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Multi-objective optimization for planar antenna array design
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Multi-objective optimization technique can be deployed to design planar antenna array with
optimal side lobe, appropriate beam steering quality, minimum power beam width, maximum
directivity, maximum possible gain etc. as a function of data-driven models of element lengths
and distances between these model elements. Fundamental question is exploration of the Pareto
front modeling optimal trade-offs among multiple conflicting objectives, which for example can
be, the structure size and its electrical performance along with minimization of cost! Most
classical problem used to be faced by an antenna designer is how to design the tradeoff
among size, performance and price. The conventional approach to deal with this situation is
to combine the objectives into a single cost function using a weighted sum. Unfortunately this
method is purely based on weights chosen by the designer without giving full picture of the
tradeoffs that can be made. Multi objective optimizers (MOOs) have the capability to
optimize multiple objectives simultaneously without making any assumptions and they
provide the designer with a set of potential solutions, which exactly show the tradeoffs that
can be made. This information gives knowledge on the issues of the design and designer can
choose the best compromise for a given scenario.

Several papers are reported on multi objective optimization in terms of their convergence
efficiency use simple test function. More research work is being done to generate empirical
models to approximate complex fitness functions. Even if these are success in particular
applications, many of them are not general and lose efficiency as the number of parameters
and/or design objectives increases. Some of first-generation and surrogate based multi-
objective optimizations are being applied in different electromagnetic problems and their
convergence efficiency are compared. But these comparisons mostly use the first and second
generation multi-objective optimizations. Due to large computational time and resources
requirements designer usually does not have scope to experiment with a variety of different
optimizers or to tweak the parameters of the specific optimizer.

Some of recent papers introduce different newer algorithms such as auto-adaptive multi-
objective evolutionary algorithm (EA), multi-objective covariance matrix adaptation
evolutionary strategy (MO-CMA-ES) and multi-objective Evolutionary Algorithm based on
Decomposition (MOEA/D). These three algorithms are uniquely different in their approach to
finding the Pareto front, and each has strength and weakness. These are efficient in
comparison to different classical multi-objective optimization algorithms such as
nondominated sorting genetic algorithm II (NSGA-II) and multi objective particle swarm
optimization (MOPSO).

The objective of this paper is to

e Explore the antenna design parameter space (e.g. impedance matching, bandwidth,
cross-polarization, beam width, side lobe level (SLL) suppression, gain, directivity,



adaptivity, reliability etc.) for different design choices and their implications using
multi-objective optimization framework for real life engineering applications in high-
value commercial domains.

Unfold the tradeoff designs which are obtained by moving along the Pareto front and
identifying the subsequent Pareto-optimal solutions using surrogate-based
optimization techniques and their implementation in BORG which is an auto adaptive
many-objective evolutionary computing framework.

Leverage modern computational efficiency of the process is by deploying coarse-
discretization EM simulations and local response surface approximation (RSA)
models. Find out the limits on this coarseness and its implications for the design
problems under consideration.
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