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Abstract—This paper presents a new unsupervised land cover/
land use classification scheme using polarimetric synthetic aper-
ture radar (PolSAR) imagery based on polarimetric scattering
similarity. Compared with the H/alpha classification scheme
based on a dominant “average” scattering mechanism, the pro-
posed scheme has such advantages as the following: 1) The major
scattering mechanism represents a target scattering in the low-
entropy case; 2) it also represents both the major and minor
scattering mechanisms in the medium-entropy case; and 3) all the
scattering mechanisms in the high-entropy case can be rep-
resented. The major and minor scattering mechanisms have
been identified automatically based on the relative magnitude of
multiple-scattering similarities. The canonical scattering corre-
sponding to maximum scattering similarity is regarded as the
major scattering mechanism. The result obtained using the
National Aeronautics and Space Administration/Jet Propulsion
Laboratory’s AIRSAR L-band PolSAR imagery reveals that the
proposed scheme is more effective as compared to the existing
models and promises to increase the accuracy of the classification
and interpretation.

Index Terms—Land cover/land use, radar polarimetry, scat-
tering similarity, synthetic aperture radar (SAR), unsupervised
classification.

I. INTRODUCTION

S PACEBORNE synthetic aperture radar (SAR) imagery
has long been used as an appropriate and effective data

source for land cover/land use mapping due to its advantages.

Manuscript received January 21, 2011; revised December 10, 2011 and
March 26, 2012; accepted May 11, 2012. Date of publication September 7,
2012; date of current version February 21, 2013.

Q. Chen is with the School of Electronic Science and Engineering, National
University of Defense Technology, Changsha 410073, China and also with
the 93502 Unit, People’s Liberation Army, Hohhot 010000, China (e-mail:
cq9822090@163.com).

G. Kuang is with the Remote Sensing Information Processing Laboratory,
National University of Defense Technology, Changsha 410073, China (e-mail:
kuangyeats@hotmail.com).

J. Li is with the Key Laboratory of Underwater Acoustic Communication
and Marine Information Technology, Ministry of Education, and the School
of Information Science and Engineering, Xiamen University, Xiamen 361005,
China, and also with the Laboratory for GeoSpatial Technology and Remote
Sensing, Department of Geography and Environmental Management, Univer-
sity of Waterloo, Waterloo, ON N2L 3G1, Canada (e-mail: junli@xmu.edu.cn;
junli@uwaterloo.ca).

L. Sui is with the State Key Laboratory of Astronautic Dynamics, Xi’an
710043, China, and also with the School of Geology Engineering and Geomat-
ics, Chang’an University, Xi’an 710064, China (e-mail: sui1011@chd.edu.cn).

D. Li is with the 93502 Unit, People’s Liberation Army, Hohhot 010000,
China.

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TGRS.2012.2205389

However, many of the reported studies have been carried
out based on the availability of single-frequency and single-
polarization SAR images (e.g., C-band VV ERS-1/ERS-2 and
HH RADARSAT-1). Land cover/land use features cannot be
significantly separated based on a single-band backscattering
signature alone. Research showed that land cover/land use clas-
sification using single-frequency or single-polarization SAR
data is not sufficiently accurate [1]. With the availability of
L-band ALOS PALSAR, C-band RADARSAT-2, and X-band
TerraSAR-X, high-spatial-resolution, multifrequency, multipo-
larization, or fully polarimetric SAR (PolSAR) images have
proven very useful for various applications including land
cover/land use mapping [2].

PolSAR image classification has been an interesting research
topic in the geoscience and remote sensing community. In the
past decade, classification algorithms have been proposed based
on probability distributions of PolSAR data [3]–[7]. For a one-
look case, PolSAR data are represented by a Sinclair matrix [2].
It was assumed that the Sinclair matrix has a complex Gaussian
distribution [8]. Kong et al. [3] derived a distance measure
for maximum-likelihood classification. Yueh et al. [4] ex-
tended this approach for normalized PolSAR data classification.
van Zyl and Burnette [6] further expanded it by iteratively ap-
plying a priori probability of the classes. For a multilook case,
PolSAR data can be expressed in the form of a covariance or
coherency matrix [2]. This has a complex Wishart distribution
[8]. Lee et al. [7] developed a supervised algorithm based on
this distribution. Furthermore, Ferro-Famil et al. [9], [10] have
extended these classification algorithms to multifrequency and
PolSAR interferometry data.

The idea of alternative classification approach is to clas-
sify PolSAR images based on the inherent characteristics of
physical scattering mechanisms [11]–[15]. This kind of clas-
sification algorithm has an advantage of providing scattering
type identification. Many researchers have proposed target de-
composition (TD) theorems in radar polarimetry [16]–[26] to
make a better understanding of the scattering process. Up to
now, TD has become a standard tool for analyzing physical
scattering mechanisms. TD can be categorized into two main
types. They are coherent and incoherent decomposition. Natural
targets are usually irregularly distributed, and only incoherent
decomposition is considered here. There are three kinds of
representation to target scattering based on incoherent decom-
position. They are as follows: 1) to model target scattering
with a certain scattering mechanism that can be extracted
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TABLE I
PROPOSED PARAMETERS CORRESPONDING TO A CANONICAL SCATTERER

by Huynen decomposition [16]; 2) to use a major scatter-
ing mechanism, which can be extracted by model-based TD
[18]–[25]; and 3) to use an average scattering mechanism.
Among them, the one based on the average scattering mech-
anism has been the most widely used classification algorithm
applied to classify PolSAR images. Assuming that there is
always a dominant “average” scattering mechanism [12], then
a three-symbol Bernoulli process can be used to extract the
parameters of average component (i.e., average alpha angle and
entropy). The average alpha angle characterizes the average
scattering mechanism, and the entropy is a measure of random-
ness of scattering mechanisms. These two key parameters will
be used to construct a classification scheme later. However, the
assumption of dominant “average” scattering mechanism is not
always reasonable. Certainly, when the scattering randomness
is low, the major scattering mechanism is dominant, and it can
be used to denote the scattering of a distributed target. However,
when the scattering randomness is very high, particularly equal
to one, then target scattering is completely stochastic, and no
scattering mechanism can be used to represent this kind of
target scattering. To resolve this problem, a novel classification
scheme has been proposed in this paper.

Based on a special correlation coefficient, a novel approach
to extracting scattering features was proposed in [27]. In this
study, a parameter is defined to measure the similarity degree
between two scattering matrices. Then, it has been used to
extract similarity parameters to canonical scatterings. These
kinds of scattering features not only have fine properties (i.e.,
independent of the spans of the scattering matrices or the
scatterer orientation angles) but also can be extracted efficiently.
Now, they have been widely used to terrain classification and
detection. However, this parameter cannot be applied straightly
for the incoherent case because the scattering process of the
distributed target is represented by a coherence matrix and no
equivalent scattering matrix exists for its coherence matrix.
In order to overcome this deficiency, a novel polarimetric
scattering similarity is defined and has been used to extract
the scattering features of a distributed target [28]. This paper
discusses its extending possibilities and application in PolSAR
image classification.

This paper has been organized as follows. In Section II,
polarimetric scattering similarity and relationships with alpha
angle and entropy are defined. Section III details the defi-
ciency of the H/alpha classification scheme and proposes a
polarimetric-scattering-similarity-based classification scheme.
In Section IV, the results are discussed and compared with
those of the H/alpha classification scheme. Section V contains
concluding remarks.

II. POLARIMETRIC SCATTERING SIMILARITY

A. Definition of Polarimetric Scattering Similarity

To overcome the deficiencies of the parameter introduced
by Yang et al. [27], a novel parameter has been proposed to
measure the scattering similarity between a random scatterer
and a canonical scatterer [28]. Let �k be the Pauli target feature
vector of a canonical scatterer and [T ] be the coherency matrix
of an arbitrary random scatterer. Then, polarimetric scattering
similarity can be defined as

rss =
�k∗T [T ]�k

trace(�k�k∗T )× trace ([T ])
(1)

where the superscript ∗ denotes complex conjugate, trace(•)
is the trace operation of a matrix, and rss is considered to be
limited to the range [0, 1]. The larger the rss is, the more similar
the scatterings of the two targets are. The limitation is that the
scatterings of the two targets are the same when rss = 1.

With this novel parameter rss, some characteristics of a
distributed target can be extracted. Table I lists the polarimet-
ric scattering similarity parameters corresponding to several
canonical scatterers, such as sphere, dihedral, and helix. In
Table I, Tij , with i, j = 1, 2, 3, represents the elements of [T ],
and Re(•) and Im(•) denote the real and imaginary parts of a
complex number, respectively. This table reveals that the sum of
the polarimetric scattering similarity parameters corresponding
to the sphere and the dihedrals oriented at 0◦ and 45◦ is equal
to one. The same scenario would be seen when the polarimetric
scattering similarity parameters correspond to the sphere, right
helix, and left helix.
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Furthermore, if the elements of the coherency matrix are
denoted by Huynen parameters, then the polarimetric scattering
similarity parameters corresponding to the sphere and the
dihedrals oriented at 0◦ and 45◦ can be interpreted as the
contributive ratios of surface scattering. This also interprets
double-bounce scattering and volume scattering to the total
backscattering, respectively [28]. Moreover, their sum is equal
to one, which means that the scattering of any target can be
regarded as the contribution of these three aforementioned
scatterings.

B. Relationship Between Polarimetric Scattering
Similarity and Alpha Angle

Consider that the coherency matrix is decomposed with its
eigenvectors �ei, where i = 1, 2, 3, and eigenvalues λi, where
i = 1, 2, 3, and the eigenvectors are expressed as follows:

�ei = ejξi [cosαi sinαi cosβie
jσi sinαi sinβie

jγi ]
T

(2)

where αi is the scattering angle, β is the target orientation
angle, ξ is the absolute phase, and σ and γ are the relative
target phase angles. Then, the surface scattering similarity can
be rewritten as a function of αi and pi

rsss = p1 cos
2 α1 + p2 cos

2 α2 + p3 cos
2 α3 (3)

where pi = λi/(λ1 + λ2 + λ3). Obviously, the rsss definition
can be considered very close to the definition of the mean alpha
angle α. Hence, rsss can be expressed as a function of α for
the following three extreme cases.

1) When a target has only one scattering mechanism or is
deterministic

rsss = cos2 α. (4)

2) When a target has multiscattering mechanisms and one is
surface scattering

rsss = 1− 2α/π. (5)

3) When a target has two kinds of scattering mechanisms
whose Pauli vectors are not orthogonal to the one of
surface scattering, then

rsss=

2 cos2
(

α sin( 2
π )

2

)

α sin
(
2
π

)
−π

(
α− π

2

)
,

1

2
α sin

(
2

π

)
≤α≤π

2
.

(6)

The lines determined by (4)–(6) are shown in Fig. 1 as real,
dashed, and dashed–dotted lines, respectively. These lines form
an envelope, and all the points are situated in the feasible areas,
which means that these lines give the borderlines for all possible
combinations of rsss and α.

C. Relationships Between Polarimetric Scattering
Similarity and Entropy

In the same way, rsss is related to entropy H . For example,
when H = 1, rsss = 1/3. On the other hand, when H = 0,

Fig. 1. Relation between surface scattering similarity and average alpha angle.
The dots represent the scatter plot between parameter values calculated for the
image. The lines show extreme values of the parameters.

the full range of possible rsss is accessed. It understands that
the possible values of rsss decrease as the entropy increases
and the range of these possible values can be determined by p3
and p1.

With orthogonality between the eigenvectors of the co-
herency matrix and the properties of the polarimetric scat-
tering similarity, it can be deduced that cos2 α1 + cos2 α2 +
cos2 α3 = 1. Thus

p1 − rsss = p1 −
3∑

i=1

pi cos
2 αi

=(p1 − p2) cos
2 α2 + (p1 − p3) cos

2 α3

≥ 0 (7)

rsss − p3 =

3∑
i=1

pi cos
2 αi − p3

=(p1 − p3) cos
2 α1 + (p2 − p3) cos

2 α2

≥ 0. (8)

Obviously, the possible value of rsss is between p3 and p1.
Furthermore, p3 and p1 can be determined by the entropy.

Considering that p1 + p2 + p3 = 1, the extreme relationships
between p1 (or p3) and the entropy can be expressed as

H ≤ − p1 log3(p1)− (1− p1) log3

(
(1− p1)

2

)
,

1

3
≤ p1 ≤ 1 (9)

H ≥ − p1 log3(p1)− (1− p1) log3(1− p1),

0 ≤ 1− p1 ≤ 0.5; p3 = 0 (10)

H ≥ − p3 log3(p3)− (1− p3) log3

(
(1− p3)

2

)
,

0 ≤ p3 ≤ 1

3
. (11)

The curves determined by (9)–(11) are shown in Fig. 2 as real
lines. Obviously, these curves form a closed area together with
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Fig. 2. Relation between surface scattering similarity and entropy. The dots
represent the scatter plot between parameter values calculated for the image.
The lines show extreme values of the parameters.

a line H = 0, and all the points are situated in this feasible area.
This means that the curves give the borderlines for all possible
combinations of rsss and H . The shape of the feasible area
is formed by all possible combinations of rsss and H and is
further similar to that of the feasible area formed by all possible
combinations of α and H . This also means that an analyst can
consider a 2-D H−rsss classification space instead of an H−α
classification space.

III. CLASSIFICATION WITH POLARIMETRIC

SCATTERING SIMILARITY

A. Deficiency of H/Alpha Classification Scheme

As mentioned in Section I, the H/alpha classification scheme
has been widely applied in the present literatures, but it as-
sumed that there is a dominant “average” scattering mecha-
nism and it is not justified. This paper tries to prove it as
follows.

If �ei is regarded as a certain scattering mechanism and
pi represents its relative importance with respect to the total
scattered power, then the major scattering mechanism can be
determined by the maximum of pi, with i = 1, 2, 3, and its
scattering randomness is expressed as [2]

H = −
3∑

i=1

pi log3(pi). (12)

The entropy is limited to [0, 1]. The larger the H is, the higher
the scattering randomness is. Considering that p1 + p2 +
p3 = 1, then entropy can be rewritten as

H = − (p1 log3(p1) + p3 log3(p3))

− (1− p1 − p3) log3(1− p1 − p3). (13)

Let p1 ≥ p2 ≥ p3 be without loss of generality; we can
obtain

1−2p3≥p1≥
(1−p3)

2
or

(1−p1)

2
≥p3≥max(1−2p1, 0).

(14)

With (13) and (14), Fig. 3 shows the contour plot of the
entropy in the (p1, p3) plane, in which the entropy is not a
unique function of the eigenvalues and all possible values of
entropy are located in a triangular area. The triangular area has
been divided into 21 subareas as shown in Fig. 3.

The corresponding ranges of pi and H are listed in Table II,
which shows the following.

1) When the entropy is very low such as in subarea 1, p1 is
absolutely bigger than p2 or p3. The contribution of the
major scattering mechanism to the total backscattering is
so big that the contributions of other scattering mecha-
nisms can be neglected.

2) When the entropy is very high such as in subarea 21, the
ranges of p1, p2, and p3 are so close. No scattering mech-
anism is dominant, and the contributions of all scattering
mechanisms are nearly equal.

3) When the entropy is medium, the values of p1 and p2 may
be nearly equal. When p3 is so small, its corresponding
contribution to the total backscattering can be neglected
such as in subarea 11.

4) When the entropy is still medium, the values of p2 and p3
may be nearly equal, and their corresponding contribu-
tions to the total backscattering cannot be neglected such
as in subarea 16.

The aforementioned discussions indicate that representa-
tion with a major scattering mechanism to target scattering
is not always reasonable, particularly when the entropy is
very high.

B. Classification Scheme With Polarimetric
Scattering Similarity

To overcome the deficiency mentioned in Section III-A,
this study has proposed a novel method to represent target
scattering. First, target scattering is divided into three cases:
low entropy, medium entropy, and high entropy. For the low-
entropy case, the major scattering mechanism is used to denote
target scattering because its contribution to the total backscat-
tering is absolutely dominant. For the medium-entropy case,
the contributive ratio (e.g., p2) of minor scattering mechanisms
is also significant. Therefore, the major and minor scattering
mechanisms are used together to denote target scattering. For
the high-entropy case, the contributive ratios of all scattering
mechanisms are nearly close, and it has no meaning to identi-
fying a scattering mechanism.

Obviously, the identification of scattering mechanisms is
the key stone of this new method. As the parameter defined
by (1) measures the degree of scattering similarity between a
distributed scatterer and a canonical scatterer, it can be used
naturally to identify scattering mechanisms. The basic idea is
to compare target scattering with multiple canonical scatter-
ings. The canonical scattering corresponding to the maximum
scattering similarity has been designated as the major scatter-
ing mechanism. The canonical scattering corresponding to the
minor maximum scattering similarity has also been designated
as the minor scattering mechanism.
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Fig. 3. General behavior of the entropy as a function of p1 and p3.

TABLE II
VALUE RANGES OF p1, p2, p3, AND H CORRESPOND TO SUBAREAS

When applying this idea, the following principles have to be
put into account.

1) The selected canonical targets should be based on the
physics of radar scattering and not a purely mathematical
construct. Thus, it matches well with the general polari-
metric scattering behavior of terrain.

2) The polarimetric scattering similarity between selected
canonical targets should be small as much as possible.

3) The number of selected canonical targets should be
moderate. Certainly, the more the canonical targets se-
lected, the more fine the classification that will be
achieved.

However, this will bring heavy computational burden. After
studying deeply polarimetric scattering similarities in Table I,
it has been found that only the surface scattering similarity,
double-bounce scattering similarity, and volume scattering sim-
ilarity are accorded with the aforementioned principles. The
scattering mechanism of a sphere is referred to as a single- or

odd-bounce scattering. The scattering mechanism of a dihedral
oriented at 0◦ is referred to as a double- or even-bounce scat-
tering, since the polarization of the returned wave is mirrored
with respect to the one of the incident wave. The scattering
mechanism of a diplane oriented at 45◦ is referred to as those
scatterers that are able to return the orthogonal polarization.
One of the best examples is the volume scattering produced
by forest canopy. The more important thing is that these three
scattering similarities can be regarded as the contribution ratios
of these three canonical scatterings to target total backscatter-
ing. Therefore, any target scatterings can be regarded as the
superposition of these three canonical scatterings.

Based on the above analysis, Fig. 4 shows the polarimetric-
scattering-similarity-based classification scheme. The entire
unsupervised classification procedure is as follows.

1) If the original data do not have sufficient averaging in
the number of looks, polarimetric speckle filtering, e.g.,
refined Lee filter [29], is performed for PolSAR data. All
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Fig. 4. Classification scheme with polarimetric scattering similarity and entropy.

elements of the 3 × 3 coherency matrix should be filtered
simultaneously.

2) Compute entropy, surface scattering similarity, double-
bounce scattering similarity, and volume scattering
similarity.

3) Label each pixel by entropy as one of the three scatter-
ing categories: low entropy, medium entropy, and high
entropy.

4) Divide the pixels of each category into more small clus-
ters.
a) For the low-entropy category, label each pixel by

the relative magnitude of surface scattering simi-
larity, double-bounce scattering similarity, and vol-
ume scattering similarity as one of the three
scattering categories: low-entropy surface scattering
(LS), low-entropy double-bounce scattering (LD), and
low-entropy volume scattering (LV).

b) For the medium-entropy category, label each pixel by
the relative magnitude of surface scattering similarity,
double-bounce scattering similarity, and volume
scattering similarity as one of the six scattering
categories: medium-entropy surface–double scattering
(MSD), medium-entropy double–surface scatter-
ing (MDS), medium-entropy surface–volume scat-
tering (MSV), medium-entropy volume–surface
scattering (MVS), medium-entropy volume–double
scattering (MVD), and medium-entropy double–
volume scattering (MDV). MSD means that the
contribution of surface scattering is larger than that
of double-bounce scattering for the medium-entropy
case. The other abbreviations have similar meanings.

It should be pointed out that the proposed scheme is not
the only one and the study offers this scheme merely to illus-
trate our classification strategy based on polarimetric scattering
similarities. After all, Table I does not list all polarimetric
scattering similarities. Then, the boundary between low en-
tropy and medium entropy or between medium entropy and
high entropy is decided artificially according to application
demands.

Fig. 5. Entropy and scattering similarity images of the study area: (a) Entropy,
(b) surface scattering similarity, (c) double-bounce scattering similarity, and
(d) volume scattering similarity.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. Classification Results With the Proposed Scheme

A 10-m-spatial-resolution four-look L-band PolSAR image
with the radar incidence angles ranging from 5◦ to 60◦ and
an image size of 900 × 700 pixels acquired by the National



CHEN et al.: UNSUPERVISED LAND COVER/LAND USE CLASSIFICATION 1823

TABLE III
COMPARISON BETWEEN SCATTERING FEATURES OF DIFFERENT LAND COVER/LAND USE TYPES

Aeronautics and Space Administration/Jet Propulsion Labo-
ratory’s AIRSAR over San Francisco, CA, was used in this
study to test the proposed classification scheme. This scene
contains several land cover/land use types, including water
(sea), beach, urban, mountain, and vegetation that have a variety
of distinctive scattering mechanisms.

To possess enough averaging, a speckle filter was applied.
The entropy image calculated from the speckle-filtered image
is shown in Fig. 5(a). The scattering randomness is clearly
shown with large values in vegetation areas, e.g., park and
golf course, small values in ocean areas, and medium values
in urban areas. The surface scattering similarity, double-bounce
scattering similarity, and volume scattering similarity are also
computed from the speckle-filtered image, and their images
are shown in Fig. 5(b)–(d). These scattering similarity images
depict ocean areas with the largest values of surface scattering
similarity, urban areas with the largest values of double-bounce
scattering similarity, and vegetation areas with biggish values
of volume scattering similarity.

This study also computes the average alpha angle, the max-
imum eigenvalue ratio, and the scattering similarities to the
dipole, left helix, and right helix, respectively. Eight land cover
classes are shown in Fig. 5(a). Table III lists the values of
the aforementioned parameters, from which we can find the
following: 1) The difference between rsshl and rsshγ is very
small for all the above terrains; 2) the values of rssl corre-
sponding to all the terrains are nearly equal; 3) for low-entropy
ocean areas, rsss is larger than 0.75; 4) for the median-entropy
city area, rssd is slightly larger than rsss; and 5) for high-
entropy vegetation areas, rsss, rssd, and rssν are close. This
means that the preceding three scattering similarities have poor
performance to distinguish different terrains, but it is not the
case for rsss, rssd, and rssν .

With the entropy and scattering similarities to the sphere and
the dihedrals oriented at 0◦ and 45◦, the proposed scheme was
applied to the PolSAR test image. Fig. 6 shows the statistical

Fig. 6. Statistical histogram of the entropy image of the study area.

histogram of the entropy image. The boundary between low
entropy and medium entropy or between medium entropy and
high entropy is determined by the inflection point of the curve,
such as points A and B shown in Fig. 6.

B. Comparison With H/Alpha Classification Results

Fig. 7 shows the classification results obtained using (a)
the proposed classification scheme and (b) the H/alpha
classification scheme. The classified land cover/land use types
are represented using different false colors. Information related
with each class can be used to infer target scattering mecha-
nisms and terrains with different scattering characteristics. This
also helps detect the objects in the image. In Fig. 7(b), the
abbreviations of HM, MV, and LS denote high-entropy multi-
ple scattering, medium-entropy vegetation scattering, and low-
entropy surface scattering, respectively. Other abbreviations are
analogously defined. By comparing the two classification maps
(a) and (b) in Fig. 7, it can be concluded that more detailed
information in the complex urban area can be detected by the
proposed scheme than the H/alpha scheme. For example, some
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Fig. 7. Classification results of the study area using (a) our classification
scheme and (b) the H/alpha classification scheme.

ambiguous areas (e.g., golf courses and roads) in Fig. 7(b)
are well discriminated in Fig. 7(a). Pixels in coastal areas are
mainly classified as MV in Fig. 7(b) but as MSD in Fig. 7(a).
Since coastal areas are commonly composed of sands, blocks,
and water, therefore, surface scattering is the major scatter-
ing contribution to target backscattering (see Table II). The
contribution ratio of double-bounce scattering is also biggish.
Therefore, this study believes that the classification results are
more reliable than the H/alpha classification results. Moreover,
few pixels in urban, mountain, and Golden Gate Bridge are also
mistakenly classified as MV by the H/alpha scheme but are
correctly classified as MSD by the proposed scheme.

The misclassification by the H/alpha classification scheme
may be due to the obscure definition of average alpha angle α.
α is defined as a weighted sum of eigenvector angles. In coastal
areas, the contribution of surface scattering is close to that of
double-bounce scattering, i.e., α is close to π/4. Thus, these
areas are classified as MS by the H/alpha classification scheme.
However, this is not the case for the proposed classification
scheme because the scattering type is assigned by the relative
magnitude of scattering similarities automatically. These two
scattering mechanisms can be separated.

Furthermore, in the proposed classification scheme, α is
defined as a weighted sum of eigenvector angles that makes
the physical meaning of its classification result obscure. The
coastal areas are classified based on MSD. This infers that
surface scattering is the major scattering mechanism. This also
reveals that the double-bounce scattering is the minor scattering
mechanism and the contributions of these two scattering mech-
anisms are almost equal.

V. CONCLUSION

This paper has presented a new unsupervised classification
scheme based on scattering similarity using PolSAR imagery.
The pixels have been divided into three scattering categories,
namely, low entropy, medium entropy, and high entropy. Then,
the pixels of the low-entropy category have been subdivided
based on the major scattering mechanism. The pixels of the

medium-entropy category were subdivided based on the ma-
jor and minor scattering mechanisms. The major and minor
scattering mechanisms have been identified according to the
relative magnitude of multiscattering similarities corresponding
to sphere, dihedral, etc. For example, the canonical scatter-
ing corresponding to the maximum scattering similarity is
regarded as the major scattering mechanism. Compared with
the H/alpha scheme, the proposed classification scheme can
determine borderlines of the scattering type automatically. The
result obtained from AIRSAR L-band PolSAR imagery has
demonstrated that the proposed classification scheme has better
performance for land cover/land use classification and mapping
than the existing H/alpha classification scheme.
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