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Abstract 

         Communication and radar systems require radiation pattern of 

high directivity and low sidelobes level. It is necessary to look for an 

antenna to achieve such purpose. An antenna array can help us to 

reach this duty. Antenna array posses good directivity and low 

sidelobes level as compared with the antenna of a single element. The 

sidelobes level of the array still high and need to be reduced to 

overcome the interference from unwanted signals. In this work we 

used circular antenna array. Many methods were used to obtain the 

suitable excitation for the elements of the array for low sidelobes 

level. 

       A genetic algorithm   is a technique presented in this work for 

reducing the sidelobes structure in the radiation pattern of a circular 

antenna array. The fitness function used in the algorithm is the area 

under the sidelobes. In order to obtain good results in the reduction of 

the sidelobes level, we should obtain the lowest value for the fitness 

function, taking into consideration the small increase in the 

beamwidth of the main beam. 

Results of computer simulations showed good reductions in the 

sidelobes level. 

       Modification in the weights and radial distance of certain 

specified elements of a circular antenna array is also presented for 

reducing the sidelobes. This method involves adjusting the current 

weights or the radial distance or both of them. The idea of 

modification in the current weights was developed for two, four, six 

and eight elements. 



II 

 

         Computer simulations showed better results in reduction of the 

sidelobes level  as compared with that obtained by genetic algorithm 

method. 

        Concentric circular antenna array is also presented. The elements 

used in the single ring of a circular array were distributed over two 

concentric rings. Three  examples of concentric antenna array were 

used. The first one we measured the performance of the array by 

varying the radii of the concentric array in steps guided by the ratio of 

the elements in the outer ring to that in the inner ring. The second one 

we measured is the performance of the array by varying the radius of 

the outer ring while keeping the radius of the inner one unchanged at 

value less than the radius of the original circular array. The third one 

we measured is the performance of the array by varying the radius of 

the inner ring in the concentric antenna array keeping the outer ring 

constant at value equal to radius of the original circular array. 

        Computer simulations showed better results in the performance 

of the concentric circular antenna array as compared with that of 

single ring circular antenna array. 
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CHAPTER ONE 

Introduction 

 

1.1- General Consideration:  

 

          An antenna is a transducer that converts electric currents into 

electromagnetic waves which are radiated into the free space making 

the antenna as an essential component in any wireless communication 

system. In many applications it is necessary to design antennas with 

good directivity to meet the demands of less interfering signals and of 

long communication distance. A large number of antenna designs 

have been done to achieve a reduced sidelobes with good directivity. 

These demands can be achieved by using array of antennas. Array of 

antennas have been widely used specially in radar, sonar, and wireless 

communications. Array of antennas can provide the capability of 

steerable beams in smart antennas. Such antennas are composed of a 

number of sources arranged in one of the forms (linear, circular, 

rectangular…). [1]. In circular array of a uniform distribution, it is 

possible to have a high gain, but the sidelobes level is relatively high, 

the first sidelobe is at -8dB.  

 

The high level of the sidelobes is responsible for interferences with 

the main signal in many applications of antennas. Design techniques 

that gives low sidelobes level are desirable. Changing the parameters 

of the array such as amplitude excitation, phase excitation of elements 

and space between the elements will help in reducing the sidelobes 

level of the array pattern. There are many techniques that can be used 
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to change the performance of the array. Genetic algorithm, particle 

swarm optimization, invasive weed optimization and differential 

evolution etc. In this work genetic algorithm technique, non-uniform 

excitations for certain specified elements and concentric circular array 

of two rings were used to obtain a reduced sidelobes level in the 

radiation pattern of the circular array. 

 

1.2 -Historical Review: 

       Since the radiation pattern of the antenna array suffers from high 

sidelobes level, pattern synthesis is the necessary process of choosing 

the antenna parameters to obtain the desired radiation pattern. 

 

In literature, there are many works concerned with the synthesis of 

antenna array. In 1967 Cockrell and Croswell utilized general method 

for designing circular array antennas to obtain quasi-omnidirectional 

patterns [2]. In 1978 Hodjat et al. used non-uniformly spaced 

uniformly excited linear and planar arrays of antennas for sidelobes 

reduction. He used the iterative method to solve a set of linear 

equations for establishing the spaces between the elements [3]. 

In 1980 Tseng used a technique of producing an array pattern that 

posses a reduced sidelobes and a deep null in certain direction. He 

discussed the effect of sidelobes on the noise and interferences [4]. In 

1990 Hassan used the principle of non-uniformly spaced array to 

obtain the desired radiation pattern. He obtained a radiation pattern 

approximately similar to that of Chebyshev array [5]. 

In 1994 Anderson et al. used genetic algorithmic in element position 

perturbation for obtaining nulling in the pattern [6]. 
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In 1996 he used genetic algorithm for antenna pattern synthesis and 

sidelobe reduction. This technique, takes to consideration the effects 

of mutual coupling between the array elements [7]. In 1997 Yan and 

Yilong utilized genetic algorithm for sidelobe reduction in linear 

array-pattern. This approach avoids coding, and directly deals with 

real or complex excitation vectors[8]. In 1999 Kumar and Branner 

designed unequally spaced arrays utilizing a simple inversion 

algorithm to obtain the element spacing from prescribed far-zone 

electric field and current distribution[9].In 2003 Dennis and Yahya 

Rahmat used particle swarm optimization algorithm for reconfigurable 

phase differentiated array design [10].In 2006 Dessouky, M. et al. 

used efficient sidelobe reduction technique for small-size concentric 

circular arrays [11]. 

 

In 2008 Sayidmarie et al. used Position perturbation of the array 

elements for reducing the sidelobe structure in the radiation pattern of 

phased arrays. The obtained results of computer simulations showed 

good improvements in the sidelobe structure as compared to the equal 

size linear array [12]. In the same year Najjar Y. et al. designed a non-

uniform excitation of circular antenna array with optimum reduction 

of sidelobes level using particle swarm optimization (PSO) method. 

This method used to determine an optimum set of weights and antenna 

element separations that provide a radiation pattern with maximum 

sidelobe reduction [13]. 

In 2009 Zuniga, V. et al. made a modification of the circular array 

geometry by placing antenna element in the center of the array. By 

adjusting the phase of the central element, this modification in the 
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geometry of the circular array showed good performance in the 

directivity and beamwidth of the array pattern[14]. 

 

In 2010 Mandal et al. designed a three concentric circular array with 

maximum reduction in sidelobes level. He used particle swarm 

optimization method for three successive concentric rings[15].In the 

same year Siddharth et al. used a differential invasive weed 

optimization algorithm to reduce the sidelobes level and the major 

lobe beamwidth as much as possible [16].In 2011 Das et al. 

synthesized broadside uniform circular antenna array along with the 

resting plane. It has been shown analytically that, good performance 

of the on-resting plane array pattern was obtained with proper choice 

of the number of elements and radius of the array [17]. In 2011 Singh 

and Kamal used biogeography-based optimization to find out an 

optimal set of weights and antenna element separations to provide a 

radiation pattern with maximum sidelobes level reduction[18].In 2012 

Ghosh et al. used evolutionary algorithm to achieve  minimum 

sidelobes level for a specific first null beam-width and also a 

minimum size of the circumference by an optimization-based design 

method for non-uniform excitation circular antenna arrays [19]. 

 

In 2013 Reddy et al. used artificial neural networks to design a circular 

antenna array for a given gain and beamwidth by finding the parameters 

of the radiation pattern of a uniform circular antenna array. The 

designed model has given a quick speed of convergence and improved 

accuracy [20].In 2014 Albagory used Kaiser Window to design uniform 

concentric circular arrays for sidelobes reduction. This technique is 

based on tapering the current amplitudes of the rings in the array, 
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whereas all elements in an individual ring are weighted in amplitude by 

the same value. Based on establishing some mapping curves, this novel 

tapering window is optimized in its parameters to have the lowest 

possible sidelobes level [21].In the same year Mohab A. et al. designed 

circular arrays and hexagonal arrays with low sidelobes level and high 

directivity by increasing the number of array elements, which leads to a 

high undesired mutual coupling. Also he designed multi-ring concentric 

and concentric configurations using a hybrid enhanced particle swarm 

optimization and differential evolution optimization technique. The 

presented optimum concentric circular array and concentric hexagonal 

array have perfect invariant sidelobes level and high directivity with 

low mutual coupling by keeping the inter-element spacing not less than 

half a wavelength which is not possible to be achieved in circular array 

and hexagonal array arrangements [22]. 

 

In 2015 Recioui used differential search algorithm for synthesizing a 

one-and a three-ring circular and concentric circular antenna array 

with thirty elements. This synthesis is done by finding the optimum 

inter-element spacing of rings, phases and positions that give optimum 

sidelobes level. [23]. 

1n 2016 Raju et al. used differential evolution algorithm for sidelobes 

level reduction for concentric ring arrays by amplitude only synthesis 

method along with thinning the array at the same time. A differential 

evaluation algorithm is employed for obtaining optimum array 

configurations. [24]. 

 

In 2017 Mohammed & Sayidmarie, used a controlled edge elements 

for synthesizing asymmetric sidelobe pattern with steered nulling in 
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non-uniformly excited linear array. Therefore the difference in the 

sidelobes level on both sides of the main beam is achieved by varying 

the phase excitations of the two-edge elements[25]. 

 

1.3 -Aim of the Work: 

In this work genetic algorithm technique is presented for sidelobe 

reduction in circular antenna array. Genetic algorithm is used to obtain 

an optimized weights for the elements used to design a reduced 

sidelobes level in circular array. A modification method for an 

existing circular antenna array is introduced here and it is shown that 

larger reduction in the sidelobes level is obtained. Concentric circular 

antenna array of two rings is also presented in this work for reducing 

the sidelobes level, and it is shown that good result is obtained as 

compared to a circular array of  the same number of elements. 

 

1.4-Scope of the Dissertation: 

This dissertation consists of five chapters. Chapter two covers the 

antenna array analysis.  

In Chapter three, the results of using genetic algorithm, modified 

excitations and modified radial distance of the selected elements in 

circular antenna array for sidelobes reduction are covered. 

Chapter four covers the results of using concentric circular array of 

two rings for sidelobes reduction in circular array. 

Chapter five gives the conclusions obtained from this work and lists of 

some suggestions for future work. 
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CHAPTER  TTWWOO  

 SSttuuddyy and Analysis of Antenna Arrays 

 

2.1 Introduction: 

          A large variety of antenna have been developed starting from 

simple structures such as monopoles and dipoles to complex structures 

such as phased arrays. The radiation pattern of a single element 

antenna is very wide and it provides low value of directivity. High 

value of directivity can be achieved by increasing the size of the 

antenna. Another way of increasing the directivity is to enlarge an 

antenna by considering a set of individual elements in a geometrical 

configuration this arrangement is known as antenna array [1]. It is 

convenient that the elements of the array are identical to enable a 

simpler analysis and design. Antenna array has an important role in 

detecting and processing signals arriving from different directions. 

Antenna arrays are preferred over single element antenna in the values 

of its directivity and bandwidth. Antenna arrays overcome the low 

directivity and high beamwidth associated with the single element. 

Design of any structure of antenna array is basically accomplished in 

finding the allocation of the array elements and its weights in the 

configuration used. The total field of the array is determined by the 

vector addition of the fields radiated by the individual elements. The 

pattern of the antenna array, to be more directives in the desired 

direction, the individual fields of the array added constructively and 

interfere destructively in the remaining space. In an antenna array of 
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identical elements, the controls that can be used to obtain the desired 

pattern of the antenna are: 

 

1. General array shape (linear, circular, planar, etc.). 

2. Elements spacing. 

3. Elements excitation amplitude. 

4. Elements excitation phase. 

5. Patterns of array elements. 

 

2.2 Linear antenna array: 

        In linear antenna arrays all the elements are positioned in one-

dimensional form as shown in Fig. (2.1).  

In the uniform array, all the elements have identical magnitudes with 

  progressive phase lead current excitation relative to the preceding 

one. The array factor can be obtained by considering the elements to 

be isotropic sources. In terms of the inter-element spacing which is 

assumed to be uniform across the array, the array factor for the N- 

element array is given by:  

 

AF ( ) = 
 




)cos()(1(

1

kdnj
N

n

neI   ………………..………………… (2.1) 

k = 2  is the wave number,   is the wavelength, d is the 

displacement between the elements,' ' is the angular position of the 

field point and   is the progressive phase excitation difference 

between the elements [1]. 
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Fig. (2.1) Linear antenna array of N elements positioned along 

z- axis. 

 

 

0 20 40 60 80 100 120 140 160 180
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

A
F

theta(deg.)  

                                                         -a- 

 



  

10 

 

0 20 40 60 80 100 120 140 160 180
-60

-50

-40

-30

-20

-10

0

A
F

(d
B

)

theta(deg.)  

    -b- 

 
Fig. (2.2) a&b- Plot of the array factor for 12-element uniformly 

                                         excited linear array pattern. 

 

 

Table 2.1 Maximum peak sidelobes level in dB and beamwidth for 

                 uniform linear broadside arrays at d=0.5λ.  

       

5
th

 4
th

 3
rd

 2
nd

 1
st

 Bwi N 

0 0 -17.8 -16.43 -12.8 12.9º 8 

0 20.9- -19.5 -17.2 -13.06 8.5º 12 

-23 22 --20.2 -17.5 -13.21 5.6º 18 

23.9 --22.4 -20.5 -17.6 -13.22 4.2º 24 

 

Table (2.1) gives results regarding the information about beamwidth 

and level of sidelobes for spacing between the elements 5.0d  and 

different number of elements 'N'. 
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Figure (2.3) shows the beamwidth plot of a uniform broadside linear 

array of isotropic elements versus spacing between the elements )(d  

for different values of 'N'. It is clear from the plot that the beamwidth 

decreases with the increasing elements number 'N', and it is inversely 

proportional with spacing between the elements 'd '. 
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Fig. (2.3) Plot of beamwidth for linear antenna array versus  d(λ) for  

                       different values of N. 

 

 

2.3- Directivity of the Array Antenna:  

        Directivity gives a measure for the ability of the antenna to direct 

its power towards a given direction; the directivity is a figure-of-merit 

describing how well the radiator directs energy in a certain direction. 

The directivity of an antenna is defined as the ratio of the radiation 

intensity in a given direction from the antenna to the radiation 

intensity averaged over all directions. 
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Figure (2.4) shows the directivity plot of a uniform broadside linear 

array of isotropic elements versus spacing between the elements )(d  

for different values of 'N'. It is clear from Fig. (2.4) that the directivity 

equals 'N' at integer multiples of half-wavelength. From the directivity 

curves for each value of 'N' we note that the directivity curve takes 

steep decline for integer multiple of wavelength between the elements 

due to the emergence of grating lobes into the visible region. 
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Fig. (2.4) Directivity for uniform linear array versus d for different       

                             number of the elements. 

 

2.4 Circular antenna Array: 

        One of many antenna array geometries is the circular antenna 

arrays. The elements of the array lie in two dimensions. Its 

applications include space navigation, underground propagation, radar, 

sonar, radio direction finding, mobile and commercial satellite 
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communications systems [26-29]. The advantage of circular antenna 

array is its ability to steering the main beam electronically through all 

azimuth angles without any change in the beamwidth and sidelobes 

level [26]. The radiation pattern of a circular array depends on the 

radius of the circular antenna array, number of elements in the array, 

excitation and phase of each element that constitute the array. In the 

uniform antenna array, all the elements have identical magnitudes and 

each succeeding element has a progressive phase leading current 

excitation relative to the preceding one. Fig. (2.5) shows a circular 

array consisting  of  N-element that are allocated on a circle of radius 

a in the x–y plane.  

 

Fig. (2.5) Geometry of circular antenna array of N elements  

positioned in x-y plane. 
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  Array Factor of circular antenna array: 

      Consider N isotropic radiators distributed in circular ring of radius 

a placed in x-y plane. The origin of the coordinate system is located at 

the center of the array. The array factor can be obtained by considering 

the elements to be isotropic sources. If the actual elements are not 

isotropic sources, the total field can be formed by multiplying the 

array factor of the isotropic sources by the field of the single element. 

This is known as the pattern multiplication rule, and it applies only for 

arrays of identical elements.      

The array factor of N-element array shown in Fig. (2.5) can be given 

by: 







N

n n

jkR

nn
R

e
aE

n

1

  …………………………………….……… (2.2) 

)cos()sin( nn arR     ……………………………..….. (2.3) 

Where nR  is the distance from the nth element to the observation 

point )( , )(  elevation and azimuth angle respectively. 

 

Let the linear distance between two consecutive elements is d as 

shown in Fig. (2.6). 

 

 

 

 

 

 

Fig.(2.6) Section of the circular antenna shows two consecutive 

 elements of the array on  the arc of a circle 
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Angular position difference between consecutive elements is [18]. 

 
N

nnn




2
1    

From the Fig. (2.6) and the geometry of a circle, the following relation 

can be written, 

 

 
a

dn

22
sin 


                                                                 

 

N

d
a


sin2

                                                                    

Where a is the radius of the circular antenna array. 

 

na  is the excitation coefficient of the nth element, nI  amplitude 

excitation of the nth element, n  phase excitation (relative to the  

array center) of the nth element. 

 

 
nj

nn eIa


 ……………………………………………..…… (2.4) 

The angular position of the nth element n  on the resting plane is 

given by: 

),...,3,2,1(,
2

Nn
N

n
n 


 ………………………….……….. (2.5)                        

For amplitude variations rRn  , then the equation (2.2) can be 

written    as: 

   njka
N

n

n

jkr

n ea
r

e
rE

 






cossin

1

),,(
 ……....….….…... (2.6) 

   ,),,( AF
r

e
rE

jkr

n



  …………………….…...……… (2.7) 
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Then the array factor can be written as: 







N

n

nkaj

n
neIAF

1

))cos(sin(
),(


 …..……...….. (2.8) 

 

Equation (2.8) represents the array factor of a circular array of N 

equally spaced elements. To direct the peak of the main beam in the 

( 00 , ) direction, the phase excitation of the nth element can be chosen 

to be 

Nnka nn ,...2,1,)cos(sin 00         ………………..(2.9) 

Thus, the array factor can be written as. 

 







N

n

jka

n
nneIAF

1

)]cos(sin)cos([sin 00),(


……...….. (2.10) 

 







N

n

jka

neIAF
1

]cos[cos 0),(


…………………..……. (2.11) 

 

To reduce equation (2.11) to a simpler form we define  as 

     2/12

00

2

00 sinsinsinsincossincossin   a     

                                                                         ……. …………. ..(2.12) 

The exponential in equation (2.11) takes the form of 

)cos(cos 0 ka  
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2
1

2

00

2

00

00

])cossinsin(sin)cossincos[(sin

)]cos(sin)cos([sin








 nnk

         

                                                                                     ……….. (2.13) 

Which when expanded reduced to  

)cos(cos 0 ka  

 
2

1
2

00

2

00

0000

])cossinsin(sin)cossincos[(sin

)sinsinsin(sinsin)cossincos(sincos









 nnk  

                                                                          ………………. (2.14)              

                                                                                                                      

Defining 

)(

cossincossin
cos 00

a





  ……………………………... (2.15) 

2
1

2 ]cos1[sin    

 

2
1

2

00

2

00

00

])cossinsin(sin)cossincos[(sin

sinsinsinsin
sin









    

                                                                    …...……………… (2.16)                 

 

Thus equation (2.14) and equation (2.11) can be rewritten, 

respectively as 

)cos()cos(cos

)sinsincos(cos)cos(cos

0

0









n

nn

kka

kka
       

                                                                                  ….………... (2.17) 

                               

 

………... (2.18) 
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neIeIAF

1
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1
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For a uniform amplitude excitation of each element ( IIn  ) and 

equally space between the elements the equation (2.18) can be   

written as: 

 

 

          

………..… (2.19)                                                                                             

           

Where m is the running index. 

The term with the zero-order Bessel function  kJ 0  is called the 

principal term, and the rest are residuals. For a circular array with a 

large number of elements, the term  kJ 0  alone can be used to 

approximate the two-dimensional principal-plane patterns. The 

remaining terms in (2.19) contribute negligibly because Bessel 

functions of larger orders are very small [1, 30]. 

 

2.5 -Vertical pattern for circular antenna array: 

From equation above for vertical pattern in broadside array where 

 0,0 00    , we have. 

0n  

 sinavertical   







 coscos
 

Array factor in equation (2.19) can be represented as:                                                                                 

 

 

  ……. (2.20) 
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2.5.1-Nulls of the vertical Pattern: 

      To find the nulls of the vertical pattern, the term of the array factor 

in Eq. (2.20) is set to zero, (   0sin kaJ mN ) which gives the nulls at. 

,..)9.14,6.11,6.8,5.5,4.2(,sin  xxka      


















 

a

x

Nd

x

arc

n





2
sinsin 11

        

The number of nulls that can exist will be a function of the element 

spacing arcd and the number of elements N. 

 

2.5.2- Maxima of Minor Lobes of the vertical Pattern:  

       The maximum of the minor lobes occurs approximately when the 

term   1sin kaJ mN  of Eq. (2.20), that is: 

,..)13,10,7,8.3(,sin  sska   









 

arc

s
Nd

s
 1sin

 

 

2.5.3- HPBW of the Major Lobe of the vertical Pattern: 

      The Half Power Beamwidth (HPBW) of the main lobe can be 

calculated by setting the value of the array factor to its 3dB point i.e.       

AF = 0.707, which leads to: 

14.1sin ka  









 

arc

h
Nd




14.1
sin 1

. 

For a symmetrical pattern around the angle of maximum radiation, the 

HPBW can be calculated as: 

 h 2HPBW  
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Fig. (2.7) plot of vertical pattern of circular antenna array for 

 N =12, d=0.75λ 

 

 

2.6-Horizantal pattern for circular antenna array: 

For the horizontal (azimuth) pattern 







 0,

2
00 


 we have  

nn ka  cos  

2
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
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
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
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      .….… (2.21) 
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2.6.1-Nulls of the horizontal Pattern: 

    To find the nulls of the horizontal pattern, the term of the array 

factor 








2
sin2


kaJmN  in Eq. (2.21) is set to zero. 

 ( 0
2

sin2 






 
kaJ mN )  which gives nulls at.  

 ,...)5.27,3.24,2.21,1.18,6.14,7.11,6.8,5.5,4.2(,
2

sin2  xxka


 









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arc

n
Nd

x

2
sin2 1 

           

The number of nulls that can exist will be a function of the element 

spacing d, and the number of elements N. 
 

2.6.2- Maxima of Minor Lobes of the horizontal Pattern:  

      The maximum of the minor lobes occurs approximately when the 

term 1
2

sin2 






 
kaJ mN  of Eq. (2.21) attains maxima, that is: 

,...)13,10,7,8.3(,
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2.6.3- The HPBW of the Major Lobe of the horizontal Pattern: 

       The Half Power Beamwidth (HPBW) of the main lobe can be 

calculated by setting the value of the array factor to its 3dB point i.e.       

AF = 0.707, which leads to: 

14.1
2

sin2 


ak  











 
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h
Nd




57.0
sin2 1 . 
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For a symmetrical pattern around the angle of maximum radiation, the 

HPBW can be calculated as:  

HPBW = h 2  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.8) plot of horizontal pattern of circular antenna array for 

N =12, d=0.75λ 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.9) Plot of beamwidth for circular antenna array versus d(λ) 

for different values of N. 
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Fig. (2.10) Directivity for uniform circular array versus radius a (λ) 

for different number of elements. 

 

Figure (2.9) shows the beamwidth plot of a uniform circular broadside 

array of isotropic elements versus spacing between the elements )(d  

for different values of 'N'. It is clear from the plot that the beamwidth 

decreases with the increasing element number 'N and decrease also 

with the increasing of the separation between the elements.  

Figure (2.10) shows the directivity plot of a uniform circular broadside 

array of isotropic elements versus radius of the circular antenna )(a  

for different values of 'N'.  

The plot shows peaks of directivity for each value of N at difference  

Values of )(a . 

Figure (2.11) shows  the plots of the  null positions and peaks of 1
st
  

and 2
nd

  sidelobes  versus the  spacing  between  the elements  for  a 

uniform circular broadside array of isotropic elements. 
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Fig. (2.11)  Angular positions of 1
st
, 2

nd
 null and sidelobes for 18 elements 

     uniform circular array versus elements spacing d(λ) 

 

 

2.7- Results of a Uniform circular Array: 

         In this section, simulations are carried out with various numbers 

of elements. Tables (2.2) and (2.3) gives results regarding the 

information about the sidelobes level and sidelobe angular positions in 

degrees for spacing 5.0d  between the elements for different 

elements number N. Table (2.4) gives results regarding comparisons 

between the uniform linear array and uniform circular array at spacing 

between the elements d=0.5λ for different element number N  in 

broadside array. 
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Table 2.2 Maximum peak sidelobes level in dB for uniform 

circular broadside arrays at d=0.5λ. 

 

 

 

 

Table 2.3 Maximum sidelobe angular positions in degrees for 

uniform circular broadside arrays at d=0.5λ 

 

 

 

 

 

 

 

 

 

 

 

 

5
th

 4
th

 3
rd

 2
nd 

 1
st

 N 

    -8.122 8 

   -16.39 -7.899 12 

  -20.88 -10.45 -7.9 18 

 -26.44 -12.05 -10.47 -7.902 24 

-37 -13.22 -12.07 -10.53 -7.956 30 

5
th

 4
th

 3
rd

 2
nd

 1
st

 N 

    72 8 

   89.6 39.9 12 

  89.6 51.6 25.1 18 

 89.6 57.5 35.5 18.6 24 

89.7 62.5 42.5 27.8 14.7 30 
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Table 2.4- Comparisons between the uniform linear array and 

uniform circular array of spacing between the elements d=0.5λ in 

broadside array. 

 

 

Array type N FSLL(dB) BW(deg.) Di FNBW(deg.) 

Uniform 

linear 

array  

12 -13.07 8.5 12         19 

18 -13.18 5.6 18 12.7 

24 -13.23 4.2 24 9.6 

Uniform 

circular array 

12 -7.9 21.9 15.4 47.4 

18 -7.9 14.5 22.1 31 

24 -7.9 10.9 28.2 23.1 
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CHAPTER THREE 

Sidelobes Level Reduction of Circular Antenna Array 

Using Genetic Algorithm 

 

3.1 Introduction: 

        In the antenna array, the minor lobes of the radiation pattern 

represent radiation in the undesired directions. Sidelobes level is 

normally the largest of the minor lobes which causes losses of energy 

and interface noise signals. Many applications such as radar and 

communication systems are highly affected by the interfering signals,  

caused by the high level of sidelobes. Therefore, low sidelobes level is 

very important to minimize false target indication. Sidelobes level 

smaller than −30 dB usually requires very careful design and 

construction [1]. 

 

3.2- Genetic algorithm: 

A genetic algorithm is basically a probabilistic search algorithm based 

on the principles and concept of selection and evolution. The 

evolution usually starts from a population of randomly generated 

individuals, and is an iterative process, with the population in each 

iteration called a generation. Each generation is evaluated by a 

function known as fitness function. Next, new population is generated 

from the present one through selection, crossover and mutation 

operations. The purpose of selection mechanism is to select more fit 

individuals (parents) for crossover and mutation. Crossover causes the 

exchange of genetic materials between the parents to form offspring, 

whereas mutation incorporates new genetic material in the offspring. 

https://en.wikipedia.org/wiki/Iteration
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Commonly, the algorithm terminates when either a maximum number 

of generations has been produced, or a satisfactory fitness level has 

been reached for the purpose for which the genetic algorithm was used 

[31,32]. 

 

3.2.1 – Sidelobes level reduction using genetic algorithm: 

Reduction of sidelobes level of a circular antenna array can be 

achieved by using non-uniform amplitude of the excitation currents, 

phase altering of the excitation currents and distance perturbation 

between the elements. Here, we used non-uniform excitations for the 

circular array to achieve sidelobes reduction. One source, out of many, 

for obtaining the non-uniform weights of the excitation currents is by 

using genetic algorithm. In antenna array problems, there are many 

parameters that can be used to evaluate the fitness function which is 

used as a starting point for genetic algorithm such as gain, sidelobes 

level area under the curve (AUC). Here, the goal is to design a circular 

antenna array of reduced sidelobes level. The fitness function which 

we used here is the area under the curve AUC(area under the 

sidelobes).The area under the sidelobes can be calculated by: 

 

 





2/

2/

   )(      )(  











h

h

dAFdAF AUC ......................………. (3.3) 

 

)min(
unreduced

reduced

AUC

AUC
Fitness  …..…………………………….…. (3.4) 

 

Where h  are the 3 dB angels at either side of the main beam. 
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Consider N isotropic radiators distributed in a circular ring of radius 

 a placed in x-y plane as shown in Fig.(3.1),the origin of the 

coordinate system is located at the center of the array. The elements 

are separated by din meters and main beam of the pattern is in the 

boresight of the array,  000  . 

 

 

 

 

 

 

 

 

Fig. (3.1) Geometry of a circular antenna array positioned in x-y plane 

 

The array factor can be written as by: 

 

 

 

The weights for the amplitude excitation represent the initial 

population in genetic algorithm are. 

 

 

 

3.2.2- Results and discussions: 

A large number of randomly data was used as an input for genetic 

algorithm program. The process of the program is to select a suitable     

excitation current for N-element circular antenna array. The table 







N

n

kaj

n
neIAF

1

))cos(sin(
),(



 Nn wwwwW ......,, 321
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shown below is the results obtained from using the genetic algorithm 

program for 12, 18 and 20 elements circular antenna array. The table 

also contains information about the radius, inter-element spacing, 

beamwidth and directivities of the antenna array.  

 

Table 3.1 Normalized amplitude excitation obtained from genetic 

algorithm for different number of elements in circular antenna 

array. 

 

Figures (3.2 to 3.4) shows the plots of the radiation patterns, for the 

uniformly excited 12, 18, 20 elements circular antenna array, and that 

Do(dB) Di(dB) 
FSLL 

(dB) 

Bwo 

(deg.) 

Normalized Excitation 

w1,w2,w3,……..wN 

Bwi 

(deg.) 
a(cm) d(λ) N 

31 26 -11.8 15.4 

0.6196     0.3933    0.9375    

1.0000     0.0151    0.7539 

0.5699    0.1940     0.5156   

0.7921     0.0606    0.6308 

 

14.5 `17.9 0.75 12 

32 28 -12.4 10.5 

0.1809    0.4998    0.7040     

 0.9519    0.9696    0.6069 

 0.3855    0.6617    0.7099   

 0.6248    0.2305    0.9494 

 0.7630    0.9672    0.4689   

 1.0000    0.1943    0.8094 

 

9.6 26.8 0.75 18 

35 30 -12.2 9.6 

 0.4889    0.5513    0.6857    

 0.5965    0.8815    0.5504    

 0.2793    0.4954    0.4361    

 0.8926    0.0523    0.5348    

 0.7884    0.9814    0.7370     

 1.0000    0.3578    0.7275     

 0.2720    0.2042 

 

8.7 29.8 0.75 20 
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for the excitations obtained from genetic algorithm program shown in 

table 3.1.   

 

 

 

 

 

 

 

 

 

 

 

                                                     -a- 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                    -b-  

Fig. (3.2) a&b- Radiation pattern for 12-element circular antenna 

array using genetic algorithm shows a reduction 

in the sidelobes level 0,0 00    
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     -a- 

 

                                                          -b- 

Fig. (3.3) a&b- Radiation pattern for 18-element circular antenna 

array using genetic algorithm shows a reduction 

in the sidelobes level 0,0 00    
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      -b- 
Fig. (3.4)a&b-Radiation pattern for 20elements circular antenna 

array using genetic algorithm shows a reduction 

in the sidelobes level 0,0 00    
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It is clear from the plots and the results given in table 3.1 that, there is 

a reduction in the value of the sidelobes level with an increase in the 

values of the directivity. There is also an appreciable unwanted 

change in the beamwidth values. The plots also show the array factor 

difference between the absolute values of the array factor of the 

original array and that of a reduced sidelobes level [12]. The more 

positive value of the difference the more reduction in the sidelobes 

level (local improvement). The negative values of this plot around the 

main beam gives an indication for an increased in the value of the 

beamwidth, while the positive value reveals a reduction in the value of 

the beamwidth.  

 

3.3 – Sidelobes level reduction with modification in the selected  

elements of the uniform circular antenna array: 

 

Modifying the uniform circular antenna array can be done for the 

existing uniform circular array to enhance its performance. The 

modification is to change one of the array parameters which are 

represented by amplitude excitations, phase excitations and spacing 

between two collinear elements at specified angular positions. 

 

3.3.1- Analysis and results of modified excitations of circular 

array: 

  

Here we used a modification in the amplitude excitation for certain 

selected elements of the circular antenna array. Choosing suitable 

amplitude excitations for 2 or more elements selected at specified n  

angle in the uniform array, will contribute in reducing the sidelobes 

level of the array pattern. 
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Fig. (3.5) below shows the improvement factor in the sidelobes 

reduction versus angular positions for changing the excitation of each 

opposed pair of elements in the uniform circular array. The more 

positive values in the improvement factor indicate a more reduction in 

the sidelobes whereas negative values are for unwanted increasing in 

the sidelobe structure.  

 

 

 

 

 

 

 

 

 

 

 

Fig.(3.5 ) Improvement  factor  versus  angular  positions  for each pair  

      of elements locations in the resting plane for 12 elements uniform  

circular array 
 

Consider an array of N isotropic radiators separated by d  meters and 

positioned on the x-y plane, as shown in Fig. (3.6). Modification in the 

excitation elements involves selection of certain elements from the 

circular array at certain specified angular positions, then changing 

their amplitude excitations by tray and error to achieve sidelobes level 

reduction. From Equation (2.10) (array factor of circular array), 

assuming the selected elements is two as shown in Fig. (3.6). 







N

n

jka

n
nneIAF

1

)]cos(sin)cos([sin 00),(

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In broadside array )0,0( 00   , the separation between any two 

opposed selected elements is adr 2 .The array factor for the selected 

elements can be written as:  

 

0)cossincos(22   atkaIAF rnrNr
.......………….(3.1) 

 

 

Fig. (3.6) Geometry of modified excitation circular antenna array in x-y 

plane 

 

Where rI  is the excitation current of these two elements and rn is 

angular position for the selected elements in the modified circular 

array. The total array factor for this circular array is obtained by 

superimposing the array factor of the 2 elements with the array factor 

of the N-element circular array. The superimposed array factor is 

given by: 

)cossincos(2)cossinexp(),(
1mod rnrn

N

n n kaIjkaIAF   
 

                                                                             …………...…… (3.2)  
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Results and discussions of modified excitation: 

We select two elements in collinear with the center (opposed) of the 

array as an example from the original array with angular position

)210,30( 0

7

0

1   .The sign plus or minus in equation (3.2) 

represented the increasing or decreasing in the value of amplitude 

excitation for the selected elements. Here we noted that decreasing the 

value of rI to (0.1) of the normalized uniform value of the original 

array, helped on sidelobes level reduction as shown in Fig. (3.7). The 

idea of using 2 elements modified amplitude excitation was extended 

to 4 elements at angular positions of )330,150,210,30( 0000 and amplitude 

excitation for these selected elements is 0.3 of the uniform value as 

shown in Fig (3.8).To achieve further reduction in sidelobes level 

simulations were carried out for the original circular antenna array by 

altering the excitation of many elements of the array. 

 

From table (3.2) it is clear that sidelobes level reduction increased by 

increasing the number of the modified elements. It is clear from the 

table that, the directivity increased with altering the excitation of the 

selected elements. 
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Table3.2-Normalized amplitude excitations obtained from 

modified excitation for selected the elements in circular antenna  

array. 

 

 

Do(dB) Di(dB) 
FSLL 

(dB) 

Bwo 

(deg.) 

Normalized Excitation 

w1,w2,w3,……..wn 

Bwi 

(deg.) 

 

Nr 

 

d(λ) N 

31 26 -10.4 15.3 

(w1,w7)=0.1 

(w2,w3,w4,w5,w6,)=1 

(w8,w9,w10,w11,w12)=1 

 

14.5 

 

2 

 

0.75 12 

34 26 -13 15.9 

(w1,w5,w7,w11)=0.3 

(w2,w3,w4,w6,w8,w9,w10,w12)=1 

 

 

14.5 

 

4 

 

0.75 12 

38 25 -10.6 10.8 

(w1,w8,w10,w17)=0.1 

(w3,w4,w5,w6,w7,w8,w9,w12)=1 

(w13,w14,w15,w16,w17,w18)=1 

 

9.6 

 

4 

 

0.75 18 

35 28 -13.2 10.9 

(w1,w7,w8,w10,w16,w17)=0.2 

(w2,w3,w4,w5,w6,w9,w11)=1 

(w12,w13,w14,w15,w18)=1 

 

9.6 

 

6 

 

0.75 18 

39 31 -10.8 9.6 

(w1,w2,w12,w13,w14,w24)=0.1 

(w3,w4,w5,w6,w7,w8,w9,w10)=1 

(w11,w12,w15,w16,w17,w18)=1 

(w19,w20,w21,w22,w23)=1 

8.3 

 

6 

 

0.65 24 

 

36 

 

31 -13.1 9.7 

(w1,w2,w3,,w12,w13)=0.1 

w14,w15,w24)=0.1) 

(w4,w5,w6,w7,w8,w9,w10)=1 

(w11,w16,w17,w18,w19,w20)=1 

(w21,w22,w23)=1 

8.3 8 0.65 24 



39 

 

 

Figures (3.7 to 3.12) are the plots of the array factors of a modified 

excitation of N-element circular array together with the uniform 

circular array of the same size. The plots also show the array factor 

difference between them. It is clear from the plots that good reduction 

in sidelobes level can be obtained by this method, the penalty here  is 

an appreciable increase in the beamwidth. 

Fig. (3.13) show the plot of beamwidth versus the number of  

elements N. It is clear from the plot that, the beamwidth of the 

modified array is less than that of the final array (genetic algorithm 

values) obtained from genetic algorithm, but it is slightly greater than 

that of the uniform array of equal size. The plot showed also a 

decrease in beamwidth with increase in 'N' 

Fig. (3.14) show a plot of the directivity for 12-element circular 

antenna array versus the excitation of the modified elements. The plot 

reveals good directivity for 4 elements modified excitation. 

 

Fig. (3.15) shows the plot of the first and second sidelobes level for 

modified excitation for certain specified elements of a circular antenna 

array N=12 versus the excitation of the modified elements. The figure 

shows that, reduction of the sidelobes level for the modified array 

increases as the excitation value decreases in its specified range. 

 

Fig. (3.16)shows a plot of the beamwidth for the modified excitation 

circular array versus amplitude excitation for different number of the 

modified elements. From the plot it is obvious that the beamwidth 

inversely proportional with the excitation of the modified elements. 
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Fig. (3.7)a&b-Radiation pattern of 12-element circular array 

with unity excitation of all elements except two elements  

with 0.1positioned at angles 30
0
, 210

0
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      -a- 

 

      -b- 
Fig. (3.8) a&b-Radiation pattern of 12-element circular array with  

unity excitation of all elements except 4 elementswithexcitation0.3  

positioned at angles 30
0
, 210

0
,150

0
,330

0
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      -b- 
Fig. (3.9)a&b-Radiation pattern of 18-element circular array 

with unity excitation of all elements except 4 elements with 

excitation 0.1 positioned at angles20
0
,160

0
,200

0
,340
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                                                          -a- 

 

       -b- 

Fig. (3.10)a&b-Radiation pattern of 18-element circular array with  

unity excitation of all elements except 6 elements with modified 

excitation 0.2 at angular positioned in(deg.)20,140,160,200,320,340 
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       -a- 

 

        -b- 

Fig. (3.11) a&b-Radiation pattern of 24-element circular array with 

unity excitation of all elements except 6 elements with excitation 0.1 

positioned at angles in (deg.) 15,30,180,195,210,360 
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      -a- 

 

        -b- 

Fig. (3.12) a&b Radiation pattern of 24-element circular array 

with unity excitation of all elements except 8 elements with 

modifiedexcitation0.1 at angular position in (deg.) 

15, 30, 45,180,195,210,225,360 
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Fig. (3.13) Plot of beamwidth for uniform circular array,  

final array and modified array versus N at d=0.5λ 

 

Fig. (3.17) shows plot of the ratio of area under the sidelobes for the 

modified array, to that of N-element uniform circular array, versus 

amplitude excitation. It is clear from the plot that, the area ratio 

increases as amplitude excitation increases. The plot shows good 

curve for area ratio when number of the modified elements equal to 4 

in the case when the total number of the array elements equal to 12. 

 

Fig. (3.18) shows the plot of the first and second sidelobe level for 

modified excitation of circular antenna array N=24 versus amplitude 

excitation of modified elements. The figure shows that, the sidelobes 

level reduction of the modified array increases as the excitation value 

decreases. 

                   Fig. (3.19) shows the plot of the beamwidth for modified excitation  

                 of circular antenna array N=24 versus amplitude excitation of the 

modified elements. The figure shows that, beamwidth at the selected 
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Fig. (3.14) Plot of directivity for modified excitation circular 

antenna array with N=12 &d=0.75λ  versus amplitude 

       excitation for selected elements, Nr=2 at  )210,30( 0
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Fig. (3.15) Plot of first and second Sidelobes level for modified excitation 

circular antenna array with N=12 &d=0.75λ  versus amplitude 

excitation for selected elements, Nr=2 at  )210,30( 0
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Fig. (3.16) Plot of beamwidth for modified excitation circular antenna 

array with N=12&d=0.75λ  versus amplitude excitation for selected 

elements, Nr=2 at  )210,30( 0
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Fig. (3.17) Plot of AUC ratio for modified excitation circular antenna 

array with N=12 &d=0.75λ  versus amplitude excitation for selected 

elements, Nr=2 at  )210,30( 0
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Fig. (3.20) shows plot of the ratio of area under the sidelobes for the 

modified array, to that of N-element uniform circular array, versus 

amplitude excitation. It is clear from the plot that, the area ratio 

increases as amplitude excitation increases. The plot shows good 

curve for area ratio when the number of the modified elements equal 

to 6 in the case when the total number of the array elements equal to 

24. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3.18) Plot of first and second Sidelobes level for modified  

                 excitation circular antenna array with N=24 &d=0.65λ  versus  

                          amplitude excitation for selected elements, 
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Fig. (3.19) Plot of beamwidth for modified excitation circular antenna 

array with N=24 &d=0.65λ versus amplitude excitation of the selected              

elements Nr=2 at )195,15( 0
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Fig. (3.20) Plot of area ratio under the curve for the modified excitation 

circular antenna array with N=24 &d=0.65λ  versus amplitude 

excitation of the selected elements Nr=2 at )195,15( 0
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3.3.2– Sidelobes level reduction using modified spacing between 

two collinear elements at specified angular positions: 

 

Consider an array of N isotropic radiators separated by d  meters and 

positioned on the x-y plane. Modification of the space between 

selected elements is to reconfigure the circular array as shown in Fig. 

(3.21). 

In the uniform circular antenna array the straight collinear distance 

between any two elements passing through the origin of the array 

depends on the equation shown below. All elements were arranged on 

the peripheral of a circle with elements separation d value depends on 

the equation shown below. 











N
ad


sin2  

Where a is the radius of the circular array. 

 

 

Fig. (3.21) Geometry of reconfigured circular antenna array 

in x-y plane. 

 

Reconfiguration of the array is to modify the distance between the 

selected elements that lies at the two ends of any diameter of the 
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circular array. The new distance is less or more than the radius of the 

circular array. In broadside array )0,0( 00   , the distance between 

the two selected elements is rd2 .The array factor for the two selected 

elements can be written as:  

0)cossincos(22   atkdIAF rnrrNr
……….…….(3.3) 

 

The array factor of the modified array can be written as:  

 

)cossincos(.2)cossinexp(),(
1 rnrrn

N

n nr kdIjkaIAF   
 

                                                                     .…....……………. (3.4) 

Fig.(3.22)shows the plot of the array factor pattern of 12 elements 

antenna circular array of uniform excitations. The plot also shows the 

pattern of the modified array. The two selected elements for the 

modified array are at angular position )210,30( 0

7

0

1   .It is clear from 

the plot that there is good reduction in sidelobes level with appreciable 

decrease in beamwidth. 

Fig. (3.23)shows modified amplitude excitation with modified spacing 

between two collinear elements in the array. This form of the array 

leads to good reduction in sidelobes level as compared with the 

modified in their collinear spacing only. 
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       -b- 

Fig(3.22) a&b-Radiation  pattern of 12-element uniform circular 

antenna array with radiation pattern of 12-element modified 

spacing between the two collinear selected elements 
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          -b- 
Fig(3.23) a&b-Radiation  pattern of 12-element uniform circular 

          antenna array with radiation pattern of 12-element for modified 

spacing between the two collinear elements  and  modified 

excitation for the same selected elements 
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  Fig. (3.24) shows the first and second sidelobes level for the 

reconfigured array. Sidelobes level were plotted versus the distance 

between the two reconfigured elements. It is clear from the plot that 

sidelobes level reduction change with distance separation between the 

two selected elements. 

 

Fig. (3.25) shows the plot of the area ratio between the reduced 

sidelobes level of the reconfigured circular array to that of a uniformly 

excited circular array of equal size, versus the distance rd  between the 

two selected elements. The plot indicates a reduction in the area ratio 

at certain values of  rd . The reduction in the area ratio means a 

reduction in the sidelobes level. The plot also shows this area ratio 

plotted versus rd  for modified excitations of the selected elements of 

the reconfigured array. The plot of the area ratio for the reconfigured 

circular array of modified excitation for the selected elements gives 

better result as that compared to that of the reconfigured array with 

uniform excitation. 

 

Fig. (3.26) shows the improvement factor plotted against the 

reconfigured distance. The figure shows two plots, one for the 

reconfigured array with uniform excitation and the other for the 

reconfigured array with modified excitation. The improvement factor 

represents the total area under the pattern of the array factor 

difference. The more positive value of the improvement factor is the 

more reduction in the sidelobes level.   
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Fig. (3.24) Plot of first and second sidelobes level for N=12 modified 

circular array versus spacing between the two  

collinear elements at )210,30( 0
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CHAPTER FOUR 

Sidelobes level Reduction Using Concentric Circular 

Antenna Array 

 
4.1 Introduction: 

       Among the different types of antenna arrays, concentric circular 

antenna arrays (CCAA)has been of considerable interest in a 

numerous applications which comprises sonar, radar, mobile and 

commercial satellite communications systems[33-36].It is worthwhile 

to search for a method of minimizing the sidelobes level of the circular 

antenna array. One, out of manysolutionsofreducing thesidelobes 

levelof a circular antenna array is by using a concentric circular 

antenna array as shown in Fig. (4.1). 

 

 

 

Fig. (4.1) Geometry of Concentric circular antenna array positioned 

in x-y plane. 
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Concentric circular antenna array has a number of advantages 

including the flexibility in array pattern synthesis and design both in 

narrowband and broadband beam forming techniques. 

Since a concentric circular array does not have edge elements, 

directional patterns synthesized with a concentric circular array can be 

electronically rotated in the plane of the array without a meaningful 

change of the beam shape. 

 

4.2 Equation of concentric circular array: 

The geometry of a concentric circular antenna array is shown in Fig. 

(4.1)this array was placed in x-y plane where there are Mconcentric 

circular rings. Themth ring has a radius ma and corresponding number 

of elements is Nm where (m = 1, 2……M).If all elements are assumed 

to be isotropic sources, then the radiation pattern of a concentric 

circular antenna array can be written in terms of its array factor: 

 

….. (4.1) 

 

m

m
m

N

d
a


sin2

   ……………………………………………… (4.2)                                                                                                                                                                         

ma Radius of mthring. 

M =Number of rings. 

mN = Number of elements in mthring. 

md = Inter-element spacing of mth ring. 

mnI Amplitude excitation of the nelement of the mthring 





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mn = Angular positionof concentric circular array with respect to 

00  

MmNn
N

n
m

m

mn ,....2,1,,....2,1,
2




 ……………..……. (4.3) 

mn Phase excitation of the nth element (the phase difference 

betweenthe individual elements in the array) given by: 

 

MmNnka mmnmmn ,....2,1,,...2,1)cos()sin( 00   …... (4.4) 

It was shown in equation2.14 that when all elements of the uniform 

circular array are equallyspaced. The pattern for such a circular 

arraycan beapproximated as: 

 

 

ForM concentric ringsin the array, and each ring contains a "large 

number" of elements. The array factor will approximately written as 

[30]: 

 

……………..…………….. (4.5) 

 

),....,2,1(sin Mmkamm  
For vertical pattern 

),....,2,1(
2

sin2 Mmkamm 


 For horizontal pattern 

 

4.3 –Sidelobes levelreduction by using concentric circular array: 

Since circular antenna array suffers from high sidelobes level as 

shown in chapter 2, a method, out of many usedfor reduction. 

Thesesidelobes in circular antenna array is to apply concentric circular 

antenna arrayof different number of elements and radii [11, 21]. 

  kNIJAF mN),(

 mm

M

m

m kJINAF  0

1

),( 



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Simulations were carried out for concentric circular antenna array of 

two rings with various numbers of elements to investigate sidelobes 

reduction by selection of suitable radii; this means selection of a 

suitable inter-element spacing d between their elements. 

4.3.1-Sidelobes reduction for 12elements two concentric circular 

array: 

 

Fig. (4.2) shows the radiation patterns of a 12-element circular array 

together with the array pattern of 12-element concentric circular array. 

The inter-element spacing of the 12-element circular array is 5.0 . In 

this figure, the level value of the first sidelobe ofthis circular array 

pattern is of order dB 89.7  and the beamwidth of the main beam is 

21.9
o
.The same 12 elements were then distributed between two 

concentric rings. The inner ring contains 4elements with radius equal 

to 51.0  and the outer ring contains 8elements with radius equal to

21.1 . The inner and the outer rings has inter-element spacing of 8.0

and 95.0  respectively. 

It is clear from the figure shown that there is good reduction in the 

first sidelobe level as compared with that of the circular array of the 

same number of elements. 

The figure also shows the plot of the array factor difference were its 

positive value is responsible in sidelobes reduction.  

 

4.3.2-Sidelobes reduction for 14elements concentric circular 

array: 

 

Fig. (4.3) shows the radiation patterns of a 14-element circular array 

together with the array pattern of 14-element concentric circular array. 

The inter-element spacing of the 14-element circular array is 5.0 . In 

this figure, the value of the first sidelobe level of the circular array 
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pattern is of order dB 89.7  and the beamwidth of the main beam is 

18.7
o
.The same 14 elements were then distributed between two 

concentric rings. The inner ring contains 4 elements with radius equal 

to 51.0  and the outer ring contains 10 elements with radius equal to

3.1 . The inner and the outer ring has inter-element spacing of 8.0  

and 815.0  respectively.  

It is clear from the Fig. (4.3)with its plot of the array factor difference 

that there is good reduction in first and second sidelobes level as 

compared with that of the circular array of the same number of 

elements. 

4.3.3- Sidelobes reduction for 18elementsconcentric circular 

array: 

Fig. (4.4) shows the radiation patterns of an 18-element circular array 

together with the array pattern of 18-element concentric circular array. 

The inter-element spacing of the 18-element circular array is 5.0 . In 

this figure, the value of the first sidelobe level of the circular array 

pattern is of order dB 89.7  and the beamwidth of the main beam is 

14.5
o
.The same 18 elements were then distributed between two 

concentric rings. The inner ring contains 6 elements with radius equal 

to 765.0 while the outer ring contains 12 elements with radius equal to 

72.1  . The inner and the outer ring has inter-element spacing of 8.0  

and 9.0  respectively. 

It is clear from the figures shown that there is good reduction in the 

sidelobes level as compared with that of the circular array of the same 

size. 

The same figure also shows the difference of the array factor between 

the absolute values of the array factor of the two arrays. The positive 

value of the array factor difference indicates a reduction in the 

sidelobes level. 
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                                                      -a- 

 
                                                      -b- 

Fig. (4.2) a&b- Radiation pattern for concentric circular array with  

inner ring of 4 elements and outer ring of 8 elements 
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        -b- 
Fig. (4.3) a&b- Radiation pattern for concentric circular array with  

inner ring of 4 elements and outer ring of 10 elements 
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                                                       -b- 
Fig. (4.4) a&b-Radiation pattern for concentric circular array  

using 18 elements in two rings, inner ring  of 6 elements and  

outer ring of 12 elements 
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4.3.4- Sidelobeslevel reduction for 24elements circular array: 

Simulation was carried out for 24-element concentric circular array of 

many configurations according tothe number of elements contained in 

ring of the concentric circular array. 

 

a- (10-14) concentric circular array: 

Fig. (4.5a,b) shows the radiation patterns of a 24-element circular 

array together with the array pattern of 24elements concentric circular 

array. The inter-element spacing of the 24-element circular array is

5.0 . In this figure, the level value of the first sidelobe of this circular 

array pattern is of order dB 89.7  and the beamwidth of the main beam 

is 10.9
o
. 

The same 24 elements were then distributed between two concentric 

rings. The inner ring contains 10 elements and the outer ring contains        

14 elements. The inner and the outer rings has inter-element spacing 

of 75.0  and 98.0  respectively. The radius of the inner ring is equal 

to 2.1 and that of the outer radius is 15.2 . 

The plot shows good reduction in the sidelobes level as compared with 

that of the circular array of the same number of elements. This is clear 

from the plot of the difference array factor in the same figure. The 

more positive of the area under the difference array factor is the more 

reduction in the sidelobes level. 
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                                                       -a- 

 

-b- 
Fig. (4.5) a&b-Radiation pattern for concentric circular array using 

two rings with inner ring contains 10 elements and outer 

ringcontains 14 elements 
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b- (8-16) concentric circular array: 

Fig. (4.6a,b) shows the radiation patterns of a 24 elements circular 

array together with the array pattern of 24elements concentric circular 

array CCAA. The inter-element spacing of the 24 elements circular 

array is 5.0 . In this figure, the value of the first sidelobe of the 

circular array pattern is of order dB 89.7  and the beamwidth of the 

main beam is 10.9
o
. 

The same 24 elements were then distributed between two concentric 

rings. The inner ring contains 8 elements and the outer ring contains        

16 elements. The inner and the outer rings has inter-element spacing 

of 75.0  and 9.0  respectively. The radius of the inner ring is equal to 

25.1 and that of the outer radius is 2 .The plot shows good reduction 

in the sidelobes level as compared with that of the circular array of the 

same number of elements. Again this is also clear from the plot of the 

difference array factor which indicates that the more positive of the 

area under the difference array factor is the more reduction in the 

sidelobeslevel. 

For the same 24 elements of the two concentric rings discussed above, 

we used a modified amplitude excitation for selected elements inthe 

inner and outer rings. The modified excitation for the two elements of 

the inner ring was performed for the two opposite elements of the 

array atthe angular positions )225,45( 0

5

0

1    and that for the outer 

ring were performedfor the two opposite elements of the array at the 

angular positions )5.202,5.22( 0

9

0

1   . Amplitude excitations for the 

two inner elements are (w1=w5=0.1) and that for the two outer 

elements are (w1=w9=0.1). Thismodified in amplitude excitation 

resulted in better sidelobes reduction level as compared to the case 
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with uniform excitation for both rings. This result is clearly shown in 

Fig. (4.6c). 
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-c- 
Fig. (4.6) a&b- Radiation pattern for concentric circular array using 

(8 -16) element of uniform excitation, 

c- Radiation pattern for concentric circular array for(8-16) 

using modified amplitude excitation for specified element. 
 

c- (6-18)concentric circular array: 

Fig. (4.7a,b) shows the radiation patterns of a 24-element circular 

array together with the array pattern of 24elements concentric circular 

array. The inter-element spacing of the 24-element circular array is

5.0 . In this figure, the value of the first sidelobe of the circular array 

pattern is of order dB 89.7  and the beamwidth of the main beam is 

10.9
o
. 

The same 24 elements were then distributed between two concentric 

rings. The inner ring contains 6 elements and the outer ring contains        

18 elements. The first and the second rings are of inter-element 

spacing of 7.0  and 8.0  respectively .The radius of the inner ring is 

equal to 6.0 and that of the outer radius is 3.2 .  
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It is clear from the plot that there is good reduction in the sidelobes 

level as compared with that of the circular array of the same number 

of elements. Fig. (4.7a) shows the difference of the array factor 

between the two arrays. The positive area value of the array factor 

difference gives a degree about the amount of the reduction in the 

sidelobes level.  

For the same (6-18) two concentric rings discussed above, we 

modified the excitation for the elements in the outer ringfor the two 

opposite elements of the array that are located at angular positions

)220,200,40,20( 0

11

0

10

0

2

0

1   . 

The modified excitation values for these selected elements in the outer 

ring are (w1=w10=0.1) and (w2=w11=0.5) respectively. This 

modifications in amplitude excitations resulted in better sidelobes 

reduction as compared to the case with uniform excitation for both 

rings. This result is clearly shown in Fig. (4.7c). 
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                                                      -b- 

 

                                                                    -c- 

Fig. (4.7) a&b-Radiation pattern for concentric circular array using  (6-18) 

element antenna for uniform array, 

c-Radiation pattern for concentric circular array for (6-18)  

using modified amplitude excitation for specified element. 
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4.4 Discussions for the results of concentric circular 

antennaarray: 

 

The results shown in the following figures were taken from three 

cases: 

Case one represents the performance of the concentric circular array as 

a function of inter-element spacing for the two rings that constitute the 

array. 

Fig. (4.8) shows plots of beamwidth versus spacing between the 

elements for different configurations of 24 elements concentric 

circular array. It is clear from the plot that thebeamwidth is inversely 

proportional with inter-element spacing. The plot gives also indication 

that, when the numbers of elements in the outer ring increase the 

beamwidth decrease. 

Fig. (4.9) shows the plot of the area ratio (area under the sidelobes of 

the concentric circular array to that of the original circular array) for 

different state of concentric circular antenna array versus spacing 

between the elements. The figure indicates that whenever the area 

ratio is below the value of unity, there will be a local reduction in the 

sidelobes level of the array. 

Fig. (4.10) shows the plot of the directivity for different state of 

concentric circular antenna array versus spacing between the elements. 

Fig. (4.9) and Fig. (4.10), reveal  that whenever the area ratio is below 

the value of unity, there will be a local increase in the value of 

directivity. The directivity reaches  maximum when the area ratio 

reach minimum. 

Case two represents the performance of the concentric circular array 

as a function of the spacing between the two rings of the array keeping 

the radius of the inner ring fixed at specified value. 
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Fig. (4.11) represents the  first, second and third sidelobes level 

plotted versus spacing between the two rings for different forms of 

concentric circular array. In this figure the radius of the inner ring is 

kept constant at 12.1 while the spacing between the two rings was 

varied between )8.26.1(  . The figure reveals that good sidelobes 

reduction for the first and second sidelobes is for the concentric 

circular array of 10 elements in the inner ring and 14 elements in the 

outer ring. 

Fig. (4.12) represents the plot of the beamwidth and beamwidth 

difference versus the spacing between the two rings for different forms 

of concentric circular array. The beamwidth difference represents the 

difference in beamwidth between the original circular antenna array 

and that of the concentric circular antenna array of the same number of 

elements.  In this figure the radius of the inner ring is kept constant at

12.1  while the spacing between the two rings was varied between

)8.26.1(  . The figure shows decreasing in beamwidth with increasing 

the spacing between the two rings. The figure also shows decreasing 

in beamwidth when the outer ring contains more elements as 

compared with the inner ring; this is also clear from the relation of the 

beamwidth given in section 2.5.3 

The positive value of the beamwidth difference represents 

improvement in the beamwidth of the concentric circular antenna 

array as compared with the beamwidth of the original single ring 

circular antenna array. 

Fig. (4.13) shows the plot of the area ratio for different state of 

concentric circular antenna array. In this figure the radius of the inner 

ring is kept constant at 12.1  while the spacing between the two rings 
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was varied between )8.26.1(  . The figure indicates that whenever the 

area ratio is below the value of unity, there will be a reduction in the 

sidelobes level. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (4.8) Plot of Beamwidth for concentric circular antenna array 

versus spacing between the elements at 'd1=d2' 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. (4.9) Plot of ratio of area under the curve for different state of 

         concentric circular antenna array versus spacing between 

                                                    the elements for 'd1=d2'. 
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Fig. (4.10) Plot of directivity for different state of concentric circular 

antenna array versus spacing between the elements for 'd1=d2' 
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                                                    -c- 
 

Fig. (4.11) Plot of sidelobes level versus spacing between the rings for 

a- uniform concentric circular array N1=10,N2=14 

b- uniform concentric circular array N1=8,N2=16  

c- uniform concentric circular array N1=6, N2=18 
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-b- 

 

Fig. (4.12)a-Plot of beamwidth for concentric circular antenna 

array versus spacing between the rings. 

             b-Plot of the beamwidth difference for concentric  

               circular array versus spacing between the rings. 
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Fig. (4.13) Plot of ratio of area under the carve for different state  

ofconcentric circular antenna array versus spacing between 

the rings 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.14) Plot of directivity for different state of concentric  

circular antenna array versus spacing between the rings 

 

Fig. (4.14) shows the plot of the directivity for different state of 

concentric circular antenna array. In this figure the radius of the inner 

ring is kept constant at 12.1  while the spacing between the two rings 
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was varied between )8.26.1(  . Fig. (4.13) and Fig. (4.14), reveals that 

whenever the area ratio is below the value of unity toward minimum 

value, there will be an increase in the value of directivity toward 

maximum value. Comparing the results when the radius of the two 

rings in the concentric circular array is varied with the results when 

the radius of the first ring is kept constant while we vary the radius of 

the outer ring. Better results were obtained for the latter case when 

only the radius of the outer ring is varied. 

Case three represents the performance of the concentric circular array 

as a function of the spacing between the two rings of the array keeping 

the radius of the outer ring fixed at radius of the original array value. 

In figures(4.15 to 4.18) the radius of the outer ring is kept constant at 

9.1 which is the same value of the original circular antenna array for 

24 elements while the spacing between the two rings was varied 

between )4.18.0(  . 

Fig. (4.15) represents the first, second and third sidelobes level plotted 

versus spacing between the two rings for different forms of concentric 

circular antennaarray. The figure reveals that good sidelobes reduction 

for the first and second sidelobes is for the concentric circular array of 

10 elements in the inner ring and 14 elements in the outer ring. 

Fig.(4.16) represents the plot of the  beamwidthversusthe spacing 

between the two rings for different forms of concentriccircular array. 

The figure shows decreasing in beamwidth with increasing the spacing 

between the two rings. The figure also shows decreasing in 

beamwidthwhen the outer ring contains more elements with respect to 

the inner ring. 

Fig. (4.17) shows the plot of the area ratio for different state of 

concentric circular antenna array versus spacing between the two rings 
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for different forms of concentric circular antenna array. The figure 

indicates that whenever the area ratio is below the value of unity, there 

will be a reduction in the sidelobes level. 
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                                                    -c- 
Fig. (4.15) Plot of sidelobes level versus spacing between the rings for 

a- uniform concentric circular array N1=10, N2=14 

b- uniform concentric circular array N1 =8, N2=16  

c- uniform concentric circular array N1 =6, N2=18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.16) Plot of beamwidth for concentric circular antenna 

array versus spacing between the rings. 
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Fig. (4.18) shows the plot of the directivity for different state of  

concentric circular antenna array. It is clear from this figure that 

maximum directivity happen, in concentric circular array for 10 

elements in inner ring and 14 elements in outer ring at radius of inner 

ring equal to 22.1  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.17) Plot of ratio of area under the carve for different state of 

          concentric circular antenna array versus spacing between the rings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.18) Plot of directivity for different state of concentric  

                      circular antenna array versus spacing between the rings 
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CHAPTER FIVE 

Conclusions and Suggestions for Future Work 

 

 

         Antenna arrays have been widely used in different applications 

including radar, sonar, and communication systems. The radiation 

pattern of an antenna array is composed of main beam in the direction 

of the wanted signals and sidelobes in the direction of the unwanted 

signals. The high level of the sidelobes is responsible for interferences 

with the main signal in many applications. Therefore, it is desirable to 

design an antenna array with a high  directivity and low sidelobes 

level to avoid radiation of electromagnetic energy in directions other 

than the direction of its main beam. 

 

Sidelobes level for antenna array are different from type to another 

depend on the array configuration such as linear, circular, concentric 

circular and planer array. There are many ways to reduce the sidelobes 

level of the antenna array pattern such as using genetic, particle and 

swarm, neural network algorithms and aperture tapers. These methods 

help in obtaining optimized weights for the excitation, phase 

excitation and inter-element spacing between the elements that can be 

used for constructing the array. Modifying these parameters will leads 

in reducing the sidelobes level of the array. Moreover the proposed 

techniques can be used in improving the radiation pattern of an 

existing antenna. The process is simply done by selection a pair of 

elements on the array then adjusting its parameters such as amplitude, 

phase of the excitation currents, and the elements spacing. 
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5.1 Circular Antenna Arrays: 

The uniform circular array has sidelobes level of -7.89 dB with inter-

elements spacing at half wavelength. Sidelobes level reduction can be 

achieved by genetic algorithm, modified excitation of the array 

elements, reconfiguring the array and by concentric circular array. 

It is worthwhile to state the following conclusions. 

 

Applying genetic algorithm for designing circular antenna resulted in 

the following conclusions: 

 

1-  Design a non-uniform circular antenna array with optimized 

weights for amplitude excitation using the genetic algorithm leads to 

reduce  the sidelobes level for a given number of array elements with 

respect to the corresponding uniform excited circular antenna array.  

 

Using genetic algorithm technique makes three main contributions 

a-The first Sidelobe level is reduced more than 3dB. 

b-Since the reduction of the sidelobes level is at the expense of the 

increase in the beamwidth of the mainbeam, we have taken into 

account that the increase does not exceed1.5 degree. 

c-Increasing in the value of the directivity for the antenna array. 

 

2- Sidelobes level reduction using modified amplitude excitation: 

Adjustments were made in the excitations for certain selected 

elements in the circular antenna array. These adjustment leads in good 

reduction in the values of the sidelobes level. For instance, in 12-

element circular antenna array, modifying the amplitude excitation for 

only 2 elements of a uniformly excited array at specified angular 
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positions, gives sidelobes level of -10.5dB and -14.5 dB for the first 

and second sidelobes respectively. 

Selecting 4 elements in modified excitation array imposes sidelobes 

level with-14.2dB and -23 dB for the first and second sidelobes 

respectively.  

Using modified excitation array technique gives the following 

conclusions: 

 

a –Reducing the amplitude excitation of the selected elements in the 

uniform circular antenna array to 0.1 of its value uniform value, it is 

possible to reduce the sidelobes level of the uniform circular antenna 

array.  

b – There is a maximum reduction in the value of the sidelobes level 

for the modified arrays at certain excitation value of the selected 

elements in the array. 

c – Ratio of the area under the sidelobes of the modified excitation 

array to that of the uniform array, reaches minimum value at certain 

excitation value of the selected elements for each size of the main 

array. 

d – Directivity of the modified antenna array reaches a maximum 

value when the area ratio reaches minimum at certain excitation of the 

selected elements for each size of the main array. 

 

Using 4, 6 and 8elements with modified excitations in the uniform 

circular array leads to the following conclusions:  

a – With suitable excitations for4specified angular positions of the 

selected elements in circular antenna array gives better reduction in 

the sidelobes level as compared with that obtained using two elements 

modified excitations. 
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b – Ratio of area under sidelobes of the modified excitations circular 

array to that of the uniform circular array, reaches minimum value at 

certain excitations of the modified selected elements. 

c – Directivity of the modified excitation circular array reaches 

maximum at certain excitations value for the selected elements. 

 

3- Sidelobes level reduction using reconfigured array: 

Changing the locations of two elements in radial distance of N-

element circular antenna array can serve in reducing the sidelobes 

level of the array. The two elements lie at the ends of the diameter of 

the main array at specified angular positions. The selected two 

elements in 12-element circular array imposes sidelobes level of -

12dB, -20 dB and -26 dB for the first, second and third sidelobes 

respectively. 

 

Using reconfigured circular array gives us the following conclusions. 

a – Sidelobes level reduction depends on the separation between the 

two selected elements in the N-element circular array. 

b – Ratio of area under sidelobes of the reconfigured circular array to 

that of the main circular array, reaches minimum value at certain 

separation between the two selected elements.  

c – With suitable separation distance between the two selected 

elements and suitable excitations for the two elements in the 

reconfigured circular antenna array, good reductions in sidelobes level 

can be obtained as compared with that obtained by using the uniform 

excitation. 
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d – Directivity of the reconfigured circular antenna array reaches 

maximum value at certain separation between the selected elements 

and certain excitations for these two elements. 

 

4-sidelobes level reduction using concentric circular antenna array: 

Concentric circular antenna array is one of many solutions for 

obtaining low sidelobes level. For instance in 24-element circular 

antenna array it is possible to reform  it in two concentric rings 

circular antenna array. The inner ring contains as an example 10 

elements and the outer ring contains 14elements. This array possesses 

better performance as compared with one ring circular antenna of the 

same number of elements. The following conclusions can be found by 

using concentric circular array. 

 

a- Sidelobes level of concentric circular array is reduced more 

compared with circular antenna array of equal number of elements. 

b- Reduction of the sidelobes level is at the expense of an increase in 

the beamwidth of the circular array. 

c- Increase in the directivity as compared with circular antenna array 

of equal number of elements. 

d- For narrower beamwidth the outer ring must contain more 

elements as compared with the inner ring. 
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5.2 Suggestions for Future Work: 

      The future work regarding sidelobes canceling techniques for 

circular antenna can focused to the following: 

1- Using genetic algorithm for sidelobes level reduction by optimizing 

the spacing between the elements (non-uniform spacing). 

2- Extending the use of modification in the amplitude excitations for 

certain specified antenna elements to the planar linear arrays for 

sidelobe reduction. 

3-Using modification in the phase excitations for certain specified 

antenna elements for sidelobe reduction. 
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 خلاصةلأ

 



 



 

 شكر وتقدير
 

الحود لله رة العبلوٍي ّالصلاة ّالسلام على خبتن الأًبٍبء ّالوزسلٍي سٍدًب 

 .ّعلى ألَ ّصحبَ أجوعٍي  (صلى الله علٍَ ّسلن)هحود 

ّبعد التْفٍق هي الله عش ّجل فً إتوبم ُذا البحث أّد إى أعزة عي  

الذي قدم لً " الدكتور عبدالله حسن عبود" جشٌل شكزي ّاحتزاهً إلى هشزفً 

الٌصح ّالإرشبد ّالولاحظبث القٍوت التً كبى لِب الأثز الكبٍز فً إخزاج البحث 

 .بِذا الشكل

الأستاذ الدكتور خليل حسن سيد " أخص ببلشكز ّالتقدٌز إلى ّأّد أى

 .الدراست ّالبحث أثٌبء فتزة هلاحظبث قٍوتلوب قدهَ هي " مرعي

أقدم شكزي ّاهتٌبًً إلى رئٍس قسن ٌُدست الاتصبلاث ّ السبدة ّكوب 

 لوب أبدٍّ هي تعبّى هعً أثٌبء فتزة  ّجوٍع سهلائًأعضبء الٍِئت التدرٌسٍت

 . البحث

وأخيرا، أود أن أشكر جميع أفراد عائلتي وخاصة  أبي وأمي على دعمهم 

 .وتشجيعهم وصبرهم طوال مدة هذا العمل
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