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1. Introduction

Terrain and land use classification is one of the most important applications in Polarimetric Synthetic Aperture Radar
(POLSAR) sensing. Excellent works [1]-[2] have been proposed to classify terrain based on polarimetric statistical
characteristics in POLSAR image analysis. Three component scattering model [1] has been successfully applied to

decompose scattering mechanisms under the reflection symmetry condition ( Sun Sy ) = ( Syy Shy > =0 .

In this report, a four-component scattering model is proposed to decompose POLSAR image [3]. Circular polarization
power is added to the three (i.e., surface, double bounce, and volume) component scattering model. Covariance matrix

approach is used to deal with non-reflection symmetric scattering case (S ' Suv > #0 . Since this scheme includes the

reflection symmetry condition <S,,H S:,V>z0 , it is applicable to general scattering case (see Fig.1). This circular
polarization generation is taken into account for
the term < Sy S;{V) . which is relevant to man-  eflection Symmetry Covariance matrix

made targets. <Sm/5;1v>“<5w571v>=0 '—:{><[C]>= § % § X : non-zero

component
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covariance matrix (1) and expand the matrix Ps Pd Pv Pc

into four components as (2) ]
Fig.1 4-component decomposition

<1$HH12> JZ(SHHS;V) <SHHS;'V)
([c])=| 2 (SuvSim) 2<|sm|2> 2SSt ) W
(SwSim) Z(Swsin) (| sw]*)

|B|"0 B 1o a | p[802) 1 #j47-1
=f 0o0f+fl00 O +13 04 0|+7|Fjv2 2 %ji2 (2)
B” 01 a0 ol 203 IS

where < > is ensemble average in the image processing, and &, B, £, f;» f,, and f. are unknowns to be determined. For
mathematical modeling in (2), the 4 covariance matrices are corresponding to double bounce, surface, volume, and the
circular polarization power components, respectively. Note that the traces of third and fourth covariance matrices are
unity so that the contribution to the total power is represented by the coefficients, f's. As regards the circular polarization

power, we pick up the term Im < Suv S > based on theoretical "Helix" covariance matrix. If the magnitude of circular
polarization power is f, , the corresponding magnitude of Im < Suv SW> becomes f /4 . We take the average of

( Sun Shv ) and( Suv Sty ) in order to avoid conflict of ( Sun SLV) ¢< Suv Swy ) in the measured data., so that
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:% Im{<S,,HS;,V>+<SHVS:/V>} (3)

In addition, the volume scattering covariance matrix is slightly modified by
the change of probability density function for cloud of oriented wires, rather
than uniform distribution [1].

%—sine for 0<0<m

PO)= 0 for n<B<2n
The comparison of the elements in (1) and (2) yields 5 equations with 6
unknowns o, B, £, f;, f..and f, . Since we can determine f and f, directly
by measured value, we have 3 equations with 4 unknowns which can be
obtained in the same manner as in [1]. The scattering powers P, P,, P, P,
are obtained as

P=f(1+]B7) =1+l al) P=s  P=r @

2> 5

corresponding to surface, double bounce, volume, and circular polarization
powers, respectively.

P

total

=PS+P,,+P\,+P(=<| Sun |2+2‘ Suy ]2+’ Sw

3. Example

This scheme is applied to Pi-SAR L-band data set. The area is Niigata-city, as
shown in Fig.2. The scattering powers corresponding to Ps (Blue) , Pd (Red),
Pv (Green) are shown in Fig.2 (b) and Pc (White) in (c). The details of
various images together with quantitative analyses will be shown in the
presentation.

4. Concluding Remarks

A four component scattering model for polarimetric SAR image decomposition
is proposed. Circular polarization power is added to the three scattering model.
This circular polarization component corresponds to the imaginary part of
<Sm1 S;,v> which often appears in complex urban area and disappears in

natural distributed target. In addition, the volume scattering covariance matrix
is slightly modified, which agrees with measured data.

Fig.2 (a) Areial Photo, (b) Ps, Pd, Pv
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