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We have been conducting the ground-based observations of VLF emissions (100 Hz to tens of kHz) at the sub-auroral latitude
The ground-based observations can continuously measure VLF emissions at a fixed L with a high time resolution. However, th
observed data include various kinds of noises added during the long wave propagation. In order to reduce the effect of th
noises, we have applied noise reduction techniques based on audio signal processing. The observed data include the station
(white noise and hum noise etc.) and impulse noises (atmospheric noise and artificial clock noise etc.). In our previous study
we developed a stationary noise reduction technique by using spectral subtraction method and an adaptive filter. The simulatic
results showed that the input signal-to-noise ratio was improved by more than 10 dB.

In this study, we have developed an impulse noise reduction technique. It is difficult to extract VLF emissions above 5 kHz
(such as auroral hiss) because the impulsive lightning sferics are dominant in this frequency range. For the artificial impulsive
noise, such as the one caused by GPS pulses, we can estimate a standard model of digital clock waveform. However, it is diffict
to apply the standard waveform model to sferics, because natural impulsive noises cannot by expressed as autoregressive mod
A sferic pulse is much shorter than a VLF emission. So we use an averaged spectrum intensity from the data before and aft
the sferic pulse to interpolate the spectrum intensity. It is important to detect sferic pulse with a high accuracy to interpolate
the data. We used test signals consisting of simulated sferic pulses, hum noises (saw-tooth waves), and white noises to evalu
the detection performance of sferics. We detected sferic pulses using a fixed threshold amplitude. The detection results show:
20% false detection for using the original test signals and 4% false detection for using high-pass-filtered (cutoff frequency of &
kHz) test signals. By reducing hum noises with the high-pass filter, the detection accuracy was improved. In the future, we will
consider the use of the neural network to further improve the detection performance of sferics.

In this presentation, we will discuss our noise reduction techniques for the VLF emissions in detail. The proposed noise
reduction methods by using audio signal techniques can be applied not only to VLF but also to ULF waves. We believe that this
study can be significantly contributed to reduction in the cost and time for a conventional EMC test.
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