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il (An%:, 2011). R, POAC IR FH M iesE50
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Fig. 2 Schematic diagram of power transfer between k, and k,
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Fig. 3 The workflow chart of power—transfer—based five—component scattering power decomposition (PT5SD)

(In the figure, T and T"represent the coherency matrices before and after power redistribution, respectively; U, and U, denote the two

rotation matrices; P, P,, P,, P, and P, correspond to

cd

the powers of surface scattering, double—bounce scattering,

volume scattering, helix scattering and compound dipole scattering, respectively; and TP indicates the total power)
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Fig. 4 RGB composite images of decomposition results obtained by applying different model-based polarimetric decomposition

methods to the ALOS-2 full-polarimetric data over the San Francisco test site (Red, dihedral scattering; Green, volume scattering;

Blue, surface scattering. Areas A to F in the image represent six typical scenes in the San Francisco test site : orthogonal urban area,

slightly rotated urban area, highly rotated urban area, forest, headland, and water body, respectively)
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Fig. 5 Enlarged views of six typical scenes in the San Francisco test site, showing the decomposition results obtained by different

model-based polarimetric decomposition methods (Red, dihedral scattering; Green, volume scattering; Blue, surface scattering)
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Fig. 6 Average power slatistics plot for six typical scenes in the San Francisco test site (Components comprising less than 0.1% are

[ I P [P Pu

not labeled in the figure. P, and P, correspond to the powers of mixed dipole scattering and orientation dipole scattering, respectively)
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Fig. 7 RGB composite images of decomposition results obtained by applying different model-based polarimetric decomposition

methods to the E-SAR full-polarimetric data over the Oberpfaffenhofen test site (Regions G—1I represent three typical scenes within

the Oberpfaffenhofen test site. Same below)

Kl 8 45t T ik $L 17 5L RGB B A% . 7T LA
FE]: Y40 FIEAE Cigacf H i e s dE s X
W R BENSO, RIZH AR K
BRI S . R G, PTSSD k5 7SD
T 7 A SR DX Sl A A R T M A AT B R, X
HH A 7 3 AR G U iz g s e
THI FA FBCH LA

Google Earth Y40 7SD PT5SD

G ||

X H

X451

[E18  Oberpfaffenhofen STH: X H1 3~ MLAI Y 5 (G H . T) it
AN T U RE B A A 208 7 2 I B 4 RO 14
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Oberpfaffenhofen test site, showing the decomposition
results obtained by different model-based polarimetric

decomposition methods
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Fig. 9 Average power statistics plot for three typical scenes in

the Oberpfaffenhofen test site (Components comprising less
than 0.1% are not labeled in the figure. P, and P , correspond
to the powers of mixed dipole scattering and orientation dipole

scattering, respectively)
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Power—transfer—based five—component scattering decomposition for
polarimetric SAR

LIU Yuxuan,FU Haiqiang,ZHU Jianjun

School of Geosciences and Info-Physics, Central South University, Changsha 410083, China

Abstract: Model-based polarimetric decomposition methods are widely used in polarimetric Synthetic Aperture Radar (SAR) data analysis
because of their simplicity and clear physical interpretation. However, their performance is often compromised by depolarization effects in
complex scattering environments. Polarimetric Orientation Angle Compensation (POAC) is employed to mitigate depolarization effects by
restoring reflection symmetry and thus improving the general applicability and accuracy of decomposition results. However, POAC relies on
geometrical correction, exhibits limited effectiveness in complex scenes, and lacks a comprehensive explanation for how scattering power is
redistributed among different mechanisms. This work addresses these shortcomings by reinterpreting POAC through the concept of power
transfer, on the basis of which a five-component decomposition framework is constructed.

This study reinterprets POAC as a power transfer process in which scattering power is redistributed among channels via unitary matrix
rotation. A unitary transformation framework that restores the measured coherency matrix to an ideal reflection-symmetric form is
established. Within this framework, we propose the power transfer five-component scattering decomposition (PT5SD) method, which (1)
estimates two polarization orientation angles from the coherency matrix, (2) applies the corresponding unitary transformations to restore
reflection symmetry, and (3) decomposes the corrected coherency matrix into five physically meaningful components: surface scattering,
double-bounce scattering, volume scattering, helix scattering, and compound-dipole scattering.

Experiments are conducted using ALOS-2 and E-SAR fully polarimetric SAR data. Compared with several existing decomposition
methods, the proposed PT5SD method effectively restores the reflection symmetry of target ensembles, achieves a reasonable redistribution
of scattering power among different mechanisms within the scene, and highlights the dominant scattering characteristics of various land-
cover types. These results indicate that PT5SD considerably suppresses depolarization effects and improves the interpretability of scattering
mechanisms across complex scenes.

Key words: PolSAR, coherency matrix, polarimetric decomposition, polarimetric orientation angle, unitary transformation, power transfer,
depolarization
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