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ABSTRACT:
Cloude–Pottier entropy and α-angle are two important parameters for the interpretation of fully polarimetric data. They indicate the
randomness of the polarisation of the back scattered waves and the scattering mechanisms of the targets respectively. For fully
polarimetric data the H-α plane is presented which using the borders of it the full polarimetric data can be classified into 8 different
physical scattering mechanisms. In recent years new approaches have proposed H-α classification spaces by mapping the points
which are belong to each PSMs of FP data into the space of H/α for CP data and approximate borders were extracted for the
classification purpose. In this paper a novel approach for defining H/α classification plane has been presented which maximizes the
producer’s accuracy. The optimum borders have been found and the results of classification using the new plane have been compared
with the rival method and the superiority of the new proposed method has been revealed.

1. INTRODUCTION
Nowadays, SAR imaging is a well-developed remote sensing
technique for providing high spatial resolution images of the
Earth’s surface which provides a vast amount of information for
environmental monitoring. Fully polarimetric (FP) SAR
systems alternately transmit two orthogonal polarizations and
receive the response of the scatters to each of them by two
antennas with orthogonal polarizations. Transmitting two
interleaved electromagnetic waves requires doubling the pulse
repetition frequency which implies immediately that the image
swath must be only half of the width of a single-polarized or
dual-polarized SAR. In order to achieve a better swath width,
and coincidentally reduce average power requirements and
simplify transmitting hardware, compact polarimetric (CP)
systems have been proposed with the promise of being able to
maintain many capabilities of fully polarimetric systems
(Souyris et al., 2005). One of the most important CP
configurations is dual circular polarimetric (DCP) mode.
In order to extract the physical scattering mechanism
(PSM) of targets using polarimetric data many classification
methods have been presented. One of the most common such
methods is H-α decomposition (Cloude and Pottier, 1998) that
is proposed for FP data. Its principle relies on the analysis of
eigenvalues and eigenvectors of the coherency matrix. The
space of scattering entropy (H) and mean alpha angle (α)
namely H-α plane is used to classify the image into 8 canonical
PSMs.
In recent years two approaches have been proposed in
order to find dual H-α classification zones for DCP data. (Guo
et al., 2012) proposed an H-α classification space by mapping
the points of each PSM from the original FP data into the space
of H-α for CP data and subsequently (Zhang et al., 2014)
proposed an H-α space on the basis of the distribution centers
and densities of different PSMs. Experimental results showed
that the classification accuracy of each PSM is improved
compared with the results of Guo’s H-α space, however
Zhang’s method is not well accurate and there are still overlaps
between different PSMs.

In this paper an optimum H-α plane is proposed which
maximizes the mean producer’s accuracy of the classification
results for the DCP data simulated from fully polarimetric
RADARSAT2 data.
2. THEORITICAL BACKGROUND
2.1 H/a decomposition theory for FP mode
Remote sensing SARs in FP mode transmit two orthogonal
polarizations alternately and record each backscattered wave in
two orthogonal polarizations. The scattering matrix represents
the FP dataset
𝑆𝑥𝑥
𝑆=[
𝑆𝑦𝑥

𝑆𝑥𝑦
].
𝑆𝑦𝑦

(1)

If the radar is monostatic and the reciprocity assumption is
valid, then
𝑆𝑥𝑦 = 𝑆𝑦𝑥 .

(2)

In order to obtain second order statistics and take into account
the correlation between neighbor pixels, the target vector k is
defined and from the outer product of the associated target
vector with its conjugate transpose the coherency matrix T is
generated.
𝑘=

1
√2

[𝑆𝑥𝑥 + 𝑆𝑦𝑦 𝑆𝑥𝑥 − 𝑆𝑦𝑦 2𝑆𝑥𝑦 ]

(3)

T

𝑇 =< 𝑘. 𝑘 ∗𝑇 >

(4)

where the superscript * represents conjugate transpose, and < >
indicates spatial averaging. Cloude and Pottier have proposed a
decomposition method that relies on the analysis of eigenvalue
and eigenvector of the coherency matrix
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3. PROPOSED METHOD

where 𝜆𝑖 is an eigen value and 𝑉 is the matrix of eigen vectors
that is represented by
𝑉 = [𝑣1 𝑣2 𝑣3 ] , 𝑣𝑖
= 𝑒 𝑖𝜑 [ 𝑐𝑜𝑠𝛼𝑖 𝑠𝑖𝑛 𝛼𝑖 𝑐𝑜𝑠𝛽𝑖 𝑒 𝑖𝛿𝑖

(6)
𝑠𝑖𝑛𝛼𝑖 𝑠𝑖𝑛𝛽𝑖 𝑒 𝑖𝛾𝑖 ]𝑇

in which 𝑣𝑖 is an eigen vector. Then the polarimetric entropy H
and scattering angle 𝛼 can be defined as follows:
𝛼𝑖 =

𝑝𝑖 =

cos−1 (|𝑣1𝑖 |).

(7)

3

(8)

𝛼 = ∑ 𝑝𝑖 𝛼𝑖
𝑖=1

𝐻 = − ∑3𝑖=1 𝑝𝑖 log 2 (𝑝𝑖 ).

(9)

When the number of samples in different classes varies greatly,
the total accuracy is not a suitable criterion to evaluate the
performance of a classifier. So the average producer’s accuracy
is chosen to find the optimum H-α zones. The producer’s
accuracy refers to the probability that a certain land-cover of an
area on the ground is classified as such. The mean producer
accuracy is been calculated as follows:
1

TP(i)

N

n (i)

Mean producer accuracy = ∑N
i=1

(17)

In which N is number of classification zones, n(i) is number of
reference pixels in zone(i) and TP(i) is the number of pixels
which classified in zone(i) correctly. So the borders of H/a
classification planein DCP mode is chosen in such a way that
the mean producer accuracy reaches the highest value.
4. SPECIFICATIONS OF THE DATA SETS

Where
𝑝𝑖 =

(10)

𝜆𝑖 / ∑3𝑖=1 𝜆𝑖 .

Polarimetric 𝛼 angle relate to the underlying physical scattering
mechanisms and is used to associate polarimetric measurements
with physical properties of the remotely sensed targets. The
concept of entropy in thermodynamic and information theory
commonly understood as a measure of uncertainty, similarly in
polarimetry the entropy is a measure of randomness in the
polarisation of the backscattered wave.

Two images over San Francisco and Vancouver acquired by
Radarsat-2 at C-band in quad polarization mode, with the image
size being 1151×1776 and 1766×1558 respectively have been
used for this study. Google earth images of these areas have
been shown in Figure 1.

2.2 H/α decomposition for DCP mode
The scattering vectors for DCP mode is given by:
𝑘𝐷𝐶𝑃 = [𝑆𝑅𝑅 𝑆𝑅𝐿 ]𝑇
= [(𝑆𝐻𝐻 − 𝑆𝑉𝑉 + 𝑖2𝑆𝐻𝑉 ) 𝑖(𝑆𝐻𝐻 + 𝑆𝑉𝑉 )]𝑇 /2

(11)

where the superscript T denotes the transpose operation. Then,
the coherency matrix is as follows:
T=<k.k*>.

(12)

Eigen decomposition of the coherency matrix is as follows:
𝜆
𝑇 = 𝑉[ 1
0

0 𝐻
] 𝑉 , 𝑉 = [𝑣1 𝑣2 ] ,
𝜆2

(13)

in which λ1 and λ2 are eigen values and 𝑣1 𝑎𝑛𝑑 𝑣2 are eigen
vectors that can be represented as:
𝑖𝜑

𝑖𝛿𝑖

𝑣𝑖 = 𝑒 [ 𝑐𝑜𝑠𝛼𝑖 𝑒

𝑇

−1

sin 𝛼𝑖 ] , 𝛼𝑖 = cos (|𝑣1𝑖 |).

(14)

The scattering entropy and the mean alpha angle can be
obtained as follows:
𝛼 = ∑2𝑖=1 𝑝𝑖 𝛼𝑖 ,

Fig.1. Google earth images of the study areas, San Francisco
(Left), Vancouver (Right).
5. INVESTIGATION OF THE ZHANG’S H-Α SPACE
Figure 2(a) shows the boundaries of different PSMs for the
original FP mode. Figure 2(b) shows the distribution of each
scattering zones in FP mode which maps to Zhang’s H-α space
for DCP mode for San Francisco Image.

(15)

𝐻 = − ∑2𝑖=1 𝑝𝑖 log 2 (𝑝𝑖 ) .
In which
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(a)

(b)
Fig.2. Boundaries of different PSMs (a) original FP zones, (b)
PSMs of FP that are mapped to Zhang’s plain.

Fig.4. mean producer’s accuracy versus different values of the
H1 and H2 boundaries.

As it can be seen from Fig.2, Zhang’s H-α space for DCP data
did not classify PSMs accurately and different PSM’s have
overlaps with each other in this space. Therefore we tend to find
the optimum boundaries for the zones in the H-α space of the
DCP data.
6. OPTIMUM CLASSIFICATION ZONES
When the number of samples in different classes varies greatly,
the total accuracy is not a suitable criterion to evaluate the
performance of a classifier. So the average producer’s accuracy
is chosen to find the optimum H-α zones. The producer’s
accuracy refers to the probability that a certain land-cover of an
area on the ground is classified as such. In figure 3 the
boundaries in the H-α plain for DCP data have been named. In
figures 4-7 the values of mean producer’s accuracy with respect
to different values for these boundaries has been plotted.
Fig.5. mean producer’s accuracy versus different values of the
a1 and a2 boundaries.

Fig.3. Names of H-α boundaries for classification of different
PSMs.

Fig.6. mean producer’s accuracy versus different values of the
a3 and a4 boundaries.
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(a)
(b)
(c)
Fig. 6. classification results for san Francisco data using (a) FP
method, (b) Zhang’s zones, (c) proposed zones.
Table2. mean producer’s accuracies of the classifications based
on the proposed and Zhang’s H-α zones.

Fig.7. mean producer’s accuracy versus different values of the
a5 and a6 boundaries.
The resultant optimal values for the parameters which maximize
the mean producer’s accuracy have been listed in table1.
Table1. Optimal values for H-α classification boundaries.
H1
0.71

H2
0.96

a1
42

a2
53

a3
41

a4
50

a5
36.5

a6
55

7. RESULTS
In order to evaluate the ability of the proposed H-α zones in
comparison with Zhang’s zones, Each experimental image is
classified into eight PSMs that have been depicted in Figures 5
and 6. Confusion matrices have been achieved and the resultant
producer’s accuracies have been obtained. Mean producer’s
accuracies have been calculated which have been presented in
table2.

San Francisco
Vancouver

Zhang’s zones
65.7637%
65.7578%

Proposed zones
69.1598%
68.0063%

8. DISCUSSION AND CONCLUSION
From table 2 the mean producer’s accuracy using our proposed
method for San Francisco and Vancouver data is 3.4% and
2.25% higher than Zhang’s method. For the image which for
example contained 2044176 pixels, 3% means that 61325
additional pixels are classified in the original corresponding
classes and for the resolution of 5.2*7.6 (m) for RADARSAT2
SLC fine quad mode, it means that additional 2423575 m2 of the
scene is classified correctly.
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