
www.ijecs.in 

International Journal Of Engineering And Computer Science   

Volume 14 Issue 07 July 2025, Page No. 27531-27546 

ISSN: 2319-7242 DOI: 10.18535/ijecs/v14i07.5190 

  

 

G. Mohan, IJECS Volume 14 Issue 07 July, 2025 Page 27531 

Frequency Reconfigurable Fractal Microstrip Filtering Antenna for 

Cognitive Radio Applications 

G. Mohan
1
, M. Pranay Kumar

1
, K. P. Vinay

2
, Ramesh Boddu

*2 

Department of ECE, Chaitanya Deemed to be University, Warangal, Telangana, India
1
 

Department of ECE, Raghu Engineering College, Visakhapatnam, A.P, India
2 

 

Abstract  

Tunable microstrip filtering antennas can be used to modify the operating frequency, polarization, or 

radiation pattern in real time. These antennas provide a number of advantages, such as more flexibility and 

adaptability and decreased dimensions, weight, and power consumption. The main aim of the current work 

is to design a tunable microstrip filtering antenna for cognitive radio applications. Prior to tune the 

frequency of the proposed design the operating bandwidth is enhanced by implementing the Snow-flake 

Koch fractal optimization of 3
rd

 iteration along with the defected ground structure. To achieve the frequency 

tunable characteristics a stepped impedance resonator (SIR) filter is integrated with the feed line. The order 

of the SIR filter is responsible for frequency tunability. At each stage the simulated designs are fabricated 

and measured using VNA and anechoic chamber. The peak gain achieved is 3.2dBi whereas the minimum 

gain achieved is 1.7dBi. The co-polarization values are 25dB is stronger than cross-polarization values. 

There is a good concurrence is observed between the simulated and measured results in terms of 10dB 

Return Loss, VSWR, Gain, Directivity and Far Filed radiation patterns. The proposed design is well suited 

for cognitive radio applications as it is operating at 1.97GHz, 3.97GHz and 5.87 GHz frequencies 

respectively. 

 

Keywords: Microstrip antenna, Defected Ground Structure, fractal design, filtering antenna, SIR 

filter  

 

1.Introduction 

The Cognitive Radio system, which monitors the spectrum and redistribute services to unoccupied 

frequency channels, has gained attention for its potential to improve the efficiency of the spectrum. Wireless 

communication is in high demand today, and antennas play a crucial role in it. An antenna works as a 

transducer, converting electromagnetic (EM) waves into signals and vice versa [1]. The microstrip antenna 

is well suited to integrate with the VLSI circuit boards due to its low profile, less cost and planar structure. 

An antenna with a specific frequency and radiation pattern is typically suited for only one application. 

Therefore, devices needing multiple radio applications often require multiple antennas. Using more antennas 

requires more space, increases the chance of interference between them, raises installation costs, and 

complicates device design. Therefore, it is needed to design an antenna with wide operating bandwidth [2]. 

Over the past two centuries, there has been a significant amount of advancement and research towards 

increasing the bandwidth and merging many antennas into a single device. To achieve the broad bandwidth 

many techniques have been implemented in the literature like using proximity coupling feed [3], 

implementation of parasitic patch [4], modifying the shape of the patch [5], and using array structures [6-9] 

which inherently increases the design complexity, size enlargement and fabrication losses. 

One of the promising technique is fractal patterns that are integrated in microstrip patch antennas to 

considerably reduce antenna size, enhance the bandwidth, and increase electromagnetic radiations 

throughout the whole surface volume. These fractal structures are often inspired by natural codes that repeat 

themselves at different sizes. The fractal structures utilizes the Iterated Function System (IFS), it is a 
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traditional fractal generation approach that creates self-similar structures with certain vertices. Many fractal 

geometries are mentioned in the literature like Sierpinski carpet and gasket [10-14], Minkowski gasket 

fractal [15-19], Hilbert’s Fractal [20-23], Peano’s Fractal [24-26], Crinkle Shaped fractal [27-28], Koch 

fractal [29-31]. The above mentioned fractal geometries are the deterministic fractals, which can be used to 

create a scaled-down design with a recursive algorithm. But, the above mentioned fractal shapes reduces the 

patch size by 18%, 32%, 15%, 42%, 30% and 47% for Sierpinski carpet, Sierpinski gasket, Minkowski 

curve, Hilbert’s Fractal, Peano’s Fractal, Crinkle Shaped fractal geometries respectively. The modified Koch 

Snowflake fractal structure is chosen, because it specifically reduces the patch size by 56% by forming 

inside a triangle since the supplemental triangles formed in the subsequent iterations will fall within the 

same bigger triangle. But, such broadband antennas seriously causes the lot of interference to the nearby 

systems.  

Since, scientists are now interested in tunable antennas to support various wireless services, meet emerging 

needs, and adapt to dynamic environments without creating interference to the nearby systems. In order to 

provide several functions, tunable antennas have various customizable primary features, such as operating 

frequency, the bandwidth, radiation pattern, polarization, and so on. These tunable antennas uses Radio-

Frequency (RF) switches, mechanical actuators and active components like PIN diodes [32-34], RF-MEMS 

[35-38] and varactor diodes [39] into the design to achieve frequency tunability. Due to the involvement of 

the active and passive components in the antenna designs will be capable of supporting many wireless 

applications like Bluetooth, UMTS, Wi-MAX and Wi-Fi etc. simultaneously without causing the 

interference to the nearby systems [40-42]. But, these RF switches, actuators, PIN diodes and varactor are 

integrated with the radiating element which increases the fabrication losses, connection losses and 

unnecessary metallization leads to fringing effects [43]. However, due to the involvement of these active 

elements increases the overall cost and extra circuitry increases the size of the antenna [44].  In recent years, 

several tunable microstrip BPFs have been introduced to design a compact, efficient, and reconfigurable 

planar filters with a wide tuning. These are very useful since they may be printed directly on the dielectric 

substrate materials. There is no need of designing the microstrip antenna and filter separately rather, the 

filter is joined directly to the patch resulting in more compact structures and improving the entire 

performance of the RF and MW systems [45].  To achieve the tunable characteristics, compactness, without 

increasing the fabrication losses the 3
rd

 order SIR filter is designed and integrated with the radiating element.   

 

In this article, a frequency tunable microstrip filtering antenna is proposed for cognitive radio applications 

and is structured in following way: The design and implementation is presented in section 2. The section two 

having 3 subsections which is implemented in 3 steps. In step-1, the design of microstrip antenna is 

presented, fractal optimization is implemented in Step-2 and the implementation of tunable filtering antenna 

is presented in Step-3. The results of each design is also explained in section-3. Finally section 4 concludes 

prime investigations and future of the work. 

 

2. Design and Implementation  

The proposed tunable filtering antenna design is presented in 3 steps. In the first step the design a basic 

microstrip patch antenna with defected ground structure is presented. To increase the operating bandwidth 

and to reduce the unnecessary metallization in the radiation patch the radiation element is implemented with 

modified Snowflake-Koch fractal optimization and is presented in the second step. Further, to achieve the 

frequency tunability the proposed design is integrated with Stepped Impedance Resonator (SIR) filter and is 

presented in the third step. 

 

2.1Step-1: Design of Basic Antenna 

In step-1, the proposed microstrip antenna is designed using low cost FR4 substrate with     of 4.4 with tanδ 

is 0.002 having the overall size of 32          . The simple square shaped patch and microstrip line 

feed is used due to their simple structures. Initially, the substrate is backed with complete ground plane. 

Later, the ground plane is implemented with Defected Ground Structure (DGS) and its length is optimized to 

achieve the better operating bandwidth. 
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(a) Simulated view of basic microstrip antenna design 

           
(b) Fabricated view of basic microstrip antenna design 

Fig. 1 Simulated & Fabricated designs of the basic microstrip antenna 

 

The proposed design is implemented using 3D electromagnetic simulation tool CST microwave studio. The 

proposed design is fabricated and tested using Vector Network Analyser (VNA) and Anechoic chamber. The 

simulated and fabricated designs are indicated in Fig. 1. Fig. 1(a) depicts the simulated top and bottom views 

of the proposed basic antenna and Fig. 1(b) shows the top and rear views of the fabricated basic microstrip 

antenna. The optimized dimensions of the proposed basic microstrip antenna is tabulated in Table 1. The 

length of the defected ground structure is optimized for better operating characteristics.  

 

Table 1 Dimensions of the proposed basic microstrip antenna 

S. No Parameter Value 

(mm) 

1  Ws 32 

2  Ls 45 

3  Lf 27 

4  Wf 1 

5  Lp 15.6 

6  Wp 18 

7  Wg 32 

8  Lg 22 

 

2.2 Step-2: Design of Fractal Antenna 

In the design step-2, the basic square shaped patch antenna is implemented with modified Snowflake-Koch 

fractal structure.  The modified Snowflake-Koch fractal can be constructed using the following 

mathematical equations. The equilateral triangle with each side length is (L) and considered it as 0
th

 

iteration. For 1
st
 iteration, divide each side into 3 equal parts (L/3). Replace the middle segment with two 

segments of lengths L/3, forming an equilateral triangle and follow the same procedure for remaining two 

sides of the n triangle.  Repeat the same procedure for further iterations.  

Let V0(X) = X (0
th

 iteration)                                    (1) 

V1(X) = (1/3) X + (1/3) (1
st
 iteration)                      (2) 
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V2(X) = (1/9) X + (2/9) + (1/9) X (2
nd

 iteration)     (3) 

….. 

Vn(X) =        X + … (n
th

 iteration)                     (4) 

 

By the use of above equations the basic shaped patch is optimized using fractal optimization up to 3 

iterations. The fractal shape is initially started with square shape, then its shape is modified to triangular in 

1
st
 iteration. The simulated fractal microstrip antenna with Snowflake-Koch fractal optimization is shown in 

Fig. 2.  

 

    

0
th

 iteration 1
st
 iteration 2

nd
 iteration 3

rd
 iteration 

Fig. 2 Simulated view of fractal microstrip antenna up to 3 

iterations 

 

For every iteration the size of the radiating element is reduced by 1/3
rd

 value of the original dimension. Here, 

the modified Snow-flake fractal optimization technique is implemented. In this optimization technique the 

initial shape should be triangular shape to optimize 1/3
rd

 value in each iteration. But in the proposed design 

the shaped of the patch is square, therefore a novel technique is implemented by modifying the optimization 

value for the first iteration and it is mentioned as modified snowflake fractal optimization technique. To test 

concurrence the final i.e. 3
rd

 iterated fractal structure is fabricated and measured. The simulated and 

measured designs of the fractal microstrip antenna for 3
rd

 iteration is shown in Fig. 3 and the measurement 

setup with vector network analyser is shown in Fig. 4. 

        
(a) Simualted design of fractal microstrip antenna after 3

rd
 iteration  
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(b) Fabricated design of fractal microstrip antenna after 3
rd

 iteration 

Fig. 3 The simualted & fabricated designs of the proposed fractal microstrip antenna  

 

 
Fig. 4 Measurement setup with VNA 

 

2.3 Step-3: Design of Filtering Antenna  

Now a days, the microstrip antennas with tunable frequency characteristics is extremely required. In the 

wide operating band if antenna can be tuned in terms of frequency then it is very much flexible to alter the 

operating frequency. Due to this interference caused by nearby systems is reduced without of changing the 

physical design. To achieve the tunable characteristics the proposed fractal patch is integrated with SIR 

filter. The SIR filter can be considered as two transmission lines of different lengths and characteristic 

impedance as shown in Fig. 5. Its design transmission line can be controlled by the alternating segments of 

high and low characteristics impedance lines. The condition of resonance for SIR filter is given by 

 
Fig. 5 SIR filter with different impedance values 

 

G = 
                   

            
 . . . . . (5) 

   =      . . . . . . . . . . . . . . . . . (6) 

   =       . . . . . . . . . . . . . . (7) 

   =   =      (
 √ 

   
) . . . . . . . (8) 

 

By the use of above equations the location and length of the arms of the filter is calculated and integrated 

with microstrip line feed. To select the operating frequency from the broad band the order of the SIR filer is 

increased. To select single frequency first order SIR filter is integrated. To select dual and triple bands the 

order is increased to 2
nd

 and 3
rd

 orders. The simulated design of tunable microstrip filtering antenna with SIR 

filter is shown in Fig. 6. Fig. 6 (a) shows the microstrip filtering antenna with 1
st
 order SIR filter and Fig. 6 

(b) & (c) shows the 2
nd

 & 3
rd

 order microstrip filtering antenna designs.  

 

  
 

(a) 1
st
 order (b) 2

nd
 order (c) 3

rd
 order 

Fig. 6 Top view of the simulated microstrip filtering antenna with SIR filter 
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The 3
rd

 order microstrip filtering antenna with SIR filter is fabricated and the simulated and fabricated 

designs are depicted in Fig. 7. 

    
(a) Simulated design 

 

  
b) Fabricated design 

Fig. 7 Simulated & fabricated microstrip filtering antenna 

 

3. Results & Discussion: 

The simulated and measured S11 plot of the basic microstrip antenna is depicted in Fig. 8. The measured 

return loss is very close to the simulated value. The operating frequency of the basic microstrip antenna is 

from 2.3GHz to 4GHz with minimum S11 of -20.38dB at 3GHz. 

 

 
Fig. 8 S11 plot of the basic microstrip antenna 
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The comparison of simulated and measured gain plot of the proposed basic microstrip antenna is depicted in 

Fig. 9. The peak gain achieved is 1.7dB at centre frequency of 3GHz. There is very good agreement is 

observed between the simulated and measured gain values. 

 
Fig. 9 Simulated & Measured gain plot of the basic microstrip antenna 

 

 

    

(a) E-Plane              (b) H-Plane 

Fig. 10 Simulated and measured Radiation patterns of basic microstrip Antenna 

 

Fig. 10 shows the simulated and measured radiation patterns at 3GHz for basic microstrip antenna. The 

measured results well agree with the simulated results.  From the measured and simulated radiation patterns 

it is clearly observed that the co-polarization is 20dB stronger than the cross-polarization values.  
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Fig. 11 S11 plot of the fractal microstrip antenna for 4 iterations 

 

To increase the operating bandwidth of the basic design the modified snow-flake fractal optimization is 

applied on the radiating patch up to 3 iterations. The S11 plot of the fractal microstrip antenna for each 

iteration starting from 0
th

 to 3
rd

 order is shown in Fig. 11.  From the plot it is clearly observed that the 

operating bandwidth is increasing with the increasing with number of iterations. The wideband is achieved 

for 3
rd

 iteration which was indicated in blue colour in the Fig. 11. For the 0
th

 & 1
st
 iterations the operating 

frequency is almost same i.e., 2.3GHz-4GHz with the bandwidth of 1.69GHz. Whereas, for the 2
nd

 & 3
rd

 

iterations the bandwidth achieved is 4.458GHz with operating frquency varying from 2.42GHz-7GHz. But, 

in the 3
rd

 iteration the minimum S11 = -43.16dB is achieved at 5.1GHz frequency. The iteration value is 

increased further which leads to fabrication losses.  

 
Fig. 12 The comparision of S11 plot of the simulated and fabricated fractal antenna 

 

The S11 plot of the simulated and measured fractal microstrip antenna is shown in Fig. 12. The measured 

result is almost coincides with the simulated result. The operating frequency of the 3
rd

 order fractal 

microstrip antenna attained is 2.43GHz-7GHz with the bandwidth of 4.4GHz. The measured values are well 

agreeing with the simulated values. 

The simulated and measured VSWR plot of the proposed fractal microstrip antenna is shown in Fig. 13. 

From the VSWR plot it is observed that both simulated and measured values are well below 2 for the entire 

operating band i.e, from 2.4GHz-7GHz.  
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Fig. 13 Simulated and measured VSWR plot of the fractal microstrip antenna 

 

   
Fig. 14 simulated and measured gain plot of the fractal microstrip antenna 

 

The simulated and measured gain plot of the fractal microstrip antenna is shown in Fig. 14. The measured 

gain is close to the simulated gain. The peak simulated gain of the fractal antenna is 2.71 dB at 5.1 GHz 

whereas the measured gain is 2.53dB at the same frequency. It is clear that both the simulated and 

experimental antennas provide a wider bandwidth and show that they are in reasonable agreement with each 

other. 

 

      
(a) E-Plane                          (b) H-Plane 

Fig. 15 Simulated & Measured radiation patterns of the two principle planes 

 

Fig. 15 shows the simulated and measured radiation patterns at 5.1GHz of the fractal microstrip antenna. It 

is observed that the measured results agrees well with the simulated results. 
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Fig. 16 comparison of S11 plots of the microstrip filtering antenna 

 

To tune the operating frequency from the broadband the SIR filter is attached with the feed line. The 

simulated S11 plot of the microstrip filtering antenna for all 3 orders is shown in Fig. 16. From the figure it is 

clearly observed that the single band is selected if 1
st
 order SIR filter is attached with feed line. The 

operating frequency of filtering antenna with 1
st
 order SIR filter is 2.2GHz-2.8GHz which is useful to utilize 

the antenna for Bluetooth applications. The dual band of operation is achieved if another SIR filter is 

integrated with feed line of fractal microstrip antenna. The operating frequencies of the filtering microstrip 

antenna with 2
nd

 order SIR filter is given by 2GHz-2.43GHz and 4.8GHz-5.2GHz. This design can used for 

Bluetooth applications as well as WLAN applications. The triple band of operation is achieved by 

integrating third SIR filter with the feed line. The operating frequencies are given by (1.8-2.12) GHz, (3.1- 

4.2) GHz & (5.78- 5.95) GHz respectively. This design is well suitable for cognitive radio applications.   

 

 
Fig. 17 Simulated and measured S11 plot of the 3

rd
 order microstrip filtering antenna 

 

The simulated and measured S11 plot of 3
rd

 order of microstrip filtering antenna is shown in Fig. 17. There is 

a very good agreement is observed between the simulated and measured values. Therefore, by increasing the 

number of the SIR filter the tuning of operating frequency is increased from single band of operation to 

triple band of operation. As it is getting band notch characteristics the interference caused by nearby systems 

can be reduced to extreme possible level. Therefore the proposed tunable microstrip filtering antenna is very 

much suitable to use for the cognitive radio applications.  
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Fig. 18 Simulated & Measured gain plot of 3

rd
 order microstrip filtering antenna 

 

The simulated & measured gain plot of the 3
rd

 order filtering antenna is shown in Fig. 18. The peak gain 

values of the proposed filtering antenna is 2.3dBi, 3.2dBi and 1.83dBi at 1.97GHz, 3.97GHz and 5.87GHz 

respectively. The peak gain is observed is 2.92dBi at 3.97GHz. Here, in this case also the measured values 

are well agreeing with the simulated values.  

 
Fig. 19 Surface current distribution of the filtering antenna 

 

The surface current distribution of the tunable filtering antenna with 3
rd

 order SIR filter is shown in Fig. 19. 

The effect of the filter on the current distribution is clearly observed. The maximum current is concentrated 

at the edges of the patch. 

   

(a) E-Plane  (b) H-Plane 
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Fig. 20 Simulated & Measured E & H-Plane Radiation patterns of the filtering antenna 

The Simulated and measured E & H-Plane radiation patterns of the 3
rd

 order microstrip filtering antenna is 

shown in Fig. 20. It is observed that co-polarization values are at least 25dB stronger than the cross 

polarization values. There is very good agreement is observed between the simulated and measured results.  

 

Table 2 comparison of proposed work with some recent works 

S. No Reference Overall Size 

(     

UWB 

coverage 

(GHz) 

Narrow band coverage (GHz) 

[40] (I. Ahmad et al., 

2021) 

27 × 30 × 1.6 2 to 7.65 2.6; 3.5; 4.2; 4.5; 5; 5.5 

[41] (A. A. Palsokar et 

al., 2020) 

58 × 66 × 1.6 2.1 to 10.6 2.47; 3.8; 5.36 

[42] (G. Singh et al., 

2020) 

29 × 34  × 1.5 1.2 to 8 1.8; 2.1; 2.2; 2.4; 2.6; 3.5; 4;5 

[43] (A. Ghaffar et al., 

2021) 

40 × 50 × 1.6 1.1 to 5.7 1.8; 2.1; 2.4 

[44] (Madhav, B. T. P 

et al., 2018) 

58×48×1.6 2 to 6 2.3, 2.4, 2.5 

[45] (Iqbal, A., S et al., 

2018) 

39 × 37  ×1.6 2 to7 2.45, 3, 5.2 

- -  Proposed work 32 × 45 × 1.6 1.8-7.0 1.8 to 2.12, 3.1 to 4.2, 5.78 to 

5.95 

 

4. Conclusion and future work 

This article presents the tunable microstrip filtering antenna for cognitive radio applications. The tunability 

is achieved by increasing the order of the SIR filter. For 1
st
 order the proposed design is tuned to single 

frequency centred at 1.97GHz. Adding another SIR filter the proposed antenna is configured to dual 

frequencies i.e., at 1.97GHz and 3.97GHz. Triple band of operation is achieved with 3
rd

 order filter. All the 

final designs in each type is fabricated and tested. For the all designs the simulated results are well agreeing 

with measured results. The proposed design is operating at 3 different frequency bands the proposed antenna 

is very much suitable cognitive radio applications. In future, this work may be extended for quad band of 

operations or for multi band of operation. 
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Appendix I 

S. 

No 

Abbreviation Description 

1.  VNA Vector Network 

Analyzer 

2.  dB Decibel  

3.  VSWR Voltage Standing 

Wave Ratio 

4.  GHz Gigahertz 

5.  UMTS Universal Mobile 

Telecommunications 

System 

6.  Wi-MAX  Worldwide 
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Interoperability for 

Microwave Access 

7.  Wi-Fi wireless fidelity 

8.   IFS Iterated Function 

System 

9.   SIR Stepped Impedance 

Resonator 

10.  FR4 Flame Retardant 

11.     Relative Permittivity 

12.  tan  Loss Tangent 

13.  S11 S-parameter 

 

 

 


