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Development of general purpose digital phased array instrument for next generation space-

earth environment observations
#Kazumasa Iwai
ISEE, Nagoya Univ.

Low-frequency radio observations are widely used for the space-earth environment researches such as the Sun, solar
wind, ionosphere, and atmosphere. In this frequency band, it is effective to obtain a large aperture area and a wide
field-of-view by forming an array with a large number of antennas. There are various kind of phased array radio
telescopes and radars in Japan, such as the interplanetary scintillation observation system of the Institute for Space-
Earth Environmental Research (ISEE), Nagoya University. In this research, we have developed a general-purpose
digital phased array instrument for space-earth environment observation, especially to be installed in the next
generation interplanetary scintillation observation system of ISEE.

A digital board newly designed for this instrument has 8 analog input ports, 8 analog-digital converters (ADCs), one
field-programmable gate array (FPGA), and one 10-Gbit Ethernet output. The size of this instrument is 37 cm x 27
cm, and it can be further downsized. Hence, it can be stored in the front-end part of various observation systems. In
addition, the price has been reduced compared to conventional products. Eight input signals are converted to 12-bit
digital signals by the ADCs. The ADCs respond to input signals up to several GHz and can process input signals much
higher than the clock frequency by using the aliasing. For example, we can measure 308-346.6MHz by the operating
clock of 77Msps, which corresponds to the 38.5MHz bandwidth, using appropriate bandpass filters in the analog stage.
The digitized signal is converted to 16384-point complex spectra by the fast Fourier transform by the FPGA, and the
beamforming can be performed by adding the eight complex spectra using arbitrary different delay filters. A power
spectrum is derived from the complex spectrum after the beamforming, and output power spectra are derived every 10
ms. This system enables us to measure four beams simultaneously by processing four types of different beamforming
in parallel. In the laboratory experiments, we confirmed that the beam can be formed in the appropriate direction by
setting appropriate delay filters. It is possible to form a larger array by connecting a large number of this instruments.
Therefore, this instrument can be applied to various future projects.
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