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Abstract— Cameron’s coherent target decomposition
(CTD) and classification are discussed in the context of
SAR, and the limitations of Cameron’s classification are
examined. It is shown that these methods may lead to a
coarse and misleading scattering segmentation because of
the large radiometric dispersion tolerated in each of the el-
emental scatterer classes, as well as the implicit assump-
tion on the coherence nature of target scattering. A new
method, named the symmetric scattering characterization
method (SSCM), is introduced to better exploit the infor-
mation provided by the largest target symmetric scattering
component, under coherent conditions. The SSCM, which
expressed the symmetric scattering in term of the Poincaré
sphere angles, permits a better characterization of target
symmetric scattering and the generation of coherent scatter-
ing segmentation of much higher resolution, in comparison
with Cameron’s segmentation.

I. INTRODUCTION

An interesting classification method, which is based on
coherent target decomposition (CTD), was introduced in
[1]. Cameron’s classification extracts, in each illuminated
resolution cell, the largest symmetric scattering component
from the total radar return, and assigns it to one of six sym-
metric elemental scatterer classes: the trihedral, diplane,
dipole, cylinder, narrow diplane, and quarter wave device
[1]. This method has been widely used for the charac-
terization and identification of point targets such as ships
[5], [6] and small planes. In Section II, Cameron’s CTD
and classification are discussed in the context of SAR, and
the limitations of Cameron’s classification are examined.
Cameron’s CTD is then reconsidered in Section III, to de-
velop a new method, named the SSCM method, that ex-
ploits better the information provided by Cameron’s CTD
in the context of coherent scattering. The new method
is validated using Convair-580 polarimetric SAR data col-
lected off shore Cape Race with one ship.

II. ANALYSIS OF CAMERON’S COHERENT TARGET
DECOMPOSITION AND CLASSIFICATION

A. Cameron’s CTD

Inspired by the work of Huynen [3], Cameron associates
importance to a class of targets termed symmetric. A sym-
metric target as defined in [3] is a target having an axis of
symmetry in the plane orthogonal to the radar line of sight
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direction (LOS). Symmetric targets have a scattering ma-
trix which can be diagonalized by a rigid rotation about the
LOS in a basis of linear eigen polarizations. Huynen intro-
duced a technique for CTD in terms of target parameters
that are orientation invariant, and particularly in terms of
the polarization configurations that maximizes the received
power in [3]. The ellipticity angle 7, of the maximum po-
larization determines the symmetric-nonsymmetric nature
of the scattering; 7, = 0 for symmetric scattering and
Tm 7 0 for asymmetrical scattering.

Cameron developed an algorithm that maximizes the
symmetrical component of coherent scattering [1]. Under
target and SAR system reciprocity assumption, the scat-
tering matrix is expressed in terms of the Pauli matrices,
as: [S] = a[Sa] + B[Ss] +7[Se]. The vectorial form S of [S]
is expressed as [1]:
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where € was given in [1] as a function of 8 and ~.

B. Cameron’s classification: Analysis and discussion
B.1 Symmetric scatter classification metric

Cameron introduced a classification method for opera-
tional use of his CTD [1]. If the scatterer is assigned to
symmetric scattering class, the largest symmetric scatter-
ing component is derived, and the scatterer is assigned to
the closest elemental scatterer class of trihedral, dihedral,
dipole, cylinder, narrow diplane, and quarter wave device.
These references points targets are presented as diamonds
in Figure 2, and the complex disk is segmented into patches
that corresponds to the 6 classes of elemental scatterers. A
metric distance d(z, zref), defined in [1] as a function of the
scatterer parameter z and the reference elemental scatterer
parameter z..f, is used to assign each image pixel to the
closest elemental scatterer class.



B.2 Application to SAR data

A polarimetric data set collected with Environment
Canada’s airborne Convair-580 SAR, off Cape Race (New-
foundland, Canada) in 2000 [2], is used for this study. The
data set covers an open ocean area with a ship imaged at
43° incidence angle. Figure 3 presents Cameron’s classifi-
cation of the maximized symmetric scattering. Pixels that
do not correspond to symmetric scattering are not classi-
fied. As seen from Figure 3, most of the sea pixels are
assigned to the cylinder class, whereas most of ship pix-
els are assigned to the narrow dihedral and dipole classes.
From these results, one tends to conclude that sea clutter is
dominated by cylinder scattering, whereas ship scattering
is dominated by dipole and narrow dihedral scatterers, as
in [5], [6].

B.3 Problems with Cameron’s classification

For each pixel, the classification metric distance d to the
various reference elemental scatterers is calculated to assign
the pixel to the closest elemental scatterer class. Cameron
mentions that such a method leads to ”coarse” segmenta-
tion. In fact, this method tolerates a radiometric dispersion
of up to £5 dB from the elemental scatterer parameter 2.y,
as shown in Figure 2. Such a large dispersion cannot be tol-
erated in the context of SAR since the radiometric calibra-
tion requirements of satellite SARs are within a maximum
of 0.5 dB [4].

In order to account for this gap, a radiometric decision
threshold is introduced in the classification. The classifi-
cation obtained with a radiometric threshold of 0.5 dB is
very poor. Figure 4 presents the classification results ob-
tained with a threshold of 1.5 dB. As seen in Figure 4, the
classification obtained is of very limited interest; only few
ocean pixels are assigned to the cylinder class and most
of the ship pixels are unclassified. In fact, the number of
classified pixels with 1.5 dB tolerance is insignificant when
compared to the original classification of Figure 3.

It is apparent that Cameron’s classification is mislead-
ing, and application of the method within known SAR ra-
diometric calibration requirements significantly reduces its
effectiveness. In the next section, Cameron’s CTD is recon-
sidered in order to develop a new method, the symmetric
scattering characterization method (SSCM), which better
exploits Cameron’s CTD.

III. RECONSIDERATION OF CAMERON’S CTD; THE
SSCM METHOD

A. Characterization of the maximized symmetric scatter-
ing component

The maximized symmetric component of equation (2)
can be characterized by the two complex entities o and e,
which represent the distribution of the largest symmetric
scattering component in the basis of the orthogonal vec-
tors S, and S,. The information provided by these two
parameters can be exploited in various ways. They can be
used to represent the symmetric scattering on the Poincaré
sphere, as shown in the following.

B. Poincaré sphere for representation of symmetric scat-
tering

Cameron shows that the unit disc complex representa-
tion might introduce a distortion, and he suggests instead
using a closed surface that is represented in Figure 2 [1].
The Poincaré sphere inspires a more suitable representation
of the maximized symmetric scattering vector expressed
under equation (2) in the (S,,Sy) basis. After normaliza-
tion by the total intensity (Ja|? + |€|?), each diagonalized
symmetric scattering vector Kn can be expressed as:

—

An = (1 cos(2xc)cos(2¢:) cos(2xc)sin(2¢,)  sin(2x.)

where the Poincaré sphere angles 1. and . can be de-
rived from equation (2) of scattering decomposition. Each
symmetric scatterer can then be represented as a point on
the Poincaré unit sphere surface of latitude 2x. and longi-
tude 2x.. The quarter waves devices A, (j) and A, (—j) are
on the North and South poles. The normalized scattering
vectors of the trihedral §a, diplane S’},, dipole S’}, cylinder
gcy, and narrow diplane §nd are on the Equator. Notice
that at the opposition of Cameron’s empirical representa-
tion of Figure 2, the Poincaré representation tolerated 1.
variations within an interval of 27w. As such, a cylinder
scatterer with an axis of orientation angle ¢ or —t¢ with
reference to the horizontal polarization direction is repre-
sented on two different locations of the Poincaré sphere,
removing the orientation bias ambiguity discussed in [1].

Only the coherent symmetric scatterer can be repre-
sented as a point on the surface of the Poincaré sphere.
The partially coherent symmetric scatterer is represented
as a point inside the sphere at a distance from the sphere
center determined by the degree of coherence of the scat-
terer components o and € on the basis (S,, Sp) given by:
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When the symmetrical scattering is dominated by the tri-
hedral € = 0 or the dihederal o = 0, psym, which indicates
the degree of coherence of the symmetrical scattering is
close to 1, as should be expected. This expectation mo-
tivates our choice for this parameter pgy.,, called degree
of symmetric scattering coherence, to measure the channel
coherence.

IV. THE SSCM METHOD
A. SSCM schema

For an optimum exploitation of Cameron’s CTD, we sug-
gest the application of the following steps:
1. Calculation of the parameters o and € of the maximum
symmetric component, using Cameron’s algorithm [1]
2. Classification of distributed target scattering into coher-
ent and noncoherent classes using the p,y,, map.
3. Classification of point target scattering into coherent
and noncoherent classes using the Rican threshold.



4. Computation and analysis of the S;,,, Poincaré sphere
parameters within the coherent class. ' ' ' T '

B. Illustration using Convair-580 polarimetric SAR data i

The SSCM is applied on the Cape Race scene of Figure 3
to generate the Poincaré sphere angles 1. and x. maps osif
of the maximized coherent symmetric scattering Sgyi7.
About 66% of the ocean coherent symmetric scattering is 0ods \2odm
(Y = —16.8° £ 17°, x. = 10.8° + 10°, as presented Fig- or .
ure 1. This angle interval was presented with 2 colours in
Cameron’s classification of Figure 3 that correspond to the
patches called cylinder and trihedral in the disc presenta-
tion of Figure 2. Such coarse classification is misleading
when we see from Figure 1 that a ”pure” cylinder scatter- i
ing of (1. = 18.44°, x. = 0)) represents less than 1% of the
total population. 3 Y o oz p

In summary, the Poincaré sphere angle (¢, and x.) in-
formation, leads to much higher resolution segmentation, Fig. 2. Cameron classification dispersion in the complez disc
in comparison with Cameron’s coarse misleading segmen-
tation. The radius of the scattering within the Poincaré
sphere permits the limitation of the symmetric scattering
analysis to areas of coherent scattering. Further experi-
mental studies will be conducted to investigate the poten-
tial of such a high resolution symmetric scattering segmen-
tation for ship identification and sea characterization.
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Fig. 1. Ocean symmetric scattering in the (Ye,xc) plan Fig. 4. Cameron classification with 1.5 dB dispersion



