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Abstract The Zhangheng Satellite has accumulated a vast amount of observational data over its six

years in orbit. Detecting all Lightning Whistler (LW) events from this dataset is crucial for comprehen-
sively analyzing the variation patterns of the space physical environment. However, using the current
mainstream LW detection technology, which is based on time-frequency spectrograms, it would take ap-
proximately 40 years to complete this task. To address the slow inference speed and meet practical engi-
neering demands, this study proposes, for the first time, a high-speed detection model for lightning
whistler waves from the perspective of audio event detection — WhisNet. This model reduces the time
cost from 40 years to just 54 days. First, waveform data is segmented using a 4-second sliding window;
then, Mel-spectrogram audio features are extracted. Next, a lightweight Convolutional Recurrent Neural
Network (CRNN) is constructed to further extract the audio event features of LW. Finally, two fully
connected networks are created at the output layer to predict the start time and duration of each LW
event. To evaluate the model’s performance and computational speed, experiments were conducted on
data from the SCM (Search Coil Magnetometer) between April 1 and April 10, 2020. The results show
that the performance of the WhisNet model is comparable to that of time-frequency image-based meth-
ods, but with a 99% reduction in computational and parameter costs and a 98% increase in computation-
al speed. The model was further applied to SCM data from May 2020, and the detection results were sta-
tistically analyzed and visually compared to the average lightning density trend from the WWLLN Glo-
bal Lightning Climatology and time series (WGLC) for May 2020. The high consistency between the two
further confirms the applicability and accuracy of the WhisNet model in processing large-scale satellite
data. This method offers significant reference value for thoroughly exploring other large-scale geospace

events.
Key words Lightning Whistler (LW), High-speed detection, Zhangheng-1 Satellite, Convolutional
Recurrent Neural Network (CRNN)
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