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Abstract Antenna array beamforming algorithm is simulated using Matlab2019b to optimize antenna array excitation
for obtaining wide nulls and low sidelobe patterns. Comparative pattern analysis shows that adding quadratic constraints
based on the original constraints and improving the covariance have the drawback of widening the main lobe. This study
proposes a linear constrained minimum variance (LCMYV) pattern correction algorithm based on parallel optimization of
amplitude decile particle swarms to maintain the width of the main lobe while maintaining wide nulls and low sidelobes.
The algorithm compares the characteristics of the antenna array excitation obtained using several algorithms, introduces
preliminary information, optimizes only the magnitude of the weight vector to narrow the feasible solution space,
improves the optimization mechanism of the particle swarm algorithm, and adopts the decile optimization method. The
algorithm convergence is made more stable, and the particle swarm algorithm code is vectorized. A graphics processing
unit is used to simultaneously update each particle, realize the particle swarm parallel algorithm, and speed up the
computational time of the algorithm. The simulation results show that the algorithm can achieve a widening of nulls and
low sidelobes while maintaining the width of the main lobe. In addition, it has the best effect among the compared
algorithms. Simultaneously, the convergence of the particle swarm parallel algorithm based on the amplitude decile
requires fewer iterations and it has faster computational speed, and the improvement is more obvious when the antenna
scale is larger.
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Table 1 Comparison of important characteristic items
Feature name LCMV IPSO1 LCPCA IPSO2

Null width /(°) 15.22 13.49 59. 39 25.39

Main lobe width /(°) 9.69 10. 39 14.29 12.89
Side lobe level /dB —12.36 —14.68 —20.67 —22.07
Power spectrum area 20685 20650 20554 20582
%2 BERRUR A I
Table 2 Comparison of array element weight vectors
LCMV 1PSO1 LCPCA IPSO2
Serial number
Amplitude ~ Phase /() Amplitude  Phase /(")  Amplitude ~ Phase /()  Amplitude  Phase /(")

1 0.72 —3 0.46 5 0.06 12 0.06 —11
2 0. 60 81 0.32 57 0.13 112 0.23 102
3 0. 89 154 0. 64 167 0.30 167 0.34 168
4 0.93 —127 0.64 —138 0.43 —133 0.44 —123
5 0.54 —50 0.59 —46 0.45 —62 0.67 —41
6 0.61 13 0.58 21 0. 60 14 0.55 22
7 0.65 98 0. 64 99 0.73 97 0. 86 105
8 0.88 161 0.85 173 0.91 164 0.90 178
9 0.67 —108 0. 66 —105 0.81 —110 0.91 —108
10 1.00 —31 1. 00 —33 1.00 —35 1.00 —25
11 0.73 41 0. 64 39 0. 80 42 0.97 46
12 0.85 97 0.79 106 0.65 111 0.76 107
13 0.81 —159 0.70 —158 0.44 —152 0.53 —163
14 0.75 —87 0.84 —96 0.27 —91 0.49 —87
15 0.85 —3 0.73 —19 0.26 5 0.31 —4
16 0.58 —3 0.52 5 0.12 12 0.32 —11
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Fig.8 Comparison of algorithm convergence. (a) Convergence of decile optimization mechanism; (h) comparison of convergence of

four algorithms
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