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Abstract Multitemporal polarimetric synthetic aperture radar (SAR) provides abundant polarimetric scattering
information, which is of great value to the long-term monitoring of various crop lands. To make full use of the time
correlation and polarimetric information of multitemporal polarimetric SAR, this paper proposed a multitemporal
polarimetric SAR crop classification method, which is based on the complete polarimetric covariance matrix. The method
can maintain the complex matrix structure of covariance matrix and realize the independent representation of time
dimension in tensor space, so that it can be applied to both full- and compact-polarimetric SAR. The method adopted the
object-level classification strategy. Firstly, the superpixel segmentation of multitemporal SAR data was achieved by the
simple linear iterative clustering (SLIC) method. Then, the covariance matrices of multitemporal SAR were expressed as
tensors, and the multilinear principal component analysis (MPCA) method was used to reduce the feature dimension.
Finally, the crop classification is achieved by decision tree. In this research, four multitemporal RADARSAT-2 Fine Quad
SAR images covered Wugqing district of Tianjin were used for the crop classification experiments. Compared with methods
proposed in other references, the method proposed in this paper achieved the highest overall classification accuracy. Besides,
the proposed method was applied to the /4 mode and the CTLR mode compact-polarimetric SAR to discuss the capability
of different kinds of polarimetric SAR in crop classification. Compared with the full-polarimetric SAR, the
compact-polarimetric SAR could achieve comparable classification accuracies, but the full-polarimetric SAR performed
better at the classes with small sample size, such as rice and lotus.

Keywords  synthetic aperture radar (SAR); full polarimetric (FP); compact polarimetric (CP); crop classification; tensor;

multilinear principal component analysis (MPCA)
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Fig. 1 Flow chart of the tensor-based multitemporal polarimetric SAR classification
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Fig.3 The experimental data and distribution of samples
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Fig.4 The SLIC superpixel segmentation results with
different R values
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Table 2 Object numbers of the ground truth sample
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Table 3 Crop classification experiments using multitemporal polarimetric SAR with different data dimensionality reduction

strategies
s i i PR R4 KA N RHE
1 Z I A AL SAR X Z B F P 7 ZE AR PR G 2R
2 ZIN AR AL SAR PCA %4k Z I AH T 77 ZE AR PCA FEYERFAE
3 Z I A2 SAR SCHR[41]+MPCA Bide 3 T SCHR[41]5K & R 1 2 B AH P ZE 568 MPCA FR4ERHE
4 Z A A AL SAR ARSI AR SR 22 AR B 77 22 R (1) MPCA PR 4EAR1E
5  ZIH CTLR #aF4Etkit SAR ARSI ARSCHRE ) 2 I A B 7 ZERE B 1) MPCA B 4ERFAIE
6 Z A /4 B R4 SAR ARSI AR SCAR 1 22 I AR B 77 22 R () MPCA PR 4EAR1E

P S5 28 M H AR R A B R BE AL HL 20% 1 )l SAR RAEW) 73 KGR L AN 4 FroR, Hh PA R4
ZRREAR, JFEEAT 10 IREESERERACF A 2K0E R, H PR, UA R, OA RonEAREE, KA
K REAUKAR R B AR BoE s, BRILEENLERE 50%  3as Kappa R4
VERIGRFEAR . B2, 520 1 RS0 4 2 I AH 2R

R 4 RNEHEERELERE T 2R SAR P IKERE (21 1~585 4)
Table 4 Mean classification accuracies of the proposed method and other methods for the full polarimetric SAR data

(Experiments 1 to 4)
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Table 5 Mean classification accuracies of the proposed method for the full polarimetric SAR and the compact polarimetric

SAR data
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Fig. 5 Comparisons of multimode polarimetric SAR classification results
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Fig.6 Comparisons of some ROIs
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