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Abstract 
 

Objectives: Efficient antenna design for use in communication systems is altering the face of the antenna modeling. The ever-increasing 

demand for portable and efficient antennas is making researchers to develop innovative models [1] using advanced antenna modeling tools 

that comply with industrial needs and standards.  Methods/Statistical Analysis: Antennas with lower operating frequencies have the major 

constraints on its size, efficiency and gain. Study on matching techniques, feeding techniques was also to be considered. 

Findings: Micro strip patch antennas offers considerable amount of radiation, low cost when fabricated on FR4, light weight and are 

conformable to suite any application. This paper projects the design, simulation and testing of a dual octagonal patch, the topology algo-

rithm [3] is used to optimize the size and shape of the patch where octagons are spaced in the form of an array to address optimization on 

size and fits into wireless applications. Application/Improvements: The proposed model is tested in the standard antenna test bench 

comprising of microwave integrated circuit analyzer receiver MIC10kit and found to operate at a resonant frequency of 1.8 GHz with good 

radiation characteristics. 
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1. Introduction 

The increase interest in microwave integrated circuits(MIC’s) the 

design of antennas for applications, require a radiating element 

which offers high directivity, unflattering radiation. The patch and 

the ground plane are separated by a dielectric substrate in a mi-

crostrip. The octagonal shape is used as radiator and this simplifies 

the analysis and performance prediction. The patch is photo etched 

on the dielectric substrate(FR4). The relative permittivity of the 

substrate is an important parameter to consider.  

Microstrip patch antennas radiate primarily because of the 

fringing fields between the patch edge and the ground lane. For 

good antenna performance, a thick dielectric substrate having a low 

dielectric constant is desirable since this provides better efficiency, 

larger bandwidth and the better radiation, but increases the antenna 

size. To design a compact microstrip patch antenna, higher dielec-

tric constants must be used which are less efficient and result in 

narrower bandwidth. 

Microstrip radiation antenna is a referred choice by many of 

the researchers because of it offers low profile, high directivity, 

broadband and compact. The quality factor of the antenna using mi-

crostrip is given as  

 

 )/|XA |+ (dXA/d+)2/d(dR )/2(= Q A  
        

(1) 

 

where RA and XA are antenna radiation resistance and reac-

tance, respectively. Antenna performances considered are reso-

nance frequency, Q as a parameter to indicate bandwidth, and reso-

nant radiation resistance. In discussion, the effective volume of 

spherical radius r is used as a parameter that relates with Q and 

discussed by using normalized r with the effective height h; that is, 

r/h. Several array processing techniques are presented in [11]-[15].  

 

Feeding Mechanism: 

The most effective feed mechanism is a slot line feed. The transition 

is designed to couple signals to the slot from the transmitter or re-

ceiver circuitry. This technique is also easy to fabricate. The feeding 

technique can be divided into two categories. 1. Directly coupled 

and 2. Electromagnetically coupled transitions. In a direct coupled 

transition, a wire or a solder connection act as the direct current path 

and provides the electrical contact. In electromagnetically coupled 

transition the coupling of the signal is through electromagnetic 

fields. In this model, a direct coupled microstrip line feed transition 

technique is used. The conducting strip is smaller in width as com-

pared to the patch and this kind of feed arrangement has the ad-

vantage that the feed can be etched on the same substrate to provide 

a planar structure.  

However, as the thickness of the dielectric substrate being 

used, increases, surface waves and spurious feed radiation also in-

creases, which hampers the bandwidth of the antenna. The feed ra-

diation also leads to undesired cross polarized radiation. This 

method is advantageous due to its simple planar structure. 

2. Octagonal Simulation 

The figure 1 below is a 3D view of octagonal structure chosen 

patch rather than the other shapes. The reason behind it is the earlier 

research is done on the rectangular, square, circular and hexagon 

patch microstrip patch antennas. But, the current research is progress-

ing in the dimensional modelling of antenna considering factors that 

influence the size reduction, shape and other parameters. When 
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compared to the rectangular patch, octagonal patch occupies equal or 

lesser area. As the number of edges is more identification of feed 

point addressing is made easy which can enhance the radiation pattern 

and it is easy to operate. 

As the name, dual octagonal coplanar structure for wireless ap-

plications indicates that we used an antenna array. where antenna ar-

ray is a set of 2 or more antennas. The signals from the radiator are 

processed to achieve enhanced performance over that of a single an-

tenna. 

 

 
Figure 1   3D view of patch antenna 

These radiators are used to enhance the overall gain and 

to cancel out nosiness from a set of directions. They can also 

be used to determine the course of arrival of incoming signals 

and to maximize the signal to noise ratio. 

In the figure 2 above first iteration, an octagonal patch 

microstrip antenna per our design considerations using high 

frequency structure simulator (HFSS) software, the antenna 

resonated at a frequency of 2.6 GHz. Later, it was iterated for 

and the patch is optimized which resonates at a frequency of 

1.8 GHz.The designed model is placed in a radiation box 

which is used for testing an antenna model. It simulates a re-

flection less free space and allows all weather antenna meas-

urements in a controlled laboratory environment. The isolation 

can be further improved by shielding.  

The topology algorithm [4] has generally been used to 

optimize size/shape of objective and it provides a possibility 

of volumetric design. The optimization scheme will bring the 

best topological and geometrical configuration [5] from its vol-

umetric variation, along with consideration of physical and ge-

ometrical dimensions as well as material composite. 

 
Figure 2 Scale values of the proposed model 

 

It performs iteration of evaluation or each the optimum 

(maximum) value initially set to obtain the objective 

shape/configuration. It was demonstrated that the volumetric mate-

rial design led to significant improvement of bandwidth [6] in a sim-

ple patch antenna because of the application of the topology opti-

mization method. 

 
Figure 3 S-Parameter measurement in HFSS 

 
Figure 4 Total Gain in 3-D View 

In the design procedure, the feeding technique we opted is co-

axial probe feeding. The main advantage of this type of feeding 

scheme [7] is that the feed can be placed at any desired location 

inside the patch to match with its input impedance. 

 

𝑤 =
𝐶

2𝑓𝑟√(𝜀𝑟+1)/2
= 30mm                           (3) 

 

The bottom of the substrate is covered entirely by a ground 

plane and offers good fringing field between the radiator and 

ground. At this point much focus is not given to square patch as 

ground. 

Near Field: 

The field, which is nearer to the antenna, has an inductive effect and 

hence known as inductive field or near field[8]. 

 

 

 
Figure 5 Near Field Gain 

 

 

Far field: 

 

The field, which is far from the antenna, is called as radiation field, 

as the radiation effect is high in this area. Many of the antenna 
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parameters along with the antenna directivity and the radiation pat-

tern of the antenna are considered in this region only. 

 
Figure 6 3-D Polar Plot of the proposed model 

Antenna measurement: 

 

Antenna physiognomies are measured using microwave antenna lab. 

It is very easy to obtain antenna input characteristics using antenna 

trainer kit. The radiation characteristics of antenna can be measured 

using MIC10 Microstrip trainer kit consisting of MIC10 microwave 

integrated circuit analyzer receiver for which the microstrip patch 

antenna that was fabricated fixed as receiver. 

 
Figure 7 Test Setup 

The experimental setup is shown in figure. The distance between 

transmitting and receiving antennas is approximately 2 meters. 

Here we used the dipole antenna and microstrip patch antenna. 

When a standard antenna (dipole antenna) is used as a transmitter 

and test antenna (microstrip patch antenna) as a receiver, radiation 

pattern and corresponding gain[9] values are noted. First the dipole 

must be in horizontal facing vertical receiving antenna to get the 

copolar of the receiver antenna. 

 

 
Figure 8 Proposed model as Receiver 

 

A comparison method is adopted for antenna gain measurements. 

Here, we need one standard antenna. First the dipole antenna is 

placed on the stepper motor, aligned with the transmitter (Proposed 

microstrip patch). Next, the standard antenna at receiver is replaced 

with the test antenna without disturbing the rest of the setup. The 

test antenna is aligned at the direction of its peak by controlling the 

stepper motor. Radiation pattern, gain and bandwidth of the test an-

tenna [10] are measured using this setup. 

Dipole antenna is connected on tripod to microwave integrated cir-

cuit analyzer source MIC10 kit and microstrip patch antenna is con-

nected to stepper motor through microwave integrated circuit ana-

lyzer receiver MIC10 kit. 

 
Figure 10. Transmitting Frequency Setup upto 2GHz 

3. Results 

Design and experimental tests were used in order to evaluate the 

performance of antenna. Experimental results are compared with 

simulation performance estimates to verify that the design performs 

as intended. Fabricated and optimized hybrid fractal antenna oper-

ating at frequency band of 1.8 GHz. The fabricated and the tested 

antenna which resonates at a frequency of 1.8 GHz have the maxi-

mum gain of 40.5 dB. The resultant beam width is 51 dB and the 

half power beam width is 25.5 dB. The radiation pattern of the oc-

tagonal shape microstrip patch antenna at 1.8 GHz operational fre-

quency: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The fabricated octagonal shape microstrip patch antenna parame-

ters are summarized. 

 
Table 1 Performance parameters of the proposed model 

Performance parameter Value 

Operating frequency 1.8 GHz 

Max. Gain 40.5 dB 

Dielectric type FR4 

Dielectric constant 4.36 

 

Figure 9 Dipole as transmitter 
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Figure 11. Polar Plot of the proposed model 

Level vs. Angle log plot of the octagonal microstrip patch antenna 

in Cartesian form: 

 

 
Figure 12 Level Vs angle Plot 

4. Conclusions 

In this work a dual octagonal coplanar structure microstrip patch 

antenna has been proposed and fabricated for wireless application 

with an optimization on the patch size with improved gain, band-

width and radiation pattern.The radiation characteristics of the pro-

posed octagonal microstrip patch antenna have been obtained using 

antenna software provided by AMITEC, related microstrip work-

bench compared with those of conventional microstrip patch dipole 

antenna. 

From design and measurement results, radiation pattern of the mi-

crostrip antenna was good enough because of the fabrication mate-

rial and substrate thickness. Further, the gain and radiation pattern 

can be enhanced by choosing other substrate materials. The pro-

posed antenna has a maximum gain of 40.5 dB, beam width of 51 

decibels and half power beam width of 25.5 dB. Therefore, the pro-

posed and designed antenna is feasible for use a low profile and low 

cost dual band antenna for supporting various wireless communica-

tion services. 
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