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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

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

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

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, 122 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

Considering the unique complexities of
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

120

optimal fractional Fourier transform in
detecting changes, it is concluded that this
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.

References

Barnsley, M.J., Moller-Jensen, L., Barr, S.L.,
2001. Inferring urban land use by spatial
and structural pattern recognition. Remote
Sensing and Urban Analysis. Taylor and
Francis 115-144.

Hall, O., Hay, G. J., 2003. A multiscale object-
specific approach to digital change
detection. International Journal of Applied
Earth Observation and Geoinformation 4,
311-327.

Hussain M., Chen D., Cheng A., Wei H.,,
Stanley D., 2013. Change detection from
remotely sensed images: From pixel-based
to object-based approaches. ISPRS Journal
of Photogrammetry and Remote Sensing
80, 91-106.

Jensen, J.R., 1983. Urban/Suburban Land Use
Analysis, Manual of Remote Sensing.
American Society of Photogrammetry.
Falls Church, Virginia 1571-1666.

CRediT authorship contribution statement

Lu D., Mausel P., Brondizio E., Moran. E.,
2004. Change detection techniques.
International journal of remote sensing 25.
2365-2401.

Mendlovic D., Ozaktas Haldun M., 1993.
Fractional Fourier transforms and their
optical implementation. Journal of Optical
Society of America 9(10).

Moghimi, A., 2014. Integrating Spectral and
Textural Information to Detect Changes
using Multi-Temporal Satellite Images and
Using Direct and after Classification
Comparison. M.E. Thesis, Department of
Surveying, KN Tousi University of
Technology.

Namias V., 1980. The Fractional Order
Fourier Transform and Its Application to
guantum mechanics. Journal of Institute of
Mathematics and its Applications 25 241-
265.

Organi M, 2006. Monitoring Urban Expansion
Using Satellite Images Vis Spectral Mixing
Model and  After  Classification
Comparison. M.E. Thesis, Department of
Civil Engineering. University of Tehran. In
Persian.

Ozaktas H. M., Arikan O., Kutay M. A,
Bozdagi G.., 1996. Digital Computation of
the Fractional Fourier Transforms. IEEE
Transactions on Signal Processing 44(9)
2141- 2150.

Sadeghi, V., 2011. Knowledge-Based System
for Map Updating using Satellite Images.

M.E. Thesis, Department of

-

Investigation, Data Curation,
Writing-Original Draft
Razieh Safa

@

Resources, Investigation

Parviz Zeaiean Firouzabadi

Supervision, Investigation,
| Writing- Review & Editing

\Se yed Mohammad Tavakoli Sabor

Software, Validation, Formal Analysis,

Conceptualization, Methodology,

~ Surveying, KN Tousi
University of Technology.

Singh, A., 1989. Digital
Change Detection Techniques
Using Remotely Sensed Data.
International ~ Journal  of
Remote Sensing 10 989-1003.



http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

VAP S SOl LLs YOYA —FFAX gl LLs

VRS asio VFHY sl g e o) ojled A ol

gy Al
AT (7] o pwd

033195 (o p ole aloxo

Journal homepage https://gnf.khu.ac.ir

Khorsamifournal of arth Sy

SS90 o 3l ooliswl b (gloylaple bl ;o Suwo) (2)lee Ol pdi (65l ) lSET

=
4 s

¥ ygmo (Se oo s T 63UT 9 58 Liles 19 (Mao ansl)

Ol el w0 ylom oKy ¢ Ll yam pole 0uSiils )50 5l o 09,5 il )l owlis I57.)
Oyl el ooi)ler oRKisls o oldlaa pgle caSlails ¢j90 5l Liomiw 05,5 Loiils Y
Olnl s s05lem oBiils ¢ oLl aa pole 0aSisls )90 5l Liomivw 09,5 ¢ Lobiul Y

cuuS>

Ao SleMb|

SR Gpo i Jlo e 4 088 &) ey Sam b P9y DY Fl 0 Sl Sl e lae (B)lse Dt

S0t 5 Ml dxg il 55 (e (55,800 2 2 (SLE S Sl al Ghaly 5 53l SST s sl
il @80 Dl Wg) 5 DAl (ausid o oS alatg) szl s (Byre Liuly (al o oged valss mlie g
3 4 b woglate Blawl b g calize pale [ slojlgale polas oile, Jdo eed 4 0 walss aiae
P9y 3 GrSoste b e Jl po Gl 0,5 casine Bua b (iaghy (nl el 0al Jlaghy Lol slaaie
Sy 58T (39 JolS 5 Cmo At (5 S 4398 b At A5 p0 oy 9 S (S 498 oS
s,li8le 5 olls pas 4y azgi b Luly ol 0 05l oo paal ol 3 slad [ (lojlaale pglai jo &lynss
#1331 1) MATLAB oo 15 1531 o5 dass b ettt 43,58 o5 51 oolitasl b S5 (gl IS8T 10 05250
loylgnle yi5lai 31 (6 S0 g b s 05 Wigod (Lol pislai (9, » 8L anwsgs 381 033 0,55 Como 05l
S g y5 5 pmS 458 s 3@ iy llanl gy Mo 28l 5 gl (glages b 4y Blate ¥ Jiitins 5 oot
)99 s by 3l ol ks pgas g ol pga (Siad ol b gl bl 50 .l Conay ggie g glie
liiime; lolisle Slpss (69) » ¥V it odtzmin 51T 5 ¥ oY lawih ol anlie At 58
S A Wb a5 cadls jo cpl wsls plas 1y alS ide adl s 2l i g wolw plad Lols conles

ot 3 |y ewlidae; boytizle )0 Dlyass (alS 4l sy Sy pegdle odizin cpl 3l (e,8 0k

Wlio azesy ;b
VR Y/ PIYY sedly o
VEYI B+ b

Gals s o3
99 3l Sl
“LJ):._,_G ‘_g)'L.u)ngi;]
S 4598 has

J ST VESIPL oW ¢

YN )li.iﬂ
dodio
Singh, ) cel calizes slasyle; o ol Slaslis oanis g olwlid o] B (ol g5l KT
9as 90 o dwslie Joo Lulul og, opl (1989 Gk ol mhaw SO L sy S a0 LS

DOI http://doi.org/10.22034/KJES.2023.9.1.106261

p.zeaiean@gmail.com (sobl;g .8 Liles 5195 1] g 0diums gisk

L slolsmle sla 1o sy (olse Slmeid (3lylSaT OV FY) o oo 3o 585w eoollya md Hliled o) i :allio ol 4y Sl

®® VEA-NN P asio o) o)leds A Al i (6,08 4,98 baus 5l oolail
toc‘ﬂg http://doi.org/10.22034/KJES.2023.9.1.106261



https://gnf.khu.ac.ir/article-1-2827-fa.html
mailto:p.zeaiean@gmail.com
http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

ol &5 wes 355 o b g Ll hilo
b (hey S skt 5 oLl 4 LS gedee
Eoge 5 Boa b culie Come o g 85 0 YL
SLSESS gyl ar ST sjleee asin |
o2 5o Ll ilal anwg Ol g5le, Kol
G38 (55le KT (sl canlia (o9, b el lgio
(i 5050 S Blaal 4 (e sl Dl s
Sg05 Dbl oy Slllhe adhic S L el
@by Sl sbml g9y » AiSe Jolse a1
SlydS jon 5 oskb G9) 2 Srtee Ole
g 3l S e s alulid Cex Wiphe
5 SeMbl s ol oolainl 550 0,651 5 g,
Alides Gloj ehaile 93 ;0 Slai 9,50 slaosgasme
DML (a8 Cenl 53 Gt 5w 9 s 51 1)
3loolaiwl b as” el ja0 5l i slrosls len
lolis ol olulyy Sl wnslin sl s,
weols g, S .(Moghimi, 2014) e oo
blie ki S Jols sl bt Sl
Sonle G @i Dlpndi 5 Al
(2Ll G Gdsy St e b3 oSl
LU ) il &lpeeis loliss §l Jol mbs b,
3 a8 5 & g0 Sladllae 4y a5 L (et al., 2004
sy, 3l eslainl L ol glolil as;
sl Jolge 51 (sloyly a aily gl w8 wabizes
(o yingeol ) SIS a8 (Sl SISy o508
Ogelidloypglal cwsin moal oS0
b ey sloosls @y (g ytws Olie (gl S
5y9e dilaie )o laoayay b, U slozel oLl

Y YY

Gl dilaie S5 5l calies slagyle) o oo Culls
elolid 1) gl gl Sgline anb glacbsl b
Slor b LSy b fuly S &y o S
a5 |y 0gd oo ,S0T 5 Slulis a5 ol (g
PO [ PN B U U SO TY BPSURT I
5 Wlg oo molay jo a5 .(Jensen, 1983) aao
O gl b el alex Sl alie Jolse S
b SO, Olpds 5 sledtl 5 > b IS0 s sl
Oy b s Lol 09 sloml ol oledl (ol
sledld L5 ek sloonsy b e
4 o) gl Sleds (5 b 4 el L
b Gdg 0 el (5o 0gh o0 o S5 g
Sl 68 g8 S i 6 g ()
499 5] Lt Slalllae 4o (Barnsley etal., 2001)
gy b ghw sbadlie )3 puid 45 2 4
Hussain et al., ) og oo 48T &l poss walizce
s g3l K0T anls b s assl (2013
Consl b LSy 5l glassarme 35505 o Jol>
olg 1ilod S pouti (e o 4 (Jud 4 Cos &5
et 315 T aiile by g ol ool Sl i3 o
&, T 5l B aialy Siz wad oo ol g
o o]l G5 b adle g5 dnglin Wl pss
31 slaoglss ples JuS 5 Sglite slagle;
wibee byl oV 5 polie o Ol
slizee sl by, Ll ! ,o .(Moghimi, 2014)
Gl Cowsy iS4 45 Wigd oo 418 ,5 IS 4
Gl Sy olass (gbls wlass Jlai 5l aisl o

SO, gl WS e b yud e 8 g s


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

desly 5 il dbilye sas o plis sk
ool pegnl 2 ogdle .l i eoleidny )
G390l esims alises glap oSl I ol b
Sonte 1) S pardd 0 Sles Wl oo Gees
(Gong et al., 2016) sesw

5k, 80T 5o Glgabl pas 05 o 5l
5 skt glaad jo a8 513 la Sy Slyets
Obes 5 L e Sy olaal ganaib
has e S ol (Yang, et al, 2022)
33,5 osliinl Broe (6 S0k 9 (25 S

ooty jl oolitul b ol i (65l (S5 g
DL a5 518 3925 pge b po i 550 5l it
Trh ol 4 ale e it opl 08 plosl i 5 4
:(Jensen, 2015) ¢l

e Cople 035 paRie il e
oloj slelsmle jslat 5l pel s (55l IS0 ]
slr ¥ slaSny 85 b5 0 uglas 32
g L 3550 by, g3l 8]

Gl ST plSin e Slamdle iegs oS
GBI eaizie la Sy dlex Il
g el Sl g

g p3Y slaghilon g aghiloy (A ipgm o8
Sl 0915 > Gh3lon slaghs, Jlesl

P ey S8 5 Cee pwyp ek U
(S5l KT

Pel S oS slacs b o3 b o) ey
%

YyY¢

—obgy oyl ol Ollks sa3 > g anlllas
Gl g3l s Slolil o as, S e slo
Goabe> £95 g goail p e sla b, 5o
475 s el 1 (e Sy lg ) dine) 5
Jole LT (e 5 Sledlbl 0,05 ole & le
Sadeghi,) ool o addllas 5,50 adais b o,

2001; Organi, 2006; Lu et al., 2004).
«(Malini and Moni, 2014) S adbss o

5 49 Glad oS5l wps pg ell Cex
ol o0 ol 5lSe (glias
3 (Gong et al, 2016) . ,Ken 4 S
2 eiiee SAR ol slai gl Sl s
o olol b by, cnl ol &l Gaas s 5ol
9 a8l yons bl ololid (Gras (orae a0
S Sl onl ol Baa aas oo plnil | 5ok (9
2525 55 ) s jsb s sl (AT a2l S
Cnl 09 and ond Ghjgel (Syman oras a5 L
ol 1y Jolis gl S olml anl b il oo s,
SAR bl) 6ley sz polas o slaglas a5 oo
2l Jols b Wik oo ol pls amo g LS |,
Sl 5ol piyeSl ams i asiis b
5 & 9 Lo Hed (5,50l bl Gres (5 lens
JU gonail lp @8 wbs p o)l b
Sas o)l e sla SRy seSol Wil
sogdle Ll pigal 99 (e baly) (pleisl 65k
pedlie 5ok oad Ol 58y ol
Lo stolojT .l i (900 5 4zl 5 (slo Sy

Julos g o g (ABly slaosls acgeme (59,


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

9 SRy Sy phaw 4w o 1) o940 Ol

O Jpi) wiogel sanaib 5 5

b e 5 osSUS slagsasaios ik
25 Jb . Wlesges 4l Sl g5be 85T sl
&, KT sl g, lgl (Hall and Hay, 2003)

.(Hall and Hay, 2003) = % 3 (S c oS gehaw dw 10 8950 Ol i 65k, 50T (slo g glgil =) Jgoz
Table 1. Available different change detection approaches in three levels of pixel, feature and object (Hall and

Hay, 2003).

L i,

(Image Differencing) »sas Jols

(Image Rationing) cuil cows

(Image Regression) ,sas ;e s,

(Pixel) (Change Vector Analysis) <l s 5T

End member Analysis

(Local Texture) - =él

(Principal Components Analysis) Lol sleadge Jolo

S

(Shape Analysis) s 5.Ju1

(Feature)

(Vegetation Index Differencing) als g (.Swil Jols

(Wavelet ) S>40

(Artificial Intelligence) _cgias Jisn

(Artificial Neural Network) csias oas a5

o (Direct Multidate Classification) als; s> st ganawds

(Expert system) o .5 (slapamgms

(Object)

(Post-classification Comparison) sasaids 5 e awlio

(Fuzzy Post-classification Comparison) .;k somaib 5l e awlic

Olsie & paal (53l gae) jo 1) 293 0,8
.(Ozaktas et al.,1996) <l 05,5 loy o o9,
Sleds g3llSal Jlis @yl Gk o
oolizal b asdllas 590 dilaie owlidprn) (ides
O B i 5 0m eS 488 ) )
2olal Ol &S Cwl gebge ul Gl e
2 oSl slasly 5l el Y i o)lsabe
Oy Ll o) (olS ilg n (>le s,
Al a5 el (pl 4ns )8 08 oo Joe i (S

Sl o 5o sdoiw pl (A k) 56,8 eole

VYo

o gl Glosg)s 5l Glse by, cnl 5o
g L3 (LS pd g S il slam
o L5 Lo 51 s ookel Censay yysbas « bt ol
e 0y 5 (o B g S slaasals o
3 seeens S d98 R ol a0
bongs (6 S 4598 haw el ool 4568 hous
Jos el oas 3,20 (Namias, 1980) bl
siin S LS Jolod g 4525 )3 (68 )9
Songerre Do oligS Jlows 0,98 o 0 ooy o
Mendlovic and) ¢l os,9] caws 4 (sob;

LS (5 puS a3,98 Lows 9 (Ozaktas,1993


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

SFolgse g 0sls plamil 1 15 8590 Sldes (s
5 Sl ly ST Jre S0 aolis (sl ]
@S Gsa3l 3l om0 slojlgale pglas
Slolsal ools £5i g3 codds ool damgs I3l oy
o lsnle pslas Jol g5 28,5 1,5 oolial 590
Maols e 5 e L 5l o] o &l s oS
Slytd 4 bgrye o (F 9 ¥V S0) cosl adrine
e g T R
21 e o Slee Coo 3 pglal acgexe ()l
23k Boles 5 1S o g 2 sl lpmle gl (s
b s Conmag b5 51 o] ks a5 slolsale
o,lsale 4y bgs o polai (pl .ol aseinl o
Jbo st 9 sostet olo 93 ;0 &S Sl ¥ o
ool o 2l S Bl o (gladlaie 51 1YAS
XY ab s dcgerme ol o (VY b O JS)
558 090bs 5 5058 e w2l Sl i i 4 A
ol 5o Gl SSE g5 10,5 o )l (gm0 9590
17 o] (S ragol, SS& plgs g oog 2o Ve Lo

A

obsS zoe slasil @ (o5 FSuoy Jdo 4 K
S, Jale> o o
595 9 dlge

‘53])5 oo Q}A)‘T Sy oolawl 0,90 pglal
5 45 0 lsnle slaools 5 ods 0ol damgs 153l oy
il 33

03l anwgi 38l o3 2,5 Como (gail
Las () JS2) (Jgeme polai 5l slacgomms cons
g5io ogae Jolds dizeo G 5l Jluzmd (e
oo Jlocl kS g9 a (¥ JS 53 g ond 485
T 05z pas bdgry Ll Sl i (o ]
Ssly pow 9 Woge (0 lralr pod 5 Laoges
el e de Solaie 4 a8 o pgad 0o
3 Sl ol s g &l L5>L><ul.> ol ols
o2 1 JS8) 098 oo Jlosl H98 2B gl S
B Bes g odu dgd OVY o VAT Lle o polas
Klgi o,o5l a5 (59050 ol oo S A S

s Glas | end oLb iy 5l Sless plos


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

v bgloylsmle pglat jo sue (ol Ol (g5l IS ]

i i S A

p9o Olos ge3l pgai Y JS
Fig. 2. Test image of time 2

P30 oloj g ) il ¥ S
Fig. 4. Band 1 date 2 image

Jol oley g3l pgad -V IS
Fig. 1. Test image of time 1

Jol glej rogai ) Wl ¥ JSCo
Fig. 3. Band 1 date 1 image.

YYV


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

v bgloylsmle pglat jo sue (ol Ol (g5l IS ]

Vb pgo gloj gl —A JSS
Fig. 8. Band 3 date 2 image.

YYA

Vool sl ey pgas -0 US55
Fig. 5. Band 2 date 1 image

W

Y b gl olej i Y S5
Fig. 7. Band 3 date 1 image


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

v bgloylsmle pglat jo sue (ol Ol (g5l IS ]

Al p39 oloj g VY S5
Fig. 12. Band 8 date 2 image

AR

Faib sl
Fig. 9. Band 4 date 1 image

A il Jsl oo
Fig. 11. Band 8 date 1 image

Lej s -3 S5

5 peal -V S


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

Pao-Yen ) cul 4,98 Jas olg lade V>a>-
o olsie 4 S ay,ed s (LiN,1999
Spo ol 40aU ) S b s s 1S
{(Ozaktas, 1996) coul ools ay y25
) = Fle@] = [ L@weede ()
sérj)ﬂas@ﬂw\—a‘Fa O—l).)ds
LIV [ PRV I WS S0 Q*..““‘ -a ‘fa(u)
25 Sose 4 58 JaU) LS &S oS ary

P9 oy 2

9 S A8 bod gl Jle zb

o §

Sy 4598 Jows
4,08 howd 5l seneti (S 08 hod

pha 4o ool " A e ras BB el b (Jgene
ks Rlos 51l g5 5 S 558 Jaod Ko
4,98 oo sl SLsl; &g 4 Jgere 4558
e 4,98 hos ples 871 gLl b og S

armn

]a(u'u,) =./1-= i cot ein[cot(¢u2)—2 csc(¢uu')+cot(¢u’2)]' ¢ =— (2)

2y yai ooy olasd Gl (g uS 4,08 b
Sleogas r:LoJ plas ) Lol Cowsl aincS (5059>
O S oo 000 1) (68 y58 o
S b o S Joto e (5T o o
)" ‘51..9 Ll 00 ‘bl.?d‘ 6ok slagins FLOR
IS fas cnl 0355 (Brre 5o (o (i
5 oS L Ghey oy Ll eSS
ol yo b 7 ke (Candan et al., 2000) .l Son
— ol @ly 5l S g S5 oy slalo
bl Glacaols den (o i ol s Sl ye
ks 4 el (e Gl e S0 JeS
5 Sl So Ll adse a5 28y At w58
03)sln 1y Moy peS asd o i

s M XM ol Giles FE 51 05l oo

VY

2
SrS a,98 had asbw gl als o jle>
| Qs?yo u JL..iA.M:
wwrr bl S ors-
Ol 4,98 s 509l Cewsy -
@z b oS ©pdosbes -
Olwg agly 18 SO L o0 )S ©yo Coles jo 9-

ELIWOWL I SUWE 2P VRV Iy PR W)
L oJobee (o SO 5l s Gualps SO

el slaJlo jo il oo o J g il g
el S lge a aienS (58 4568 Lo
0851 ey 50b 5 Hloww ool la JLSrs anslins
8 b Slebre Fozm o 4 ool
A 4 a5 50 g Al 5l eslatwl 4 5ls (5 S
boanlie )0 Cusl (g8 4y 98 o 5l aens
Sl g cal Al hyyad SO Gl a5 4,68 oS

@) 252y o5 (slapi sl T g Aol


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

Qb&Amsli@

OlF o ) aunS (58 @598 howd e yle g
13,5 Sy Sype &

(M _jmka
Z we T2 ul,  ssbigg M S
Fa = k=0,k=M—1

" . %
L Z uee Tz ul,  siloogM g
k=0k+M

LD uwyibeoig slrlopn gulauy ol o a8

Ja..\.u L QT Lg).u.f Lgl.md....':'fo )‘ DS Lg).u.f
LSS PR FOWERIRCTRNE VIR U WO gpp-JOVK S TRIY:
S bl o &gl L ailre
4,68 had 50,5 law lp cul 6,LaS slazse
S 4,98 o il o g0 aulS (5,uS
2 Glp e g e e Gl ) o SO als
JJ\A.AJ A'HSLSA Ml.?r.n o ool U’““))"LA Qﬂ"“"’
56T (6l o slons (San 99 A (g S 4y 98
5O e polas Led Sl s g sl JUSKw
Woli 90 Som g0 WS (S w98 Jos

A m

S8 adlae 590 ‘.8=; 9 a:; oz
B 4 on g0 hos (awe) S S e
SIS SlasS ooy als gon S5 Joos
b S (S 588 Jood all yao Llgs ol
b0y alme ;0 (SO L o o BB aS
Sy RS Gl pslal el sl pgal e
Ded g0 00y 5 4 Dl polal iulpg
o9 ;o p degerme o Pi[n] &5 0 58 >
Ui e yile b Bl N X N gl 5 olgsds solaio
@lad ;5 ol b e ye ogas paolie Ape 5 &S 259

by lei oo 1A all aelS

AR

1) Oyge e Cpl il dieiS (g S 458

:(Pao-Yen Lin,1999 ) 545 oo ol

3

F& = Z ef%Tn(P—a) sinn(p — a) FP (3)
G
4 singz p—a)

p=0
by DS it Jb el S @558 has
WS 43598 haud e ile Slodg Jlon G oS
= sy aenS Gllng Ol oS ol
Sl ans dolas 0,5 pald o] dlwgs 1) St ,o

Bl el &)le (e s — glS Wge
d?g(t
90 _ 4nt2g(t) = Ag(t) )
Jedlyass dlolae m > 0 284 45 0iS a>gs

D9 50 03 o B g Dy A
glu+m)—2gw)+ glu—m)
m2

+(2(cos [(2nmu) —1)] )/m"2 g(u)
= Ag(w) ()

. 1 .
dolee Sl 650 llys m=—2 a5 S

slols ol pls ol co Caws 4 «B) Juslyins
a ) byl g e a5 glite Jundlas alolas
DL ol aS 5 omsle jo ohg slajloy olsie

old lid (e oo iulad

1 0 1
2 e 1wy 0
= 1 ZCOS(M) 0 52 (6)
. : : . 2
ll 0 0 1 ZCOS(M)J

Shgo A Glel oo |y Jedlyans doles ol b
D as ols lis Glgs oo uimen (g Dg = Ag

dlone 55 dianS 4508 haS e yile g

Sl ,ls p dsgemme 50,5] Cawd 4l dm 04


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

co blojlsale pglas jo sue (2)lse Ol yss &b, 81

Jod 5oy &b asgeme Sl lawg )len
Ol 58,5 L el (megd 05l oo D3I 4y )08
Sgb s Hlaie Sy glyls oS oy polie ) (5 mS
WS 4,98 hod a5 ol o ] po s 4

el ) ges g & slabaii =N

X(k) = — NE_I (e~ 2%
=— ) x(n)e ,
A
n=0
k=01,.,N—1 ©9)

N—
1271’
kZ X(nk)e

x(n) =

n= (10)

. . A 1 1
S ax g el Sl Jleys ﬁjbﬁ Ol oS

OlF e 2 oSl g ) 398 4598 hos a5

ol oyl

1 1

% e—iZWnl e—LZWTEZ

2T 2T

FN — i 1 e—lwz e—lw‘l-
VN|: e

1 —i2—7£(N 1) —iz—n&N—l)z
e N N

UjFN o’)‘ijﬁoLﬁ.@Jaud)ﬁw;LADdf

p.,,.sbs,o o o jilo anad @ 4> bl o lais
68 alaie jsb &) diad e o ile 5 a5
Sygo 4 1y Fy 3 oS oo lgfige 1) s
Fﬁ = yUpeyT (13)

Y'Y

o~ (N=D(N-1)

N-1

Femnl = ) plml0piln]  (®)
k=0

S5 4588 oS G Sl Sl i o3 SLFE oS

oo o peple opl e o hSKES atanS
—ink/2

U.».))JLQ )‘ /1;( =e o9 ﬁolii.o ‘).:) |
3 8 el SO jlade glls aiilS 4,98 o
3 e AT g0 A5 85 Axgl  Swl lou aslol
Sl sl lasl o jls a2y «(8) akaly )50
oy Hlode Jlaz> 1add ollo aS aiulS ay,48 bus
3,50 cal Ay = e7R/Z = (1, —1,i, =i} ploe
"oy S jsb a0ty polie 0 18w
0,8 4 jpasie oy o degee plplh aiiis

sk 4 bohg wile (lgie 4 ey — uglS wilgs

1

2T
e_LW(N_l)

2
e—an.Z(N—l) an

WS 21598 o 5 398 Ry @ 29 b

:M)‘O
Xp = FyX (1-12)
5 X 5 S N X1 glajloyn g0 ,0 Xp 5 X o5

A glahats =N aiwid 45,68 bos slozg; Xp
Ol 25 Soge 4 1) Fy oKl il k8 Fy 31

Fy = UDUT (2-12)

! -Degenerate


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

(1)* 0 0
0 (- 0
u, U, U; U
[1 2 3 4] 0 0 (_13)0(
0 0 0

40598 o 3l ooliwl b Ol i (g3l 50T
el 5 S

2 ol pslas Slis 5l IS5T ol
Pedse b o 4 n) el (s, cnl b

oY Sl : Slesdio lallhe — Jgl ol
el Sllae (b w28l szl 5 Lk ca
Jley o yole pipsSl g 0nds (g pslanz o
el 00 (gl Clie

slal iglojlgale polai A1 —pgs pl8
90 ;O g odd Cubld p adlaie S 3l S glolenle
A angd el allily Sl clbls b

ileylgale pglai (310 5 gy —pgw o6
rsbad $9) » p)Y Gl hilop i > ye cal 5o
ol P P59 (et - 05 oo bl Glolgale
30 &S Cewl gyegal, Oluoral da il o
ools asul Jdas .o4ls )...,L, ol ams g 15w,
ol 4) aties Sl ol 5 S e (gl
g i gldais; o pi¥ Sbuoal a5 Las

{1,_1,1,,_1,} JJJ..J U”‘ o).vs )JOLQ.A M‘os‘o

U]
U:
0 8 f
0 4
o | & (14)
(i)"

Y YY

9 LS (S )98 haS i@ ol 0 a8
g g0 0318 53 g0 4 WU

Fv=v wyib 5V ohg slrloy lawg Uy
Dl o s

Fv ==V 4wl lVohg sla,lopy lawg U,
VY PR

Fv = —iv L il 51V o5 sla,lo s Jawsi Ug
VY PR

Fv =1V il 51V o5y oyl Jawgs Uy
(Pao-Yen Lin,1999) w1 oo Cowss

oS sl 3 S slo U 510 6l
a2y b aSlyzr 03,5 asie (hilon Sk sojlul
Sl e @bl a5l g Sl p e p @
S5 )R @byl oyse CEs Al aT o )ls cwgues
@S s Jiw ilon 2 G Jols b
e e s Sy She) e o0 )S e Sl
T dyst R S as8 ba ol
(Sinha, 2010) .l

2 _Fast Fourier Transform(FFT)


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

ce blojlsale polas jo sue) (2)lse Ol yss &b, 81

Sl gl oo 5 0 058 (e gy ke
«srar )l pedle (Dl g5l ST L
9 5l ol Joli el b (Kiod Ol5ee b
g se odemin Sl Glow ;3 (6395 gl

Jlesl 51 Gy 1 (3955 0julileS —pidd ol
JR o3Sesilss cos Jols uple (has
G Adh g o9l baa> culie Colpo bis bl S
205 Joas yho

Sl @y e clS il —eda oS
oyt b oS 4598 Jood ClSib G gl
oailedl culps 69, 2 A S e S
g g0 Jlosl L3 sal> 5

L opdd @bl (30,5 (pilo —pd o
2SS dys8 Jod 5l Jol s 4 4y
Gig,olS sy gble wde] Caws 4 Ryal (83,
ol &gl ge Jlesl adgl iglai (g9) 55 oo
adly ywd bl adsl nglai g5, » Sy
20,5 oo attin

S Size 0 @S (e Como —pd o8
cslio Jol> gl yond b (65l IS05T (gazms
i b eygo (pl e 50 9050 o0 Cud Al g
- el e,6dlo,bgs @ ylil 516,500 (goae
O A w3l Wlg e azlin 39
P9l (SNwod Gl 5ae 5l oolainl b cauS bl |
S5 go Sl il (it (O pgal 5 2l

O Is)

YyYe

3 13 (e 0 ool o] (65, S gl
SUSL slael Ll g 0358 Slommal pl bl 4
4 OFFSET 4 GAIN ), jl soliil L (DNs)
i o oL

59Uk walb g5lw Hlwg - ks o8
A N5l el 4 Cad po pgal al> e
Gk iledloy nl 09doe Jloy (alidy) b
395 o0 plil »j salal,

L (x,y) =oc1/c2 (Ia(X, y) -2) +1 (15)
e bk e s a2 g 12 00 b,

slael jlre Gl il s 01/02 (Y Wil adgl g ous
slael il fr g o ¥ 5\ (slasil o L
il oo il 9oy QL

9909 neas 9 el o i JBla —paeiy o8
ad Sl ok S salols o 5 dihie Sl S
Jola pl gamis oS o S ol Wiloads
-0 watein |y Ol G oS el o5 pgas
VLY

ol pgai > po ol 50 i J o — it o5
4,988 s Cod 6099 Olye 4 S sl e
A S oy oS ol o] 5108 (o0 B S
Folily nl Slade b Cal pdyyes oo S

cord Shak e uglas Gl Gl o
Sl g ond (miw lade polie yii b A 58
ol ¥ alple 00 8 o0 o 2l slaom)
el pgal bz SO LI Al e 0 0 4
b 00,8 118 (68 oy cilien polia b Lol


http://dx.doi.org/10.22034/KJES.2023.9.1.106261
https://gnf.khu.ac.ir/article-1-2827-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.22034/KJES.2023.9.1.106261 ]

b lojlgale pslad )3 (ses (2)lse s (g5l IS5

Slasie @il

v

loslgale yslas i

A 'M/\'I‘I,AB

okl 3l ey

v

& S 093 Oloj pgal il

sl olej ez

v

v

0ad Jloy pg (yloj g ‘

v

Jol oles ngas

b |

s i l

4

v

v

s~S5a

oy Jloel b (6 S 45,98 hous ‘

v

oo o35S ‘

v

o roa

Jheel b (g5 4,68 Joas cutS5b

v

s

v

G b ST a2l aae |

v

v

v

okh ‘

— el wsda |

Fig. 13. Research flowchart
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Fig. 14. Image derived from optimum Fourier transform with a=0.91
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Fig. 15. The first and second Test images with changed area in green rectangles
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Fig. 16. Image derived from optimum Fourier transform with a= 0.88.
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Fig. 17. Images of first and second date with changed area in green rectangles.
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Fig. 18. Image derived from optimum Fourier transform with a=0.87 on band 2 (right) and difference Image
(left).
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Fig. 19. The first and second date images of band 2 with changed area in green rectangles.
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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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