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Development of a digital multi-beamformer for a next-generation solar wind ob-
servation system

#Daichi TAKEHARAY, Kazumasa IWAI"), Ken’ichi FUJIKI")

(Unstitute for Space-Earth Environmental Research, Nagoya University

Interplanetary scintillation (IPS) is a radio scattering phenomenon generated by the disturbances in the solar wind. Institute
for Space — Earth Environmental Research (ISEE), Nagoya University has detected disturbances of the solar wind efficiently
by using IPS observation system composed of 3 cylindrical parabolic antennas at 327 MHz. ISEE has been developing a next
generation solar wind observation system (ngSW) which can generate approximately 10 times more solar wind speed data
compared to the conventional observation systems. The ngSW is composed of 2D flat phased-array system, and installing
digital multi beam forming devices which has 4 beam and 8 beam mode. This digital device has 1,024 analog inputs, and
digitize input signals with 12 bits. As a phase-1 project, a 64 channel digital backend (64 ch system), which is part of this
system, has already been developed.

In this study evaluation tests of the 64 ch system were executed in the laboratory. We used a white noise with 10 MHz
bandwidth as a test signal. In this evaluation tests, the dynamic range, the digital filter characteristics, the grating lobes by
numerically changing the antenna configuration and spacing, and the Allan variance were measured. The results show that
dynamic range is about 60 dB. This is about 83% of the theoretical value of 12 bit ADC which is 72 dB. On the software side,
grating lobes were reconstructed as expected, and this mean that the program for beamforming implemented on the FPGA
works appropriately. In the test of the digital filter, the results show that the side lobe level of the 8 beam approximately 20
dB higher than that of the 4 beam mode. In the Allan Variance measurement, different behaviors were observed in each beam
mode. The duration of the Allan variance for white noise in the 8 beam was approximately 448 seconds, whereas in the 4
beam it was approximately 110 seconds.

We found several issues to be overcome such as the instability of the AD conversion module and connection between
digital device and control PC. There is a large variation in the packet drop rate. To ensure stable operation of the ngSW, it
would be suggested that the operational maintainability is dramatically improved by implementing an Al that detects internal
abnormalities from the output data.
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