5 pH 8 0.0025 pH
R 0Q 1 KQ 8 390 Q
Lm 0.23 pH 1pH 8 0.35 uH
Rm 0Q 1 KQ 8 680 Q
Cm 0.01 pF 50 pF 8 20 Pf

Table 2: GA settings and resulting number of objective function evaluation

Genetic Algorithm

Genetic Algorithm Parameters
Number of Individual 100
Crossover Probability 0.8

Mutation Rate 0.1
Generation Gap 0.9
480

Number of Generation

IV. RESULTS AND DISSCUSSION

Based on the Genetic algorithm optimization, the
load parameter value, location and matching network
element value has to be determined. Listed in Table 1 are
the range and resolution of each of the ten parameters in
the loaded antenna. Table 2 shows the how to set the
Genetic Algorithm parameters, which include number
of individual, crossover probability, mutation rate,
generation gap and the number of generation. The 3D
EM CST Microwave Studio tool is used for all
simulation works to calculate the antenna performance.
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Fig. 4. Computed results comparison of Si; for LR
loaded and unloaded dipole antenna.

The Si11 parameter diagram of an unloaded dipole
antenna is compared with LR loaded dipole antenna is
shown in Fig. 4. The unloaded dipole antenna is same to

the LR loaded dipole antenna with identical length and
diameter. As it is shown, the prior explain the result of
S11 parameter for loaded dipole antenna is -15.73 dB at

328 MHz [17].
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Fig. 5. Computed results comparison of gain for loaded
and unloaded dipole antenna.

The Fig. 5 which illustrate the computed gain of
loaded and unloaded dipole antenna. The gain of unloaded
dipole antenna is decreases at higher frequencies. This
problem can be solved by Genetic Algorithm optimization
of the antenna profile and these drops at higher
frequencies are considerably increased in the loaded
dipole antenna. The maximum value for antenna gain
can be achieved at higher frequencies and in this case at
600 MHz. For this loaded dipole antenna gain is gradually
increasing from -15 dBi at 10 MHz to 2.80 dBi at 600 MHz.
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V. ANTENNA FABRICATION AND
MEASUREMENT RESULTS
Table 3 shows the antenna parameter values for the
Genetic Algorithm optimization. The resulted load
parameter are presented in Fig. 2 (b). A loaded dipole
antenna is fabricated from the thin wall copper tubing
with 10 mm diameter are shown in Fig. 6. In the antenna,
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the helical coil can be modeled as a series of parallel
wire loops and the coil used in this article were
constructed by winding 14 American Wire Gauge
(AWG) wire with 2 mm diameter. The % W resistors
were used in the LR circuits. The loads for the numerical
design of Table 1 were constructed based on the
optimization algorithm.

Table 3: Parameter values for the Genetic Algorithm optimization of dipole antenna and matching network of Fig. 2.
(h=169cm,D=10mm,a=40cm,b=13cm,c=6cm,e =3 cm, f=35cm, g =40 cm, hl =129.1cm, h2=110.9 cm,
h3=96.9 cm, h4 = 88.8 cm, h5 = 47.8 cm)

Load Parameters Load 1 Input Load 2 Load 3 Load 4
Load position (cm) 6.10 8 5.10 6 7.8
No. of turns 5 18 4.5 6 6
Winding Gauge (AWG) 14 14 14 14 14
Core material Air Air Air Air Air
Wire diameter (mm) 2 2 2 2 2
Coil diameter (mm) 9.8 13 9.8 9.8 20.4
Length of the coil (mm) 19 35 13.2 15 15
Resistor value - 680 Q 390 Q 56 Q 390 Q
Capacitor value - 20 pF - - -
T T

Load 1 Input feed Load 2 Load 3 Liosd 4

()

Bl =

¥

Fig. 6. Fabricated Loaded Dipole Antenna, (a). Antenna with load which listed in the Table 3, (b). Load 1, (c). Load

2, (d). Load 3, (e). Load 4 and (f). Input feed.

A prototype of loaded dipole antenna is shown in
Fig. 6 (a). In Load 1 the inductor was realized in air core
coil made up of 6 turns of 14 AWG wire with 2 mm
diameter which is shown in Fig. 6 (b). In Load 2, the
inductor and resistor are in parallel .The inductor that
was realized in air core coil made up of 4 turns of 14
AWG wire with 2 mm diameter, which is shown in Fig.
6 (c). In Load 3 and Load 4 the inductor and resistor are
in series, in which inductor was apprehended in air core
and coil is made up of 6 turns of 14 AWG wire with 2
mm diameter, which is shown in Fig. 6 (d) and 6 (e).The

input feed region is shown in Fig. 6 (f), which consists
of balun and 1:4 impedance transformer. The Sii
parameter and gain of the loaded dipole antenna were
measured.

The measured and computed results of S1; parameter
and gain for the proposed antenna is shown in Fig. 7 and
Fig. 8. The good agreement was achieved between
measured and computed results. As a result the measured
antenna operate in 10 MHz — 600 MHz. Moreover the
antenna gain has a maximum gain of 2.80 dBi at 600
MHz while minimum gain -15 dBi at 10 MHz [17].
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Fig. 8. Comparison of gain for the proposed dipole
antenna.
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Fig. 9. Measured and computed radiation pattern for proposed dipole antenna at frequency of 305 MHz: (a) XZ plane

and (b) YZ Plane.
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Fig. 10. Measured and computed radiation pattern for proposed dipole antenna at frequency of 600 MHz: (a) XZ plane

and (b) YZ Plane.

The measured and computed radiation pattern in the
E-plane and H-plane of dipole antenna in two selected
frequencies (305 MHz and 600 MHz) are shown in Figs.
9 and 10.The results demonstrate both in co-polarization
(Co-pol) and cross- polarization (Cross-pol). Thus it can
be seen that the loaded dipole antenna radiation patterns

are almost omni-direction in H-Plane and the maximum
gain is also at the horizontal radiation direction

V1. CONCLUSION
In this article, a Genetic Algorithm is used to
optimize a HF/VVHF/UHF antenna for improving gain of
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straight wire dipole antenna loaded with single inductor,
one parallel LR circuit and two series LR circuits and it
is driven through an equivalent network. Guided by
optimization and realization techniques discussed, the
authors constructed dipole antenna system with gain
from -15 dBi at 10 MHz to 2.80 dBi at 600 MHz.
A reactive loaded dipole antenna is fabricated and
measured, which shows good agreement with simulated
results. The designed antenna can be used in Portable
Applications.
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