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Abstract 
Proposal for the synthesis of sum and difference pattern from linear array antenna is given in this work. A simple and 
effective method is used to ensures the desired level of side lobe along with the reduced value of first null beam width 
(FNBW). The antenna elements with non-uniform amplitudes are obtained using particle swarm optimization (PSO) which 
qualifies the desired value of side lobe level (SLL) with a reduced FNBW value. The work is illustrated with an array of 30 
elements those are exited symmetrically. PSO is a high-performance algorithm able to solve non-continuous, non-
differential, general N-dimensional and nonlinear optimization problems. The PSO optimized sum and difference pattern 
reduces the SLL to -25.005 dB and -26.132 dB respectively. Also the first null beam width of the synthesized sum and 
difference pattern are observed as 5.7and 6.1 degree where as the half power beam width of sum and difference pattern are 
2.6 and 2.7 degree respectively. 
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1. Introduction: 

In general a single element antenna has wide radiation pattern which provides low directivity or gain [1]. Such a 
problem can be overcome by using an array of antennas. The antenna arrays provide sum and difference patterns 
usually with narrow beam width, low side lobe levels and high directivity. The sum and difference pattern is 
used for designing of mono-pulse antenna which is used as transmitting/ receiving devices for searching-and-
tracking the direction of the target in radar. Improvement of the desired patterns by minimizing their 
corresponding SLLs is done using Genetic Algorithm (GA) [2] and hybrid real/integer-coded differential 
evolution algorithm [3].Also a method is suggested to obtain a trade-off between SLLs and the beam width of 
the resultant patterns. In particular, as the sum pattern is concerned, there is the need of maximizing the gain, 
where as the more critical issues are to deal with difference patterns are concerned with both the first null beam 
width(FNBW) and the normalized difference slope on bore sight direction. The optimal excitation amplitudes 
for the sum and the difference patterns can be obtained using analytical methods. But the implementations of 
two independent feed networks are generally unacceptable because of the non-linearity, the non-continuity and 
the circuit complexity and the arising interferences. Hence, it is necessary to compromise between the feed 
network complexity and the closeness of the synthesized sum and difference patterns to the optimal ones. 
Different set of amplitude distributions are obtained to synthesize the sum and difference pattern using an 
efficient optimizing algorithm. 

In this paper, the synthesis of optimal sum and difference patterns from a non-uniformly exited linear array are 
considered. In array antenna, the desired value of parameter can be achieved by number of ways such as by 
having variation in the geometrical configuration of antenna, the inter element spacing, variation in current 
amplitude [4] or the static phase shifts [5] fed to the antenna elements or the type of the radiating elements. A 
single variation or the combination of them can be used to achieve the better radiation pattern, but the 
calculations will be very complex to be solved with analytical methods. This work includes a non-uniformly 
exited with uniform spacing array of isotropic radiating elements those are arranged in a straight line placed 
symmetric to the origin in the x-axis. To achieve the desired level of SLL and a reduced value of FNBW the 
optimized amplitude coefficients are obtained using the Particle swarm optimization algorithm. 
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Fig. 1. Linear antenna array 

2. Linear array:  

Considering a linear array having N number of mutually uncoupled isotropic elements is placed along Y-
axis. To get the desired radiation pattern three parameters, amplitude, phase and the inter element spacing, are 
important. We can consider radiation pattern as the sum of the contributing signals of individual elements since 
all the elements are identical. The total field of the array is equal to the field of a single element multiplied by a 
factor which is known as array factor.   
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Where nA , the amplitude of the n-th element; 2=k π
λ

 , the wave number; θ , is the angle made by the line 

joining by the observing point and the origin with the Z-axis.d is the separation between consecutive elements 
of the array, ny  = position of the nth element, and nφ = phase of the nth element. 

We assume a broadside uniform amplitude array i.e. 1=nA and 0=nφ . Therefore the array factor which has 

given at eqn. (1) becomes (2), when the centre of the array coincides with the origin of the coordinate systems. 
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Now, for the N-element collinear half wave dipole array which is placed along Y-axis, the array pattern is the 
product of the single element pattern and the array factor found from the N-element isotropic sources. 
 
 

3. Particle swarm optimization: 

Particle swarm optimization [5-8] emulates the swarm behavior of insects, birds flocking, and fish schooling 
where these swarms search for food in a collaborative manner. Each member in the swarm adapts its search 
patterns by learning from its own experience and other member’s experiences. The mathematical models are 
constructed by observing these behaviors. In PSO, a member in the swarm represents a potential solution, which 
is a point in the search space, is called a particle. Each particle has a fitness value and a velocity to adjust its 
flying direction according to the best experiences of the swarm to search for the global optimum in the D-
dimensional solution space. 

 
The PSO algorithm is an evolutionary algorithm capable of solving non-continuous, non-linear, noisy, 

multidimensional problems and the function having multiple minima. In 1995 it is introduced by Kennedy and 
Eberhart [9]. The PSO has an increasing popularity as an efficient alternative to GA [10], DE [11] and 
Simulating Annealing etc. in solving optimization design problems in antenna arrays. The PSO algorithm 
depends on the social  
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Fig. 2 Flow chart for PSO Algorithm 
 
interaction between independent agents, in this case called particles, during their search for the optimum 

solution using the concept of fitness. 
PSO emulates the swarm behavior and the individuals represent points in the D-dimensional search space. A 

particle represents a potential solution. The particle swarm optimization used in this paper is a real-coded one. 
The steps involved in modified PSO are given below: 
 
Step1: Initialize positions and associated velocity of all particles (potential solutions) in the population 
randomly in the D-dimension space. 
Step2:  Evaluate the fitness value of all particles. 
Step3: Compare the personal best (pbest) of every particle with its current fitness value. If the current fitness 
value is better, then assign the current fitness value to pbest and assign the current coordinates to pbest coordinates. 
Step 4: Determine the current best fitness value in the whole population and its coordinates. If the current best 
fitness value is better than global best (gbest), then assign the current best fitness value to gbest and assign the 
current coordinates to gbest coordinates. 
Step5: Update velocity (Vid) and position (Xid) of the dth dimension of the ith particle using the following 
equations: 

( ) ( )1 1 1 1 1* * 1 * * * (3)1 2 1t
id
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Eqn.(5), eqn.(7) and eqn.(8) have been introduced to clamp the velocity and position along each dimension to 

max( , )d t
idV X and min( , )d t

idV X value if they try to cross the desired domain of interest. These clipping techniques are 

sometimes necessary to prevent particles from explosion. The maximum velocity is set to the upper limit of the 

dynamic range of the search max max( )d dV X= and the minimum velocity min( )dV is set to max( )dV− . 
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Step 6: Repeat steps 2-5 until a stop criterion is satisfied or a pre-specified number of iteration is completed, 
usually when there is no further update of best fitness value. The fitness function to be minimized with the 
proposed modified PSO for optimal synthesis of linear array is given in eqn. (9). 

( )2
* (8)Fitness A B k= +

 
where constant k=50 and A and B are variables that can be expressed with the help of equation (9) and (10) : 
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Where FNBW is the value of first null beam width in degree, FNBWd is the desired value of first null beam 
width in degree, max SLL is the maximum side lobe level in dB, Max SLLd is the desired value of maximum 
side lobe level in dB. 

 
Fig. 3 PSO Optimized sum pattern 

4. Numerical example: 

To demonstrate the proposed work, a nonuniformly excited linear antenna array of 30 elements with constant 
element spacing of 0.6λ  is considered which is arranged symmetrically about the origin along the y-axis. The 
amplitude distribution of the left half of the array elements are the mirror image of the right half of the array. 
The cost functions used to synthesize the desired sum and difference pattern are given as in (11) and (12). 
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max
sumSLL  And sum

dSLL are the maximum and desired side lobe level. PSO synthesized the sum and difference 

patterns are shown in Fig.3 and Fig.4 respectively. For the PSO optimised Sum pattern the SLL is obtained as 
─25.005 dB and for the difference pattern the SLL is ─26.136 dB. For both the sum and difference pattern the 
array elements are non-uniformly excited and the normalized excitation coefficients are given in Table.1. Due to 
symmetric arrangement only one half of the array excitations need to optimized where as other half element 
excitations are given as same as the previous one.   
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 Fig. 4 PSO Optimized difference pattern 
Dynamic range ratio (DRR) for the sum pattern is calculated as 4.70 and of the difference pattern is 30.31.  But 
as the central elements (15th, 16th) of difference pattern are discarded the DRR reduced to 13.31 where as the 
pattern remains unaltered. In this work the directivity (35.18) of the synthesized sum pattern is higher whereas 
DRR is lower. Further it is observed that the half power beam width is calculated for sum and difference 
patterns as 2.60 and 2.70 respectively. Also the pattern is remain unchanged for the inter element spacing of 0.5
λ  to 0.7 λ where as some trade of is in the side lobe level.  

Table 1 Normalized Amplitude coefficients for sum and difference pattern 

Element number 
1 

(30) 
2 

(29) 
3 

(28) 
4 

(27) 
5 

(26) 
6 

(25) 
7 

(24) 
8 

(23) 
9 

(22) 
10 

(21) 
11 

(20) 
12 

(19) 
13 

(18) 
14 

(17) 
15 

(16) 
Normalized 
Amplitude for 
sum pattern(dB) 

0.3670.2340.2060.5520.3060.4570.5290.8740.8210.8240.7200.9190.9690.9650.874

Normalized 
Amplitude for 
difference 
pattern(dB) 

0.0290.1340.3710.4100.5520.7290.8350.8790.9410.8520.7910.8060.5950.3390.066

5. Conclusion: 

This work is demonstrated using Particle swarm optimization technique successfully with a sufficiently reduced 
side lobe level from a non-uniformly exited, 30 element linear antenna array, placed at the either side of the 
origin on the Y-axis where the inter element spacing are constant of 0.6λ . Also the pencil beams with 
remarkable low HPBW and FNBW are obtained which are more useful for search and track system with a 
greater directivity in the desired direction.  
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