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Abstract: This paper refers to a detailed analysis of the design and implementation of a 4x1 microstrip patch 

antenna array of given specifications using HFSS software and a dielectric material FR4 with dielectric 

substrate permittivity of 4, height of 1.6 mm. The microstrip patch antenna array is designed for Cognitive 

Science applications, at an operating frequency of 2.45 GHz with microstrip line feed. The designed antenna 

had a minimum return loss of about -12dB for 1.6mm height and gain with 5dB. The achievement of 

narrowband width for cognitive science application. Microstrip patch antennas has high directional pattern 

with increased efficiency and suppresses unwanted interference and emissions on other side. Cognitive antennas 

are effectively used in industrial, scientific and medical applications at 2.45GHz. This antenna has the 

characteristics of providing multiband applications also. 

Keywords: Microstrip Antenna; Antenna Arrays; Antenna; Simulation; Microstrip Line Feed, Cognitive 

Science. 
 

I. Introduction 
As an interface between the transmitter/receiver and the propagation media, antenna is an essential part 

of any wireless communication (satellites, radars, aviation, medical applications, ground penetrating radar 

etc.).[1] [2] [3] The key features of a microstrip patch antenna are ease of construction, light weight, low cost, 

the antenna can take an arbitrary form of the space that occupies if the substrate is flexible and the production 

process has a highly level of integration, the same circuit can include the microstrip antenna and also the feeds 

[3] . These advantages of microstrip antennas make them popular in many wireless communication applications 

such as telemetry and communications, aviation, naval communications, automatic guidance of intelligent 

weaponry, radar, GPS systems. The disadvantages of microstrip patch antennas are: narrow frequency band with 

low efficiency, feeds have high losses and disability to operate at high power levels of waveguide [3] [4]. 

Therefore, reliable solutions must be found to increase bandwidth and to achieve higher gain. The history of the 

wireless communication started with the discovery of a coherent which is an original detection device for the 

detection of electromagnetic waves in long-wave frequency band. Recently, mobile devices are developed 

rapidly for transferring data, voice, image, and video due to user demands for high quality communication [5].  

Study on electromagnetic spectrum usage in microwave bands was done where available spectrum is about 15-

85% [6]. Therefore, effective electromagnetic spectrum usage is studied and developed. microstrip-line feed is 

easy to fabricate, simple to match by controlling the inset position and rather simple to model [7]. design and 

performance analysis of microstrip array antenna [8],is discussed in this paper 

 

I.1 Cognitive radio 

 Cognitive radio is an adaptive intelligent Radio Technology that can automatically detect available 

channels in wireless network it will change transmission parameters enabling more Communications to work 

simultaneously cognitive radio is based on software defined radio it provides additional flexibility and offer 

more efficiency to use the overall spectrum the main idea of cognitive radio if two utilize the radio spectrum 

more effectively it is possible to develop a radio that is able to look at the spectrum to detect which frequencies 

are clear. Cognitive radio is a one method to realize effective and efficient spectrum usage. It use Dynamic 

Spectrum Access (DSA) where users can use unused licensed spectrum from the primary users [13,14].  One of 

the key component for realizing the cognitive radio is antenna for transmitting and receiving data in 

communication and for sensing to identify spectrum condition [15].characteristics of cognitive radio is cognitive 

capability it is used to identify the unused spectrum at a specific time or location another is reconfigurability a 

cognitive radio can be programmed to transmit and receive on a variety of frequencies .Technologies supported 

by its hardware design the emerging applications of cognitive radio is on military application multimedia 

cellular system. 
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II. Antenna Design 
 In this paper, the microstrip patch antenna array (4x1) has been designed to operate at a center 

frequency of 2.4 GHz with an input impedance of 50 Ω using a dielectric material FR4, tangent loss tgδ=0.002 

and thickness (h) of 1.6 mm. For microstrip antennas, the dielectric constants are usually in the range of 

2.2<Er<12 . The most popular models for the analysis of microstrip patch antennas are the transmission line 

model, cavity model and full wave model. The transmission line model is the simplest of all and it gives good 

physical insight but it is less accurate. 

The width of the microstrip patch antenna was computed with the following equation. 

where c is the speed of light (3x108 m/s), fr is the operating frequency of 2.4 GHz and εr is the dielectric 

permittivity 

 

The transmission line model is used  and following steps are followed to design the antenna 

1.Width calculation (W) 

 
Substituting εr = 4.4 and fo = 2.4 GHz, we get: W = 0.03803 m = 38.03 mm 

 

2.Effective dielectric constant calculation ( εreff) 

 
Substituting :εr= 4.4, W = 38.03 mm and h = 1.6 mm, we get : εreff = 4.3996 

 

3.Effective length calculation ( Leff) 

 
 

Leff=0.028569 m = 28.569mm 

 

4. Length extension calculation ( L) 

 
Substituting :εreff=4.3996 , W = 38.03 mm andh =1.6 mm we get L =49 

5. Actual length of patch calculation (L) 

 
 

III. Antenna Design 1 For Cognitive Science Application 

 
Fig 1: Microstrip Patch Antenna  Fig 2: Ground Structure 

 

Figure 1 shows the basic structure of the  polygonal patch antenna. It is structured with planar structure. 

On the top side, the antenna is composed of an polygonal patch, arms, and feeding. The arm was modified from 

T-shape monopole arms for improving operational bandwidth [9]. Length of the arm is set to a half wavelength 
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of the designed center frequency. Figure 2 shows The U-shape ground plane can be used improving matching 

condition [10].The polygonal shape contributes for enhancing efficiency of antenna radiation. A radiation 

efficiency value of antenna will affect to the antenna gain [11] .The patch antenna was analyzed in detail using 

HFSS software. In calculation, antenna characteristics such as return loss, Voltage-Standing- Wave- ratio 

(VSWR), radiation pattern, and gain can be obtained.  

Based on the designed parameters in The calculated return loss of the designed antenna is shown in 

Fig.3. We can see that the operational frequency of the designed antenna is 2.45GHz with the return loss of -

20dB. Based on this result, the antenna can be used  for several application in wireless communication. 

 

III.1.Simulation Results of Antenna Design 1 

 
Fig 3:Return loss of  Patch Antenna 

 

Figure 4 shows the calculated VSWR of the designed patch antenna. In operational frequency of  2.45GHz, the 

VSWR of below 1.2 were obtained. Based on this  results, we believe that the antenna has good efficiency for 

radiating or receiving microwave signal.  

 

 
Fig 4: VSWR of Patch Antenna 

 

Figure 5 shows the calculated gain of the designed antenna. The calculated gain is relatively low (below 0dB). 

The antenna gain can be enhanced for several times using array structure depends on the number of the antenna 

in array structure [12].  

Figure 6 shows the radiation pattern operational frequency in common applications. The calculated radiation 

pattern at 2.45GHz is shown. We can see that in general the designed antenna has quite good radiation patterns.  
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Fig 5: Gain of Patch Antenna      Fig 6: Radiation Pattern of  Patch Antenna 

 

IV. Proposed Antenna Design For Cognitive Science Application 
The basic structure of the  proposed array  antenna. Figure 7 On the top side, the antenna is composed 

of an polygonal patch, arms, and feeding with an array concept in order to increase the gain of the array antenna 

.The patch antenna was analyzed in detail using HFSS software. In calculation, antenna characteristics such as 

return loss, Voltage-Standing- Wave- ratio (VSWR), radiation pattern, and gain can be obtained.  

 

                                                              
            Fig 7: Proposed Array Antenna 

 

IV.1.Simulation Results of Proposed Antenna Design for Cognitive Science Application 

Based on the designed parameters in the calculated return loss of the designed array antenna is shown 

in Fig.8. the operational frequency of the designed antenna is 2.45GHz with the return loss of below -12dB. This 

is the frequency range wherein the structure has a usable bandwidth compared to a certain  impedance, usually 

50 Ω. The plot below shows the return loss  of a patch antenna and indicates the return loss bandwidth at the 

desired (S11/VSWR). the antenna can be used for several application in wireless communication such as in 

military application , genetic engineering, networking, cognitive science.  
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Fig 8: Return loss of Array Antenna 

 

Figure 9 This radiation pattern shows the antenna radiates more power in certain direction than the other 

direction the antenna is set to have certain their activity directivity it is commonly expressed in dB. The 

calculated radiation pattern at 2.45GHz is shown. 

 
Fig 9: Radiation Pattern of Array Antenna   Fig 10: Gain of Array Antenna 

 

Figure 10 shows the calculated gain of the designed  antenna. The calculated gain is relatively high of 5dB. The 

ability of the antenna to concentrate the radiated power in give one direction. Antenna gain can also be specified 

using the total efficiency instead of the radiation efficiency only. Here the gain of the antenna is increased by the 

use of array structure it can also be improved by adding further arrays. higher the gain of the antenna the 

directivity will be increased.the calculated VSWR for the designed  antenna is relatively low. The mismatched 

impedance causes some of the power to be reflected back toward the source. reflections cause destructive 

interference, leading to peak in voltage. VSWR measures the variance in voltage 

 

V. Conclusion 
A microstrip array antenna with micro strip feed line has been designed and simulated. The 

performance of the antenna were tested the parameters shows that the array antenna out perform the single 

antenna in terms of Return loss, directivity, bandwidth and gain. The final array antenna with dimension in 

design FR4 substrate using HFSS software. Overall, the performance of the array antenna meets the desired 

requirement in terms of return loss, gain radiation pattern , VSWR. The simulated return loss is equal to -12 dB 

,VSWR is relatively low with the center frequency of 2.45GHz and the gain of 5dB.therefore the application of 

this paper will be use full for cognitive science. Cognitive antennas are effectively used in military, industrial, 

scientific and medical applications  
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