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Design of 2 GHz Bandwidth Digital Spectrometer in Hyperspectral
Microwave Radiometer System
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Abstract: Hyperspectral microwave radiometer is a new type of passive microwave remote sensor for detecting at-
mospheric trace gases, and the digital spectrometer is the core component of the hyperspectral microwave radiometer. In
this paper, a new broadband, real-time digital spectrometer design and implementation scheme is proposed. The core radix
16 real-time complex fast Fourier transform(FFT) algorithm is formed by improving and combining the parallel processing
and complex processing of FFT. Finally, the power spectrum of the signals can be obtained. The results for 1 024(1k) spec-
tral channels are achieved by the digital spectrometer with the sampling rate of 4.8 GHz, the quantization bits of 8 bit, and
the input 3 dB bandwidth of 2 GHz. The real atmospheric brightness temperature spectrum is simulated and analyzed by at-
mospheric radiative transfer simulator(ARTS), and then the input point frequency signal is tested. The results show that the
maximum value of sub-band brightness temperature bias caused by the core algorithm is about 0.02 K, and the core algo-
rithm sub-band sensitivity deteriorates within 20% compared with the ideal sub-band sensitivity. The effective number of
bits(ENOB) of the digital spectrometer is better than 3 bit, the signal-to-noise ratio(SNR) is better than 20 dB, and the spec-
tral resolution is constant at 2.3 MHz, which can effectively meet the requirements of radiometers for spectral line detection
in middle and upper atmosphere.
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