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Comparing the performance of MIMO and phased array radars using
advanced signal processing algorithms

Abstract

This research conducts a comprehensive comparative analysis of MIMO
and phased array radar systems, evaluating their performance using
multiple high-resolution signal processing algorithms implemented in
MATLAB. The study uses multiple signal classification (MUSIC),
minimum-variance distortion-free response (MVDR), ESPRIT signal
parameter estimation via rotational invariance (RI), spatial-temporal
adaptive processing (STAP), Kalman filtering, constant false alarm rate
(CFAR), sequential quadratic programming (SQP), and Newton-like
optimization to evaluate important parameters such as angular resolution,
target detection probability, jamming suppression, and computational
efficiency.

Simulation results show that MIMO radars leverage spatial diversity to
outperform phased arrays in multi-target detection. The MIMO radar can
detect and parameterize up to 16 targets simultaneously, compared to only
six for phased array radars under the same conditions. They also exhibit
high robustness to interference, especially when combined with MUSIC
and ESPRIT for highly accurate direction of arrival (DOA) estimation. The
MIMO radar achieves an angular accuracy of up to 0.5°, compared to 2°
for phased array radars. Thanks to spatial diversity and virtual array
configuration, the MIMO radar also excels in range and velocity estimation
accuracy, achieving range accuracy of up to £0.15m and velocity accuracy
of £0.05m/s. In contrast, phased array radars offer superior beam steering
speed and real-time adaptability when combined with MVDR and STAP
in dynamic environments. Kalman filters and CFAR enhance tracking
stability in both systems, while SQP and Newton-like methods enhance the
purity of the main beam. They achieve sidelobe reductions of up to -40 dB
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compared to conventional beamforming designs, enhancing and improving
power efficiency.

Keywords: MIMO radar, phased array radar, signal to noise ratio, range,
velocity, angle of arrival, frequency division multiplexing, time division
multiplexing.
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