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ABSTRACT

Based on the application of array antenna on radio systems, research on array
synthesis is very important. According to the requirements of application system in
practical, combing convex optimization with advantages of efficient, fast, and local
optimal solution equal to global solution, a variety of array synthesis problems and
their solutions based on convex optimization are studied in this paper.

First of all, we give a comprehensive overview of array synthesis algorithm of
ideal point source and antenna taking scalar radiation pattern into account based on
convex optimization, including optimization with none goals, optimization of
minimum sidelobe, optimization of maximum directivity, optimization of maximum
efficiency, and optimization of the minimum number of array elements. What’s more,
the corresponding simulation examples are given for each goal to verify the
optimization synthesis method.

Secondly, we propose the method of array synthesis in vector fields. Definitions
of the desired co-polarization and cross-polarization directions are given for a scanned
beampattern according to a desired polarization direction. Furthermore, the
co-polarization directivity is defined to more accurately represent the degree of the
concentration of co-polarization field over the total radiated power. With this
definition, the co-polarization directivity can be optimized. Its analytical expression
can be derived when no any pattern constraints exist. In more general cases in which
the constraints on the sidelobe level, nulling points and cross-polarization level exist,
an efficient numerical algorithm based on convex optimization is proposed. Some
numerical synthesis experiments are conducted, and the results show the effectiveness
and robustness of the proposed synthesis techniques.

Next, we propose a new method to design a beam-scanning sparse array with

minimum spacing constraint. The proposed method consists of two optimization steps.

In the first step, an iterative reweighted I, -norm optimization is used to obtain an



initial sparse array without minimum spacing constraint. In the second step, we carry
on a series of element combination and perturbations to meet the minimum spacing
constraint. An example is given to design a sparse array which has the minimum
spacing of 0.5 wavelength and the beam scanning from 45° to 135°.

Finally, as in practical applications, there may exist errors in antenna
manufacturing, we carry on error analysis in theory in array synthesis. And we
contrast the pattern parameters including sidelobe level, directivity, cross-polarization
level, between array with errors and ideal array. Consequently the analysis in array

synthesis problems and solution on these problems will be more comprehensive.

Key Words: convex optimization; vectorized pattern synthesis; beam-scanning sparse

array with minimum spacing constraint; error analysis
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