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Processing and noise reduction of the prototype imaging data of the SuperDARN
Hokkaido East radar.
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SuperDARN is a network of HF radars installed in high and mid-latitude regions of both hemispheres and used mainly
for ionospheric research. Doppler velocities of ionospheric plasma are measured by observing echoes backscattered from
ionospheric irregularities. SuperDARN radars’ design, instrumentation, and basic software are based on the radars’ initial
specifications. Important operation parameters, such as integration time and sampling rate, were determined based on initial
engineering and computational capabilities. Therefore, the system needs to be modernized. Replacing it with modern radio
equipment and operating systems makes introducing new or replacement systems into the radar easier. McWilliams et al.
[2022] introduced Borealis as a new open-source software and hardware design for the SuperDARN radar. It utilizes digital
radio design and data analysis techniques to mitigate and remove the limitations of SuperDARN.

We are trying to implement software radio technology at the Hokkaido East radar. We carried out a test operation from 30
June to 3 July 2020. USRP-N210 was used as the digital radio equipment, and the data were received on four channels out of
a total of 20 channels. The received data was beamformed in 16 directions, and the received signal strength and phases were
imaged. During the operation, significant noises were observed at specific times. Specifically, many of them occurred around
10:00 UT (19:00 LT). The noise was huge in the geographical northward beam direction, and the typical noise frequency
was around 10 kHz. In this study, a low-pass software filter was implemented to remove the noise. Since 300-microsecond
pulse (corresponding to approximately 2.2 kHz) wave was transmitted, it is necessary to pass up to three times the pulse wave
frequency to maintain the pulse waveform. 6.6 kHz low-pass filter would remove the 10 kHz noise without destroying the
received pulse waveform.

While the implementation of the low-pass filter enabled the 10 kHz noise to be removed. On the other hand, we are focused
on solving the issue of the spike noise spreading over the entire signal waveform. Details of the filtering algorithm and the
latest results will be presented.
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