Abstract (English)

Developing a novel category of 2D sparse arrays to improve information resolution with a minimum of possible
actual sensors has proven to be a notable and persistently demanding objective. This thesis introduces a new
layout for planar sparse arrays to estimate signal arrival angles in both azimuth and elevation dimensions.
Specifically, our method involves strategically positioning sensors to maximize the Degree of Freedom(DoF),
reduce the occurrence of gaps within the difference coarray, and make it hole—free to enhance its suitability
for Direction of Arrival Estimation(DoA) estimation algorithms. To assess the effectiveness of the suggested
array, numerical simulations were conducted, demonstrating the achieved Root Mean Square Error(RMSE)
value in the proposed Rectangular Coprime Planar Array(RCPA) is the least, i.e., less than 0.1%, compared to
other existing planar arrays. Consequently, there is significant interest in devising sparse arrays with sizable
difference coarrays and expanding the analysis to encompass additional array characteristics like symmetry,
resilience, and cost—effective engineering. We present a scalable and systematic methodology for designing
large sparse arrays by introducing sparsity with fractal arrays to create a hole—free difference coarray, which
not only increases the number of degrees of freedom in fractal arrays but also aids in enhancing the accuracy
of DoA estimation for predicting a maximum number of uncorrelated sources with a minimum possible actual
sensors. First, the 1D sparse fractal array is constructed, then extended to a 2D sparse fractal array for both
azimuth and elevation angle estimation. Comprehensive robustness analysis was conducted on the proposed
sparse fractal array, including one—dimensional (1D) and two—dimensional (2D) configurations, in response
to sensor failures by attaining the minimum possible fragility value of 0.5 for SF'A;p and 0.6491 for SF Asp.
Finally, the proposed arrays were rigorously tested for Joint Communication and Sensing (JCAS) applications to
evaluate whether they meet the established performance characteristics outlined in the literature, confirming
their suitability for effective use in JCAS systems.
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