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Description Research Topic Description, including Problem Statement:

The application of fractal geometry principles to the design of individual antennas and phased

array antenna systems creates fractal antennas. Fractal antenna engineering can offer many

techniques to optimize both antenna elements and phased array designs. For example, individual

antenna geometries can be optimized to create fractal radiation patterns, to operate in multiple

frequency bands, to minimize sensitivity to loads, to miniaturize lower frequency antennas

(UHF/VHF), and to design frequency selective surfaces (FSSs).Due to their self-similar structure,

fractal antennas also can provide broadband operation.

For phased array systems, designs based on a fractal lattice geometry—known as fractile phased

arrays—can offer performance similar to that of a traditional phased array lattice design, such as

rectangular or hexagonal, but with a reduced element count for optimized designs. Such a

capability proves extremely beneficial for the systems engineer since it would reduce cost,

complexity, and development time for a specific phased array system acquisition.

The approach is to conduct a study on various phased array designs based on fractal lattice

structures to compare their performance against traditional phased arrays using both the

mathematical array factor and the combined array antenna pattern, including a notional element

pattern. The study would also include models and simulations on the performance comparisons for

both broadside and beam steering operations to gauge scan loss and other performance metrics.

Example Approaches:

Much work has been presented in the literature for optimizing fractile phased arrays using genetic

algorithms, particle swarm, and other techniques using peak side lobe level (SLL) as the fitness

function. From a system engineering perspective, a more optimal fitness function may be the

integrated side lobe ratio (ISLR), which is a ratio of the total integrated power in the side lobes to

the total integrated power in the main beam. Minimizing ISLR may provide a higher signal-to-noise

ratio (SNR) from the antenna. There is little to no work reported in the literature using this fitness

function. An effort to optimize a fractile array design using both peak SLL and ISLR to compare

outcomes would provide valuable design insight for future phased array systems.
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A comprehensive understanding of the percentage of array antenna elements that could be

reduced based on fractile phased arrays is needed. Because phased arrays are complex and

costly to manufacture, reductions in element count can save a large amount of development and

production time, thereby reducing costs.

A full understanding of beam steering and amplitude tapering for fractile phased arrays (optimized

or not) is also needed.

Relevance to the Intelligence Community:

To understand how aperiodic phased array lattice designs could inform future phased array system

designs for remote sensing systems.
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