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Implementation of digital signal processing in a FPGA for plasma wave instruments
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In recent years, a lot of satellites are launched in order to solve clarify of the space environment as a consequence of plasn
dynamics controlled by solar activity. Measuring plasma wave is one of important clues to understand plasma physics aroun
the earth, and it is necessary to implement intelligent signal data processing techniques into the plasma wave instruments. In tl
conventional wave instruments, these data processes are executed by a CPU, and thus the computation speed is not fast enouc
enable real-time processing. In the present study, we try to implement these techniques, especially decimation-filtering, sub-bat
coding and data compression, into FPGA in order to achieve real-time data processing.

In the present paper, we introduced a FPGA named Cyclone Ill which is basically a same size as a FPGA used onboar
spacecraft. It has 15,408 of Logic-Elements. We constructed a decimation-filter module and a sub-band coding module in th
FPGA. A decimation-filter module consists of adder and eight multipliers. The module can be realized using 866 Logic-Elements
Next, we designed a sub-band coding module with the decimation-filter module. In the sub-band filtering process, we commonly
use one decimation-filter module seven times to divide the original waveform into 8 sub-bands. Then we could achieve sub-ban
filtering with a processing speed of 26 clocks per one sample data.

By using the sub-band coding module, we finally constructed a sub-band compression module. Our sub-band compressic
module produces a compression data with a processing speed of 28 clocks per one sample data. It was demonstrated that |
processing speed is fast enough to process 5 components of waveform (2 components of electric field and 3 components
magnetic field) with their sampling frequencies of 65kHz if we operate a FPGA with a clock frequency at larger than 9.2MHz.
This clock frequency is much lower than the one implemented in mission data processor (MDP) onboard MMO.
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