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Multidirection kernel function matching of target acoustic
scattering echo based on genetic algorithm

LUO Jun'?***, LI Xiukun'****, DU Jinxin'*"*
(1. National Key Laboratory of Underwater Acoustic Technology, Harbin Engineering University, Harbin 150001, China; 2. Key La-
boratory of Marine Information Acquisition and Security ( Harbin Engineering University ) , Ministry of Industry and Information Tech-
nology, Harbin 150001, China; 3. College of Underwater Acoustic Engineering, Harbin Engineering University, Harbin 150001, Chi-
na; 4. Sanya Nanhai Innovation and Development Base, Harbin Engineering University, Sanya 572024, China)

Abstract ; The highlight model is predicated on the premise that target acoustic scattering echoes are the sum of in-
dividual subechoes. When the transmitted signal pulse width exceeds the time delay between adjacent scattering
echo components, the target echoes overlap severely in the time-frequency domain. When WVD is employed for
time-frequency analysis, it leads to substantial cross-term interference, impeding the ability to resolve individual
highlights on the time-frequency plane. Therefore, this paper aims to derive the ambiguity function for the multigeo-
metric highlight model. A multidirectional kernel function is selected to optimize the alignment between the self
terms and the distribution characteristics of its self terms and cross terms. Subsequently, the angle parameters of the
kernel function are determined using prior information. The volume-normalized third-order Rényi entropy is then
employed as the evaluation metric for the time-frequency distribution. The genetic algorithm is employed to optimize
the remaining parameters of the kernel function. The obtained kernel is then utilized to filter the acoustic scattering
echo in the fuzzy domain to obtain a high-resolution time-frequency distribution. Experimental results demonstrate
the efficacy of cross-term suppression, while preserving self-term resolution, thereby enhancing the signal-to-noise
ratio of the time-frequency image. The extracted full-aspect acoustic scattering feature model has the potential to fa-
cilitate underwater target detection.

Keywords : acoustic scattering echo; highlight model ; time-frequency distribution ; cross term interference ; ambigu-

ity function; multi-direction kernel function; third-order Rényi entropy; genetic algorithm
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