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Abstract 
 

Radiation pattern with sector nulls, asymmetric multiple nulls in desired 

directions with low peak side lobe levels (PSLL) need to be synthesized for 

interference free communication systems. Phase only antenna array synthesis 

is more appropriate to achieve asymmetric nulls in desired directions. In order 

to achieve optimal phases for desired radiation pattern, an optimization 

technique with good exploration and exploitation properties need to be 

developed. In this paper, Modified Mutated Cat Swarm Optimization 

(MMCSO)is suggested to optimize the linear antenna array phases of the indiv

idual antenna component to position the asymmetric and sector nulls in the 
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desired directions with low PSLL. Several linear antenna arrays include both 

small and large arrays are considered for phase only synthesis. Taylor 

amplitude profile has been considered for amplitude excitations. Numerical 

results illustrates that the optimized array patterns with imposed sector and 

asymmetric multiple nulls while maintaining PSLL of less than -25dB has 

been successfully achieved by the proposed MMCSO. 
                  

Keywords: Null steering, Phase excitations, Modified Mutated Cat Swarm 

Optimization (MMCSO), Antenna Arrays, Asymmetrical nulls. 
 

1 Introduction 
 

Antenna arrays [26]-[31] are essential part of the wireless communication 

systems. In satellite, radar and mobile communication networks, these arrays 

have been widely used. Higher gains, decent signal efficiency, steerable 

beams and interference cancellations are provided by the antenna array. To 

meet the requirements of long distance ranges, it is important to build the 

antenna array with a narrow beam diameter. Also, the need to produce 

radiation patterns with low PSLL for interference free communications is of 

interest.  

Now-a-days, electromagnetic pollution is greatly enhanced and it leads to 

place the zero signal strength in undesired directions. Low PSLL and placing 

of nulls can be achieved by altering the amplitude, phase excitations and 

position of individual elements. In present communication systems scenario, 

multiple nulls have to be placed asymmetrically in the directions of 

interferences while maintaining low PSLL[1].  

The phase only synthesis provides asymmetric nulls, whereas amplitude 

only and element spacing synthesis provides symmetric nulls in radiation 

pattern. In the paper, our main objective is to produce asymmetric nulls and 

this can be achieved by phase only synthesis. Phase only synthesis has been 

studied from past 5 decades.  

 

2 Literature Survey 
 

Several optimization techniques like Genetic Algorithm (GA)[2]-[5], 

Particle Swarm Optimization (PSO)[6]-[15], Ant Colony Optimization 

(ACO)[16]-[20], Cat Swarm Optimization(CSO)[21]-[25], Cuckoo Search 

Algorithm(CSA)[32], Grey Wolf Optimization(GWO)[33] algorithm have 

been successfully demonstrated. But antenna array synthesis has infinite 

number of solutions from which it is hard to find the best solution that fits to 

the application. So, it is required to propose an algorithm to search the best 

solution with high convergence speed. 
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In this paper, a novel Modified Mutated Cat Swarm Optimization 

(MMCSO) is implied that it has strong global search capabilities with a high 

rate of convergence. Cat Swarm Optimization (CSO) was proposed in 2006 

by Chu and Tsai [24]. It has been applied to many engineering problems 

successfully. But it suffers from low solution accuracy and low convergence 

rate. To overcome the drawbacks, MMCSO is proposed by modifying the 

position updated equation in CSO. Also Gaussian distribution is introduced in 

position updated equation and the performance of the proposed method is 

demonstrated in section 3. 

Section 1 introduces about the antenna array synthesis. The proposed 

algorithm is discussed in section 3. The problem formulation is discussed in 

section 4. Section 5 presents numerical illustrations while section 6 concludes 

the paper. 

 

3 Proposed Methodology 
 

      By observing the behavior of the cat the Cat Swarm Optimization is being 

designed. In general cats possess a good skill of chasing. In classical CSO, 

The chasing skills are modelled on 2 modes of operation : i) Tracing mode 

and ii) seeking mode. Depending on the mixture ratio (MR) method, cats are 

allocated in these two modes.  

In the classic CSO, the modified cats are randomly redistributed 

according to the mixture ratio if the desired solution is not reached. In TM 

mode the cat locations are optimally modified to their existing cat speeds 

globally. If the cats is randomly redistributed, i.e. the velocity of the cats is 

allocated at random to the entrant positions of each cat's generation, that are 

not the original pace of the cats, the systemic search for an update would be 

disrupted. The new roles of cats therefore differ from the optimum 

worldwide. It is more systemic if positioning of the cat is piloted by the own 

pace of the cat in the race. The improved cats are then returned to MMCSO 

so that an ideal solution converges in the right modes more easily. 

 
3.1 Seeking Mode (SM) 

 
In seeking mode, even though cat being in rest position will always be 

alert by perceiving the surroundings. From that initial rest positon the 

position movement will be very slow.  

A few important aspects of this mode are:  
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Search range of the selected dimension (SRD): The amount of range available 

for the selected dimension is defined by SRD. (Change ratio for the defined 

dimension). 

      Counts of dimensions to change (CDC): The number of dimensions to be 

mutated is specified by CDC. 

      Seeking memory pool (SMP): The number of copies of cats to be 

produced for mutation is specified by SMP. 

The steps involved in the seeking mode are as follows: 

(1) Based on SMP, „K‟ copies of ith cat are created.  

(2) (K-1) copies will then undergo mutation process. According to CDC and 

SRD, all the dimensions are randomly mutated by adding or subtracting SRD 

to the parent position.  

(3) Evaluate the newly updated copies of the cat based on their fitness values. 

(4) After accessing the cat‟s fitness the best copy among K copies is selected 

and replaced with the position of ith cat. 

 

3.2 Tracing Mode (TM) 
 

In the Tracing Mode, by monitoring the targets, cats change their 

positions very quickly. By following cat‟s tracing behavior, the change in the 

location of the cat is mathematically interpreted. In this mode, the steps are as 

follows: 
           

 

In the Tracing mode, cats change their positions very quickly by tracing 

the targets. The change in the cat's position is represented mathematically by 

adopting tracing behavior of cat. The steps in this mode are as follows:  

i) In the D-dimensional real valued solution space, the position and velocity 

of the ith cat is defined as 

  
 

 [   ]                 (1) 

  
 

 [   ]                 (2) 

ii) For every dimension the updated position and velocity of ith cat is 

mentioned as below 

    
   

       
 

                 
 

    (3) 

    
   

     
 

     
   

   (4) 

Where g is the number of the generation, i is the index of a cat in a 

swarm, j is the index of the cat's position,     
 

is the velocity of the ith particle, 

C is the acceleration coefficient,           is the random number, x is the 

inertia weight and the best location of the cat is given by       .  

iii) After the tracing mode, the fitness values are evaluated. If the solution 

required, based on the mixture ratio, is not achieved, the modified cats are 

distributed to the SM and TM processes. The process is repeated until the 

solution needed is achieved. However, the random mutation process in the 

SM mode has been observed to lead to premature convergence and a low 

convergence rate.  
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4 Mathematical Modelling 
 

 Cat plays a warning and rest role in the search mode. The probability of 

a sensing range is progressively reduced from the resting position of the cat. 

So, in order to reflect the sensing nature of the cat in the resting position, 

designers used the normal curves. It provides an equal chance of movement 

with smaller and larger mutations in the vicinity of the parent cat's location in 

both positive and negative directions. The risk of having smaller mutations is 

higher compared to larger mutations. This step allows the CSO algorithm to 

have smaller mutations and larger mutations in the vicinity of the parent cat. 

The NMCSO differs from the classic CSO in that it uses the normal 

distribution to change the parent location instead of randomly adding or 

subtracting the SRD percentage to the parent item. As parent casts are 

modified in a better position than the conventional CSO mutation process, 

this natural mutation process is advantageous. 

 
4.1 Gaussian Mutated CSO 

 

The Cat Swarm Optimization mechanism has been followed and 

implemented by using position updated equation and the same is described 

below 

In figure 1, Gaussian distribution curves are given for different standard 

deviations. Figure 1 depicts the mean (𝜇) and standard deviation (𝜎) of 

Gaussian distribution density function is mentioned as below 

            𝜇 𝜎  
 

√    
 

 
      

      (5) 

According to Gaussian law (Eq. (5), the Gaussian random number (G) is 

provided as  

  𝜇  𝜎   𝜇  𝜎         (6) 

Where G(0, 1) is the Gaussian random number usually distributed with 

standard deviation of 1 and zero mean. Figure 2 shows that it is possible to 

generate both larger and smaller mutation values from the standard deviation 

value of 1 from other standard deviation values.  

 
Figure 1 Gaussian Density Function with Various Standard Deviations 
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By following the below formula a mutant individual    
   is generated by 

using Gaussian mutation  

    
         𝜎     (7) 

            𝜎           (8) 

where unmutated individual is given by    . σ is mentioned here as chosen 

dimension of a mutated value. The position of each dimension of     cat is 

therefore represented as 

   
     (             )  (9) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2 Steps Involved in the Modified CSO Algorithm 
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Algorithm description of MMCSO can be given as below 

1) In D-dimensional solution space cat positions and velocities are randomly 

generated. 

2) According to mixture ratio, cats are shifted to tracing mode or seeking 

mode based on their flags. 

3) Evaluate the health of the cat after two modes have been completed and 

store the best location of the cat in the memory. 

4) Terminate the program if acceptable solution is achieved or else repeat the 

above steps 2 and 3 until it is achieved. 

The steps of the modified CSO are shown below 

The array factor (AF) in the azimuth plane is given as follows 

      ∑     (             ) 
      (10) 

Azimuth angle is denoted by  , The wavelength spacing between the 

elements normalized is given by         and                    are 

the excitation amplitude and phase of element   respectively. The goal of 

optimization is to reduce the degree of the side lobe and control null 

orientation by using non-uniform phase excitations on the individual elements 

of the antenna array, i.e., by varying  . Therefore, the fitness function is 

given as
          

                 ∑
 

   
∫ |     |    ∑ |      |  

   

   
  (11) 

Where spatial regions of     and     are used to reduce the side lobe 

level, the angular position of nulls are denoted with   ‟s and            . 

In equation the first term solution is obtained for the minimization of side 

lobe level and second term gives the solution for controlling of nulls. 

 

4.2 Problem Formulation 
 

The geometry of the 2N element linear antenna array positioned 

symmetrically along the x-axis is shown in Figure 3. 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 3 Geometry of Linear Antenna Array with M=2N Elements. 
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5 Results and Discussion 
 

MMCSO is applied to synthesize 10, 32 and 100 element linear antenna 

arrays to place the nulls in interference directions. The frequency of operation 

is considered as 700MHz. The distance between the elements is considered as 

   . To optimize phase excitations of individual antenna components, 

MMCSO is applied. For the amplitude distribution of individual antenna 

components, the 30dB Taylor distributed amplitude profile was considered. 

Compared to a 30dB Taylor amplitude profile non-optimized periodic array 

called TAPLAA, the results obtained are (Taylor amplitude profile linear 

antenna array). As a FNBW of the respective TAPLAA, the appropriate first 

null beam width (FNBW) is retained. During optimization, a 5 percent beam 

width tolerance is considered. 

The parameter MMCSO is shown in table 1. In the angular region of -90
0
 to 

90
0
, the angular samples of the array pattern are considered to be 720 angles. 

All experiments with an Intel(R) core (TM) i5-7200U processor running at 

2.71 GHz, 8 GB RAM and Windows 10 operating system are performed 

using MATLAB. 
 

Table 1 Parameter setup for MMCSO and PSO. 

 
MMCSO 

Parameter Value 

Initial Cats 50 

SRD 0.3(30%) 

CDC 80% 

SMP 5 

MR 0.8 

  [0,1] 

  
Linearly reduces from 0.9 

to 0.2 

   2 

 

5.1 Design Examples 
 
5.1.1 Case i) Placing of Asymmetric Nulls 
 

Design Example 1:A 10 element TAPLAA is considered and two nulls 

imposed at     and      using MMCSO. The placing of nulls along the 

interference directions     and     is shown in Figure 4. Deep nulls as 

depth as -70dB is achieved. The convergence plot using MMCSO is shown in 

Figure 5. The obtained phase excitations is shown in Figure 6. The PSLL is 

maintained below -25dB. 
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Figure 4The Normalized Far-Field Radiation Pattern Optimizingphase excitations of 

TAPLAA with nulls imposed at    and       
 

 
 

Figure 5 Convergence Plot of MMCSO for with Nulls Imposed at     and       

 
 

Figure 6 Phase excitations of 10 element Array with Nulls Imposed at     and 
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Design Example 2: A 32 element TAPLAA is considered. Two 

interferences are considered at     and     . MMCSO imposed two strong 

nulls in interference directions and the same can be observed from Figure 7. 

The convergence plot and obtained phase excitations are shown in Figure 8 

and Figure 9 respectively. 

 

 
 

Figure 7 The Normalized Far-Field Radiation Optimizing Phase Excitations of 

TAPLAA with Nulls Imposed at    and       

 

 
 

Figure 8 Convergence Plot of MMCSO for Pattern Nulls Imposed at     and       
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Figure 9 Phase excitations of 32 element Array with nulls imposed at     and       
 

5.1.2 Case ii) Placing Asymmetrical Nulls Along with Steered 
Main Beams 
 

Design Example 3: In this example, the pattern of arrays with main 

beam is steered to     along with two nulls imposed at     and      using 

MMCSO. The null depths achieved as low as        and the radiation of 

pattern is shown in Figure 10. The convergence plot using MMCSO and the 

obtained phase excitations of 32 elements are shown in Figure 11 and Figure 

12 respectively. The PSLL of optimized design is maintained PSLL below -

25dB.  

 
 

Figure 10 The Normalized Far-Field Radiation Pattern with Main Beam Steered to 

   along with Nulls Imposed Optimizing Phase Excitations of TAPLAA with at     

and          
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Figure 11 Convergence Plot of MMCSO for main beam steered to   along with 

nulls imposed at     and       
 

 
 

Figure 12 Phase excitations of 10 element Array with main beam steered to 

   along with nulls imposed at     and       

 

Design Example 4: A 32 element TAPLAA is considered for phase only 

synthesis. The main beam is steered to      and three nulls are imposed with 

MMCSO successfully with the null depths of -80dB along the interference 

directions. The radiation pattern, convergence plot and the phase excitations 

are shown in the Figures 13, 14 & 15 respectively. The PSLL is achieved 

below -25dB. 
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Figure 13 The Normalized Far-Field Radiation main beam steered to     along 

with nulls imposed at    ,    and       
 

 
       

Figure 14 Convergence Plot of MMCSO for Pattern with main beam steered to      

along optimizingphase excitations of TAPLAA withnulls imposed at    ,    and 
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Figure 15 Phase excitations of 32 element Array with main beam steered to      

along with nulls imposed at    ,    and       
 

5.1.3 Case iii) Placing Sector Nulls 
 

Design Example 5: A 100 element linear array is considered. MMCSO is 

applied to place the sector nulls in angular region of     to    . MMCSO 

successfully achieved null depth of <-60dB in the entire angular region. The 

obtained radiation pattern is shown in the Figure 16. The evolution process is 

shown in Figure 17. The obtained MMCSO optimized phase excitations is 

shown in Figure 18. The PSLL is maintained <-25dB. 

 

 
 

Figure 16 The Normalized Far-Field Radiation with sectoral nulls from     to    . 
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Figure 17 Convergence Plot of MMCSO for Pattern of sectoral nulls from     

to   .Optimizingphase excitations of TAPLAA 

 
 

Figure 18 Phase excitations of 100 element Array of sectoral nulls from     to    . 

 

The examples above demonstrate to create null patterns in the correct 

directions that are determined by the proper synthesis of the application at 

hand. Apart from that they are many zero directions which are close to each 

other and adjacent to the main beam gives the accurate synthesis. 

Table 2 demonstrates the nulls that are placed in the desired directions. 10 

elements, 32 elements and 100 elements are taken. For a 10-element linear 

array, when the nulls are placed at     and      the peak side lobe levels 

achieved are -75.1dB and -73.39dB respectively. For 10-element linear array, 

when the nulls are placed at     and     the peak side lobe levels achieved 

are -62.41dB and -64.15dB respectively. For 10-element linear array, when  
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the pattern with main beam is steered to     and the nulls are placed at      

and     the peak side lobe levels achieved are -79.72dB and -78.28dB 

respectively. For 32-element linear array, when the nulls are placed at     

and      the peak side lobe levels achieved are -87.37dB and -87.06dB 

respectively. For 32-element linear array, when the pattern with main beam is 

steered to      and the nulls are placed at         and      the peak side 

lobe levels achieved are -89.8dB, -97.21dB and -83.93dB respectively. For 

100-element linear array, the sectoral nulls are produced in between     

to   .

 
Table 2 Indicating number of elements, Nulls, Null depths and PSLL 

 

Design 

Example 

Number 

of 

Elements 

Nulls 

(in degrees) 

Null depth  

(in dB) 

PSLL 

(in dB) 

1 10 
33 -75.1 

-25.22 
-44 -73.39 

2 10 
-33 -79.72 

-24.77 
40 -78.28 

3 32 
28 -87.37 

-24.86 
-51 -87.06 

4 32 

15 -89.8 

-24.48 0 97.21 

-69 -83.93 

5 100 Sector nulls 25 to 34 <-60 -27.69 

 

6 Conclusion 
 

In this article, for phase only array synthesis, a novel MMCSO is 

successfully applied. In order to achieve asymmetric and sector nulls in 

desired directions, MMCSO has been applied to optimize the phases of 

individual antenna components. A combination of small and large antenna 

array was synthesized. A 30dB Taylor amplitude profile has been used for 

amplitude distribution. Numerical findings show that, in the interference 

directions, null depths as low as -70dB are obtained by maintaining low 

PSLL (< -25dB) for all design problems. For 100 element linear array, 

MMCSO achieved <-60dB sector null for the range of     to     angular 

region. By incorporating the proposed mechanism, the performance of 

wireless communication systems can be enhanced greatly. In this paper, 

MMCSO is restricted to phase only optimization for linear antenna arrays. 

Because of its exploration and exploitation capabilities, MMCSO may be 

applied to other electromagnetic problems.
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