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Abstract— A Novel design approach is proposed for designing 
customized fractal frequency selective surfaces (FSS) by 
combining the merits of Artificial Neural Network (ANN) and 
Particle Swarm Optimization (PSO). The trained ANN developed 
for analysis of fractal FSS is embedded in the optimization loop 
of PSO to find out the design dimensions of the unit cell of fractal 
FSS for user-defined stop band frequencies. The developed 
methodology is tested with Sierpinski carpet as the candidate 
structure and the effectiveness of the developed approach is 
confirmed by the simulation result. 

I. INTRODUCTION 
A FSS is a planar periodic structure in which radiation is 

either allowed to transmit through or blocked, depending upon 
the frequency of the incident wave, incident angle and 
polarization [1]. These surfaces have many applications in 
military as well as commercial sectors. One of the possible 
ways of creating multiband FSS is by using the fractal concept 
in designing structures. Several iterations of fractal can be used 
to design FSS that has a multiband frequency response.  

Although number of analysis technique for FSSs have been 
reported in the literatures [2], but in design front, the literatures 
is limited [3]. Design of multi-frequency customized FSSs is a 
difficult task because it involves the optimization of number of 
variables. In this work, we have developed a user friendly 
module for design of fractal FSS at user defined frequencies. 
Although the same methodology can be extended for other 
fractal structures. 

II. SIERPINSKI CARPET FSS DESIGN 
The Sierpinski carpet as a FSS has been explored as an 
excellent candidate for multiband applications [4]. The 
classical structure of this FSS is shown in Figure 1.1.The 
scaling in this classical structure in both the directions is 0.5. 
The centre patch corresponds to the lower frequency and the 
sub patches which are quarter size of the pervious patch 
correspond to the next higher frequencies. The size of centre 
patch (L) and the scaling can be change to shift the operating 
frequencies of the FSS. The present work deals with the 
determination of this design parameters for the FSS to have a 
specific user defined frequency response.   

Because most of the multi-frequency FSS are dual band or at 
the most triple band type, so in this work the design of a third 

iterated carpet is demonstrated for it to act as a multi bandstop 
screen. An iterated Function System for design of this carpet is 
discussed in [4]. In order to verify the frequency response of 
the FSS, the structure was simulated using the transient solver 
of CST microwave studio [5] for a normal incident plane wave. 
As the plane wave is x-polarized, so scaling rx and r1 (Figure 
1.1) in x directions of first and second iterated patch of FSS 
shows the effective transmission and reflections of the wave. 
The cell has periodicity Tx and Ty in x and y directions, and 
the size of the substrate on which the fractal structure is 
printed is determined by the periodicity Tx and Ty.  
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(Dimensions of First iterated square patch =L×rx, Second 

iterated square Patches= (L×r1) /4, Third Iterated square 
patches= (L×r1) /42) 

Figure 1.1 A Modified Third Iterated Sierpinski Carpet 
FSSs unit cell structure 

III.  PROBLEM FORMULATION 
In this paper the benefits of ANN and PSO are utilized to 

find out the optimized design parameters for the FSS.  

The role of ANN is to form a mapping between the design 
parameters with the corresponding working frequencies 
(Figure 1.2). For ANN training, a set of self-similar Sierpinski 
carpet were formed by varying the scaling. The length L of the 
carpet was varied between 10mm. - 120mm. in steps of 5mm. 
and the scaling rx and r1was between 0.1 - 0.5. Simulations 
were carried out to find out the operational frequencies of the 
third iterated carpet FSS. A total of 525 data sets of were 
created for the training of ANN. Here it may be noted that the 
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properties of the dielectric constant 2.2 and thickness on which 
the FSS is printed was not taken as variable for data 
generation of ANN. A multilayer perceptron of size 3×15×3 
was trained in the backpropagation mode to develop the 
analysis model for the FSS. For ease of training   the ANN 
output data were preprocessed to fr1, fr2/fr1 and fr3/fr1 instead of 
the absolute value of the frequencies. 
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 Figure 1.2   Sierpinski Carpet FSSs developed ANN Model 

PSO was used as an optimizer to find the optimized unit cell 
dimensions of fractal FSS. The previously trained ANN was 
used to evaluate the cost function for the PSO. The particles 
positions and velocities were changed according to the 
following two equations [6]. 

1 2 () ( )  () ( )id id id id gi idv wv c rand p x c rand p x= + − + −         (1)  

                          id id idx x v= +                                    (2) 

In the present paper the PSO was tuned by setting a small 
population size of ten, c1 and c2 accelerations terms, were set 
to 2.0 and the inertial weight w was varied linearly from 0.9 to 
0.4 over iteration, finally w was set at 0.7. 

IV. RESULTS AND DISCUSSION 
The developed methodology was used to design number of 
FSSs at desired frequencies. A typical structure with bandstop 
frequencies at 2.4 and 5.2 GHz is presented in this paper. The 
following cost function was used. 

Fitness function = (2.4 – fr1)2 + (5.2 – fr2)2                (3) 
 

The final optimized dimensions of the FSS unit cell are given 
in Table I. The periodicity Tx=201 mm and Ty=201 mm in x 
and y directions. 

The computation time were noted to be 15 second. These 
optimized dimensions were used to simulate the structure using 
CST. The frequency performance of the unit cell is shown in 
Figure 1.3. From the Figure the stopband behaviour of the FSS 
at 2.4 and 5.2 GHz can be clearly marked. 

TABLE I.  OPTIMIZED DIMENSIONS OF THE FRACTAL 
FSS. 

 

 

 
Figure 1.3 Transmission characteristics (S21) at ISM band at 
2.4, 5.2 GHz and mm band at 17.88 GHz over the range of 17-
19 GHz for optimized third Iterated Carpet FSS Structure for 
bandstop filter.  

V. CONCLUSION 
A novel design methodology has been proposed for design of 
customized FSSs. Although developed for Sierpinski carpet, 
the same methodology can be extended for design of other 
multiband fractal FSS.  
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