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Editorial on the Research Topic
Advances in noise reduction and feature extraction of acoustic signal

It is our pleasure to introduce the Research Topic on advances in noise reduction and
feature extraction of acoustic signals in Frontiers in physics. Acoustic signal processing and
its analysis is one of the hot topics of research in physics and has been studied by many
engineers and scientists in various real-world fields, including underwater acoustics,
architectural acoustics, engineering acoustics, physical acoustics, environmental acoustics,
psychological acoustics, and so on. Noise reduction is the foundation of acoustic signal pre-
processing in order to extract useful features from the acoustic signal, which is the linchpin
for pattern recognition, target detection, tracking, and localization.

The real-world acoustic signals are usually non-linear and accompanied by intense
background noise, and features extracted directly from these signals generally contain a large
volume of useless as well as noisy information leading to ambiguous results. Therefore, the
study of noise reduction methods of acoustic signals is the first step to effectively utilize this
signal, including but not restricted to wavelet analysis, integrated empirical mode
decomposition, variational mode decomposition, and consequential improvements. In
addition, whether the extracted features contain sufficient useable information also
determines the performance of the results of acoustic signal research. For weak signals
present in many application areas, it is extremely difficult to precisely describe certain
physical meanings of the signal utilizing specified features. In recent years, some researchers
have used entropy to characterize the dynamics of the signal, but there are also issues such as
missing scale and distance information as well as fractional order differential information. In
a word, it is urgent to put forward more advanced features to solve the problem of missing
information.

This Research Topic welcomed the research and review articles on advanced acoustic
signal noise reduction and feature extraction in various fields. This Research Topic brought
together a Research Topic of articles that addresses these challenges and/or showcase the
latest real-world applications and enabling algorithmic advances in intelligent control and
optimisation, as they pertain to system identification, intelligent control, and optimisation of
dynamical systems.

The call for papers was launched in September 2022 and closed in April 2023. In total,
12 papers were finally selected for inclusion in the Research Topic.
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Yi and Tian have utilised the butterfly optimization algorithm
(BOA) to optimize the parameters of the variational mode
decomposition. The proposed method BOA-VMD has also been
incorporated with novel slope entropy for extracting the features
from ship-radiated noise (SNR).

Zhufeng et al. presented advances in the mechanism of
underwater target radiation noise generation and analyzed the
research progress. Further, they applied machine learning in
underwater target radiation applications from three perspectives:
signal acquisition, feature extraction, and signal recognition. The
authors elaborated the challenges of underwater target-radiated
noise recognition technology against the backdrop of rapid
computing science development.

Huang and Liu proposed a new conjugate gradient method for
noise reduction in signal processing and image restoration. The
superiority of this method lies in its employment of the ideas of
accelerated conjugate gradient methods in conjunction with a new
adaptive method for choosing the step size. The authors have
demonstrated the effectiveness and superiority of the proposed
method through numerical simulation.

Zhao et al. have used four types of multi-scale entropies,
including multi-scale sample entropy (MSE), multi-scale fuzzy
entropy (MFE), multi-scale permutation entropy (MPE), and
multi-scale dispersion entropy (MDE) to extract more effective
information from underwater acoustic signals.

Liang et al. introduced enhanced cross-spectrum processing to
improve the computational efficiency of time-frequency analysis
(TFA) for passive source localization and train-bearing fault
diagnosis. Through results, it has been shown that an
improvement up to 85% can be achieved without a noticeable
impact on the accuracy of parameter estimates.

Qu et al. have shown the effect of parameter mismatch on source
localization in cases involving environments and seabed
uncertainties. To address these issues, the authors have developed
the simplified seabed model for focalization using two geoacoustic
parameters viz., the amplitude F and phase of reflection CF.

Li et al. proposed a method based on a single hydrophone that
can jointly identify the mode order and estimate the propagation
range in an unknown marine environment. The method uses
Bayesian theory as the main methodology and applied to
broadband pulse sound sources in shallow seas with long-range
propagation. The dispersion curves extracted from the data and
those calculated by the dispersion formula are the input signal and
the replica of the methods, respectively. Accurate identification of
the normal mode order and estimation of the propagation range can
be achieved by establishing the joint cost function.

Zhang et al. proposed the robust underwater multi-target
direction-of-arrival (DOA) tracking method to address the issues
of typical multi-target problems under unknown underwater
environments with missing detection, false alarms, and uncertain
measurement noise.

Ji presented an exhaustive review of the research progress of
dispersion entropy (DE) in the feature extraction of ship radiated
noise (SRN). He first described the DE and its improved algorithms.
Then the traditional and DE-based SRN feature extraction methods
are summarized, and the application of DE in SRN feature extraction
methods is concluded from two aspects: methods that apply DE

algorithms only and methods that combine DE with mode
decomposition algorithms.

Jiang et al. suggested that most researchers have ignored the
relationship between one entropy with another. Inspired by this
point, they proposed the synergistic relationship between bubble
entropy (BE) and permutation entropy (PE). Through
experimentation, it has been demonstrated that the synergistic
complementarity between BE and PE increases the recognition
rate of sea state signals by 10.5% and the recognition rate of
bearing signals reaches 99.5%.

Zhou and Wang proposed the triple feature extraction and
classification method based on multi-scale dispersion entropy
(MDE) and multi-scale permutation entropy (MPE) to extract
the features from the rolling bearing and used them in K nearest
neighbour classification algorithm to determine whether there is a
fault in the bearing and the type of the fault.

Yu et al. proposed an ambient-noise-assisted multivariate
empirical mode decomposition (ANA- MEMD) method for
adaptively suppressing noise in low signal-to-noise (S/N)
microseismic data encountered during data processing.
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