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Parameter Estimation of Underwater Acoustic Frequency-Hopping Signals
Based on Atomic Norm

LU Yichun', XU Ming"*"
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2. College of Electronics and Information Engineéring, Tongji Wniversity, Shanghai 201804, China)

[ Abstract] To effectively estimate the Frequency Hopping (FH) signal under the influence of multipath effect in
underwater acoustic channels, an Atomic-norm-based Parameter Estimation Algorithm (APEA) is proposed for
underwater acoustic FH signals, to address the existifig base mismatch problem in the sparse representation of FH
signals. This algorithm first considers the impact of ‘signals passing through underwater acoustic channels, which
introduce an additional delay on the timewvariable“when mathematically modelling the underwater acoustic FH
signal. Subsequently, the signal is diseretely répresented by sampling at the specified frequency, to define a set of
atoms and transform the frequency estimation problem of the underwater acoustic FH signal into a problem of
atomic norm number minimization." The strong duality of the convex formula proves that the target position can be
obtained by solving the dual of \theyoriginal problem. Therefore, the problem is further reformulated into a dual
problem. The points of theydual polynomials on the unit circle with modulus one are computed using the
Alternating Direction Méthod, of "‘Multipliers CADMM), which completes the estimation of the signal support.
Finally, the number of frequency components of the signal in each segment is analyzed to estimate the segmented
signals containing jump points, whereby jump moments are accurately estimated by processing the segmented
signals. The algorithm uses the gridless compressed perception theory, which can effectively prevent the base
mismatch problem. The simulation results demonstrate that compared with the current algorithms, the parameters
of the underwater acoustic FH signals estimated using this algorithm have higher estimation accuracy.

[Key words] underwater acoustic frequency-hopping signals; parameter estimation; atomic norm; gridless
compressed sensing; multipath effect
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