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Abstract

Antennas are generally contructed from metallic materials; therefore it is prone to corrosion when
installed outdoors. Radome is an important part of an outdoor antenna that serves to protect the antenna
from environmental conditions. Radome structure is not expected to have a significant influence on the
characteristics of the antenna. Parametric study is generaly applied in finding the optimum antenna
dimenssion included radome. A method for guiding a parametric study proses in finding the optimum
antenna dimensions has investigated and proposed in this paper. In this study, a method for determining
the optimum radome dimension for planar antenna by applying the algorithm Least Mean Error (LME) has
investigated. LME algorithm is used to find the optimum dimensions of the radome. The simulation results
show that the proposed method can be applied to determine the dimensions of a planar antenna.
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1. Introduction

Antennas are generally composed of metallic materials that need to be protected
against corrosion process when the antenna is operated as an outdoor antenna [1-3]. The
addition of radome structure is not expected to have a significant influence on the
characteristics of the antenna, therefore its need to be taken into consideration at the antenna
design. Radome is also expected to have a simple structure and provide minimum final
dimensions of the antenna. For the planar antenna, the simplest radome structure is the cubical
structure. On most surfaces of cubical structure, radome antenna position is parallel to the
antenna surface and futher more the wave propagation model in layered medium is potentialy
be used as a theoretical approach. Several techniques for analyzing radome that have been
studied include a combination of several numerical methods with complex computing [4-6].

Parametric studies often used in designing the antenna in order to determine the best
dimensions of the antenna [7, 8]. Problem that addressed in this paper is determined due to the
fact that determining the antenna's optimum dimenssion by performing several parametric
studies may time consuming and need a larger computation resources. To improve the
effectiveness of design process in determining the best dimensions of the antenna, a searching
algorithm is studied and proposed to be applied in the parametric study. In the previous
research, a deterministic approach was proposed for optimal synthesis of linear phase
reconfigurable isotropic sparse array. The optimization step of synthesis procedure is based on
minimum square error between reference and actual radiation pattern [9]. Least Mean Error
(LME) algorithm is searching algorithm that frequently used and has simple computation. In this
research, implementation of LME algorithm in determining the radome dimensions of a planar
antenna has investigated. In this research, a method of determining dimensions of planar
antenna radome has investigated by using a case study on a triangular-shaped planar
monopole antenna which is studied in the previous research as an antenna for digital TV
broadcast system [10].

This paper is organized as follows: the first chapter describes the background of the
research. In chapter Il discusses the calculation method that associated with the implementation
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of the LMS algorithm. Chapter Il contains the results and discussion of the results that have
been obtained and in chapter IV is the conclusion.

2. Research Method

Radome is a structure used to protect parts of the antenna that serves as a radiator to
the effects of environmental conditions [1-3]. Radome structure is generally composed by a
dielectric material and materials that are often used to manufacture the antenna radome include
Polyester, Epoxy, cyanate ester, polyimide, PTFE, polycarbonate, fiberglass [11]. In a certain
application such as rocket and radar, the selection of radome materials must also considered
environmental conditions that are more extreme [4].
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Figure 1. Modelling of the radome effect to the planar antenna

Radome structures and its materials potentially affect to the characteristics of the
antenna such as radiation pattern and the input impedance of the antenna [5, 6] so the process
of designing the shape of the radome and choosing the radome materials need to consider its
effect on the antenna characteristics. Radome influence on the electromagnetic waves radiated
by an antenna is investigated by using the model that illustrated in Figure 1. In this case, when
the most of radome surface are in parallel position with antenna surface then the effect on the
radiation patern is significant in perpendicular direction. Therefore, the model is derived only in
the point of view antenna input impedance. In z direction of the planar antenna, radome effect is
assumed less significant because E field radiated by the antenna has small value and the
radome area which is perpendicular to its direction has small dimension.

If the E field that radiated by the planar antenna in the plane zy plane is approximated
by the E field of half wave length dipole antenna (1) as illustrated in Figure 1 that the field E of
the antenna is partly reflected back by the surface of the radome to the antenna and affected to

the antenna characteristics. When the radome has electrical properties . and &,
electromagnetic wave that radiated by the antenna will be partially reflected back by the

reflection coefficient that can be calculated based on (2) with Za is the air intrinsic impedance (

1207 )and Z, is the intrinsic impedance that can be determined by (3).
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The comparison between E field that transmitted by the antenna (E;) and E field that

reflected back to the antenna ( ErZ) is determined by (4).
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The reflection coefficient of the antenna is also influenced by the electromagnetic wave
that reflected back by the radome surface and finally, when I’ is the reflection coefficient of

the antenna without radome and I, is the reflection coefficient of the antenna with radome, then
the total reflection coefficient of the radome can be calculated using (5-6).

Fnr = Erl 1 Fr = Erz ' Ftotal = ﬁ = Fnr +Fr (5)
E, E, i
r‘nr(f)zzin(f)_zo (6)
Z,(f)+2,

Calculation of the antenna input impedance is approached by biconical antenna theory
that is explained first by Schelkunoff [12]. According to the image theory, the ground plane will
generate the image of the upper cone and the electrical dimension of the antenna is the same
with biconical. Input impedance of single cone above ground plane is half of the biconical
antenna input impedance. Furthermore the input impedance of monopole calculated as (7-10)
that also mentioned in [10].

Z. (f)=05Z, . (7)

Z,(f)+jZ, tan B(f)L
“Z.+JZ, (f)tan B(f)L
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Z,(f)=2 (10)

With fis 2z / Ais, L is the length of the conical and Zy is the characteristic impedance of the
transmission line models of biconical antenna that can be determined by (11).

Z, :an(coti) (11)
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Effect of the environment around the antenna, aspecially at near field radius need to be
considered in the installation or antenna measurement [12]. The radome effect will be increased
when the radome position is closer to the antenna and vice versa. In designing the antenna
radome, minimun distance of the radome to the antenna surface (d) is also an important
consideration in addition to its effect on the antenna characteristics.

The radome effect can be obseved by calculating the total of reflection coefficient in (5).
In this paper, Least Mean Error (LME) algorithm is applied to find the minimum distance of the

radome. The minimum average difference (A;) between I’ and I, becomes stopping

creterial of the algorithm calculation. LME flow chart is shown in Figure 3. The value of A,
describes the satisfication level that should be reached by the algorithm that related with the
minimum distance between radome and antenna. Calculation was done over N samples in the

frequency range of observation. A, is the average difference (A) between I’ and I, at n-th

iteration. When the A, still larger than A,, then d for next iteration is added by As. A is step size
for updating the value of d in each iteration that is determined base on the minimum resolution
of radome fabrication. In this research we used 0.5 mm for A,
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Figure 2. Flow chart of LME algoritm which is used to find the minimum value of d

3. Results and Analysis

Resin fiberglass is choose as radome material with a relative permittivity of 4.1 [11].
Figure 4 shows the influence of the radome to the reflection coefficient of the antenna.
Significant influence occurs at around 500-800 MHz which is the frequency operation range of
the antenna. The reflection coefficient is determined by the input impedance of the antenna (6)
so that changes in reflection coefficient, indicates a change in the input impedance of the
antenna. The radome influence to the antenna input impedance is not significant enough at the
greater distance (d) and vice versa. For the same radome dimension, smaller radome distance
generates larger reflection wave to the antenna surface rather than longer distance. However,
the greater distance (d) will lead to a larger final dimension for the antenna.
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Figure 3. The effect of d to the antenna Figure 4. Average difference (A,) between
reflection coefficient I'.,and I’ in corresponding with radome

distance d

Contrast dielectric between radome material and air between radome and antenna
surface also affects to the amount reflection wave. Based on the information about antenna
radiation patern, reflection coefficient model of planar antenna due to the existence of radome
can be derived. The main purpose of studying the influence of radome on antenna input
impedance is determining the minimum dimension of the radome on antenna design. Radome

minimum distance is the value of d which causes the average difference between I’ andI

is 0.1 dB or other value that related to the satisfaction level in designing the antenna. The
radome minimum distance can be determined by running the LSE algorithm that illustrated as
flow chart in Figure 3 with step size 0.5 mm. The result shows that the radome minimum
distance is 13.5 mm and reflection coefficient comparison between antenna without radome and
antenna with radome at a distance of 13.5 mm is shown in Figure 5. At a distance 13.5 mm,
radome effect to the antenna input impedance has been small enough. Figure 5 shows that
reflection coefficient of the antenna has very small discrepancy comparing with without radome.
Results in Figure 5 indicated that the proposed method can be used to determine the minimum
dimensions of the radome for planar antenna. the proposed method is helpful to accelerate the
process of parametric studies that are often conducted on the antenna design process.
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Figure 5. Reflection coeficient comparison between antenna without radome and antenna with

radome at a distance of 13.5 mm

4. Conclusion

Least Mean Error algorithm has proposed for a method in designing a radome for
planar antenna. The analitical study of LME algorithm to determine the optimum dimensions of a
planar antenna radome has been conducted. The reflection coefficient model of planar antenna
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due to the existence of radome has derived base on the antenna radiation patern. The results
showed that the method is very helpful to accelerate the process of parametric studies that are
generally necessary for determining the optimum dimensions of the antenna. The study was
conducted refers to a single parameter, namely antenna input impedance. Further studies also
need to be done with reference to the other antenna parameters.
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