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Challenges and Opportunities of Passive Source Seismic

Imaging Under Urban Inhomogeneous Noise Field Conditions
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Geosciences (Beijing), Beijing 100081, China
Abstract: With the continuous advancement of urbanization, utilizing
urban ambient noise to perform passive source seismic imaging has
emerged as a vital pathway for addressing challenges in underground
space exploration. This technology is rooted in seismic interferometry
theory, which extracts underground structural information by
recovering the empirical Green’ s function through cross—correlation
processing of noise signals. However, the prominently inhomogeneous
noise field in urban environments often leads to the generation of
spurious phases, which challenges the reliability of automatic
dispersion curve extraction. To address this scientific problem,
Distributed Acoustic Sensing (DAS) technology utilizes existing “dark
fiber” infrastructure to achieve ultra—high—density observations,
effectively mitigating the interference caused by inhomogeneous
sources and enhancing spatial resolution. Furthermore, machine
learning methods integrated with physical constraints—such as the
DispFormer model—significantly improve the automation and precision

of processing complex seismic data. The deep integration of these
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advanced technologies is driving the transformative shift of urban
random noise from “interference” into a high—value resource for
geophysical exploration.

Keywords: Urban ambient noise; Passive source seismic imaging;
Distributed Acoustic Sensing (DAS); Machine learning; Seismic

interferometry theory
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Figure 1 Characteristics of train sources. (a) Two different categories of trains
identified from the x—t domain wavefield: the shorter continuous time segment
indicates a high-speed train, while the longer continuous time segment indicates a
freight train. Panels (b) and (c) show the corresponding f~k domain wavefields,
which display discrete spectral characteristics. (Zhao, K., et al.)
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