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Abstract 
 

Microstrip antenna arrays play important role in RADAR applications 
because of their light weight, tiny structure, easy and mass production. While 

designing the RADAR antennas side lobe level is the significant parameter in 

majority of applications to avoid false targets. In the present work microstrip 

antenna array considered for low SLL without effecting its gain and 
bandwidth by providing effective amplitudes, phase and position in terms of 

standard evolutionary algorithm. Evolutionary algorithms are used to provide 

effective amplitude to individual antenna elements. For a microstrip antenna 
array MDE algorithm was applied and side lobe level obtained up to -

20.12dB which is benefitted for environmentally safe applications. 

 
Key words: Microstrip array, Side lobe reduction, Null points, Band width, 
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1 Introduction 

 
Over the last decade microstrip antenna array in RADAR applications 

playing vital role, it provides wide band width, easy feeding, dual and 

circular polarization, polarization agility, adaptability[1][2]. Microstrip 
antenna considered based on its effective gain, low side lobe level 

improvement, bandwidth compatibility with the applications for synthesized 

input current [3].Microstrip antennas are thoroughly studied due to their 

challenging properties, such as low coast conformability and ease of 
integration with active applications [4].Above features made microstrip 

antennas more familiar in satellite communications, RADAR applications, 

medical applications [5][6].The performance of wireless communication 
system greatly depends on antennas which are used in that and the energy 

which radiating other than required direction cause for Electromagnetic 

pollution for other antennas and are cause for health hazards.The 
electromagnetic energy other than required direction in general considered as 

electromagnetic pollution.So, by using this microstrip antenna somewhat 

electromagnetic pollution will be reduced.The focus of most of the 

researchers is implementation of array design using the natural inspired 
algorithms like genetic algorithm and particle swarm optimization for 

reducing the sidelobe levels. The differential evolution algorithm used for 

various applications whereelectromagnetic problems involved. In the present 
design of micro strip antenna array one of the most common problem was 

sidelobe levels[7].There are some other algorithms like particle swarm 

optimization(PSO) and geneticalgorithm (GA) used by some of the 
researchers for reduction of the side lobes but the accuracy in finding the 

exact global solution is low.  In some casesBacterial foraging algorithm was 

used avoid interferences in linear array antenna. The main purposes for 

selecting the differential evolution algorithm was its accuracy in finding the 
global best solution for different situations [8]. Where as in other algorithms 

for most of the cases local solutions considered as global solutions with high 

number of iterations. For large array antennas side lobe level is an 
unfortunate parameter which degrades the performance of the device. Side 

lobes are transmitted energy outside to that of major beam directionModified 

differential evolution algorithm considered for the generation of the 

amplitude weights of the individual antenna elements. The mutation function 
used in the present algorithm provides the best possible amplitudes to avoid 

all the side lobes[9]. In the present work side lobes are reduced based on the 

amplitude weights that are provided to the individual microstrp antenna. 
Because of the radiation pattern of a single-element antenna is relatively less 

directive, antenna arrays have shown great importance both to enhance the 

directivity and to reduce the SLL [10]. Specifically in most of the practical  
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applications, the radiation pattern of the array has to satisfy the criteria 

including, enhancing directivity and reducing SLL. In the antenna array 

synthesis process to get desired radiation pattern assigning an effective vector 
weights plays vital role. Desperate numerical techniques have been 

developed to fulfil above challenges. 

In section 2 the literaturesurvey of workisgiven in detail. Explained 

proposed work in section 3. Section 4 and 5 explains the simulation results 
and conclusion. 

 

2 Literature survey 
  
The main concentration of present thesis is to minimize the side lobe 

levels without changing its main lobe using amplitude optimization. In paper 

[13] authors proposed an open loop collaborative beam forming in wireless 

sensor network and tried to reduce side lobe levels using weightless swarm 
algorithm and obtained average reduction of 20dB. Side lobes affect the 

communication rate by interference of the antennas which are within the 

range of communication system.  In collaborative beam forming nulling is 

not possible because collaborating node unable to get feedback signal from 
the receivers because of this interference. Authors worked on synthetic 

aperture RADAR and tried to reduce side lobes to increase resolution of 

ground target image [14]. In this paper [15] authors proposed 5G 
broadcasting application with enhanced gain by reducing the side lobes with 

different algorithms.Rapidgrowth in the wireless communication from 4G 

communication to the 5G communication mainly focused on the range and 

accuracy and efficiency. For 5G communication N number of antenna 
elements were used for long distance communication, it was one of the major 

problems for generation of side lobes which should be reduced. There are 

various types of algorithms used namely biogeophy based optimization based 
on local search and reduced side lobesup to 19.16dB [16].  The configuration 

of the antenna is one of the most critical reasons for the reduction of the side 

lobe. If the side lobe level are high in the designed system electromagnetic 
interference problems will occurs with nearby communication systemsand 

electromagnetic compatibility problems will collapse the overall 

performances of the array for this purpose they implemented the most 

valuable player algorithm and they reduced the side lobe levels is -21.4256 
dB [17].In [18] authorsanalyzed the characteristics of the linear array antenna 

with amplitude and phase optimization using genetic algorithm and obtained 

the side lobe reduction -20dB. For circular array antenna by applying 
different amplitude and phase values using various algorithms M.A. In [19] 

compared the directivity and sidelobes and obtained for GA level -14.22dB, 

PSO level -18.19 dB and DE level -18.91dB.In present and future wireless 
networks, including 5G, need antenna arrays that will potentially reduce the 

amount of distortion that has been a hot problem for many researchers over  
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the past few years and will continue into the coming years due to the 

crowded spectrum. In this he proposed genetic algorithm is used to reduce 

the side lobe, and improved directivity, side lobe level and half power beam 
width [20].  Differential evolution [DE] algorithm is one of the latest 

algorithms to get global solution and the main purposes DE over genetic 

algorithm  was DE avoids deadly mutations, which cause for shortest path 
selection to achieve global solution[21].Differential evolution algorithm is a 

basic but efficient population based stochastic search technique that is 

especially useful in solving multivariable function optimization problems and 
successfully related to array synthesis problems with antenna and filter 

architecture problems and some  another technical issues[22]. Developed 

improved differential evolution (IDE) algorithm that increases the 

convergences rate by introducing a sub optimal vector in the mutant process 
[23].This IDE algorithm will increase the speed of the convergence as 

preserve diversity. IDE algorithm in complex pattern synthesis 

implementations than often suffers from low convergence speed issues. The 
dynamic differential evolution in which the optimum individual is regularly 

updated after each fitness function assessment and then used in the next 

mutation equation. DDES (Dynamic differential evolution strategy) has been 

used to minimize the unique minimum test function to minimize the multi 
minimum test function and to solve abench mark electromagnetic inverse 

scattering problem [24].Inmodified differential evolution algorithm (MDE) 

that uses best random mutation strategies and randomized local search is 
suggested. The benefit of the best random mutation is that it will strike a 

strong balance between the level of evolutions and size of evolution [25]. 

 

3 Proposed work 
  

3.1 Microstrip Antenna Array Design 

 
Microstrip patch antennas are made from patches of conducting material 

on a dielectric substrate above a ground plane and fed by microstrip or 
coplanar transmission line is called microstrip or patch antenna. The structure 

of the microstrip antenna as shown in fig.1(a). 

                        
Figure1(a): Structure of a Microstrip patch antenna 
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The performance of microstrip antenna increases based on the count of 

patch elements which placed on the substrate.Rectangular micro strip patch 

antenna designed based on following equations [1][11][12]. 
Total work organized as fallows i) Microstrip antenna array design ii) 

Mutaion functions used in differential evolution algorithm iii) design and 

validation of results using CST iv) Result and analysis v) Conclusion. 

Free space wave length:     (1) 

Where „ ‟ represents velocity of light in vacuum and the resonant frequency 

represented by  

Microstrip antenna array considered with four elements shown in figure 

1(b) and the same pattern can be implemented in CST. Mathematical analysis 

done based on following equations.The reduction in the degree of the 
sidelobe (SLL) of the micro strip patch antenna array is mentioned. To 

minimize the surface wave, the air core inside the subtracte below each patch 

antenna is used and to minimize the reciprocal coupling between the array 

components by using basic narrow strip fences between the components. 

        
Fig 1(b): Microstrip antenna array 

 

For micro stripantenna patch was the main radiation element the width of 

the patch given as  

Patch Width given as: =                 (2) 

 Effective dielectricconstant[26][27][28][29]: 

                      (3) 

Where  
T = Thickness of material. 

Extra Length of the Patch due to fringing: 

                   (4) 

Given Length of the Patch:                         (5) 
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The impédance of the patch intermsof relative permitivity of the 

materialgiven as 

                       (6) 

The width and length of the ground plate takenbased on followingequations 

Ground Plate width:                 (7) 

Ground plate length:                 (8) 

The position of the feed can berepresentedbased on the followingequation 

Feed position ( , ):                  (9) 

 

 

 

 
The radiation pattern of the antenna array can be determined based on 

theArray factor of micro strip antenna. Here the standard array factor was 

taken and given as [28][29][30] 

AF =                              (10) 

A number of optimization algorithms have been developed and several 

studies carried on antenna arrays for improving its performance through 
enhancing directivity, improving the beam efficiency, extending system 

coverage and increasing spectrum efficiency. Because of the potential 

development in the computational capability of computers, array geometry 
optimization has been under investigation primarily using biologically 

inspired algorithms also. 

 

3.2 Modified DifferentialEvolution Algorithm 
 

Differential Evolution (DE) is one of the evolutionary algorithms 

proposed by [22] in 1995 for solving optimization problems. It can handle 
optimization problems involving non-differentiable, non-linear and multi-

modal objective functions, with few, easily chosen, control parameters. 

Specifically DE uses weighted differences between solution vectorsto change 
the population and it differs from other evolutionary algorithms in the 

mutation and recombinationphases. The DE uses crossover, mutation and 

selection operations to create a population of potential individuals that 

represent a possible solution to the given problem [31]. Figure 1(c) shows 
flow chart of MDE. 
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Figure 1(c): Flow chart of the MDE. 

The mutation function used in the MDE given by equations  

    (11) 

            (12) 

  (13) 

Mi = Mutation function 

 
,  

 

4 Simulation Results 
 

In this work, the validation of results using 3D electromagnetic field 

solver CST (computer simulation technology) is carried out and the 
optimized amplitude excitations of the 10 element isotropic antenna array 

using the proposed MDE to suppress the SLL and to place the nulls at129
0
 

and 142
0
.Figure 2 represents the microstrip patch antenna at operating 

frequency of 2.27GHz.  
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Figure 3 represents reflection coefficient (S11) of the patch antenna. S11 

of -37dB level has observed. Figure 4 represents radiation pattern of the 

patch antenna at 2.27GHz.  

               
Figure. 2: Single patch antenna operating 2.27GHz. 

 

Table 1.Optimized amplitude excitations using MDE 

Element E1 E2  E3 E4 E5 E6 E7 E8 E9 E1

0 

Current 

Amplitud

e(A) 

0.0532     0.0431 0.1407     0.2163     0.2631     0.2670     0.2523     0.3062     0.2352     0.1

64

4 

 

The optimized amplitude values obtained from Modified differential 

evolution using MATLAB simulation those are given at Table 1 for the 10 
element antenna array. The obtained values are best possible values from 

mutation functions given equations (2)(30)(13). 

 

 
Figure 3.Reflection coefficient (S11) of the patch antenna. 
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The return loss and the power reflected from the antenna are the 

calculations taken from the (S11). The return loss of the antenna that was 

designed using the computer simulation technology (CST) was 37dB. 

 
Figure 4.Radiation pattern of the patch antenna at 2.27GHz. 

  

The figure 4 represents the radiation pattern of the patch antenna. The 

radiation pattern refers to the angular dependency of the antenna.  

           
Figure 5.Structureof the 10 element microstrip patch antenna array at 2.27GHz. 

 

                    
Figure 6.Reflection coefficient of all the antenna elements in the antenna array. 
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Figure 7.3D-Radiation pattern of the 10 element uniformly illuminated Microstrip 

patch antenna array (UIMPAA) 

 
 

Figure 8.3D-Radiation pattern of the 10 element MDE amplitude optimized Micro 

strip patch antenna array (MDE-AMP-MPAA) 

 

Thereafter the performance of antenna increased in terms of multiple 

element array at a frequency of 2.27GHz which is in figure 5.  Reflection 
coefficient of all the antenna elements in the antenna array shown in figure 6 

which is almost -38dB.  Figure 7 represents the 3D-Radiation pattern of the 

10 element uniformly illuminated Microstrip patch antenna array 
(UIMPAA). Figure 8 represents the radiation pattern of the 10 element 

Microstrip patch antenna array with MDE amplitude optimized.  

Here the reflection coefficient of single strip executed initially, later for 

array of elements and observed an improvement in it in terms of amplitude 
excitation. There after plots obtained for radiation pattern of array antenna 

for uniform amplitude and for vales of MDE. There is constrain for main 

beam width, by maintaining the same beam width for the major lobe 
controlled the level of side lobes. It is one of the important parameter in the 

present algorithm.Micro strip antenna simulated with equal amplitudes and 

MDE optimized amplitudes using 3D electromagnetic field solver CST.  The 
proposed algorithm successfully suppressed the SLL and placed the nulls in 

the desired directions. Figure 9 represents Radiation patterns of uniformly 

illuminated 10 element microstrip patch antenna array (UIMPAA) and 

uniformly, 
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 Figure 9: Radiation patterns of uniformly illuminated 10 element microstrip 

patch antenna array (UIMPAA) and uniformly illuminated isotropic antenna array 
(UI-IsoAA). 

 
Figure 10:Radiation patterns of uniformly illuminated 10 element microstrip patch 
antenna array (UIMPAA) and proposed MDE amplitude optimized Microstrip patch 

antenna array MDE-AMP-MPAA). 

 
Figure 11: Radiation patterns of MDE amplitude optimized isotropic antenna array 

(MDE-AMP-IsoAA) and proposed MDE amplitude optimized Microstrip patch 

antenna array (MDE-AMP-MPAA). 
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Illuminated isotropic antenna array (UI-IsoAA). Figure 10 represents 

Radiation patterns of uniformlyilluminated 10 element microstrip patch 

antenna array (UIMPAA) and proposed MDE amplitude optimized 
Microstrip patch antenna array (MDE-AMP-MPAA). Proposed algorithm 

provided best possible excitation coefficients to individual elements to obtain 

low PSLL. Here null are considered in the direction of 129
0
 and 142

0
 with 

PSLL is of -20.12 for Mat laband -20.20 for CST observed. The CST 

simulated results are matched with Mat lab simulated results.  

 
Table 2: Antenna array properties (Both for isotropic and microstrip antennas) 

S. No. Type Software 
PSLL 

(in dB) 

Null at 

129
0
 

Null at 

142
0
 

1 
Uniformly illuminated 

isotropic antenna array 
Matlab -13.23 -21.07 -23.78 

2 

Uniformly illuminated 

Microstrip patch antenna 
array  

CST -13.12 -21.25 -24.36 

3 
MDE amplitude optimized 

isotropic antenna array 
Matlab -20.12 -70.53 -81.25 

4 

MDE amplitude optimized 

Microstrippatch antenna 

array 
CST -20.20 -60.2 -62.25 

 

Table 2 will gave the comparison between the uniform micro strip 
antenna in both CST and MATLAB environmental for microstrip antenna. 

The modified differential evolution in  mat lab executed sidelobe level of  -

20.12 dB. Where as in CST environmental sidelobe level was 20.20dB. 
PSLL of linear array antenna, microstrip antenna array by considering nulls 

at 129
0
, 142

0 
and both are compared with values applying MDE for same 

angles. Nulls obtained at -70.53dB, -81.25dB. As per the comparison of the 
MATLAB results to that of CST results one can conclude that the amplitudes 

which produced by the MDE algorithm can be practically compatible.The 

proposed MDE optimized amplitude also works well in the real environment. 

But, all the simulations performed on isotropic antenna array using Mat lab. 
In general, isotropic antenna will not exist. So, in order to validate the results 

in real scenario, we consider the real antenna element call microstrip patch 

antenna as the antenna element in the antenna array instead of isotropic 
antenna. 

 

5 Conclusion 
 

` The major issues in the communication system was high interference in 

between the antennas of given communication range because of energy 
radiating in unwanted direction in terms of side lobes.  
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The proposed system introduces antenna array with reduced side lobe 

level, nulls at desired direction without effecting the major beam. The results 

are considered for both isotropic and micro strip antennas with MDE 
Amplitude optimized. This analysis and approach would be useful for large 

scale micro strip antenna arrays with required PSLL. Nulls placed along the 

direction of 129
0 
and 142

0
 and PSLL is of -20.20 obtained. The MDE used in 

the present work can apply to any communication antenna array system for 
effective optimization of side lobes.The electromagnetic pollution can be 

avoided by reducing the side lobe levels up to considerable range. 
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