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Abstract—Multi-temporal single polarimetric synthetic
aperture radar (SAR) images are performed change detection
and it doesn’t wholly reflect the change information of ground
objects. Through analyzing the features of multi-polarimetric
SAR images, the results show that the multi-polarimetric SAR
image change detection ought to choose different polarimetric
data, polarimetric total power data or echo polarimetric power
ratio data in terms of different purpose and the effect of the
former two states is better. Finally, the difference value two-
threshold method is performed the change detection experiments
with the multi-polarimetric data of Convair-580 C/X-SAR of
Canada, and the experimental results obtain the expectant effect.
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L INTRODUCTION

Remote sensing image change detection is to understand
and analyze the obtained different date images of the interested
area and to provide a great deal of useful change information. It
supplies reliable data source for area dynamic surveillance and
topographic mapping database update, as reduces large
numbers of manual operations. At present, change detection
techniques have been successfully applied in many fields, such
as environmental surveillance [1], forest change surveillance
[2], disaster valuation [3], agricultural investigation[4][5], town
extension surveillance[6][7], land utilization dynamic
surveillance[8].

SAR image change detection techniques mainly focus on
single polarimetric multi-temporal change detection. The
traditional single channel and single polarimetric synthetic
aperture radar can only obtain object scattering features of
ground scene under a certain polarization sent-received
combination, so that it obtains information is very limited. But
multi-polarization SAR images can provide more abundant
object scattering information. With the delivery of full
polarization SAR satellite, for example, Japanese ALOS,
Canadian Radarsat-2 and German Terra SAR-X, using
polarimetric SAR image to perform quantitative remote sensing
analyses and change detection for the complex earth surface is
an important aspect for SAR application. Now polarimetric
SAR data that is used in change detection is main pre-
classification and post-detection [9][10][11], namely, using the
physics scattering mechanism of objects to classify. This paper
analyzes the scattering theory models of multi-polarization
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SAR data and the features of multi-polarization SAR images,
and deep studies the change detection methods for multi-
temporal polarimetric SAR images and finally performs test
experiments with real measure data.

I1. SAR DATA POLARIZATION THEORY

What single polarimetric SAR measures is the effective
radar scattering section (RCS), but what full polarimetric SAR
measures is the scattering matrix of the object. The polarimetric
scattering matrix is usually called Sinclair scattering matrix. It
unifies the energy feature, phase feature and polarimetric
feature of object scattering and it perfectly describes the
electromagnetic scattering characteristic of the radar targets.

According to the linear property of electromagnetic
scattering, defining a complex polarization scattering matrix
describes the change relation among each polarimetric
component between incidence wave and far area scattering
wave [12]. It is given by

Eg. =G(r)SEp, (D

Where G(r) is called spherical wave gene, S is a

polarimetric scattering matrix of an object. £, and E;,. is

expressed by vector form, then

Esx' Eix
Esc = E .| Einc = E. 2
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The polarimetric scattering matrix can be written by

Sex Sy
S= g 3)
Syx Sy
Where, S, is the target backscattering coefficient, which is
sent by y polarization and is received by x polarization. Here,

the relation between scattering matrix element and RCS is
2 2
oy =4nr ‘Sij‘ )

If the spherical wave gene G(r) of the scattering matrix is
defined by
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Then the relation of scattering matrix element and RCS
becomes

G(r)= ©)
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In BSA coordinate system, if choose (H,V) polarization

base, the target complex scattering matrix that is measured by
full polarization SAR can given by

|:Shh
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Under single station condition, the backscattering of a

target has mutual exchange, namely, s,, =s,, . So the

polarimetric matrix only have three independent elements,
which can be written into a polarimetric scattering vector
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S
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X=[s; Sm Swl,and its covariance matrix is given by [13]
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Where, superscript H denotes conjugate transpose, ( )
denotes mean, * denotes complex conjugate.

C=<XXH>= (8)

At present, the applications of polarimetric SAR data are
main to measure the covariance matrix and the scattering
matrix of the target, and they are used to research the statistical
characteristic, scattering mechanism and classification for the
target [5][9][14][15].

III.

The polarization covariance matrix C can derive scattering
matrix S , then the target polarization backscattering
coefficients can be obtained by equation (6). The scattering
coefficients turn into amplitude or intensity images. There are
four different polarization combination forms for radar images,
which are HH, HV, VH and VV. Fig.1 shows the polarimetric
SAR images of Canadian Convair-580 C/X-SAR C-band. The
imaging area is agricultural field, and the captured time is May
22 and 25, 1990. Where, Fig.1(a) is the single polarimetric
SAR image of May 22 and Fig.1(b) is the single polarimetric
SAR image of May 25.

EXPERIMENTAL DATA EXPLANATION

(a) The single polarimetric SAR image of May 22
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(b) The single polarimetric SAR image of May 25

Figure 1. The single polarimetric SAR images

IV. THE FEATURES AND CHANGE DETECTION OF
POLARIMETRIC SAR IMAGES

A.  PolarizationTotal Power (Span) Map and Change
Detection

The polarization scattering total power stands for the
measured total polarimetric scattering intensity, and the
numerical value is the Span norm value of the target scattering
matrix. Therefore, the polarization total power map is also
called Span map, and it can be computed by

2 2 2
Span=|shh| +2'|Shv| +|SW| )

Where, we assume that the target is mutual exchange,

namely, s, =s,;, . The polarimetric scattering total power

reflects the electromagnetic scattering characteristic of the
target as a whole, and the numerical value is equal to the first
element m, of the Stokes matrix (or Mueller matrix) of the
target. Fig.2(a) is the Span map of May 22 and Fig.2(b) is Span
map of May 25. The polarization total power image fuses
single polarimetric image, so full polarimetric power image can
provide more details and the contrast of the image is stronger.
The change detection results of the polarization total power
image are shown in Fig.2. Where, Fig.2(c) is the change
weakened area image and Fig.2(d) is the change enhanced area
image.

Although the polarization total power image can detect the
change information, it doesn’t know which polarimetric form
provides the change information. Single polarization change
detection can reflect change types through the polarimetric
scattering mechanism of ground objects. If the target area is
known in advance, only detecting whether or not change, the
polarization total power image can be used to perform change
detection. Comparing with the change detection of the single
polarimetric image, it reduces the calculated amount.

(2)

Figure 2. The change detection results for the polarization total power image
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B.  The Echo Power Ratio of Differ ent Polarization Image
and Change Detection

We can compute the polarimetric echo power ratio under
the random polarimetric state, which is in favor of analyzing



the change instances of the relative echo power for different
ground objects under different polarization combination. The
definition of three different polarization echo power ratio is
given by

R _ ShhShi _ |Shh|2 _Ohh
hh/vv - 2
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ShhSZh |Shh|2 O-hh
2
Ry/oy = shvSZv _ |Shv| _Ohy
Sy S:v |va |2 Oyy

Fig.3 shows the power ratio of three polarimetric images
which is shown in Fig.1(a). Where, Fig.3(a) is the same
polarization power ratio, namely, it is the intensity ratio of HH
and VV polarization. Fig.3(b) and Fig.3(c) are the echo
intensity ratio of across polarization HV and same polarization
HH or VV, respectively. The gray value of the pixel in Fig.3 is
direct proportion with the echo power ratio under two
polarizations in the area.
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Figure 3. The echo intensity ratio image of polarimetric images

It can see from Fig.3 that the echo power ratio is bigger of
the same polarization HH and VV and that the echo power ratio
is smaller of the across polarization HV and the same
polarization HH or VV from Fig.3. Because VV polarization
combines the crop structure, the vertical line is brighter in the
HH/VV power ratio value image; on the contrary, the
horizontal line is brighter in the HV/HH power ratio value
image.

After the characteristic analysis for the polarimetric image
echo power ratio, it is known that the power ratio image of the
across polarization HV and the same polarization HH or VV
can be performed change detection. The change detection
results are shown in Fig.4. In experiment, because the same
polarization power ratio image doesn’t detect any change, Fig.4
only shows the change detection results of the power ratio
image of the across polarization HV and the same polarization
VV. Fig.4(a) is the power ratio image of HV/HH on May 22,
Fig.4(b) is the power ratio image of HV/HH on May 25,
Fig.4(c) is the change reduced area and Fig.4(d) is the change
enhanced area.
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Figure 4. The change detection results of the echo power ratio image
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C. The Coherence of the Different Polarimetric Images

Multi-polarimetric SAR is a multi-channel system, and it
can obtain the polarimetric scattering matrix and other
correlative information for the ground objects. As provides
vigorous instruments for us to analyze and understand the
scattering characteristic of the ground objects. The polarimetric
scattering matrix records the scattering characteristic of the
ground objects: amplitude and phase. For mutual exchange
medium, the polarimetric scattering matrix only has three
independent parameters, which are HH, HV and VV. In order
to better understand full polarization SAR images, we need
know the relation between data that is measured by three
independent channels. Therefore, we will study the relation
between the three polarimetric image data.

The polarimetric SAR image relation can be expressed by
the complex polarization covariance matrix C and the
computed formula is given by

*
Ckl:<sksl>
O]
*
=| P124/ 0102
* *
P1340103  P234/0203

Where k and [ denote the k th and the [ th channel,
respectively. o =<\sk |2> is the backscattering coefficient of
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the k th independent channel. p;, is the complex correlative
coefficient between the k th and the / th channel, and it is
computed by
sk
(ses)

Pri = Joro1

In practical application, because the scattering matrix date
which we obtain has been transformed into the echo intensity
image data and they are not the complex data, such as Fig.1
shows the original polarization SAR image, we can use
equation (13) to compute the correlation of their polarization
images.

(12)

3 3 (X605 X605

1j=1
P12 =
M N _ M N _
2 nen-xF- ¥ L a5
i=l j=1 i=l j=1
(13)




Where, X,(i,j) and X,(i,j) are a certain pixel value in
different polarization image, respectively. X, and X, are the

mean of all pixels in the sliding window, , respectively. M x N
is the size of the sliding window. The polarization correlation
images are shown in Fig.5.
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Figure 5. The correlation of the polarimetric images

It can be seen from Fig.5 that the correlations are not good
between each image. In theory, the three polarimetric images
come from three independent channels, so their correlation is
very bad. Especially, the correlation between the same
polarization and the across polarization is zero. In fact, there
includes a little information, which is brought by system noise
and other reasons.

V. CONCLUSIONS

This paper analyzes the characteristic of the polarimetric
SAR images and makes change detection for the multi-
temporal polarization SAR images with difference value
method in terms of their characteristic. The different
polarization form reflects the different scattering information,
so for the same area multi-temporal single polarimetric SAR
images, the change detections are different. In practical
application, choosing the corresponding polarimetric SAR
images performs change detection according to the prior
knowledge. This paper considers the change detection
problems for the multi-polarization SAR images from image
gray value, and makes test experiments with real measured
SAR image data, and the good results are obtained. This is
much significance for polarimetric SAR image change
detection and application.
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