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Design of multi-spectral data synchronous acquisition
and processing system based on NUFFT

TIAN Jing
(College of Information Technology, Changchun Vocational Institute of Technology, Changchun 130000, China)

Abstract: In order to simultaneously acquire multi-spectral spectral information and multi-test data synchronization
processing, a synchronous acquisition and processing system based on field-programmable gate array ( FPGA ) + digital signal
processor( DSP) was designed. The non-uniform fast Fourier transform ( NUFFT) algorithm was used to sample the spectral
segments containing the target information, and the theoretical analysis and experimental verification for the non-uniform sampling
of multi-spectral data were carried out. The experiments were respectively carried out simultaneously for three different laser
wavelengths of 632nm, 880nm, and 980nm. The system was compared with the traditional spectral analysis algorithm. The test
results show that the signal-to-noise ratio of the system at the peak position of three wavelengths is 31. 6dBm, 36. 3dBm, and
32.5dBm, respectively, while the signal-to-noise ratio of the traditional spectrometer is only 20. 1dBm, 25. 4dBm, and
23.7dBm. It can be seen that the hardware design of the system and the NUFFT algorithm can effectively enhance the signal-to-
noise ratio in the process of acquiring multi-spectral spectral information. At the same time, the processing speed of the system is
also faster, and it has certain application value in multi-spectral fast processing.
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Fig. 1 Multispectral data synchronous acquisition and processing system
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Fig.2 Data processing module based on FPGA + DSP hybrid architecture
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Fig.3 Flow chart of NUFFT algorithm
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Fig. 4 Simulation results of high-speed acquisition drive based on AD7492
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Fig.5 FPGA control signal simulation results
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Fig. 6 Spectrum recovery operation simulation results

a—interference fringes b—recovery spectra
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Fig.7 Experimental system physical map
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Fig. 8 FPGA + DSP module and spectrometer recurring spectrum comparison

a—recurrence results of the system b—spectrometer reproduction results

ARG IS BLES R F R, AR R G i
TRHATT NUFFT 895, X T A FRHE G 09 T 26 5L
St T o DR S E, B LA BUE 9 RF AL G o A
SR BT, SFARE AR -0 W, I HA D K o AR
fRMR LR EIDLIG M EES R 1,

Table 1  Comparison of main parameters

the system spectrometer

No. center signal-to- center signal-to-

wavelength/nm  noise ratio/dBm wavelength/nm  noise ratio/dBm

1 632.3 31.6 632.1 20.1
2 879.6 36.3 879.9 25.4
3 980.3 32.5 980. 1 23.7
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