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Abstract— Phased array antenna produces highly directive beam along with high side lobe level (SLL)
which causes interference in other directions and level of side lobe changes with beam steering. To
mitigate such constraint, in this paper, particle swarm optimization (PSO) is applied along with
Tchebyscheff distribution (TD) to the linear phased array antenna. Simulating radiation patterns of
linear phased array antenna at different scanning angles, using Tchebyscheff distribution, particle swarm
optimization and combined Tchebyscheff distribution with particle swarm optimization (TD-PSO) are
compared. Maximum side lobe level is reduced by 11 dB using TD-PSO method than Tchebyscheff
distribution method. Better SLL suppression was obtained using TD-PSO but with slight increase of the
main null to null beamwidth, compared to TD array. The research work presented here may be useful for
radio navigation and satellite communication where phased array antennas are widely used.
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I. INTRODUCTION

In phased array antenna resulting radiation pattern is steered at any particular direction by changing
electronically the relative phase of feed current between the antenna elements in the array [1-3]. Phased array
antenna is widely used for RADAR, satellite communication and other vehicular applications. The main
drawback of phased array is higher side lobe level which changes with beam tilting and causes interference.
Various methods of designing phased array with lower side lobe levels can be found in literature [4-9].
Statistically tapered amplitude arrays based on empirical or analytical formula found application in array
synthesis methods to reduce side lobe level with maintaining the desired gain [4-7]. Tchebyscheff array is very
well known optimal array pattern synthesizing method for the linear array where individual element fed with
the current value equal to the Tchebyscheff coefficient and the resulting array pattern produces fixed lowest
side lobe level for a particular beamwidth [7]. A method for finding optimum weights for minimizing side lobe
level of arbitrary linear array is described in [6].

There are various proposed strategies and methods where by tapering the feeding current amplitude of
elements, side lobe levels are reduced [4-6, 8, 9]. One of the methods for side lobe suppression and beam control
is to use optimization techniques. For antenna array applications, popular optimization techniques are genetic
algorithm, ant colony optimization, simulated annealing, particle swarm optimization [10-16]. Differential
equation with back tracking search algorithm is applied to reduce side lobe level of concentric circular array
[10]. Null placing and minimizing the side lobe level during scanning of a linear array antenna using Pareto
optimal synthesis procedure is described in [11]. Thinning is another technique of side lobe level reduction of
linear array [16]. The problem of phased array is with tilting of beam from broadside direction, the possibility
of appearance of grating lobe increases.

In this paper linear phased array antenna is designed to tilt the main beam at different angles from the
broadside direction and Tchebyscheff distribution is used to control the current fed in each antenna of the array,
for a certain SLL. Afterwards PSO is applied to further reduction of side lobe level without much increase in
main beamwidth. Theory of phased array and cost function, used for optimization, are described briefly in
section 2, the simulated results for side lobe level reduction are presented in section 3, the performances of the
PSO and TD-PSO optimized arrays with Tchbyscheff array are also compared and discussed in section 3.
Computed results show that the proposed method of side lobe level reduction using Tchebyscheff distribution
with PSO (TD-PSO) achieves about maximum 11dB lower SLL than phased array designed using only
Tchebyscheff distribution (TD).
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Il. PHASED ARRAY ANTENNA AND FORMULATION orF COST FUNCTION

Consider a uniformly spaced linear array (Fig. 1) of N elements with a fixed distance between any two
adjacent elements, d. The array is operated at wave length A, wave number 3 = 27/A, fed with current excitation
I, with progressive phase shift a.
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Fig. 1. Uniform linear antenna array

The array factor of the phased array at scanning angle 6, is [1-3]

N
AFL — Z Inejnﬂd(cos 6—cos b)) (l)

n=1

When each element of phased array antenna fed by the current weight equivalent to Tchebyscheff coefficient
then the resulting tapered antenna produces fixed equi ripple side lobe for a fixed beamwidth. For m™ order
Tchebyscheff polynomial the coefficient T, can be calculated as [7]

Tm(x)=cos(mcos’1 x) -1<x<+1

T,,(x) = cosh (mcos[171x) lx] > +1 )

When applying the Tchebyscheff distribution for array synthesis, it tapers current distribution in the array to

design narrowest beamwidth for a certain side lobe level (SLL), conversely, synthesize array with lowest SLL

for a certain beamwidth. If number of elements in the array is N, then m = N-1 will be the number of nulls in

the radiation pattern. The function T,(x) is shaping the radiation pattern consisting of one major lobe with

several fixed SLL [7] with maintaining their amplitude ratio 1/b. The beamwidth is directly related to b and the
position of main beam, x, which can be expressed as [7]

Tn(Xo) =b, b =cosllp, x,= cosh(p/m) 3)

The linear phased array is excited with the current value of Tchebyscheff coefficient. The resulting
Tchebyscheff array produces array factor AF, which is determined as

AF = AF,T,,(x) “4)
The maximum side lobe level of the observed pattern
SLLR = max | 22L6) (5)
max (AFp, 0=6s1,,
The side lobe level of desired Tchebyscheff array is
SLLRC = max | 229 (6)
max (AF) 0=0g.1,

Where, 6;; = (90 — g) U (60 + g) < 6 <18, MB isthe beamwidth of main beam of Tchebyscheff

array at scan angle 6y.The cost function, which is to be optimize to reduce the side lobe level, is calculated
using equation.5 and equation.6, along with the weight vector ‘W’ given as [8, 9]

cost = W[SLLR — SLLRC] 7
111.SIDE LOBE LEVEL REDUCTION UISNG TCHEBYSCHEFF DISTRIBUTION AND PSO

PSO is a real coded population based stochastic optimization technique [12-16] that developed on social
behavior of bird swarm. PSO is initialized with random particles or solution, evaluate the fitness of each particle
using the cost function and directing towards optimum value by updating its present best position pbest, the best
value obtained by a particle so far, and global best position gbest, best value achieved in the swarm, through
modifying their internal velocities by each particle in the swarm in every iteration. These best values are
obtained by updating the velocity as [13]-[15]
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velocity(i + 1) = velocity(i) + C, * rand = {pbest — position(i)} + C, x rand = {gbest — position(i)}

(®)

position(i + 1) = position(i) + velocity(i + 1) 9)

Here ‘i’ is the no. of iterations, ‘rand’ is a random number between (0, 1). cl, c2 are social and cognitive
learning factors. The process will iterate until stopping criteria are met.

In this paper, PSO is applied to optimize the cost function (equation.7) for 20-element and 12-element linear
Tchebyscheff phased array, keeping inter element distance d = 0.5A. It is first observed the radiation pattern of
the Tchebyscheff phased array before optimization and simulation has performed using equation.5, for side lobe
levels of -20dB and -25dB at different scan angles. In PSO optimization, array pattern was obtained for
minimum side lobe level. Then in TD-PSO, the desired values of TD are taken and optimization using PSO is
done for minimum SLL using the cost function of equation.7. Simulation also performed for uniform linear
phased array antenna using equation.l for same number of antenna elements and inter-element spacing using
only PSO optimization. Simulated radiation patterns obtained through application of Tchebyscheff Distribution

(TD), PSO optimization (PSO) on uniform linear array and TD-PSO on 12 element array at different scan angles
are plotted in Fig. 2, Fig. 3.
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Fig. 2. Normalized array factor of 12-element array using TD, PSO, TD-PSO at 45° with SLL=-20dB in TD

The TD-PSO optimized excitation current weight for Tchebyscheff array with maximum SLL -20dB SLL at

45° tilt angle[0.44 0.52 0.60 1.01 0.98 1.00 1.02 0.99 0.75 0.72 0.37 0.34] and 90° tilt angle
[0.04 O 0.37 0.51 0.68 1.01 1.00 098 0.83 0.73 0.46 0.29].
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Fig. 3. Normalized array factor of 12-element array using TD, PSO, TD-PSO at 90° with SLL=-25dB in TD
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In another case of TD with maximum SLL -25 dB TD-PSO optimized excitation current weight at 45° [0.18

024 049 0.63 1.00 097 1.01 1.00 098 0.68 0.47 0.28]andat 90°[0.26 043 0.60 0.78
1.00 0.96 1.03 0.88 0.72 0.54 031 0.19] respectively.

The different array characteristics performances of 12-element optimized linear array and Tchebyscheff array
at different tilt angles with their respective maximum side lobe level, half power beamwidth (HPBW) and feeding

current amplitude weight are compared and presented in Table 1. Feeding current amplitude weights are ratios of
currents fed to the antenna elements.

TABLE I. Comparison of Results for 12-element Phased Array Obtained Using TD, PSO and TD-PSO

Tilt HPBW (Deg) Max Side Lobe Level (SLLpax)
?SS; TD | PSO |TD-PSO | TDSLL fixed | Optimized | Optimized using
using PSO TD-PSO
45 13.5 12 15 -20 dB -18.85 dB -23 dB
90 9.7 10 12 -20dB -24.01 dB -26.64 dB
45 17 12 20 -25dB -18.75dB | -27.02dB
90 10 10 10 -25dB -24.01 dB -30.54 dB

Some of the simulated radiation patterns of 20 element uniform linear array, obtained through application of

Tchebyscheff Distribution (TD), PSO optimization only and TD-PSO on at different scan angles are shown in
Fig. 4, Fig. 5, Fig.6 and in Fig. 7.

The excitation current weight of TD-PSO optimized phased array for TD maximum SLL -20dB at 30° tilt
angle [0.30 0.37 0.31 0.37 0.46 0.45 0.60 0.63 0.61 0.56 0.63 0.62 0.60 0.44 0.48 0.410.35 0.300 0.29],

at 45°[0.22 0.13 0.27 0.33 0.49 0.53 0.60 0.67 0.75 0.75 0.74 0.75 0.73 0.63 0.53 0.46 0.42 0.33

0.27 0.18] and at 90° [0.18 0.25 0.23 0.35 0.41 0.50 0.51 0.58 0.59 0.630.60 0.56 0.55 0.49 0.36 0.33
0.30 0.19 0.21 0].
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Fig. 4. Normalized array factor of 20-element array using TD, PSO, TD-PSO at 30° with SLL= -20dB in TD
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Fig. 5. Normalized array factor of 20-element array using TD, PSO, TD-PSO at 45° with SLL= -20dB in TD
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In another set of simulation TD SLL fixed at -25dB, later the optimization is performed for lowering the SLL
and the resultant excitation current weight distribution of TD-PSO optimized phased array for 30° tilt angle is
[0.39 0.34 0.400.530.491.01 0.97 0.98 1.00 0.95 1.00 0.93 1.001.00 0.68 0.81 0.59 0.40 0.17 0.36],
at 45 [0.02 0.08 0 0.06 0.11 0.15 025035 043 0.51 0.59 0.61 0.61 0.60 0.52 0.44 0.33 0.27
0.16 0.12]and at 90° [0 0.15 0.14 0.23 0.26 0.35 0.41 0.45 0.51 0.53 0.53 0.50 0.48 0.45 0.36 0.30

0.25 0.17 0.12 0.09].
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Fig. 6. Normalized array factor of 20-element array using TD, PSO, TD-PSO at 90° with SLL=-25dB in TD
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Fig. 7. Normalized array factor of 20-element array using TD, PSO, TD-PSO at 90° with SLL=-25dB in TD

The performances of 20-element optimized linear array and Tchebyscheff array at different tilt angles with
their respective maximum side lobe level, half power beamwidth (HPBW) and feeding current amplitude weight

are compared in Table II respectively.
TABLE III. Comparison of Results for 20-element Phased Array Obtained Using TD, PSO and TD-PSO

Tilt HPBW (Deg) Max Side Lobe Level (SLLax)

'?5‘35‘; TD | PSO | TD-PSO | TD SLL fixed | Optimized | Optimized

PSO only TD-PSO

30 11.5 11 12.5 -20dB -18.84 dB -24.5 dB

45 9.25 8.75 9.5 -20 dB -19.73 dB -26.0 dB

90 5.5 5.75 6 -20 dB -19.81 dB -28.1 dB
30 12.5 11 12 -25dB -18.84 dB -25.82dB
45 10 8.75 11.5 -25dB -19.73 dB -36.03 dB

90 6 5.75 6.25 -25dB -19.81 dB -32.5dB

Here, PSO optimization is applied to find the optimum amplitude weight of feeding current of each element in
the array so the newly synthesize non uniform amplitude array will produce lower side lobe level than respective
Tchebyscheff array with minimal distortion in main beamwidth. PSO optimization is applied on 12-elements and
20-elements uniform linear array along with Tchebyscheff array having side lobe levels of -20 dB and -25 dB.
The values of SLL, mentioned in the tables, are the best values, obtained after a large number of simulations for
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a particular scan angle. The graphical plots are drawn for the best values of current coefficients, obtained by the
optimization.

The simulation of radiation pattern using PSO is developed through MATLAB software using Intel i5
processor computer. For all of the cases of optimization, the different parameters are considered for optimization
such as, the swarm size, maximum no. of iteration, cognitive parameter, social parameter , constriction factor,
weight vector are summarized in Table I11.

TABLE IIII. Computation Specifications of Optimization Parameters

Algorithm Parameters Iteration No. of Average
Elements | Computation Time
PSO Swarm | Cognitive parameter C1 =1 500 12 927.50 sec
Size - Social parameter C2=4-Cl1,
500 Constriction factor C=1,
Inertia weight W= 0 to +1
PSO Swarm | Cognitive parameter C1 =1 500 20 1083.44 sec
Size - Social parameter C2=4-Cl1,
600 Constriction factor C=1,
Inertia weight W= 0 to +1
TD-PSO Swarm | Cognitive parameter C1 =1.5 | 500 12 1006.78 sec
Size - Social parameter C2 =4-Cl1,
500 Constriction factor C=1,
Inertia weight W= 0 to +1
TD-PSO Swarm | Cognitive parameterC1 =1.5 500 20 1147.38 sec
Size - Social parameter C2=4-Cl1,
600 Constriction factor C=1,
Inertia weight W=0 to +1

Observing the output of different types of array, it is evident that TD-PSO is producing lowest side lobe level
in all the cases with a little expansion in half power beamwidth. Application of PSO optimization on uniform
linear array can produce lower SLL but that unable to reach beyond the SLL of TD-PSO optimization.

Cost behaviour of PSO optimized array factor cost for global minimum and local minimum after every
iteration for 20 element array at 457 scan angle is shown in Fig. 8.
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Fig. 8. Variation of cost value for 20-element array using PSO, at scan angle 45°

1VV.CONCLUSION

The optimized Tchebyscheff phased arrays are designed using PSO to reduce side lobe levels. As mentioned
in Table 1, that maximum side lobe level of about 5.5 dB lower than Tchebyscheff array is designed using
proposed TD-PSO algorithm for 12-element linear phased array. Whereas in Table 2, maximum side lobe level
of about 11 dB lower than Tchebyscheff array is designed using proposed TD-PSO algorithm for 20-element
linear phased array. TD-PSO does not design an array with equal side lobe levels as can be designed using
Tchebyscheff distribution. The extreme right columns of Table 1 and Table 2 give the current distributions for
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12-element and 20-element linear phased arrays designed using TD-PSO. This proposed TD-PSO method can
initiate a research scope for adaptive beamforming technology in smart antenna where high side lobe is a cause
of interference for neighbouring users in a cellular zone. After a large number of simulations, using TD-PSO, it
is found that after 400 iterations, in all the cases, the local and global minima values of cost function almost
saturate (like, Fig. 8). Therefore stopping criteria is taken as 500 iterations. Also, in Table-3, average
computation time is the average time for computation in different scan angles. In different scan angles,
maximum variation of computations time is 1 second. The proposed TD-PSO method for array synthesis, after
70 element linear array (as confirmed by simulation), does not show good performance. This is one limitation of
the proposed method for a large array.
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