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ABSTRACT

In satellite systems, efficient communication and observation require identifying of specific signal arrival points using onboard
antenna systems. When utilizing massive array antennas to estimate the angle of arrival (AOA) of signals, traditional high-
performance AOA estimation algorithms such as Multiple Signal Classification (MUSIC) encounter extremely high complexity
due to the numerous individual antenna elements. Although, in order to improve this computational complexity problem,
the cascade AOA estimation algorithm with CAPON and beamspace-MUSIC was recently proposed, the comparison of the
computational complexity of the proposed algorithm across different massive array antenna configurations has not yet been
conducted. In this paper, we provide the analyzed results of the computational complexity of the proposed cascade algorithm
based on various massive array antennas, and determine an optimal antenna configuration for the efficient AOA estimation in
satellite systems.
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Fig. 1. Massive array antenna configurations: (a) Square array (SA), (b) Rectangular array (RA), (c) Frame array (FA), (d) Circular array (CA), (e) Concentric circular

array (CCA).
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2. MASSIVE ARRAY ANTENNA MODELS
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Fig. 2. Basic structure of cascade AOA estimation algorithm.
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Fig. 3. Example of antenna element utilization in CAPON algorithm: (a) Square array (SA), (b) Rectangular array (RA), (c) Frame array (FA), (d) Circular array (CA),

(e) Concentric circular array (CCA).
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Fig. 4. Massive array antenna configurations for computer simulation.

Fig. 5. Results of the beamspace transformation computational complexity analysis for each massive array antenna configurations.

Table 1. Simulation parameters.
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Fig. 6. CAPON spatial spectrum for AOA group estimation for each massive array antenna configuration.

Fig. 7. CAPON spatial spectrum cross-section with 10 dB threshold for AOA group estimation.
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Fig. 8. Individual AOA estimation results for each algorithm applying each massive array antenna configuration: left; cascade (beamspace MUSIC), center;
MVDR, right; MUSIC.
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Fig. 9. Comparison of AOA estimation process times for each massive array

antenna configuration.

Fig. 10. Analysis of total computational complexity of addition/subtraction, multiplication/division of cascade, MVDR, and MUSIC applied to each massive

array antenna configuration.
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