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ABSTRACT: Horn antenna is flaring of open end of the waveguide. It is most widely used antenna at UHF and at
microwave range. These are widely used transmitting and receiving antenna in the laboratory. Horn antenna provides a
gradual transition of EM energy to the free space and prevent reflection of energy. The horn antennas are not always of
small size, the world’s largest conical horn antenna is about 14 feet.In this review paper, various techniques of antenna
have been proposed. This paper is a review for optimization of gain performance of an antenna. The different type of
material has different effects on horn antenna. The Particle Swarm Optimization technique is also discussed here to
optimize the results.
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I.INTRODUCTION

Horn antenna is the most important part of communication system because it is widely used antenna at UHF frequency
and microwave frequency. It is a type of aperture antenna used for various applications. Horn antenna is used as a feed
element in large antennas. It is also used as a standard antenna to compare it with other antennas. In this paper various
techniques have been studied to design a horn antenna and to improve its gain [1]. There are a number of materials used
for designing a horn antenna, one of them is carbon based composite materials. These materials are widely used for
aerospace, car industry, etc. In horn antenna manufacturing composite materials are used. If carbon based polymer
material is used for antenna. The electric conduction is ensured by surface containing metal particles. Using these
materials one can improve radiation pattern, reflection and scattering properties.

Corrugated horn antennas have been known since the 1960s. These antennas are used in many applications because of
their low sidelobe, low return loss and broad bandwidth. After some time a new type of profile was introduced which is
known as a Gaussian profiled horn antenna. This type of profile has very low side lobes and very low cross polar
levels. The main disadvantage of this type of horn antenna is heavy weight and big size.it also has difficulty in
fabrication [2]. After some time horizontal and vertical corrugations have been combined to achieve the high
performance of horn antenna. These types of antennas are easier to manufacture as compared to earlier one [3].

The ridges in the waveguide were adopted by Walton and Sundberg in 1990. The purpose of the ridges in horn is to
introduce the capacitance effect and to decrease the cutoff frequency of propagating mode [4]. In 2003 it is reported
that double ridge horn antenna suffers from a major problem of radiation pattern and gain at high frequency in [5].

The artificial neural network is commonly used to optimize the parameters of an antenna. The supervised feed forward
type of network is used. In an ANN a nonlinear function (-), also known as activation function is used with weights to
calculate the output signal. The ANN network learns the information by an error signal and weight updating is done
accordingly. By doing this iteratively optimum results are obtained [6].

Meta-materials are the growing interest which is being utilized in antenna community. Some metamaterials are such as
photonic crystals, double negative materials, electromagnetic band gap and many more depend upon applications. The
low refractive metamaterials are used for improving the directivity [7].

The paper consists of section Il of the literature survey, section Il consists of discussion and section IV consists of a
conclusion.
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I1.LITERATURE REVIEW

Teniente et al. in [3] proposed a horn antenna based on the combined horizontal and vertical corrugations. The designed
horn antenna using these techniques has high gain with short profiles. The corrugated horn antenna has been designed
with 24dB of gain and a return loss of -25dB. The simulation is done on Mician microwave software. The corrugated
horn has been designed in this paper is because of its broad bandwidth and low return loss.

Fedi et al in [6] described a method using an artificial neural network to design a horn. The supervised feed forward
type of neural network has been used in this paper. A non linear function is applied to the weighted sum of inputs to
produce output. The network learns by getting information from error signal. A number of artificial neural network is
required to speed up the learning process. This paper explains the process by which training to ANN is carried out to
map the electromagnetic characterstics Y into the geometrical parameter X. The ANN approach for synthesis and
analysis for corrugated horn is much faster than full analysis and it is very accurate. This solution gives a good level of
accuracy for synthesis problem

Xiao et al. in [7] proposed a horn antenna for gain enhancement using low refractive metamaterial. Metamaterials are
the materials with unique feature not existing in nature. The metamaterial (MTM) consists of two layers, one of them is
slices of foam and another one is metallic grids. The permitivity of metamaterial is positive and less than equal to one
approx zero. MTM slab is designed from two layers, and is placed above flange of horn antenna. The MTM horn is
then compared with conventional horn of 12dB in 11.8 GHz-12.8 GHz frequency range and metallic flange horn. It has
a little lower gain as compared to MTM horn. The gain of MTM horn is 16dB in the same frequency range. The
designed MTM horn has a narrow main lobe and side lobes are not much higher.

Pereira et al. in [8] described the method for optimum design of horn antenna. Pyramidal horn antenna finds its
application in microwave range because of its better gain, low VSWR and low bandwidth. Exact phase errors are not
considered for usual methods to calculate the gain as given in (Gonzalez). There are many factors that influence the
gain of pyramidal horn antenna. While designing the pyramidal horn antenna, the assumption is that the only dominant
mode will exist, but higher modes will appear due to larger dimensions of horn antenna. Wave reflections occur due to
increase in aperture of the antenna, hence increasing VSWR. The reflections can be lower when smooth transition
occurs from waveguide in free space. So a new method has been proposed by considering all these parameters. The
optimal solution has been designed relating the four dimensions by given the operating frequency, waveguide and gain.
The results calculated by this method were compared with Cozzen’s method and original design. The dimensions of
aperture of optimum design are closer to Cozzen’s method whereas axial length is closer to the traditional design. The
advantage of optimum design is stable gain with aperture dimension.

Dayal et al in [9] optimized the horn antenna to achieve 20dB gain by using WIPL-D microwave package. It is
powerful and easy to use tool for designing of microwave circuits, and for accurate simulation. The S parameters are
calculated during simulation. EM Solver is a component which is used from WIPL-D software package. EM solver is
based on the method of moments. EM modelling in WIPL-D is divided into two parts, the one is geometrical modelling
in which metallic structure is considered as interconnection of wires and plates whereas in the current modelling, the
current is calculated by a polynomial expansion across wires and plates. In the design of pyramidal horn section, first of
all the design of waveguide is given, whose dimensions are calculated using IEEE standard of waveguides.

The choice of dimensions is done by considering:

1. Operating frequency
2. Power to transfer
3. Transmission loss which can be tolerated.

The dimensions of flared part of the horn are first calculated and then optimized using a genetic algorithm, which is the
global optimization algorithm. The parameter range is also decided so that the dimensions of horn can’t exceed up to
some limit. After optimizing the horn the simulation results are shown and compared with the horn in which genetic
algorithm is not used to optimize the dimensions. After optimizing the gain of horn antenna is increased to 20dB. The
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comparison of simulated horn and optimized horn is also given. The gain of horn antenna can be increased from 15dB
to 20dB by slightly increasing the dimensions, which are optimized using A Genetic algorithm.

Yogita et al. in [10] designed an antenna with a gain of 20dB and centre frequency 9.5GHz. The design of horn antenna
is reduced from 4 order equation. For horn antenna, Ry = RyWhereasRy is the length of the horn aperture in E- field
and Ry is the length of the horn aperture in H-field. The design procedure includes, first calculate A, the first
approximate

A = 0.45\VG, Then calculate B

5= 1 G2

" 4m0.51A
A2
R, = —
173
BZ
R, o

Rg =R, (1-2)andRy =R, (1-17)
Finally, check Rg = Ry. If Rg = Ry Then the horn can be realizable. The directivity of horn antenna is calculated as
21.8dB. The horn is fabricated and practical value of gain is 19.49dB, which is less than the specification of 20dB.

Odendaal et al. in [11] presented a wave diffraction model for calculation of directivity of near field of horn antenna.
To verify the range of standard gain antenna for directivity, the method of moments is used. The edge wave diffraction
model used in this paper to calculate the gain of near field of the pyramidal horn antenna and this model was compared
with various techniques and gain data. The predicted value of gain at 1m from aperture is 16.1dB and at 3m it is
16.8dB. The gain is calculated at various frequencies and compared with theoretical values. This difference is quite
small. In this paper theoretical models are presented such as moment of method, schelkunoff approximation to find the
radiated field strength from standard antenna and provide the accurate results. The model for horn antenna is not very
expensive as compared to method of moments and easy to apply for large standard gain antenna for frequency above
2.5GHz.

Najjar et al. in [12] designed a method for optimal gain horn antenna by just improving the existing design equation by
using the particle swarm optimization technique. Optimum gain pyramidal horn antenna provides maximum gain. In
the design of horn antenna the first known parameters are gain, wavelength and the dimension of the waveguide. On
the basis of these parameters, the other parameters are determined. The maximum gain occurs when:

1. B =.,/2AL,; Where B is the dimension of the aperture
2. A= 3\L,

The above equations are obtained by curve fitting for maximum gain. The Particle Swarm Optimization Technique has
been applied to antenna design for effective results. The results drawn from PSO are similar to a genetic algorithm, but
it requires less computation and few code lines. In this paper improved formulas were given for optimum design such

as
B, = /2.1060AL,
A, = /3.1831AL,

The horn is designed using both improved formulas for A; and B, and approximate formulas to have a fair comparison.
The improved formula explained in this paper does not approximate the path length error and thus by using formula,
more accurate results are obtained. Using a particle swarm technique better accuracy is obtained as compared to
previous design methods.

Palantei et al. in [13] designed several antennas operating in the ISM bands. The optimization is done using HFSS11
and done by varying the angle of the flare and size of the pyramidal horn. The material used to build the horn antenna is
aluminium. The flare angle is varied and the impedance, bandwidth and VSWR are changed accordingly. The optimum
angles for large bandwidth and high directivity were in the range of 35-37°. The optimization is done from numerical
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computations and for a certain frequency band. The horn antenna at 2.5GHz has very good pattern of directivity, gain,
FTBR& beam shape. Some horn antenna has poor performance in terms of directivity and gain, but some antennas with
double ridges form has 5.5dB gain 3dB directivity while a quad ridge horn antenna has 7.3dB gain and 4dB directivity.

111.DISCUSSION

Various techniques have been studied which includes a pyramidal horn antenna design for a microwave applications. It
has a low VSWR and high gain and moderate bandwidth. The results obtained from this paper were compared with
Cozzen’s method and traditional design.Another antenna using metamaterials in [2] is discussed and compared with
conventional horn. MTM horn has better gain, low side lobe and narrow main lobe.A wave diffraction model is used to
design another horn in [5] the horn designed using this model was compared with various techniques.Another horn was
designed using particle swarm optimization technique to improve its gain and is compared with previous design
methods. The Artificial neural network has been also used to calculate the design parameters and hence horn has been
designed using ANN approach. This approach is much faster than full analysis and very accurate.

IV.CONCLUSION

In this review paper basic techniques of antenna are covered. There are many techniques by which one can optimize the
gain of an antenna and this paper just introduces the few techniques. A high gain pyramidal horn antenna has been
proposed using various techniques and materials make it suitable for various applications like short range
communications, microwave imaging applications, GPR applications etc. The horn should have small size and light
weight. The overall gain after optimization is 24dB. The maximum gain has been obtained by a vertically and
horizontally corrugated horn antenna.
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