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Dynamic Modeling and Experimental Verification of Partially Polarized
Radar Returns from Maritime and Aerial Targets
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(Institute of Data and Target Engineering, The PLA Information Engineering University, Zhengzhou, Henan 450001, China)

Abstract: Polarization information is a crucial parameter in radar target recognition and feature extraction. Existing
researche on polarized signals mainly focuses on fully polarized signals. Nevertheless, when radar irradiates sea surface
ships or aerial maneuvering targets, the coupled effects of continuous target attitude variation, multi-scattering center inter-
ference and time-varying environmental clutter endow radar echoes with inherent partially polarized characteristics. The po-
larization state of such echoes is time-varying rather than constant, and contains abundant physical information of targets.
At present, the analysis of widely existing partially polarized signals in actual radar echoes is limited to static statistical de-
scription, while the modeling and analysis of dynamic evolution mechanism of time-varying polarization state are insuffi-
cient. To address this insufficiency in dynamic characterization, this paper aims to establish a unified dynamic polarization
state model applicable to maritime and aerial dynamic targets. The model decomposes the received signal into a fully polar-
ized component and a dynamically fluctuating unpolarized component. By introducing a target attitude dynamic model
based on stochastic differential equations, a nonlinear coupling model between polarization parameters and attitude angles,
and a dual-scale unpolarized power model, a unified dynamic polarization state framework is constructed. This framework
simultaneously accommodates the low-frequency periodic motion of maritime targets and the high-frequency maneuvering
characteristics of aerial targets. Based on this framework, the statistical properties and spectral structure of the time-varying
degree of polarization and Stokes parameters are theoretically derived, revealing that target micromotion and scattering fluc-
tuations are key physical mechanisms driving the evolution of the polarization state. Validation results against measured da-
ta demonstrate that the proposed model effectively simulates the dynamic polarization behavior of partially polarized sig-

nals from maritime and aerial targets. The fluctuations in the degree of polarization and spectral features of the simulated
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signals show good consistency with the measured data, verifying the model’s effectiveness in revealing target micromotion

and scattering mechanisms. The model established in this work provides a unified modeling framework with clear mecha-

nisms and strong interpretability for feature extraction and target recognition using dynamic partially polarized signals, facil-

itating the quantitative inversion of target physical states from radar returns.
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Figure 1 Observation scenario of maritime and aerial targets
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Figure 2 Schematic illustration of polarimetric decomposition
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Figure 3 Block diagram of the unified modeling of time-varying

polarization states
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Figure 18  Autocorrelation function of the degree of polarization under

different depolarization correlation times
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Figure 19  Probability density distributions of the degree of polarization

under different two-scale power ratios
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