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Spectrum sensing method of railway communication
system based on deep neural network
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Abstract: To address the spectrum scarcity issue in the 400 MHz dedicated frequency band of railway communica-
tion systems, a deep neural network (DNN) -based spectrum sensing method was proposed. By jointly analyzing the
spatial-frequency-temporal joint characterization of signals, high-precision spectrum hole detection was achieved
while ensuring the communication quality of primary users. The implementation procedure was conducted as follows:

firstly, the received sensing samples were processed by cognitive users, where energy features, power spectral density,
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and cyclostationary characteristics were extracted and concatenated into a signal feature matrix as the neural network

input. Subsequently, each modal feature was deeply represented through a feature embedding module. Finally, two

multilayer perceptron (MLP) modules in the hybrid sensing layer were utilized to extract both intra-modal features

and inter-modal correlations, followed by spectrum decision-making. Experimental results demonstrate that under

simulated conditions with a false alarm probability of 0.01 and signal-to-noise ratio (SNR) of —10 dB, the proposed

method achieves a detection probability of 99.8%. Compared with existing spectrum sensing methods based on convo-

lutional neural networks (CNN) and convolutional long short-term memory deep neural networks, the detection prob-

ability was improved by 3.23% and 2.61% on average, respectively. This method provides a highly reliable solution

for dynamic spectrum access in heterogeneous railway communication systems.

Key words: railway communication, spectrum sensing, MLP, DNN, signal feature
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