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In recent years, spaceborne microwave radiometers have revealed a decrease in Arctic sea-ice
extent. While sea-ice thickness is essential parameter for understanding the processes behind thig|
decrease, the existing frequency bands of microwave radiometers are less sensitive to sea-ice)
thickness. Although using lower frequencies (e.g., 0.5—1.5 GHz; hereafter “low-frequency band”) can|
extend the measurable range of sea-ice thickness, spaceborne microwave radiometers using]
low-frequency bands have not yet been realized. One of the reasons is the impact of man-made]
microwave signals or so-called radio-frequency interference (RFI). RFI signals are far stronger than|
natural radiation, and its impact in the low-frequency band will be more serious than in the
existing measurement frequency bands due to no-frequency allocations for microwave radiometry
and overcrowded man-made microwave signals. Therefore, real-time RFI removal capability is
essential for realizing the low-frequency observations. In Japan, there are continuity plans for
microwave radiometer development. However, RFI removal research has lagged far behind, and|
there is no research for low-frequency observations. In contrast, research on digital processor for
real-time RFI removal using software-defined radio technology has been progressed, particularly in|
the United States, but demonstrated developments remain limited, and only a handful of reports
address low-frequency observations. In this study, toward realizing low-frequency observations, I
studied and evaluated a digital processor, which is key component for removing RFI signals in 2|
eround-based 0.5—1.5 GHz microwave radiometer (hereafter “low-frequency radiometer”).

Fast Fourier transform, integration, and RFI removal processing on the Field Programmable
Gate Array (FPGA). As the RFI removal method, cross-frequency and kurtosis detection methodg
were used. In this study, for the cross-frequency method, I proposed a new thresholding approach,
the Lower-Percentile Truncated-Normal (LPTN) method, which removes RFI signals by estimating]
the population mean and standard deviation from the lower-percentile samples of the power ratio
based on truncated-normal theory. The LPTN method was applied to the averaged power spectrum
after integration processing. The power ratio is output data after flattening the ratiometer system’s|
frequency response. The kurtosis detection method computed the unbiased estimator of the spectral
kurtosis SK and then performed RFI detection. Based on the FPGA resource utilization results, the]
functions implemented in this study can be ported to recently introduced space-grade FPGAs
without changing the functionality.

After implementation, a stand-alone evaluation of RFI detection performance for the digitall

processor using pseudo-RFI signals with known amplitudes and duty cycles computed by pulsed
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sinusoid, which can generate continuous- and pulsed wave by duty-cycle control was conducted. The
kurtosis detection method tended to perform better for small duty cycles and worse for large duty]
cycles, and had no effect for 50 % duty cycle. On the other hand, the cross-frequency method showed|
comparable performance across all duty cycles. Because two methods are independent in principle,
combining them improved overall detection performance.

In a laboratory measurement of RFI signals using the stand-alone digital processor, an antenna
and a reference-load were connected directly to the ADC through a RF switch without any]
amplification. Both methods performed well and consistently removed RFI signals. In this
experiment, the performance of cross-frequency method was better than that of kurtosis detection|
method, while some signals missed by cross-frequency were removed by kurtosis detection method.
The improvement of RFI removal performance by combining both methods was verified by actuall
measurement data. Using the same data, in which RFI signals were estimated to occupy]
approximately 40 % of the band based on kurtosis and visual inspection, I compared LPTN with|
conventional threshold estimators including median absolute deviation (MAD) and standard erroy
(SE). SE removed nearly all samples including low power-ratio likely unrelated to RFI. The removall
rates of LPTN and MAD were 34.0 % and 22.6 %, respectively. LPTN provided the most accurate]
threshold and proved to be superior to conventional ones.

Outdoor measurements with the low-frequency radiometer were conducted in two antenna
directions: zenith and horizontal (northwest, 330°). Antenna temperatures were derived by
calibration, and only the kurtosis detection method was used. For both directions, antennal
temperatures exceeding 100,000 K were observed in parts of the band. In particular, for the
horizontal direction, almost the entire band showed the condition of |SK|>>0. Although most of
these signals were removed by kurtosis detection method, some high antenna temperatures
remained. While cross-frequency method could remove the residual RFI signals, flattening
processing was difficult in this experiment due to the frequency response of radiometer system|
However, because kurtosis detection method performed well regardless of the frequency response, it]
was found to be easier to implement and to provide stable RFI removal compared to the
cross-frequency method.

In this study, I developed the digital processor for the low-frequency radiometer and evaluated
its RFI removal performance, and confirmed good performance for real measurement data and that]
superiority of the LPTN method. The outcomes of this study are expected to contribute not only tol
the realization of spaceborne low-frequency observations but also, in terms of RFI removal, to the)

microwave radiometer development in Japan.
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