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Keywords: changes will contribute to environmental planning for sustainable development and
g‘;?e‘gttﬁ)ie’;'s”c%eghﬁr’;%%onal optimal utilization of resources. In this sense, introducing and implementing methods
Fourier Transform, Sentinel 2 that are successful in recognizing the magnitude and trend of change will be useful.
Sensor, Structural Geology. For this reason, the processing of satellite images in different sciences and with
different purposes has become one of the main areas of research. This study aims to
identify the changing areas frequency domain using discrete fractional Fourier
transform method and the optimal order of discrete fractional Fourier transform to
determine the accuracy and completeness of change detection in satellite images. In
this regard, due to the inability of existing software packages on detecting changes
using discrete Fourier transform, a software has been developed in MATLAB
environment. First, the accuracy of the output generated through developed software
was evaluated on differential sample images. Then, using Landsat and Sentinel2
satellite images from different dates and finding the value of coefficient “a” in the
Fourier fraction transform, different outputs were obtained. Here, the results of the
change image obtained from the optimal fractional Fourier transform method were
compared with the difference image. The bands 2, 3 and 4 of Sentinel 2 did not
indicate any sensitivity to changes in geological structures. However, they showed
most of the changes in vegetated areas. However, band 8 (infrared band) of this
sensor not only detected changes on vegetated areas, but also revealed changes in

geological structures.

between them. In fact, the difference in
spectral response of pixels is the change that is

Introduction
Change detection is the process of

identifying and detecting differences in the
state of a phenomenon or a surface by
observing it at different times (Singh, 1989).
This method is basically the act of comparing
two images taken at different times of the same
area to identify different spectral reflections

identified and revealed because any change in
objects alters their spectral behavior (Jensen,
1983). Changes in images can be caused by
various factors such as the appearance or
disappearance of objects, changes in the shape
or movement of objects, and changes in the
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color or brightness of fixed objects. However,
the change of the earth's surface is the result of
the influence of natural phenomena or human
activities. In general, land surface changes can
be seen in two ways: one is a change in the
natural land cover and the other is a change in
the type of land use (Barnsley et al., 2001). In
remote sensing studies, any changes in surface
components at different rates are called
changes (Hussain et al., 2013). What is
obtained during the change detection process
is the estimation of a set of pixels that have
changed compared to before, for any reason,
whether these changes are vital or similar to
what is obtained due to the change of lighting
are so important. The purpose of detecting
changes is to compare two conditions or their
similar places at different times and to control
all the differences caused by changes in their
values and states (Moghimi, 2014). In this
regard, various methods are used, which differ
in terms of the number, regions, number of
pixels of change, and the amount of change,
and each of them has its own advantages and
disadvantages. This issue identifies the need to
choose and propose a method with the highest
precision and accuracy according to the
purpose and the subject. Although a variety of
change detection techniques have been
developed, it is still difficult to choose a
suitable method for accurate change detection
to achieve the goals of a specific research topic
or a special study area, because various factors
affect changes or to be more specific, are
effective on the emergence and emergence of
changes. In order to identify the changes,
regardless of the type of method and algorithm
used, first of all, information from the desired
ranges in two different time periods (before
and after the change) is needed, and this
information is only remote sensing data
selected based on appropriate methods
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(Moghimi, 2014). An appropriate method for
identifying  changes  should include
information such as changed areas and the rate
of changes, spatial distribution of the nature of
changes, the trajectory of changes in land use
coverage and evaluation of the results of
identifying changes (Lu et al., 2004).
According to the studies carried out in the field
of identifying changes using different
methods, the accuracy of the results depends
on some factors including spatial resolution,
radiometric resolution, accuracy of image
geometric correction, normalization,
calibration, access to data, high-reliability
ground data, the behavior of phenomena in the
study area and the cycle of natural changes in
them, the methods used to identify changes,
the type of classification methods and the type
of clustering. In terms of direct comparison,
the experience and skill of the expert agent, the
information and the degree of familiarity of
the expert with the study area (Lu et al., 2004;
Sadeghi 2011; Organi 2006).

Researchers have provided various
categories to reveal changes. In 2003, Hay and
Hall classified the types of change detection
methods available in three levels: pixel,
feature, and object levels (Table 1).

Table 1. Available different change detection
approaches in three levels of pixel, feature and
object (Hall and Hay, 2003).

Level Methods
Image Differencing
Image Rationing
Image Regression
Change Vector Analysis
End member Analysis
Local Texture
Principal Components Analysis
Shape Analysis
Vegetation Index Differencing
Wavelet

Pixel

Feature
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Artificial Intelligence
Acrtificial Neural Network
Direct Multidate Classification
Expert system
Post-classification Comparison
Fuzzy Post-classification Comparison

Object

The fractional Fourier transform is a
generalization of the simple Fourier transform.
It was introduced by Victor Namias in 1980
(Namias, 1980). Its modification and
mathematical explanation were reviewed by
McBride and Keer in 1987. The fractional
Fourier transform in the analysis of time-
varying signals has gained a lot of popularity
in avery short period (Mendlovic and Ozaktas,
1993) and discrete fractional Fourier
transform has found its application in the field
of image processing as a new method.
(Ozaktas et al., 1996).

The current research seeks to reveal the
changes in the geological formation of the
study area using the Fractional Fourier
method, and the most important challenge of
this research is to prove which of the reflective
bands of the Sentinel 2 satellite images
performs better on non-vegetated areas (here,
rocky area). The hypothesis is that the infrared
band (band 8) of this sensor will perform better
among the other bands because it is closer to
the short wave bands.

Remote sensing science and technology
has become a powerful tool to help progress in
different branches of science. Agriculture,
forestry, climatology, urban and rural land use
land cover, geological sciences are not
exempted from such advancements. They
proved their usefulness in mineral exploration,
geological structure, and sedimentary rocks
and volcano studies. Different data types and
analysis including optical and radar data and
their processing algorithms have Dbeen
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extensively used and developed. Change
detection based upon remotely sensed data is
one of the most widely used application of
these data. There are many algorithms
developed with the aim of change detection
including band arithmetic, PCA, image
classification, change vector analysis,
correlation, fuzzy and neural networks and
segmentation. There is very little attention that
has been focused on the use of Fourier
transform on change detection.

Material and methods

The images used to test the effectiveness of
the developed software and the satellite data
are as follows:

In order to test the effectiveness of the
developed software, a set of steel images
(Figure 1) taken with a digital camera from a
scene including various fruits and in Figure 2,
three types of changes have been applied, one
is a change in terms of the existence or the
absence of some fruits, and secondly, the
displacement of some fruits, and thirdly, the
viewing angle of the photographer, which has
a displacement of one millimeter. This
displacement is applied to check the changes
resulting from the change of the angle of light
radiation (Figure 1-3 and Figure 2-3). These
images are prepared in 384 x 512 size and the
depth of each pixel is 8 bits. If the algorithm
can show all the pre-designed changes, it will
perform the desired operation and it can be
used for other purposes such as detecting
changes in satellite images.

After testing the efficiency of the
developed software, two types of satellite data
were used. The first type of satellite images,
the changes in which are completely clear in
terms of quantity and location (Figures 3 and
4). This collection of images also checks the
correctness of the developed algorithm's
performance on satellite images.
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Finally, satellite images whose changes are
somewhat unclear in terms of the extent of the
change. These images are related to the
Sentinel 2 satellite, which was taken in the two
months of September and October 2016 from
an area around Karaj (Figures 5 to 12). In this
collection, four bands 2, 3, 4, and 8, blue,
green, red, and infrared bands, respectively,
are examined. Their spatial resolution is 10
meters and their radiometric resolution is 16
bits.

Change detection using optimal fractional
Fourier transform

In order to reveal changes in satellite
images using this method, the following steps
are taken in order:

First step: Preliminary studies

The necessary information for the design
and implementation of the algorithm has been
collected during the conducted studies and the
present algorithm has been developed in
MATLAB software.

Second step: Obtaining satellite images

Satellite images that were taken from the
same area and had changes on two dates were
collected.

Third step: Pre-processing of satellite images

In this stage, necessary pre-processing
steps have been performed on satellite images.
Fourth step: Normalization of reflectance
intensity

In this step, digital numbers in second
image have been normalized relative to the
first image in terms of brightness. This
normalization is done according to the
following formula:

12 (X,y) =cl/c2 (12(X, y) -p2) +ul

Where, 12 and 12 are the normalized and
initial reflection of band 2 respectively, c1/62
are the standard deviation ratio of reflectance
numbers in bands 1 and 2, u2 and p1 are the
average digital numbers in two bands.
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Fifth step: Difference

Here, two input images that were prepared
from the same area and at a time interval are
subtracted from each other. The result of this
difference is a raw image that specifies the
location of the changes.
Sixth step: Transformation

In this step, the image obtained from the
previous step is subjected to fractional Fourier
transformation as input. Since the fractional
coefficient “a” is a variable coefficient, the
value of this parameter must be specified. In
each of these images, the optimal value of the
fractional coefficient “a” is measured and
recorded for the final checks. Therefore, in
each step of working with a pair of images, it
is necessary to run the algorithm many times
with different values of the fractional
coefficient a to determine the optimal value.
Finally, the accuracy of the final image in
terms of detecting changes, in addition to
visual evaluation, is measured by the
correlation with the difference image obtained
from two input images in the same band.
Seventh step: Quantization

After applying the transformation, the
resulting matrix is subjected to quantization so
that only the appropriate coefficients are kept
and the rest are converted to zero.
Eighth step: Return of transformation

To restore the change image, the return of
the fractional Fourier transform with a
negative fractional coefficient, i.e. -a, is
applied on the remaining coefficients from the
previous step.
Ninth step: determining the change areas

According to the result of fractional
Fourier transformation on the obtained image,
the change areas are framed and applied to the
original images. In this way, the changed areas
are determined on the primary images.
Tenth step: Validation of the results
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If the detection result was suitable with the
interpretation of the resulting image, the result
is recorded, and otherwise, the algorithm is
executed again with another numerical value
of the parameter a. If the interpreter cannot
choose the best among several results, the best
result is selected by using the correlation
between the final image and the difference
image.

Results and discussion
Results on test images

In the set of normal images under test, the
changes of removal, displacement of elements
and change in brightness intensity, all with the
algorithm designed with a value of 0.91, all the
changes were evident (Fig. 15).

In Figure 14, which is the result of
fractional Fourier transformation, all the white
parts with a numerical value of 255 are the
detected changes from the images, and the
black parts are the areas that the designed
algorithm presents without less changes.

In Figure 15, the change regions specified
in the optimal fractional Fourier transform
image with green squares are applied to the
original images. As it is clear, all the changes
are evident with green squares.

In the second set, which is related to the
fourth band, the water volume of the river has

increased due to the water intake of the Karun
3 dam (Fig. 3 and 4). This change is checked
with the designed algorithm.

In the second group of this series, where the
change in the volume of river water is clear, it
was concluded that a= 0.88 is a suitable
amount (Fig. 16 and 17).

Results on Sentinel 2 images

The results of running the designed
algorithm on each band in question are shown
in Figures 18 to 25.

In each of these images, the optimal value
of the fractional coefficient “a” is measured
and recorded for the final checks. Therefore,
in each step of working with a pair of images,
it is necessary to run the algorithm many times
with different values of the fractional
coefficient “a” to determine the optimal value.

Finally, the accuracy of the final image in
terms of detecting changes, in addition to
visual evaluation, is measured by the degree of
correlation with the difference image obtained
from two input images in the same band (Table
2).

The correlation coefficient between the
optimal fractional Fourier transform image
and the difference image in band 8 with a
value of 0.87 is equal to 66.3% (Table 2).

Table 2. Correlation coefficients between optimum discrete Fourier transform image and difference image in

Sentinel 2 band 2,3,4 and 8.

Band no. Band 2 Band 3 Band 4 Band 8

Correlation coefficient 84.7 85.6 88.7 66.3
Conclusion optimal fractional Fourier transform in
Considering the unique complexities of detecting changes, it is concluded that this

algorithms based on Fourier transform
functions, this research showed that despite
these complexities, it is possible to reveal the
changes of complications on the surface of the
Earth by relying on the applied mechanism. By
conducting this research based on the use of
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method is successful in identifying the
location of changes and is flexible in obtaining
the output in such a way that it can be done
with optimal algorithm made the results more
favorable to some extent. Anyhow, complex
calculations, advanced coding, and limitations
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in the size and dimensions of input images are
among the challenges faced by researchers in
performing this method. Also, as a result of
applying this algorithm, it is possible to reach
this general conclusion that the changes
related to the geological formations show
themselves in images with a longer
wavelength (sentinel band 8). However, in this

research, the short-wave infrared bands, i.e.

bands 11 and 12 of the Sentinel 2 satellite

sensor, have not been challenged.
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Fig. 18. Image derived from optimum Fourier transform with a=0.87 on band 2 (right) and difference Image

(Ieft).
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Fig. 19. The first and second date images of band 2 with changed area in green rectangles.

a=0.87 jlaie L ¥ il jo Jols pipai 5 aige S5 a9 hod pgal (Sawen (e
SV Jgaz) cesl asys AOFL il @ oy MV Y sl o Jols pgal g e
RFA 5 At S5 4,58 oS pgal (Ko AV Jgaz) el 2o
SEIY Ll a=0.87 jude L 8 Wl o Jolis A (et Jd et Wb g o)l pg b o
(Y Jgoz) Conl by b Y- ) el cassa @ el )b goae jlade sl p

S5 4,98 oS pgal (Kiod (e (10



ce blojlsale olas jo sue) (2)lse Ol s &b, 81

P o e 3eal 5 ¥ AL g5y »870.87 Hliie b oatg (6,8 8 b Jlesl 1 ol () Gy geai Y S

Ll i
Fig. 20. Image derived from optimum Fourier transform with a= 0.87 on band 3 (right) and difference
image(le).
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Fig. 21. The first and second date images of band 3 with changed area in green rectangles.
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Fig. 22. Image derived from optimum Fourier transform with a= 0.87 on band 4 (right) and difference
image(left).
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Fig. 23. The first and second date Images of band 4 with changed area in green rectangles.
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Fig. 24. Image derived from optimum Fourier transform with a= 0.87 on band 8 (right) and difference
Image(left).
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Fig. 25. The first and second date Images of band 8 with changed area in green rectangles.
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Table 2. correlation coefficients between optimum discrete Fourier transform image and difference image in

Sentinel 2 band 2,3,4 and 8.
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Fig. 26. date 1 false color composite (right image A) and date 2 false color composite with vegtated area in
red.
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Fig. 27. Changes in vegtation cover derived from date 1 and 2 NDVI subtraction. Bright tones indicate changes
in vegtation cover.
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Fig. 28. NDVI image shows less vegetation cover on geological structure of study area in date 1.
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Fig. 27. NDVI image shows less vegetation cover on geological structure of study area in date 2.
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