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Abstract: This paper presents about a new antenna design of ultra wide band antenna for cognitive radio 

wireless communication. . This antenna consists of an irregular octagon (polygon with 8 sides) aperture on a 

printed circuit board; ground plane .This antenna was simulated in ADS (Advanced Design System) Momentum. 

. The feeding point is the micro strip line and to this attached the octagon structure. For an antenna to be 

suitable for channel sensing it should possess an Omni directional radiation pattern. The octagon micro strip 
patch antenna is the sensing antenna which detects the spectrum and provides the available range (35-45GHz) 

for the antenna to communicate. The resonant frequency of the antenna is 40GHz. 
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I.          Introduction 

Today there is no freely available spectrum for future generation. Around 2.5 GHz the 

spectrum is completely occupied. So by using the cognitive radio the spectrum can be efficiently 
utilized. A Cognitive Radio is a radio that can easily identify freely available spectrum and 

autonomously change its transmission parameters based on the interaction with the complex 

environment (radio scene, application and user requirements) in which it operates. The spectrum can 
be efficiently utilized by using the cognitive radio. Since the cognitive radio is always looking for 

freely available spectrum it needs a wide band receiver and wide band antenna for spectrum sensing. 

In the cognitive   radio with the help of wide band antenna the spectrum can be sensed because it is 
always looking for freely available spectrum over a broader bandwidth. A wide band antenna with 

omni directional radiation pattern is necessary in order to achieve the channel sensing. A Cognitive 

Radio is a radio which can automatically change its parameters based on the environment in which it 

operates. The licensed users that are primary users use the spectrum only for 10% of time. The rest of 
the time the spectrum is idle. So by using the cognitive radio the secondary users that are unlicensed 

users can use the spectrum without interfering with the primary users. So the Cognitive Radio should 

have the ability of a wide band spectrum sensing over a broader band width since it is always looking 
for freely available spectrum. 

   In [1} A new reconfigurable antenna is designed for Cognitive Radio. It consists of two 

structures incorporated together into the same substrate. In [2] a high broad side gain MEMS based 

reconfigurable antenna was designed for four frequency bands.   A new family of microstrip-fed ultra-
wideband (UWB) antennas with multiple (triple/quadruple) notched bands is proposed. The notched 

bands are generated by a band notched filter composed of double stepped impedance resonators 

(SIRs)[3]. A polarization reconfigurable antenna capable of providing any arbitrary polarization by 
just switching the feed phasing unit is discussed in [4]. Cognitive radios may temporarily use the 

spectrum as long as they do not interfere with the primary users that own the license to that spectrum 

[5-7]. This paper reviews the possible antenna configurations for cognitive radio like wideband 
antennas, polarization and frequency reconfigurable antennas [8]. In [9] a wideband circular 

monopole and a narrowband dipole antenna for cognitive radio were presented with impedance 

bandwidth of the wideband monopole antenna is from 4.25-10GHz and narrowband dipole antenna's 

central frequency is 5.8GHz. A single-port small-size antenna based on an ultra-wideband (UWB) 
design and has a reconfigurable band pass filter integrated in its feed line for cognitive radio (CR) 

applications is presented in [10]. In [11] wideband, multi-band or reconfigurable antennas have been 

developed and when considering the interference levels at the receiver, reconfigurable antennas are 
the best option, since only one single band is used at a given time. A Vivaldi wideband antenna is a 

good prospect for wide band sensing. This paper [12] presents two different antennas which have 

been developed to address the specific demands of portable cognitive radio handsets. Each antenna 
combines UWB and narrowband functionality within a small space. [13] A compact, CPW-fed 

octagon shape aperture antenna for lower band UWB applications is presented. This antenna consists 
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of a irregular octagon (polygon with 8 sides) aperture on a printed circuit board, ground plane and a 

octagon-shaped exciting stub. Initially the proposed antenna is designed with rectangular aperture and 
then the rectangular shaped aperture is converted into irregular octagon shaped aperture by inserting 

an isosceles right angled triangular metallic shape in the corners of rectangular aperture to increase the 

impedance matching in the required bandwidth. The octagon shaped stub and polygon aperture (slot) 

are simple and has less parameter, which are convenient to optimize. The proposed antenna is 
designed on an inexpensive FR4-epoxy substrate. [14] The higher order regular polygonal loop 

antenna generally possesses higher directivity but poorer broadband impedance property. As the 

operating frequency becomes higher its directivity increases remarkably and the broadband property 
becomes more prominent. To achieve the desired properties one may select one of the many design 

data sets with a trade-off between broadband property and directivity. 

In this paper a new ultra wideband tri-band antenna is designed for cognitive radio wireless 
communication. Section two describes about the geometry and dimensions of the proposed antenna. 

In section three we explained about results and discussion. Section four explains about conclusion 

 

II.         Geometry Of Proposed Antenna 
In the cognitive   radio we need to sense the spectrum and communicate through it. A wide 

band antenna is necessary in order to be able to achieve the channel sensing. The structure is shown in 

the figure 1. The top layer is the slotted polygon shaped patch. The bottom layer is the partial ground. 
It is fed via a micro strip line to produce radiation above and below the substrate. The chosen 

substrate is FR4. All the simulations are done using the ADS momentum. The corresponding antenna 

return loss is shown in the fig.3.  Fig. 1 shows our proposed antenna. It consists of irregular octagonal 

shaped microstrip antenna in the ground of a dielectric substrate with a size of 50×90 mil, a 
permittivity of εr, thickness of h and loss tangent of tan δ. Fig. 1, shows the simulated irregular 

octagonal      Microstrip antenna. The slot is excited by an open ended 60Ω micro strip transmission 

line of length L. This line is connected to a 50Ω line with length tap. Good matching can be achieved 
by changing the length L. Specifications of proposed antennas on a substrate (FR-4) with h=1.6 mm, 

εr=4.4 and tan δ = 0.0018. All dimensions are in mm except α which is indicated in degrees. In order 

to provide evidence for the antenna effectiveness design, many parameters were measured. The 
efficiency of the matching device is proved by the minimum return loss S11, which influences the 

remnant characteristics such as Directivity, Gain and band width. The microstrip line is used as the 

feed for the antenna and above that is the irregular octagonal aperture antenna   which provides the 

ultra wide band coverage .The irregular octagonal aperture antenna is the sensing antenna which 
detects the spectrum and provides the available range for the antenna to communicate. The shape of 

antenna is highly designed to cover the wide band and provide spectrum reuse compatibility. The 

reuse of the 
 

 
Fig.1 Simulated irregular octagonal aperture antenna  

 
Fig.2, The dimensions of proposed antenna 
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Fig.3 Return loss 

spectrum is highly intelligent and highly efficiency. Fig.2 shows the dimensions of proposed antenna. 

In this antenna opposite sides are equal as shown in figure 2.The dimensions are 40 mil, 28mil and 10 

mil for the respective sides. The width of the antenna is 10mil and 7 mil respectively. The inside 

projections are used to get wideband width. 
 

III.           Results And Discussion 

Validation of our analysis are demonstrated and discussed in this section defined as follows. 
Simulating the effectiveness and extracting the antenna parameters and plotting currents. Simulating a 

conventional irregular octagonal microstrip patch antenna and comparing results. Fig.3 shows the 

return loss for the proposed antenna which is less than -20dB at 40GHz.Fig.4 shows the Input 
impedance for irregular octagonal microstrip patch antenna Fig.5describes the phase difference in 

irregular octagonal microstrip patch antenna. Fig.6 shows the simulated result for radiation pattern of 

E theta. For which magnitude is equal to 1.967 and phase is -25.6 degrees Fig.7 shows the simulated 

result for radiation pattern of E phi. For which magnitude is equal to 0.0002 and phase is 7.17 
degrees. Fig.8 Simulated result for radiation pattern of angle of Umax. For which theta is equal to 27 

degrees and phase is 90 degrees..Fig.9 shows the simulated results for linear polarization. Fig.10 

shows the simulated results for circular polarization.  Fig.11 shows the simulated results for efficiency 
which is equal to 50%. Fig.12 shows the simulated results for directivity and gain. The directivity is a 

measure of the directional properties of the antenna compared to those of an isotropic antenna. The 

radiation efficiency of the antenna defined as the ratio of the radiated power Pr to the input power Pi ( 

0<er<1). Validation of our analysis are demonstrated and discussed in this section defined as follows: 
Evaluating the accuracy of the matching impedance antenna resulting from simulating the return loss 

S11. The radiation pattern and the antenna parameters for the frequency of 40 GHz is provided in the 

fig. 8.The antenna parameters are summarized in table.1. 

freq (20.00GHz to 60.00GHz)

 

S11

 
  Fig.4 Input impedance for octagon antenna 
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                 Fig.5 phase difference in octagon antenna 

 
Fig.6 Simulated result for radiation pattern of E theta 

 
 Fig.7 Simulated result for radiation pattern of E phi 

 

 
Fig.8 Simulated result for radiation pattern 
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Fig.9 Simulated results for linear polarization 
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 Fig.10 Simulated results for circular polarization 
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Fig.11 Simulated results for efficiency 
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 Fig.12 Simulated results for directivity and gain 

 

TABLE I 

Simulated antenna parameters  
Frequency(GHz) Power radiated 

(watts) 

Directivity 

(dB) 

Gain 

(dB) 

Efficiency 

(%) 

40 0.0109 7.7 4.7 50 
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IV.         Conclusion 

The objective was achieved by designing a conventional irregular octagonal microstrip patch 
antenna for cognitive radio applications. This is an ultra wide band (UWB) antenna having reflection 

loss less than -20dB for 40GHz. The projections from octagonal antenna are responsible for wide 

band width and low reflection loss. The proposed design antenna incorporates advantages of both the 

designs and is a good design trade off showing better performances. This octagon loop structured 
antenna fed with microstrip line is designed to operate at 40GHz with circular polarization. The 

results confirm good performance of ultra wide band antenna design. 
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