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Design and Implementation of Multi-mode Sensor Signal Processor on FPGA Device

Soongyu Kang' and Yunho Jung™*

Abstract

Internet of Things (IoT) systems process signals from various sensors using signal processing algorithms suitable for the sig-
nal characteristics. To analyze complex signals, these systems usually use signal processing algorithms in the frequency domain,
such as fast Fourier transform (FFT), filtering, and short-time Fourier transform (STFT). In this study, we propose a multi-mode
sensor signal processor (SSP) accelerator with an FFT-based hardware design. The FFT processor in the proposed SSP is
designed with a radix-2 single-path delay feedback (R2SDF) pipeline architecture for high-speed operation. Moreover, based
on this FFT processor, the proposed SSP can perform filtering and STFT operation. The proposed SSP is implemented on a
field-programmable gate array (FPGA). By sharing the FFT processor for each algorithm, the required hardware resources are
significantly reduced. The proposed SSP is implemented and verified on Xilinx’s Zynq Ultrascalet MPSoC ZCU104 with
53,591 look-up tables (LUTs), 71,451 flip-flops (FFs), and 44 digital signal processors (DSPs). The FFT, filtering, and STFT
algorithm implementations on the proposed SSP achieve 185x average acceleration.
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Fig. 1. Examples for sensor signal processing using various sensors.
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Table 1. Hardware resource usage for the proposed SSP

Unit #LUTs #FFs #DSPs
FFT processor 52,379 71,235 40
Complex multiplier 720 97 4
Others 492 119 -
Total 53,591 71,451 44
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Table 2. Computation time in three cases.

Algorithms Software ?;?relzﬁt; Proposed SSP
FFT 7.2 ms - 42.0 ps
Filtering 14.7 ms 374.7 ps 72.6 ps
STFT 4412 ms 19.2 ms 2,481.3 us
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