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Fig.8 Ground truth map and distribution maps of scattering parameters for the California experimental area
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Abstract: Objective In the field of polarimetric synthetic aperture radar (PoISAR) remote sensing, the capability to conduct all-weather,
day-and-night observations makes it a pivotal tool for crop classification. Currently, establishing correlations between decomposition
features and crop types via machine learning algorithms has become a mainstream approach. However, existing dual-polarimetric
decomposition methodologies, such as Stokes or Cloude decompositions, are constrained by their reliance on predefined and fixed scattering
models. These conventional approaches are limited to extracting discrete scattering features, which often fail to sufficiently characterize the
geometric structures and scattering processes of complex agricultural vegetation, thereby hindering the achievement of higher classification
accuracy. Method To effectively address these issues, the paper proposes a rotation transformation methodology specifically designed for
dual-polarimetric data. By using the polarimetric scattering angle « and the polarimetric phase angle §, a dynamic and continuous rotation
vector is constructed. This method projects the dual-polarization covariance matrix C, onto this vector, transforming static observations into
a continuous power response distribution. Then, by utilizing «, ¢, and the continuous scattering power P at these rotation vectors as
coordinate axes, a three-dimensional polarimetric space is constructed. Within this visualization framework, the research generates
corresponding three-dimensional power response surfaces for different crops. Based on this, a series of key scattering features likegfewness
and smoothness are extracted. Jhe: ures capture subtle physical differences that conventional fixed decomposition modets fail fo detect,
thereby enhancing CIES"I afi stpess in complex agricultural scenes.Result The efficacy of this approac v rously validated
through con&@ﬁé& (ig rir%s RgHachang, China, and California, USA. These two regions are
conditigs gc1§F®c ntinyg structures. Quantitative analysis demonstrates that the propos: «ho acfiieved an outstanding overall
classifi tior% ac *10% in the Jinchang study area, outperforming C, matrix, Sto e8omposition, and Cloude decomposition by

ized by distinct climatic

4.73%, 2.23% @2 3%, respectively. Similarly, in the California agricultural site, the method yielded a high classification accuracy of
93.01% @é.?}%lg performance improvements ranging from 3.13% to 5.07% over baseline methods. These results illustrate that the new
@@ﬁ:onsistemly delivers superior classification performance across different agricultural landscapes. Conclusion By constructing a
S?r'otation matrix that allows the scattering model to vary continuously, the method transforms discrete dual-polarimetric observations into a
continuous power response. This enables the mining of richer geometric and physical information than conventional models. Experimental
results confirm that this approach achieves superior and stable classification accuracy across diverse agricultural landscapes. While the
current study utilizes single-temporal, single-band data, future work will integrate multi-band SAR and long-term time-series observations.
This will better capture phenological growth trajectories, ultimately enhancing ability to distinguish between structurally similar crops across
different developmental stages.
Key words: Dual-polarization SAR, continuous scattering characteristics, crop classification, rotation transformation
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