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Abstract
Signal detection and direction finding for multiple waves impinging on an array of sensors have attracted attention in the literature due to the numerous
applications in radar, sonar, and wireless communication. The most popular subspace direction finding algorithms are MUSIC, Root-MUSIC, and
ESPRIT. In a multipath scenario, the signals impinging on the sensor array are correlated resulting in a covariance matrix that is singular due to the
coherence interference. To compensate for the rank deficit caused by the coherence interference, a pre-conditioning scheme is needed. The most
popular scheme for de-correlating coherent signals is spatial smoothing (or averaging), in which the main sensor array is treated as the superposition
of overlapping sub-arrays, which is a computationally-expensive process. Beside Spatial Smoothing, another less computationally expensive method
for detecting coherent signals is the use of Toeplitz matrix reconstruction. Thorough and careful investigation by the authors of existing literature
demonstrated that the Toeplitz technique used does not produce reliable accurate results because the derived Toeplitz matrix is not perfectly
symmetric. Perfect symmetry of the Toeplitz reconstruction matrix is a necessary condition to ensure orthogonality between the signal subspace and
noise subspace, which in turn makes the use of subspace-based direction finding methods such as MUSIC a valid choice. This seminar presents a new
algorithm called Phase Mode Excitation Symmetric Toeplitz (PMEST) for detecting the directions of coherent signals incident on UCA. The developed
algorithm first employs Phase Mode Excitation (PME) transformation technique to convert the original UCA into an equivalent fully-mapped Virtual
Uniform Linear Array (VULA). The algorithm then implements a special Toeplitz-like matrix reconstruction technique that inhibits perfect symmetry,
to alleviate the inaccuracies incurred in the erroneous converted VULA. It is shown that the developed PMEST algorithm is much more robust than
other techniques since it incorporates a noise auto-cancellation scheme via suppressing the induced quantization error in the converted VULA steering
vector, leading to superior detection capability.
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