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Abstract Solar activity is the ultimate source of disturbances in the geospace environment,
and interplanetary space is an important channel through which these disturbances propagate.
To achieve end-to-end monitoring of the Sun-Earth space environment, detecting
low-frequency solar radio emission with low-frequency radio telescopes is an important
observational approach. For low-frequency radio arrays, the design of the array configuration
is of critical importance. It is closely related to the realization of the scientific objectives of
the instrument and to whether these objectives can ultimately be achieved in practice, and it
constitutes one of the key technologies in the overall system design. The Peru
Low-Frequency Radio Telescope is a monitoring facility planned to be newly constructed
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under the International Meridian Circle Program and will operate in the 1-80 MHz frequency
band. It contains 16 low-frequency radio antennas. Through beamforming with these antenna
elements, the telescope will track the Sun and perform spectral monitoring, and it will also
carry out studies related to ionospheric measurements. For the array-configuration design of
this telescope, this paper proposes an improved hybrid optimization algorithm based on
genetic algorithm and particle swarm optimization. The algorithm searches for the antenna
layout of the array within a circular aperture, with the goal of obtaining a better all-sky
distribution of the main-lobe-to-sidelobe ratio for the beamformed array pattern. The
simulation results show that, while satisfying the technical specifications required for the
telescope, the array designed by the proposed algorithm greatly improves the all-sky
main-lobe-to-sidelobe ratio distribution compared with a random array, a uniform array, and
the Vogel spiral array adopted by the Square Kilometre Array (SKA). The results of this study
will be applied to the construction of the Peru Low-Frequency Radio Telescope and can also
provide a reference for the design of future large-scale low-frequency solar radio telescope
arrays in China.

Key words sparse array; genetic algorithm; particle swarm optimization; Vogel

spiral array; sidelobe ratio
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Figure 1 Schematic diagram of antenna element and array layout for Peru low frequency radio telescope
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Table 1 Specifications of Peru low frequency radio telescope
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Figure 2 Synthesized beam before (left) and after (right) main-lobe removal
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Table 2 Iteration Time for Different Numbers of Array Elements

RESTHE 50 SRIEHEETE FREHHE
16 7991s 159.82s
32 7998s 159.96s
48 8105s 162.1s
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