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One of Turkey's most important neotectonic structures East Anatolian Fault Zone (EAFZ), has
occurred many earthquakes. One of these earthquakes, the 6.8 Mw Sivrice-Elazig earthquake dated
January 24, 2020, was felt in various provinces, especially in Elazig and Malatya, and caused the
death of 44 people. It is critical to investigate this earthquake, which caused significant economic
damage, and to identify possible hazards on the EAFZ. One of the remote sensing methods DInSAR
was used in this study. By choosing two Sentinel 1A descending datasets, 16/01/2020 and
28/01/2020 respectively (pre and post earthquake), the surface deformation and time series were
determined. In addition, using the data obtained from the DInSAR results, Elastic Dislocation
Modelling has been performed by applying linear and nonlinear inverse solutions to determine the
slip amount of the fault structure, the fault surface slip distribution, and determine the strain area.
According to the DInSAR results, while there is displacement approximately 26 cm (away from the
satellite direction) on the western block of the EAF, 19 cm displacement (towards the satellite
direction) are observed in the eastern block, respectively. Elastic Dislocation Modelling shows that
the observed deformation pattern can be explained by the slip on a single plane fault of the Elazig
earthquake. This fault plane was identified as a southwest strike-slip fault segment, which lies
within the upper crustal region and extends to a depth of approximately 10 km. According to the
results obtained by elastic modelling; slip ratio was calculated as 1.95 m, Mw 6.75, rupture length
34.78 km, focal depth 10 km, width 7.4 km, strike 240.27°, slope 69.19°, rake 0.19°. Overall, the
study reveals the strike-slip of the Sivrice-Elazig earthquake, shows the deformation after the
earthquake, and the elastic half-space fault model.

24 Ocak 2020 Elazig-Sivrice Depreminin Ko-sismik DINSAR Analizi ve Elastik
Dislokasyon Modellemesi

Anahtar Kelimeler:

0z

Uzaktan Algilama

Aktif Tektonik

Sivrice- Elaz1g Depremi
DInSAR

Elastik Modelleme

Tiirkiye’'nin en 6nemli neotektonik yapilarindan biri olan Dogu Anadolu Fay Zonu (DAFZ) iizerinde
bircok deprem meydana gelmistir. Bu depremlerden biri olan 24 Ocak 2020 tarihli, 6.8 Mw
bliytikligiindeki Sivrice-Elazig depremi, basta Elazig ve Malatya olmak izere cesitli illerde
hissedilmis ve 44 kisinin éliimiine sebep olmugtur. Onemli derecede ekonomik hasara yol acan bu
depremin arastirilmast ve DAFZ iizerindeki olasi tehlikelerin belirlenmesi biiyiik 6nem
tasimaktadir. Bu ¢alismada uzaktan algilama ydéntemlerinden biri olan Diferansiyel interferometri
(DInSAR) yoéntemi kullanilmistir. 16/01/2020 ve 28/01/2020 tarihli, deprem oncesi ve sonrasi
olmak iizere iki adet Sentinel 1A algalan yonli veri seti segilerek, deprem sonrasi olusan
deformasyonu ve zaman serileri belirlenmistir. Ayrica DInSAR sonuglarindan elde edilen veriler
kullanilarak, fay yapisina ait kayma miktari ile fay yiizeyi kayma dagiliminin belirlenmesi ve gerinim
alaninin tespiti i¢in, dogrusal ve dogrusal olmayan ters ¢6ziim islemleri uygulanarak Elastik
Dislokasyon Modellemesi uygulanmistir. Buna gére DAF hattinin bat1 blogu iizerinde yaklasik 26
cm’lik bir hareket (uydu dogrulutusundan uzaklamasma) s6z konusu iken dogu blogu iizerinde 19
cm (uydu dogrultusuna yakinlasma) hareket gozlemlenmistir. Elastik Dislokasyon Modellemesi
Elazig depreminin tek bir diizlemsel fay iizerindeki kayma ile agiklanabildigini ve fay diizlemi iist
kabuk bélgesi igcinde kalan ve yaklasik 10 km'ye kadar derinlige uzanan, giiney bat1 dogrultu atiml
bir fay segmenti olarak tespit edilmistir. Bu yar1 uzaydaki elastik kayma modellemesiyle elde edilen
sonugclara gore; kayma miktart (slip) 1.95 m, Mw 6.75, kirilma uzunlugu 34.78 km, odak derinligi 10
km, genislik 7.4 km, dogrultu 240.27°, egim 69.19°, rake 0.19° olarak hesaplanmistir. Bu ¢alisma
Sivrice-Elaz1g depreminin dogrultu atimini ortaya koymakta, deprem sonrasi olusan deformasyonu
ve yar1 uzaydaki elastik fay modelini gostermektedir.
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1. INTRODUCTION

Earthquakes, defined as natural disasters, can
occur at any time on the earth's surface. Therefore, it
is very critical to detect and monitor their effect after
this rapid movement. There has been so many
studies about Elazig-Sivrice Earthquake, so far. After
the Elazig-Sivrice earthquake, research reports
made by the General Directorate of Mineral Research
and Exploration (MTA) have shown surface
deformations, fault-related Riedel shear fractures,
interlaced tension cracks, and surface fractures
(Kiirger et al., 2020). It was stated that the Elazig-
Sivrice earthquake caused surface deformation in an
area of 48 km on the two lower segments of the
Potiirge Segment in the northeast (Kiirger et al,
2020). Ithas been stated that many mass movements
occur within this deformation area (Kiirger et al,,
2020). According to Tatar et al. (2020) support these
observations in their field studies. Tatar et al. (2020)
mapped the geometry of the surface rupture and
other seismic geomorphological structures in detail,
and also correlated the field data with satellite
images. According to these results, Differential
Interferometric SAR (DInSAR) studies have shown
that there is a 10 cm rise in the northwest block of
the fault and a 6 cm subsidence in the southeast
block (Tatar et al., 2020). Due to the difference in
vertical movements between the two blocks of the
fault, it has been interpreted that at least 30 km long
part of the Piitlirge segment between the southwest
of Sivrice and Piitiirge was broken during the main
shock (Tatar et al, 2020). Yalvag (2020),
investigated co-seismic displacements originating
from Elazig-Sivrice earthquake in the Eastern
Anatolian Fault Zone (EAFZ) on 24 January 2020 by
using 11 CORS-TR stations. The results showed
earthquake-induced motion of 20-60 mm at the
GNSS stations located in the nearby of earthquake
epicenter (Yalvag, 2020). Pousse-Beltran et al.
(2020), using DInSAR and elastic models in their
studies, stated that the main shock of the earthquake
spread mostly westward from the focal point with a
fault slope of 10°. According to their result, the
earthquake corresponding to the EAF segment
boundary was only at one end of the rupture and
they stated that the 1874-M~7.1 Golciik Lake
earthquake spread to the slip zone (Pousse-Beltran
etal., 2020). By analyzing the Coulomb stress values,
the stress levels of the main shock and aftershocks
were determined and it was stated that there is still
a high-stress accumulation in the area to the
northeast and southwest of the fault and that
aftershocks will cluster in these areas (Bayrak and
Ozer, 2021). It has been stated that aftershocks will
decrease more rapidly in this region since the stress
in the region southwest of the main shock is lower
than in other regions (Bayrak and Ozer, 2021).

The way to explain InSAR data and tectonic
observations is to determine the faulting parameters

in the deformation zones resulting from the effect of
the earthquake with the help of elastic models. In this
study, the basic geometry of the fault was tried to be
expressed with values such as strike angle, dip angle,
slip vector, and slip amount by using the elastic
modelling method. Although there are many studies
on the theory of half-space elastic displacement
(Stekeete, 1958; Press, 1965; Wright et al., 1999,
Elliott et al., 2012), Okada's (1985) studies explain
this theory in the most general way. These studies
are based on a formulation that will enable an
efficient calculation of the slip area caused by
displacement in a rectangular or triangular surface
area in a spatial environment. By using this
formulation, the amount of displacement that will
occur on the surface due to any fault movement
explained by the source parameters of the
earthquake can be calculated. In addition to these,
3D results showing horizontal and vertical
components were obtained with forwarding
modelling. Many researchers have done various
studies on the application of this theory both to the
earth's crust and to its application with
interferometry (Wells and Coppersmith, 1994;
Wright et al., 2003; Cakir et al.,, 2003; Wang et al,,
2004; Funning et al,, 2005; Aktug et al,, 2010; Liu Y.,
2015; Demir D. 0., 2015; Tiryakioglu I, et al.,, 2017;
Vajedian et al,, 2018; Li et al., 2018; Pousse-Beltran
etal, 2020).

In this study, it was aimed to determine the
surface deformations that occurred after the 24
January 2020 Elazig-Sivrice earthquake using the
DInSAR method. Two Sentinel 1A complex (SLC-
Single Look Complex) datasets were used, as before
and after the earthquake, dated 16/01/2020 and
28/01/2020, respectively. The surface deformation
information obtained from the DInSAR results and
the earthquake data of the fault (geometric
parameters such as length, width, depth, strike,
slope) obtained from the Global Centroid Moment
Tensor (GCMT) catalog used by applying linear and
nonlinear inverse solutions to determine elastic
dislocation model.

2. MATERIALS AND METHOD
2.1. Study Area and Tectonic

The study area is located between 38.55°N-
37.90°N latitude and 38.2°E-39.5°E longitude. The
area covers Sivrice which is southern part of Elaz1g
Province (Figure 1). The neotectonic period started
in the region in the Middle Miocene and with the
continent-continent collision that occurred as a
result of the closure of Neotethys (Saroglu, 1986.)
This collision created the East Anatolian Fault, which
is characterized by a compressional tectonic regime
and caused the largest intra-continental deformation
in the region.
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Figure 1. Digital elevation model of Elazig-Sivrice region and earthquakes with magnitude greater than 4.5
between 1950 and 2022 in this region. Some earthquakes are illustrated with focal mechanism solutions from the
USGS. Active faults published by MTA are shown with black lines (Duman et al., 2012).

The dextral Eastern Anatolian Fault (EAF),
which is approximately 500 km long in southeast
Turkey, forms the active plate boundary between
Arabia and Anatolia (Figure 1). Due to pull-apart
structures, along this fault line, many expansion
(releasing), compression (restraining), and stepover
structures (Bozkurt, 2001) were formed. It is stated
that the oblique effect of the segmentation (sloping)
here is influenced by the east-west structures of the
SE Anatolian Thrust Zone, which is a part of the east-
west oriented Bitlis-Zagros suture (Sengér and
Yilmaz, 1981; Yilmaz, 1993; Pousse-Beltran et al.,
2020). When investigating past earthquakes with
paleoseismic studies, by Cetin et al. (2003), they
stated that the current seismic stagnation, the EAF
zone may be “locked” and may accumulate elastic
strain energy, but there is a possibility of movement
in the near future. In these paleoseismological
studies, it was stated that the left-lateral strike-slip
fault had a slip rate of 11 mm/year. Aktug et al.
(2016), determined the shear rate of the EAF zone to
understand the kinematics of the Anatolian plate.
According to these results, the EAF has an average
sliding speed of 10 mm/year from the Arabian-
Eurasian collision zone of Anatolia to the west. They
also revealed by looking at GPS speeds that the EAF
is around 10 mm/year in the northern region and
this value is decreasing to around 4.5 mm/y in the
southern region. (Aktug et al, 2016). In addition,
they stated that the two known seismic cavities,
Palu-Sincik and Celikhan-Tiirkoglu segments in the
EAFZ, have slip gaps of 1.5 m and 5.2 m and may have

the potential to produce earthquakes of magnitude
Mw 7.4 and Mw 7 (Aktug et al., 2016). Duman and
Emre (2013) showed that the shear division
between the main and northern branches of the EAF
covers 2/3 and 1/3 of the lateral movement between
Arabian and Anatolian plates, respectively, in the
Celikhan-Adana-Antakya region. Moreover, they
stated that the Pazarcik and Amanos segments in
their EAF have the potential to produce devastating
earthquakes in the near future.

2.2. Differential Interferometry
Aperture Radar (DInSAR)

Synthetic

Synthetic Aperture Radar (SAR) is an active
remote sensing system operating in the microwave
region of the electromagnetic spectrum. Earth
deformations caused by natural disasters such as
earthquakes are tried to be found by utilizing the
phase differences of SAR images before and after
deformation. DInSAR, one of the technique used in
these systems can reveal earth surface deformations
with cm-level sensitivity and wide coverage over
spans of days to years (Zebker and Goldstein, 1986,
Rucci et al,, 2012, Aimaiti et al., 2017).

With the DInSAR technique, a new image is
obtained by calculating the phase differences of the
corresponding pixels from two SAR images of the
same region is called an interferogram (Helz, 2005).
The interferogram is measured in radians of phase
difference and recorded as repeating “fringes” that
each represent a full 2r cycle (Torres et al,, 2012).
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Surface deformation can create fringe interference
texture. (Sarychikhina and Glowacka, 2015).

Interferograms are expressed by the following
formula (Yague-Martinez et al., 2016);

A¢int = A‘Pdeformation + A‘Ptopo + A¢‘orbit + A¢atm + A(Pnoise (1]

In formula 1, the phase difference between the
DInSAR pair; APint, surface
deformation; A} ge formation the effect of residual
earth topography from the Digital Elevation Model
(DEM); Adtopo, residual phase due to orbital error;
AQ,rpic, atmospheric noises; A¢gen  (such as
humidity, temperature, pressure), random noises;
Apoise, are expressed with formulas. The aim here
is to try to obtain the A@gefrormation DY Using A,
information. In this study, the open source SNAP
(The Sentinel Application Platform) software
affiliated to the European Space Agency was applied
for interferometric data processing (Yague-Martinez
et al, 2016) (ESA, 2021) and these data processing
steps are shown in figure 2A.

In the pre-processing phase, since the epicenter
of the earthquake is between two swaths, area
selection is made by splitting. Precise satellite orbits
were obtained from ESA. The back-geocoding
process is applied to the registration of the slave
image to the master image. After estimating the base
distance between master and slave images,
interferograms are generated. At this stage, 1 arc-sec
Shuttle Radar Topography Mission Height (SRTM
HGT) (30 m x 30 m) was used as the digital elevation
model. In the next step, the flat earth phase is
calculated and extracted. Calculation and extraction
of the reference DEM (topophase removal) and
coherence estimation were applied. Calculation of
heights after phase filtering (Goldstein phase
filtering to reduce noise) (Goldstein and Werner,
1998) and unwrapping phase is performed by
switching from radians to meters. Finally, terrain
correction is performed for the map projection
(Figure 2A).

DInSAR can only measure displacement, which
is a component of radars' line of sight (LOS). When
interpreting LOS, positive values should be
interpreted toward satellite, and negative values
should be interpreted away from the satellite.

In this study, we used two VV polarization
Sentinel 1A descending datasets, 16/01/2020 and
28/01/2020, respectively. The epicenter of the
eartquake was middle of two different sub-swats,
therefore, we processed each sub-swath seperatley,
then, we merged them. Total process covering area
was almost 12 km?.

2.3. Elastic Dislocation Modelling

In geophysical modelling processes, two main
methods are used: forward and inverse modellings.
Forward modelling is to produce theoretical data by
creating mathematical relations within the

framework of the physical conditions predicted for
an existing model. The inversion method is the
process of calculating the physical parameters of the
geological model from measured geophysical data.
Theories that will form the basis of the inversion
method in geophysical modelling are given in detail
by Backus and Gilbert (1967), Jackson (1972), and
Wiggins (1972).

In this study, DInSAR result and geometric
parameters the earthquake obtained from the GCMT
catalog used for to calculate elastic parameters in
half-space. The data processing steps are shown in
Figure 2B.

DInSAR data processing flowchart

Displacement Modelling

Master Slave ———————— DInSAR
Sentinel-1A Sentinel-1A Sampling Areas I%
A [TOPSAR Deburst B (Linear Inversion]
[CFF Stress Transfer | [ Calculation and D]

Focal

1
Multilook Forward Modelling
Goldstein Phase Filtering [Project to Raster To LOS |

Snaphu Unwrapping
7

Phase To Displacement

Figure 2. A) DInSAR data processing flowchart used
in SNAP software. B) Elastic dislocation modelling
data processing flow used in Envi-SarScape
software.

In the data processing stages, firstly area
selection and image sampling are formed. Here,
image sampling is required to reduce the number of
points to be modeled. For this, the amount of data
was tried to be sparse without causing signal loss
with the "Quadtree Algorithm", which is a two-
dimensional data reduction algorithm (Welstad,
1999).

By using DInSAR reults in the sampled image,
vertical and lateral slip amounts and geometry
parameters (length, width, depth, strike, slope) of
the fault planes that cause surface displacements are
calculated. This process is done with linear and non-
linear inverse solutions. If the parameters of the
structure are determined directly in the inversion
process, this process is called linear inversion (Yas
and Asci 2017). Starting from an initial model, the
process of determining the underground structure,
whose parameters can be changed until the harmony
between the theoretical anomaly and the
observational anomalies reached the optimum level,
is called the nonlinear inversion process (Yas and
Asci 2017). After the inversion, Coulomb stress
changes (CFF) is calculated, which simulates the
presence of another fault close to the one modeled.

3. RESULTS
3.1.DInSAR Results

DInSAR results illustrate fringe structures

related to the surface deformation (Figure 3A).
Using the Sentinel 1A dataset and depending on the
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C band (approximately 5.46 cm wavelength), each
fringe structure (red - yellow = turquoise = blue
-> red) can be interpreted as 2.77 cm. The formation
of the right and left sections of this fringe structure
shows the place where the EAF passes, and the
visible linear region between these two blocks
corresponds to the area where surface rupture can
occur (Figure 3A). In Figure 3B, the deformation of

Interferogram
{Sentinel-1 C Band)

oy High : 314050

- o :-3.13937

A-A’ Profile
B-B’ Profile
Displacement (meter)

Value
o High:020

B Low: 028

— East Anstollan Fault

Figure 3. A) Unwrapped phase images, the 16/01/2020 and

the earth is shown. Accordingly, while the area (blue
colours) in the NW block of the DAF can be
interpreted as the movement away from the satellite
(westward or subsidence); the area in the SE block
(red colours) can be interpreted as towards the
satellite direction (eastward or uplift) (Figure 3B).
The profiles shown as the A-A" and B-B’ profiles in
figure 3C.

Descending Descending

“ Apa profile

B
B-B’ Profile

28/01/2020 Sentinel 1A datasets were used. Active

faults published by MTA are shown with black lines (Duman et al., 2012). The star shape shows the earthquake

center taken from the USGS. B) LOS surface deformation.

While the blue colours can be interpreted as the

movement away from the satellite or subsidence, the red colours can be interpreted as towards the satellite
direction or uplift movement. C) Profiles show displacement corresponding to the lines in figure 3B D) Descending
satellite direction and LOS movement. While the red colours might be interpreted as either east or vertical

movement, the blue colours might be interpreted as either w

These profiles show the movement on the DAF.
On the A-A’ profile, a maximum of roughly 23 cm
subsidence or movement away from the satellite is
observed in the NW block. On the same profile, on the
SE block, there is a towards satellite direction or
uplift movement with an approximately maximum of
17.5 cm. On the B-B' profile, approximately a
maximum of 16 cm collapse or movement away from
the satellite is observed on the NW block. On the
same profile, in the SE block, there is a towards
satellite direction or uplift movement with an
approximately maximum of 17 cm.

est or subsidence movement.
3.2.Elastic Dislocation Modelling Results

To understand the fault mechanism and to
estimate the source parameters of the earthquake,
the displacements obtained from the InSAR data
were and GMCT earthquake source parameters
modeled. Figures 4A-4D show the surface
deformation of the DInSAR observed results; figures

4B-4E represent the models created by the
nonlinear inversion process based on figure 4A-4D.
Figures 4C-4F show the residuals and RMS values
generated according to the shear dislocation. These
residues have lower RMS values than before; which
means that the corrected solution decreases the
error rate.
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Figure 4. Nonlinear Inversion process. A) first observed data generated from the descending DInSAR dataset B)
first generated model C) first residuals generated from the shear dislocation (RMS: 0.019 m (overall RMS: 0.067
m)). D) corrected observed data E) corrected generated model F) corrected residuals generated from share

dislocation (RMS: 0.017 m (overall RMS: 0.067 m)).

To find the statistical mean ranges of the
obtained results; Monte Carlo Analysis was used .
The nonlinear inversion statistics showing the
uncertainties and changes of the model parameters.
In figure 5, each points represents the ranges of

i: -..'."-,‘ 1
9%,
Fa.. % Fe)

variation for finding the optimal inversion for a
statistically different set of parameters such as
length, width, depth, slope, position information,
and, and amount of slip rate.

Figure 5. Non-Linear inversion Statistic showing the uncertainties and changes of the model parameters of a single
fault using Monte Carlo analysis. It belongs to the UTM 37N coordinate system; length, width and depth in m. Each
of the 50 points in the drawings used for different parameters represents the value for finding the most suitable

solution for the selected parameter set.
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Figure 6 has 2D and 3D dimensional views of the
slip distribution for the fault plane sampled with
equal rectangles. According to figure 6C, while the
rupture distance is approximately 36 km from NE to

Py e
Sipim

Width 10 km

the SW direction with approximately 24 rectangles,
the maksimum slip rate is almost 1.8 m with a red
colour bar on the scale. Depth is around 10 km and
strike is 240.27°.

Slijs ey

10 5

Figure 6. Slip distributions on the single fault model obtained by linear inverse solution for the 2020 Elazig-
Sivrice earthquake. A) 3D view of the shear distribution and B) 2D view of the shear distribution. The black arrows
in the figures represent the slip direction. The colour bar shows the magnitude of the shift amount.

By calculating the CFF, either increase or
decreases of the stress areas due to aftershocks and
main earthquakes can be determined. Stress
accumulation occurs due to movements on the
surface and these stresses are reduced by
earthquakes. After this stress reduction, the
earthquake hazard decreases until a new stress
accumulation occurs (Chinery 1963). The increase in
the tension due to the earthquake causes the nearby
faults to be triggered. The decrease or accumulation
of tension is possible by observing the CFF. By
determining the CFF, the earthquake and fault
relationship can be established and the earthquake

hazard in the region can be calculated. Thus, the
locations of earthquakes that may occur in the future
can be determined (Toda et al., 1998).

The CFF caused by the Elazig-Sivrice 2020
earthquake is shown in Figure 7. Since there is only
one source, the stress variation caused by the East
Anatolian  Fault itself is calculated from
approximately 4 km south of the source point
(Figure 7). In figure 7, the colour bar represents the
magnitude of the shift amount and purple colour
show maximum stress with 0.8 MPa.
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Figure 7. CFF is caused by the slip rate in Figure 6. The colour bar indicates the magnitude of the shift amount.

As known, the disadvantage of the DInSAR
method is known that movement can only be
detected towards or away from the satellite
direction from DInSAR data. By using forward
modelling tools, the components of the movement
towards the satellite in the InSAR data can be
decomposed to its directions. In the forward
modelling process, three datasets are created,
including east-west, north-south, and up-down
components (Figure 8). The results show the

displacements of the movement in east-west and
north-south, and up-down directions of the
movement. In addition, in figures 8D and 8E
illustrate the model unwrape phase and LOS surface
displacement.

A kinematic fault diagram with left-lateral
strike-slip and normal components was created
based on DInSAR and elastic modelling results.
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FORWARD MODELING

C)

B

E) Line Of Sight Displacement (m)
Displacement East Displacement North Displacement Up

Direction (m) Direction (m) Direction (m)
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Figure 8. Components of the displacement produced by the shear distribution obtained through linear inversion:
A) east-west, B) north-south and C) up-down components D) unexpanded model interferogram in the LOS
direction E) model displacement data in the LOS direction

e Sirike Slip Fault N
=

Z« Normal Fault

Figure 9. Left-lateral and normal component
kinematic fault diagram created in accordance with
DInSAR and modelling results.

4. DISCUSSION

e DInSAR analyzes showed that the 2020
Elazig-Sivrice main shock has a predominantly left-
lateral strike-slip oblique fault mechanism according
to the characteristic of the EAF line (Figure 3, figure
6, figure 7, and figure 8). In the left block of the fault,
a displacement of approximately 26 cm away from
the satellite is observed in the LOS direction, and a
movement in the right block of the fault with a
maximum towards to the satellite direction of 19 cm
in the LOS direction. This was interpreted as the EAF
being a left-lateral strike-slip oblique fault (Figure 3
and 9). These surface LOS displacement results are

showing similiraites with studies (Tatar etal.,, 2020;
Pousse-Beltran et al,, 2020; Bayik C. et al.,, 2022).

e DInSAR result also illustrate 36 km east-
west direction, 41 km southwest-northeast
direction, and approximately 1558 km2 surface
rupture occurred during the earthquake (Figure 3).
This resultis approximately 30 km in the direction of
earthquake movement as surface deformation by
Tatar et al, 2020; approximately 48 km in MTA
reports (Kiirger etal. 2020); 36 km in Pousse-Beltran
etal, 2020 study; approximately 37 km in Bayik C. et
al,, 2022 study, and approximately 38 km in Melgar,
D. et al,, (2020) study. There is a consistency in the
results between the results found in this study and
other studies in the literature.

e Elastic shear modelling in half-space results:
slip amount (slip) 1.95 m, Mw 6.75, refraction length
34.78 km, focal depth 10 km, width 7.4 km, strike
240.27° (strike), slope 69.19° (dip), rake 0.19°. The
results are consistent with the data obtained from
institutions such as USGS, AFAD, and KOERI (Table
1).Itis considered that the DInSAR results (Figure 3)
and the modelling results are consistent with each
other (Figure 6 and Figure 7) and that the fault
movement and rupture spread mostly south-west
from the focal point. It is observed that at
approximately 10 km depth, the amount of slip
reaches 1.95 m and the length of this slip is effective
in an area of 38 km (Figure 6).
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Table 1. USGS (United States Geological Survey Comprehensive Earthquake Catalog), GCMT (Global Centroid
Moment Tensor Project), AFAD (Disaster and Emergency Management Authority of Turkey), KOERI (Kandilli
Observatory and Earthquake Research Institute) Elazig-Sivrice, 2020 earthquake informations. (modified from

Bayik, C. et,, all 2022).

Depth Length Width Slip Duration M

Reference Method Data Latitude®  Longitude®  Strike® Dip® Rake” )™ (km) (km) (m) (s) o

This Study Teleseismic INSAR 38.41 39.07 240.27 6919 0.19 10 3478 10 74 2 6.75

USGS Finete Teleseismic 38.3 391 246 67 -12 10 40 10 1.7 20 6.8
Fault

USGS Moment tgleseismic 38.39 39.1 245 80 -12 21 - - - 1.5 6.7
Tensor

GCMT  Moment Teleseismic 39 39.1 246 67 9 12 - - - 18 68
Tensor

AFAD Moment Regional 38.35 39.06 248 76 1 15.1 - 2 = s 6.8
Tensor

KOERI Moment Regional 38.52 39.29 248 87 -4 10 - = = = 6.7
Tensor

. The uncertainties and variations of the Sentinel 1A complex (SLC-Single Look Complex)

model parameters of a single fault calculated using
Monte Carlo Analysis are shown (Figure 3).
Histograms show uncertainties in individual model
parameters, while scatter plots show the degrees of
equilibrium between pairs of model parameters;
Positive and negative correlations between pairs of
parameters express tradeoffs between these
parameters (Funning et al., 2005). Accordingly, most
of the fault parameters (length, depth, strike, dip, and
fault location) are resolved consistently, while
scatter plots determine value ranges as tight clusters
and narrow peaks in histograms (Figure 3) (Funning
etal, 2005).

. CFF is very important for the assessment of
seismic hazards, the interaction of earthquakes, and
the prediction of future earthquakes. Self-induced
voltage variation can be used to verify whether the
aftershock distribution on a fault plane is in line with
what is expected, in other words, whether the
voltage variation is found where it has the highest
values (SarMap, 2018). According to the results
obtained from the CFF model, the stress change
caused by the earthquake was calculated from
approximately 4 km south of the source point in
Figure 7, the maximum stress was observed as 0.8
MPa at a depth of approximately 10 km and it was
observed that the strike direction was in the SW
direction.

5. CONCLUSION

In this study, the coseismic surface
displacements of the 24 January 2020 Elazig-Sivrice
(Mw 6.8) earthquake and the source parameters of
the related earthquake were analyzed using the
DInSAR method, and the amount of slip and CFF at
the time of the earthquake were calculated. Two

10

descending directional data sets were used before
and after the earthquake, dated 16/01/2020 and
28/01/2020. While there is a maximum of 26 cm
away from the satellite in the left block of the DAF, a
maximum movement towards the satellite direction
of 19 cm is observed in the right block, and the DAF
is explained by the left-lateral strike-slip oblique
fault movement. To estimate the source parameters
of the earthquake, in the results obtained from
elastic slip modeling in half-space, it is seen that the
slip amount reaches up to 1.95 m at a depth of about
10 km and the length of this slip is effective in an area
of 38 km on earth. According to the results obtained
from the CFF model calculated from approximately 4
km south of the earthquake source point according
to the CFF; the maximum stress was calculated as 0.8
Mpa.
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As urban areas grow, natural areas around the city become more vulnerable to
degradation. Therefore, adopting an approach that balances protection and usage
without harming the natural environment is essential to ensure that urban development
projects are produced sustainably. For this reason, it is crucial that the suitability
analysis, in which the factors related to the planning area are systematically evaluated
and integrated, is decisive in determining the urban development areas. In this study,
suitability analysis based on Geographic Information System (GIS) and Analytical
Hierarchy Process (AHP) was produced for the "Bizim Sehir Project” in Konya. Within
the scope of the suitability analysis, six factors were evaluated: soil characteristics,
geological conditions, natural disasters, aspect analysis, slope analysis, and property
analysis. First, thematic maps were produced and standardized for each factor using GIS.
Then, using the AHP method, the percentages of factors affecting the suitability analysis
were determined. Finally, by using the spatial analysis capability of GIS, the factors were
integrated according to the determined percentage weights and the suitability analysis
was produced. The results showed that 54.9% of the case area was suitable for
development. This study proposes a method for designing sustainable living areas using
suitability analysis.

Kentsel Gelisim Projeleri icin CBS ve AHP Tabanh Uygunluk Analizi

Anahtar Kelimeler:
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Kentsel Gelisim Projeleri
Uygunluk Analizi

CBS

AHP

Konya

Kentsel alanlar biiyiidiik¢e, kentin ¢evresindeki dogal alanlar bozulmaya karsi daha
savunmasiz hale gelmektedir. Dogal cevreye zarar vermeden koruma ve kullanma
arasinda denge kuran bir yaklasimin benimsenmesi, kentsel gelisim projelerinin
siirdiirtilebilir bir sekilde tlretilmesini saglamak i¢in gereklidir. Bu nedenle kentsel
gelisim alanlarinin belirlenmesinde, planlama alanina iligkin faktorlerin sistematik
olarak degerlendirilip, biitiinlestirildigi uygunluk analizinin tercih edilmesi kritik éneme
sahiptir. Bu ¢alismada Konya'da “Bizim Sehir Projesi” i¢in Cografi Bilgi Sistemi (CBS) ve
Analitik Hiyerarsi Stirecine (AHP) dayali uygunluk analizi iiretilmistir. Uygunluk analizi
kapsaminda toprak 6zellikleri, jeoloji yapi, dogal afetler, baki, egim ve miilkiyet durumu
olmak iizere alti faktoér degerlendirilmistir. CBS kullanilarak her bir faktor i¢in tematik
haritalar iiretilmis ve standardize edilmistir. Daha sonra AHP yontemi kullanilarak
uygunluk analizini etkileyen faktorlerin analizi etkileme yiizdelikleri belirlenmistir. Son
olarak, CBS'nin mekansal analiz Kkabiliyeti kullanilarak faktérler belirlenen ytizde
agirliklarina gore biitlinlestirilmis ve uygunluk analizi iiretilmistir. Sonuglar, 6rneklem
alanin  %54,9'unun gelisme/imar i¢in uygun oldugunu gosterdi. Bu c¢alisma,
slirdiiriilebilir yasam alanlari tasarlamak i¢in uygunluk analizinin iiretilmesine yonelik
bir ydntem 6nermektedir.
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1. INTRODUCTION

Sustainability means limiting the damage to
natural resources and structures caused by human
activities while ensuring that we can meet our future
needs in a balanced way (Brundtland & Khalid,
1987). However, unplanned urban growth and
sprawl can harm the environment, putting pressure
on agricultural areas, forests, and watersheds on the
periphery of cities (Malczewski, 2006; Saha & Roy,
2021). Thatis why planning is crucial for sustainable
urban development. Planning helps us find the best
way to achieve a specific goal when faced with a
problem or situation and involves deciding how to
implement these actions (Aydemir, 1999; Ersoy,
2007; Tekel & Altintas, 2011; Keskinok, 2020).
Urban planning is a multidisciplinary field that
requires strategic decision-making at different levels
to shape cities (Healey, 2006). Since the publication
of the Brundtland Report in 1987, sustainability has
been the guiding principle for urban planning
activities.

Planning aims to make sustainable decisions for
urban development. The future success of urban
plans depends heavily on considering scientific data
and rationality (Keskinok, 2020). The planning
process typically involves research (data collection),
analysis and synthesis of the current situation, and
decision-making through developing alternatives
and implementation (Caliskan, 2017; Sahin, 2020).
The success of the planning process relies on the first
step since it determines the success of the following
steps and the outcome. Therefore, it is crucial to
analyze the planning area with analytic techniques
for the proper execution of the planning process
(Alkay, 2014).

As a scientific discipline, planning should be
conducted rationally. In order to make informed
decisions, planners need to analyze the current
situation in the planning area holistically and in line
with the purpose determined in the planning
process. To determine the appropriate location for
construction within the context of urban
development projects and sustainability principles,
planners must evaluate a large number of
parameters and information, both quantitative and
qualitative. Analytical techniques, such as spatial
analysis, data analysis, and mathematical models,
are used in the planning process to reach conclusions
related to the study area (Cubuk¢u, 2017). By
overlapping these analyses, the planner produces
various analyses (maps) considering the factors and
determines the appropriate construction areas.
However, producing analyses can be complicated
depending on the size and nature of the study area.
To meet this challenge, planners use GIS's ability to
process and integrate complex data. By analyzing
and integrating various factors related to the
planning area in the GIS environment, planners can
determine the most suitable land for construction.

This study aims to develop a robust spatial
decision support system for assessing suitability by
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integrating the AHP, a multicriteria decision analysis
approach, into GIS. The study presents the suitability
analysis for the Bizim Sehir Project, an urban
development initiative within the Selguklu
Municipality of Konya. The spatial analysis tools and
mapping capability of GIS software were used to
conduct the suitability analysis for the urban
development project. In this process, the AHP
method was employed to establish the priorities of
the factors contributing to the suitability analysis.
These priorities were determined through a survey
with 14 participants from the three main areas of
expertise that shape the space: Architecture, Urban
Planning, and Geomatics Engineering. Integrating
AHP and GIS in the decision-making process for the
Bizim Sehir Project facilitated the identification of
suitable areas for construction in the urban
development project. The findings of this study
provide valuable insights into suitability analyses for
urban development projects and contribute to the
transparency and acceptability of the decision-
making technique.

2. SUITABILITY ANALYSIS

During the planning process, data from various
institutions regarding the planned area is
transformed into understandable and usable
information through several processes (Sahin,
2020). This information includes visual aids such as
graphics, diagrams, and maps produced by collecting
and analyzing data on the natural, built, and socio-
economic  environments. Factors such as
topography, water resources, climate, geological
structure, and soil quality are considered in
analyzing the natural environment. In addition,
factors such as land use, density, ownership,
environmental problems, transportation, and
infrastructure related to the existing construction in
the planning area are discussed for the built
environment. Finally, the socio-economic
environment analysis covers the demographic,
social, and economic structure, lifestyles, migration
analysis, expectations, and priorities of the society
(Okumus, 2014). The diagrams and maps produced
in this analysis process facilitate stakeholder
involvement in decision-making, directly affecting
the planning process's success.

Suitability analysis is a commonly used tool in
determining suitable areas for settlement in the
planning process for sustainable urban development
(Oziigiil, 2012). Experts in the field evaluate and
grade factors wused in suitability analysis
systematically. They provide data on factors such as
land use, geology, geomorphology, slope, soil type,
and land ownership, and produce maps. Integrating
GIS and AHP evaluates the relevant factors
holistically and produces a suitability analysis
(Malczewski, 2006). Data collection and processing
have become more analytical and faster thanks to
developing science and technology. Therefore, GIS is
an essential tool in planning to create a spatial
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decision support system, make data-driven queries,
analyze spatial data, and produce maps to present
final products.

Factors wused in suitability analysis are
standardized and synthesized according to the
weight values determined in line with the purpose of
the study (Saha & Roy, 2021). This spatial analysis
plays a crucial role in determining the most suitable
areas by analyzing the spatial data related to the area
to be planned, taking into account environmental
sustainability. As a result, a detailed image of the
most suitable areas for the determined purpose is
produced, while a spatial model is generated in
which the unusable or less preferred areas are
filtered (Kumar & Shaikh, 2013; AlFanatseh, 2021).

An expenditure and weighting system can be
applied to determine the criteria used during the
suitability analysis and end product management
(Kumar & Shaikh, 2013). AHP is the most widely
used method among multicriteria decision-making
methods as it reduces the time and effort required
(AlFanatseh, 2021). It can be integrated into the
suitability analysis in two ways (Malczewski, 2004).
The first method uses it for the initial suitability
analysis to weigh and estimate the appropriate
parameters. The second method is determining how
much the particles are weighted appropriately and
affect the suitability analysis produced.

When designing for sustainable urban
development, it is crucial to consider and analyze
various criteria. In Tirkiye, the Spatial Plans
Construction Regulation of 2014 mandates
threshold analysis when preparing zoning plans and
using it as primary data in forming plan decisions
(Mekansal Planlar Yapim Yonetmeligi, 2014). This
regulation emphasizes the need to superimpose
maps such as topography, hydrology, geology, land
use, and protection areas related to the planning
area. However, the threshold analyses produced
during the implementation process are insufficient
to determine suitable residential areas in the urban
design process. Alternatively, suitability analysis
provides more accurate results in determining the
suitability of a particular piece of land for the
residential area (Al-Shalabi, et al., 2006; Aburas, et
al, 2017). Unfortunately, there is no example of
suitability analysis in Turkiye's residential area
design process. The Bizim Sehir Project's conformity
analysis is expected to serve as an example for future
studies in Tirkiye. Furthermore, the study
determined the relative weights of the factors used
in the suitability analysis through expert opinions
from experienced urban designers and integrated
GIS and AHP. The study is expected to contribute
significantly to the literature on this topic.

3. METHOD
3.1. Case Study: Bizim Sehir Project

Konya's urban areas population, the seventh
largest city in Tiirkiye by population, is around 1.3

16

million inhabitants. The city's population structure
reflects the growth of its industrial sector. As a result,
numerous urban development projects are being
undertaken as the population increases. One such
project is Bizim Sehir, located in the western
periphery of Konya's urban area and serving as the
focus of this study (see Figure 1). At around 350
hectares, Bizim Sehir Project aims to create a
sustainable, livable residential area.

Tirkiye]

STUDY AREA

Konya

N City Center """
Metom

o _e75 15 3 45

Kilometers

6

Figure 1. Location of the case study

The suitability analysis presented in the study was
produced as part of the analysis and synthesis phase
of the urban development project called Bizim Sehir
- Konya. The Bizim Sehir Project is an initiative of the
Ministry of Environment and Urbanization aimed at
exploring the idea of the "city of future & future of the
city" and the principles of urban planning that can
effectively combine past and future developments.
Its vision is to bring together the city's historical and
contemporary dynamics for a sustainable future. In
line with this vision, the Ministry of Environment
and Urbanization requested the preparation of "a
plan, project and urban design guide which functions
systematically, protects the local identity of the city,
meets the needs of the age, is sustainable and includes
spatial arrangements with a high quality of life for an
area of approximately 350 hectares within Konya
Province's Selguklu District, Saraykéy Neighborhood"
from Selguk University. A group of professionals
from Selcuk University, including architects,
engineers, urban planners, and sociologists, worked
together on the project. After completing it, they
handed it over to the Ministry in 2020.

3.2. Methodology

The Geographic Information System's analysis
methods make it easy to produce a suitability
analysis for urban planning decisions. This analysis
is widely used to evaluate alternative areas to make
sustainable decisions by determining the most
suitable locations for land use decisions, such as
housing, industry and solar farming (Koramaz, 2014;
ArcGIS Pro, 2023; ArcGIS, 2023). The suitability
analysis is prevalent in urban design because it
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allows for evaluating many factors in the decision-
making process. This is especially important when
determining suitable areas for residential use.
When the literature is examined, different
methodological approaches have been put forward
for suitability analysis for different purposes
(Malczewski, 2004; Dong, et al., 2008; Chandio, et al.,

2014; Koramaz, 2014; Aburas, et al., 2017; Parry, et
al, 2018; AlFanatseh, 2021; Johnston & Graham,
2021; Luan, et al,, 2021; ArcGIS Pro, 2023; ArcGIS,
2023). By evaluating these studies, a five-step
suitability method was created in this study. (see
Figure 2):

i > [ A questionnaire ]

v

[Expert‘s opinion]

> TELEY

[ Factors' pairwise weighting

4------1

STEPS |
STEP 1 Determining the purpose |
STEP2 Creating the factors |
STEP3 Reclassification of
factors component values |
STEP 4 Determination of factor weights |
STEP 5 Integration of maps with factor weights
(Final Suitability Analysis) |

Figure 2. The AHP-Based suitability analysis methodology workflow (visualised by the authors)

Step 1. Determining the purpose:

The purpose of the decision makers (e.g,
priority, philosophy) regarding the planning area
forms the framework/boundaries of the analysis of
suitability for settlement. The decision-makers must
determine the factors (analysis) and constraints for
settlement suitability analysis. The values/weights
assigned to the purpose in the creation process of the
analysis are decisive. For example, risk-sensitive
location analysis should use detailed data showing
the risk factors.

Step 2. Determine
(analyses or limiting criteria):

After the aim of the suitability analysis has been
established, the factors related to the analysis should
be determined. Each identified factor must be
effective in achieving the aim. The factors for
suitability analysis are mapped and converted to
raster format according to the determined purpose.
First, each factor is classified according to its

and create factors
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parameters. Then, each factor data is converted to a
raster (grid) data type.

Step 3. Standardization
reclassification of parameter values for factors:

At this stage, the analyses related to the field
should be reclassified according to a certain
standard. Therefore, for the suitability analysis, the
factor parameters are reclassified by assigning
values between 10 (the most suitable value for
settlement) and 0 (the value that cannot be settled)
and converted into raster maps. Thus, all factors
(analyses) are standardized at specific values.

Step 4. Determination of factor weights in
line with the purpose:

For the suitability analysis, a percentage value
(with a sum of factor weights of 100) should be
assigned to each factor (analysis) to the extent that it
affects the suitability analysis. Methods such as AHP
can be used to determine the values in question,
which allows the evaluation of the many
participants' views.

and
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Step 5. Creating a suitability analysis by
integrating the analyses with factor weights:

The thematic map is created by integrating the
raster data according to the percentage rate (factor
weights) determined for each factor (analysis) using
the spatial analysis capability of GIS. Thus, suitability
analysis is obtained in line with the determined
purpose.

This study utilized the Analytic Hierarchy
Process (AHP) and Geographic Information System
(GIS) to conduct a suitability analysis. These
multicriteria decision analysis approaches help
create a robust spatial decision support system by
prioritizing factors. In addition, GIS enables the
creation, storage, association, querying, analysis, and
visualization of spatial data and attribute
information related to this data in a structured
manner (Dunn, 2007; Okumus, 2014; Malczewski &
Rinner, 2015). The suitability analysis for an urban
development project was conducted using the GIS
software's mapping capabilities and spatial analysis
tools. The Konya Metropolitan Municipality
provided the data used in the analysis, including
property, topography, geology, soil capability, and
erosion.

To determine the suitability of a region for a
specific use, factors that make up the unique
structure of the land are systematically analyzed.
Multicriteria decision analysis approaches, such as
the AHP method, provide the necessary procedures
and techniques for structuring decision problems
and forming, evaluating, and prioritizing factors and
alternative decisions (Malczewski, 2006; Estoque,
2012). The AHP method in this study is used to
objectively determine the weights of the factors that
are effective on urban growth and integrated with
the GIS environment. The AHP method is a
frequently used multicriteria technique in GIS-based
analyses for determining the priority weights of
factors affecting urban growth (Saaty, 2008; Saaty &
Vargas, 2012). The AHP method calculates the
priority weights of the factors by comparing all the
objective factors in pairwise comparison matrices.
(Saaty, 1990; Bhushan & Rai, 2007; Filipovi¢, 2007;
Kumar & Shaikh, 2013). To determine the relative
weight values for each factor and alternative, the
AHP methodology follows the steps of establishing
the decision hierarchy, making pairwise
comparisons, calculating the factor priorities for
each level, checking the consistency ratios, and
finalizing the weight values (Saaty, 1989; Saaty,
2008; Saaty & Vargas, 2012; Ullah & Mansourian,
2016).

AHP is a robust and easy-to-understand
methodology, making it an ideal tool for group and
individual decision-making processes. Integrating
with GIS provides an analytical framework for
identifying new development areas in urban
environments (Levend & Fischer, 2022). To ensure a
participatory approach, expert opinions and
stakeholder feedback can be integrated into the
analytical structure of the suitability analysis. The
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weights of the factors used for suitability analysis
were determined based on information gathered
through questionnaires administered to 14
participants with expertise in three main fields:
architecture, urban planning, and geomatics
engineering.

The study identified the factors affecting the
suitability for settling in the case area and created
factor maps using the visualization capabilities of
GIS. The factors were reclassified and standardized
to ensure that the map parameters were comparable
and combinable with each other. A joint scale of 0 to
10 was chosen, where higher values indicate more
suitable places for urban growth. The weight of each
factor affecting the suitability analysis was
determined using expert opinions and pairwise
comparisons according to the importance of the
factors for the factor weights with the AHP method.
Finally, using the weighted overlay tool of ArcGIS
software, all factor maps were integrated with the
line with the weights determined by expert opinions,
and the final suitability map was prepared.

3.3. Factors Description

Various factors, such as physical, socio-
economic, and environmental structures, influence
the design and development of residential areas (Al-
Shalabi, et al.,, 2006). In the Bizim Sehir project, these
factors were considered at different stages of the
design process. The City 2023 Project (Bizim Sehir -
Konya) urban development/design project aims to
identify sustainable and livable areas through a
suitability analysis considering factors. To achieve
this, relevant criteria were carefully chosen for
evaluation. The selection process was based on the
study's objective, a literature review, experts'
opinions, and data availability in the study area. The
study evaluated six factors: soil characteristics,
geological condition, natural disasters, aspect
analysis, slope analysis, and property analysis.

Soil Characteristics

Soil structure is one of the most critical factors
in determining settlement areas because of its
sensitivity to erosion, surface drainage, and soil
fertility. Therefore, decisions regarding site selection
for urban use should be based on the compatibility of
the proposed function with the soil structure, which
leads to a sustainable urban development process.
For example, an area well-suited for residential use
may not be appropriate for recreational activities
(Aburas, et al., 2017; Parry, et al,, 2018; McBride,
2019). Thus, settlement areas should be established
in areas with low production capacity and soil
quality to ensure sustainable urban development.

Geological Condition

The geological structure of the ground plays a
crucial role in determining where urban settlements
should be built. It affects the bearing capacity of the
ground, the construction engineering, and the
construction  method.  Therefore, planning
settlements in the most stable geological regions is
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vital to avoid disaster risks. (McBride, 2019; Deliry &
Uygucgil, 2020; Luan, et al., 2021).

Natural Disasters

When choosing areas for settlement, natural
disasters such as erosion, earthquakes, and floods
should be considered. Areas with a high risk of
disaster should not be developed. For example,
erosion state maps can show an area's erosion
severity (Dong, etal.,, 2008; Kumar, et al,, 2018; Luan,
et al,, 2021). Geological fault lines should also be
considered when planning settlements, and buffer
zones should be created to ensure a safe distance
from the fault lines. These zones will create
conservation areas (Deliry & Uygucgil, 2020).
Flooding is another critical factor to consider when
choosing a location for structures. Therefore, the
hydrological structure should also be considered
during the planning process.

Aspect Analysis

Aspect analysis is an essential factor when
selecting a site for residential areas. It determines
the direction of the land slope. Aspect analysis
represents the main directions in the form of north,
south, east, west, and intermediate directions related
to these directions with general classification. This
analysis is used in many design-related issues, such
as the positioning of buildings, planting, and
ensuring the protection of residential areas from
sunlight (Al-Shalabi, et al, 2006; Chandio, et al,,
2014; Aburas, etal., 2017; McBride, 2019). Generally,
South (S), Southeast (SE), Southwest (SW), East (E)
and West (W) aspects in Tirkiye are warmer
because these aspects receive more sun than the
other aspects. On the other hand, the North (N),
Northwest (NW) and Northeast (NE) aspects are
cooler as they receive few lights. Therefore, it is
essential to choose a location compatible with the
climate to reduce energy dependence and make
maximum use of solar energy. Northern slopes are
not preferred because of low radiation levels. In a
temperate climate, the upper parts of the southeast-
eastern slopes are suitable for settlement in
harmony with the climate.

Slope Analysis

The slope is a crucial factor to consider in
suitability analysis, as it affects both the visual and
functional aspects of construction. Although the
slope is primarily related to landscape design, it also
significantly determines construction costs, disaster
risk, and drainage (Al-Shalabi, et al., 2006; Dong, et
al., 2008; Chandio, et al., 2014; Aburas, et al., 2017;
Parry, et al.,, 2018; Akbulut, et al., 2018). To evaluate
the slope for different uses and activities, it is
categorized according to percentage changes.
Generally, the slope classification for construction is
as follows: 0-2% is suitable, 2-8% is quite suitable, 8-
16% is suitable, but with an upper limit for roads and
walkways, 16-24% has significant restrictions, and
24%+ is restricted for residential areas. In addition,
different slope categories can be used for particular
land use types and facilities (McBride, 2019; Luan, et
al.,, 2021).
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Property Analysis

Analyzing properties is crucial in making
settlement decisions. When evaluating property
data, it is essential to consider both opportunities
and constraints related to construction (McBride,
2019). Properties with public land status (such as
state and local government) tend to lead to quicker
decision implementation.

4. RESULTS AND DISCUSSION

It is essential to identify suitable areas for
construction in line with the sustainable urban
development approach. In the context of the sample
study, various data related to the natural, built and
socio-economic environment were systematically
evaluated. Six factors were used for suitability
analysis, and suitable construction areas were
determined using ArcGIS software's weighted
overlay tool. Thus, a rational substrate was created
for more accurate alternatives and decisions in the
decision-making process.

4.1. Determining The Purpose

In the decision-making process, the purpose
forms the basis of the settlement suitability analysis.
In addition, the purpose determines which analyses
are used in assessing the suitability and the weight
given to each analysis. The Bizim Sehir Project, which
serves as the study's case area, aims to create new
living spaces that prioritize human-centred, identity-
driven, smart, green, and safe city policies while
meeting society's social, cultural, and physical needs.
The project aims to design a sustainable settlement
that prioritizes ecological and social sustainability,
develops the spatial organization of public spaces, is
adaptable to global climate changes and unexpected
conditions through walkable and accessible
transportation options, and integrates tradition and
the future through learning and teaching. The
primary objective is to use the suitability analysis
produced for the Bizim Sehir Project area to
determine suitable ecological settlement areas
consistent with the principle of sustainability.

4.2. Creating The Factors

In the second stage of the settlement suitability
analysis, the factors used for suitability analysis
should be determined and mapped in line with the
purpose. Then, the maps should be converted to
raster format. The factor data used in the study is in
vector data format, so six thematic maps were
created on the GIS platform. Each factor was
classified according to its parameters, resulting in
maps for Soil Capability, Geological Structure,
Natural Disasters, Aspect Analysis, Slope Analysis,
and Property Status (see Table 1). Then, each factor
data should be converted to a raster (grid) data type
(see Figure 3).
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Table 1. Factors, factor weights, factor parameters and standardization value of the parameter

Factors Factor Weights Factor Parameters Standardization Value of Parameter
Soil Characteristics 0.210 I1. degree soil lands 5
VII. degree soil lands 8
Geology 0.228 Geologically unsuitable areas 0
Stream beds 0
High slope, transition floors 3
Alluvial fan 5
Natural Disasters 0.382 1. degree erosion zone 10
IV. degree erosion zone 2
Fault avoidance band 0
Stream band 0
Aspect 0.049 Flat 10
North (0-22.5 and 337.5-360) 2
Northeast (22.5-67.5) 4
East (67.5-112.5) 8
Southeast (112.5-157.5) 10
South (157.5-202.5) 10
Southwest (202.5-247.5) 8
West (247.5-292.5) 6
Northwest (292.5-337.5) 4
Slope (%) 0.075 % 0-2 8
% 2-8 10
% 8-16 7
% 16-24 5
% 24-40 3
% 40+ 0
Property Status 0.056 Public Property (central and local gov.) 10
Public Property and Private Property 8
Private Property 7

4.3. Standardizing Parameter Values for Factors
and Reclassifying Factors

In this stage, a value ranging from 0 (least
suitable for settlement) to 10 (most suitable for
settlement) was assigned based on analyzing
suitability to the factor parameters. Next, each factor
parameter was standardized on a scale of 0 to 10
(see Table 1). These factors were then reclassified
based on their standardized values and converted
into raster maps (see Figure 4). This step ensures
that the field analyses are reclassified based on a set
standard for conformity analysis. Table 1 lists the
standardization values of the parameters used in the
ecologically focused settlement suitability analysis
for the Bizim Sehir Project area.

The first analysis focused on the physical
structure of the project area is soil capability. The
site contained seventh and second-degree soil,
classified as marginal agricultural land. Based on this
information, a standardized soil capability analysis
was conducted, with a high value of 8 assigned to the
region with seventh-degree soil and a median value
of 5 assigned to the area with second-degree soil.

Itis crucial to thoroughly evaluate the geological
structure of the ground in the project area,
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particularly regarding potential disaster risks during
construction. As such, alluvial fans, one of the ground
condition parameters in the area, were assigned a
value of 5. Transition areas with high slopes were
given a value of 3. Finally, to prevent settlements in
areas with geological quarries (which pose a risk of
rockfall) and in stream beds, a standardized value of
0, the lowest possible value, was assigned to the
geological structure.

While standardizing natural disasters, the areas
with very little erosion, such as secondary-degree
erosion areas, are assigned the highest settlement
value of 10. Conversely, the areas with severe
erosion, such as fourth-degree erosion, are assigned
a settlement value of 2. However, the Konya Fault
line runs north-south within the study area, and
construction is prohibited within the Fault
Conservation Band established for this fault line. As
a result, the standardization value for this field is
taken as 0. Additionally, a 25-meter conservation
band has been designated on both sides of the
stream beds that may cause natural disasters like the
flooding in the area. Since construction is not
allowed within this band, the standardization value
for the areas within the band lines has been set to 0.
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Figure 3. Factors evaluated for suitability analysis; 1) soil characteristics, 2) geology, 3) natural disasters, 4)

aspect, 5) slope, 6) property status

In Tiirkiye, the south and southeast, southwest,
east, and west directions (predominantly south and
southeast) receive more sunlight and are warmer.
Designing houses with these factors in mind can help
reduce energy consumption and lower carbon
footprint. The cooler fronts, such as the north,
northwest, and northeast directions, receive less
light, so it is vital to consider a location compatible
with the climate to minimize energy dependence and
maximize solar energy. Since the northern slopes
have a low radiation level, they are not preferred. In
a temperate climate, the upper parts of slopes facing
southeast and east directions are suitable for
settlement in harmony with the climate. To
standardize the aspect analysis regarding the
placement of residential areas in appropriate
directions, the highest value of 10 is assigned to flat
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areas and areas facing south and southeast (S, SE)
directions. The value of 8 is assigned to areas facing
southwest and east (SW, E). The median value of 6 is
assigned to areas facing the west (W) direction, and
the lowest value of 4 is assigned to areas facing
northwest and northeast (NW, NE). Finally, the
lowest value of 2 is assigned to areas facing north

(N).
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Figure 4. Reclassification of analysis parameters based on the given standardization value

When choosing locations for residential areas, it
is essential to consider the slope. Therefore, a score
of 8 is given to areas with a slope percentage
between 0-2%, 10 for areas with a slope of 2-8%, 7
for areas with a slope of 8-16%, 5 for areas with a
range of 16-24%, and 3 for fields in the range of 24-
40%. For areas with a slope percentage over 40%,
the score is 0. The slope analysis was standardized
using these values. Finally, to standardize the
property status analysis, the standardization value of
public property is 10, the standardization value of
public and privately owned property is 8, and the
value of private property is 7, among the analysis
parameters.

The  standardization values of  Soil
Characteristics, Geology, Natural Disasters, Aspect,
Slope, and Property Status analyses used within the
scope of settlement suitability analysis are explained
above. In addition, these analyzes were classified by
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the reclassification method, one of the spatial
analyzes of geographic information systems. Thus,
the values of the parameters of all analyzes were
standardized between 0 and 10 (Figure 4).

4.4. Determination of Factor Weights in Line
with the Purpose

In producing the suitability analysis, after the
factor parameters are standardized, the factors
should be integrated using the analysis
infrastructure of the geographic information system.
At this stage, in line with the suitability analysis's
purpose, the factors' effects on the settlement
suitability analysis were determined as percentages.
These percentages were determined using the AHP
method. The Bizim Sehir Project aims to determine
the areas suitable for settlement with an ecological
focus in line with the principle of sustainability. In
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this context, the opinions of 14 experts who were
informed about the purpose and vision of the project
were taken. With a questionnaire prepared for the
AHP method, experts were asked to compare the
factors pairwise using Saaty's 1-9 ratio scale (Saaty,
1990). The pairwise comparison values of the
experts for the factors were entered into a table, and
the geometric average was taken (Ullah &
Mansourian, 2016). Thus, a single pairwise value was
obtained for each pairwise comparison of the factors,
and the pairwise comparison matrix was created
(Table 2). The Super Decision program was used for
all calculations made within the scope of AHP.

When the weights of the factors constituting the
conformity analysis with the AHP method are
calculated, it is seen that natural disasters are the
most critical factors, with a value of 38.2% (Table 2).
After natural disasters, factor weights are listed as
geological conditions (22.8%), soil characteristics
(21.0%), slope analysis (7.5%), property analysis
(5.6%) and aspect analysis (4.9%).

Table 2. The pairwise comparison matrix and
Factors’ Priorities

Soil Natural Property
Characteristics Gealozy, Disasters genect eione Status
Soil
Characteristics 1 1 172 # i ¢
Geology 1 1 1/2 5 3 5
Natural 2 2 1 7 5 6
Aspect 1/4 1/5 1/7 1 12 1
Slope 1/3 1/3 1/5 2 1 1
Property =
i 1/4 1/5 1/6 1 1 1
Soil Natural Property
FACTORS Characteristics Geology Di = Aspect | Slope Status
PRIORITIES % 21.0 %228 | %382 | %49 | %75 % 5.6
Consistency Ratio (CR)= % 0.8

4.5. Creation of Suitability Analysis

The results of the suitability analysis can differ
depending on the intended purpose or scenario.
Therefore, the assigned values or weights of the
objective-related factors play a decisive role in the
analysis creation process. In the final stage of
preparing the suitability analysis, standardized and
reclassified factors and determined factor weights
were integrated using spatial analyst tools like map
algebra and raster calculator. Suitability analysis
was then obtained by integrating factors based on
their percentage weights (see Figure 5).

By utilizing Geographical Information Systems
and the Analytic Hierarchy Process method, a
multicriteria decision analysis method, the
suitability values for settlement varied between 1.5
and 7.8. When evaluated in terms of sustainability,
the threshold for settlement suitability was
determined to be 5.5. Areas below the value of 5.5
were deemed unsuitable for settlement, while areas
above 5.5 were deemed suitable (see Figure 5).
These results indicated that 54.9% of the case area
was suitable for development (200.9 ha), and 45.1%

was unsuitable (165.1 ha). Analysis of the settlement
suitability revealed that high slope areas, stream
beds, and areas within the fault conservation band in
the west of the project area were unsuitable for
settlement. Conversely, areas to the east of the
project area with a relatively low slope facing south,
southeast, and east were suitable for settlement.

~ “
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Figure 5. Suitability Analysis: reclassification of
analysis parameters based on the given
standardization value

5. CONCLUSIONS

Sustainable and livable human settlements can
only be put forward with an objective planning
approach. Therefore, analysis and synthesis studies,
such as suitability analysis, play a crucial role in the
success of the design process. The suitability analysis
integrates multiple factors affecting construction
based on specific weight values, minimizing resource
waste in the urban development process. The spatial
model generated by the suitability analysis provides
decision-makers with a systematic integration of
many factors, making each factor's effects visible.
This approach enables decision-makers to make
more accurate decisions. Within this framework, a
suitability analysis based on GIS and AHP was
conducted for the Bizim Sehir Project area. The
suitability analysis showed that 54.9% of the Bizim
City Project area is suitable for development/zoning.

The suitability analysis produced, based on GIS
and AHP, provides insights into sustainable urban
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development and highlights the limitations of the
study area in terms of urban development. However,
it is essential to remember that the settlement
suitability analysis is not a result but a tool to
increase the decision makers' capacity to make the
right decision. The map obtained by the suitability
analysis is not a plan but a synthesis created by
integrating data that guides planning and design.
Therefore, the relationship between the planned
area and the rest of the city should be evaluated
before making policy decisions regarding the
planning area in line with the sustainability
principle. Data on the socio-economic environment
should also be analyzed using the correct methods.
The planning process is a discipline that should
include physical and technical actions and decisions
with a strong social dimension. Therefore, the social
dimension must not be ignored.

In the planning process of the city, a social
phenomenon, it is not sufficient to analyze the
physical structure of the planning area with a
quantitative approach. Nevertheless, qualitative
analyses are necessary to understand the lifestyles
and cultures of people and society in the planning
process. Also, involving the public in the planning
process through participatory methods and
identifying the needs and priorities of stakeholders
is another critical component of making the right
decision.

The suitability analysis conducted within the
scope of the study was for the project area of Bizim
Sehir, an urban design project. It is important as an
example for future sustainable-oriented urban
development projects. Additionally, the
methodology used in the study can be used to
identify suitable areas for different functions.
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Miihendislik Yapilarinda Meydana Gelen Deformasyonlarin Daimi Yansitici
interferometre Teknigi ile izlenmesi: Samsun 19 Mayis Stadyumu Ornegi
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Daimi Yansitici
interferometre
Deformasyon analizi
Samsun 19 Mayis
Stadyumu

Yapay Ac¢iklikli Radar
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Miihendislik yapilarindaki olas1 deformasyonlarin izlenmesi, yapisal biitiinlik, giivenlik
ve maddi kaynaklarin korunumu i¢in énemli etkileri olabilecek kritik bir konudur. Bu
deformasyonlarin zamaninda, dogru ve etkili bir jeodezik yontemle izlenmesi can ve mal
kayiplarinin 6niine gecilmesinde hayati 6nem tasimaktadir. Bu kapsamda daimi yansitici
interferometre (PSI) teknigi genis alansal izleme kabiliyeti, yliksek c¢oziintirliikte
santimetre alti dogruluk sunmasi, kisa gecis stiresi ile miihendislik yapilarindaki
deformasyonlarin izlenmesinde giiclii bir jeodezik teknik olarak one g¢ikmaktadir. Bu
calismada, Samsun 19 Mayis stadyumu ve yakin cevresinde meydana gelen
deformasyonlari arastirilmistir. Bu amagla, Sentinel 1 uydu misyonuna ait 2021 ile 2023
yillar1 arasii kapsayan 25 SAR goriintiisti elde edilerek daimi yansitici interferometre
(PSI) teknigiyle analiz edilmistir. Analizlerde, interferogramlarin tiretilmesi agamasi i¢in
SNAP (Sentinel Application Platform) yazilimi, daimi yansitici noktalarin tretilerek
zaman serilerinin olusturulmasinda ise ac¢ik kaynak kodlu StaMPS (Stanford Method for
Persistent Scatterers) yazilimina basvurulmustur. Analiz sonuglarina gore, stadyum alani
tizerinde yillik hiz1 5-10 mm arasinda degiskenlik gosteren ¢dkme ve yilikselme yonlii
deformasyonlar tespit edilirken, stadyum yapisi disinda herhangi bir deformasyon tespit
edilememistir.

Monitoring of Deformation in Engineering Structures with PSI (Persistent Scatter
Interferometry) Technique: The Example of Samsun 19 Mayis Stadium

Keywords:

Persistent Scatter
Interferometry
Deformation analyse
Samsun 19 Mayis Stadium
Synthetic Aperture Radar

ABSTRACT

Monitoring possible deformations in engineering structures is a critical issue that can
have significant implications for structural integrity, safety, and conservation of material
resources. Timely, accurate, and effective monitoring of these deformations with a
geodetic method is of vital importance in preventing loss of life and property. In this
context, the Persistent Scatter Interferometry (PSI) technique stands out as a powerful
geodetic technique for the monitoring deformations in engineering structures, offering
wide-area coverage, high spatial resolution, and frequent revisits in sub-cm accuracy. In
this study, the deformations of Samsun 19 Mayis stadium and its nearest vicinity were
investigated. To accomplish this, 25 SAR images of the Sentinel 1 satellite mission,
covering the years 2021 to 2023 were obtained and analyzed through the Persistent
Scatter Interferometry (PSI) technique. In the analysis, SNAP (Sentinel Application
Platform) software was used for the creation of the interferograms, and the open source
software StaMPS (Stanford Method for Persistent Scatterers) was used to generate the
time series by producing the Persistent Scatter (PS) points. According to the results of the
analysis, different directional deformations with annual velocity ranging between 5-10
mm were detected inside the stadium area, but no deformation was detected outside the
stadium structure.
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1. GiRis

Miihendislik yapilarindaki deformasyonlarin
izlenmesi, insan eliyle tesisi yapilmis biiyiik
mithendislik yapilarinin giivenligini ve stabilitesini
saglamak acisindan yer bilimleri icin oldukca
onemli bir konudur. Miithendislik 6l¢meleri ile yer
kabugunda ve mihendislik yapilarinda zaman
icerisinde meydana gelen degisimlerin yapilacak
olan ol¢timlerle belirlenip yorumlanmasi, ortaya
¢ikabilecek ciddi zararlarin 6nlenmesinde de etkin
bir role sahip olacaktir. Bu amagla, yillar icinde
teknolojinin imkan verdigi farkli noktasal ve alansal
bazli izleme tekniklerine basvurulmustur.

S6z konusu teknikleri klasik yersel yontemler
ve uzay bazli yontemler olarak ikiye ayirmak
miimkindir. Deformasyon ol¢meleri calismalari
1990’'lh yillara kadar dogrultu-kenar aglar1 ve

nivelman gibi  klasik  yersel  yontemlerle
yuritilmistir (Poland, 1984). Daha sonraki
yillarda, uydu jeodezisinin etkin bir bicimde

kullanilmasiyla birlikte, gorece diisiik hassasiyetli
ve zaman, maliyet acisindan oldukg¢a biiyiik yiikler
getiren Kklasik yontemler yerini her tiirlii hava
kosulunda, 3-boyutlu ve yiiksek hassasiyette nokta
konum dogrulugu sunan GNSS (Global navigation
Satellite Systems) yontemine birakmistir (Feigl ve
ark., 1993, Abidin ve ark., 2008, Ustun ve ark.,,
2010). GNSS yonteminin  noktasal bazh izleme
kabiliyeti ve arazi calismalar1 sebebiyle, ekstra
maliyet ve zaman gereksinimi kisitlayic1 birer etki
olarak goriindiigiinden arastirmacilar1 LIDAR,
InSAR (Interferometric Synthetic Aperture Radar)
gibi uzaktan algillama yontemlerini kullanmaya
yoneltmistir (Baer ve ark, 2002, Schmidt ve
Biirgmann, 2003). Bu yontemlerden InSAR ydntemi
licretsiz veri erisimi, arazi ¢alismasi gerektir-
memesi, ge¢mise donik zengin arsiv verisi ile cm
alti seviyelerde alansal izleme Kkabiliyetine sahip
olmas1 sebepleriyle son yillarda deformasyon
O0lgmelerinde siklikla tercih edilen bir jeodezik
izleme teknigi olarak karsimiza ¢ikmaktadir (Yalvac,
2020).

Geleneksel InSAR teknigi, iki SAR imaj1 arasindaki
faz farklarindan yararlanarak, genis alanlarda
deformasyonlarin belirlenmesine imkan taniyan bir
uzaktan algilama teknigidir. Ancak, bu teknikte
dogruluk ve deformasyonlarin izlenebilirligi
geometrik ve zamansal uyusumsuzluklar ve
atmosferik etkilere bagli olarak degiskendir
(Biirgmann vd., 2000). Dahasi, uzun zamansal
slireclere yayillan deformasyonlarin bu teknikle
saglikli olarak izlenmesi de miimkiin olmamaktadir.
Bu kisitlamalarin ortadan kaldirilmasi i¢in SBAS (en
kisa baz interferometresi) ve PSI (daimi yansitici
interferometre) gibi ileri seviye SAR analiz
tekniklerine basvurulur (Ferretti vd., 2001;
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Berardino vd. 2002; Hooper vd., 2004). Bu
teknikler sayesinde ylizey deformasyonlarinin
izlenmesinde dogruluk birkag mm seviyelerine
kadar diismekte ve uzun zamansal siire¢lere yayilan
deformasyonlarin davranisi zaman serileri ile
belirlenebilmektedir.

PSI teknigi, mithendislik yapilarinin dogal bir
reflektor ve daimi yansitici nokta (PS noktalar)

ozelligi gostermesinden dolay, ozellikle
mithendislik  yapilarindaki deformasyonlarin
belirlenmesinde siklikla tercih edildigi

goriilmektedir. Literatiir incelendiginde, Ezquerro
vd., (2020) tarafindan zemin deformasyonu goriilen
bolgelerdeki yapilarda deformasyon analizlerinin
PSI teknigi ile ortaya konuldugu, Bayik ve Abdikan
(2021) tarafindan Ordu-Giresun havaalanindaki
deformasyonlarin yine PSI teknigi ile kestirildigi ve
cm alti seviyelerdeki deformasyonlarin varliginin
tespit edildigi ve Othman vd. (2019) tarafindan
Musul baraj kretindeki deformasyonlarin yine PSI
teknigi ile basariyla izlenebildigi goriilmektedir.

Bu calismada, son giinlerde yerel medyada
Samsun 19 Mayis stadi yapisinda olusan
deformasyonlara iliskin haberler {zerine soz
konusu yapidaki deformasyonlarin arastirilmasi
gerekliligi ortaya ¢ikmistir (URL-1). Bu kapsamda,
izleme bolgesinin Avrupa Uzay Ajansina (ESA) ait
Sentinel 1 uydu misyonunu verileri, Ocak 2021 ile
Ocak 2023 yillar1 araliginda her ay igin SAR
goriintiisii (toplam 25 adet) elde edilerek PSI
teknigiyle analiz edilmis ve yapidaki
deformasyonlarin varligi arastirilmistir.

2. YONTEM

Bu béliimde, ¢alisma bolgesi olan Samsun 19
May1s Stadyumu ve bolgenin
izlenmesindekullanilanacak olan veri seti ve PSI
yontemiyle yapilacak analizler hakkinda detayh
bilgi verilecektir.

2.1. Calisma Bolgesi

Calisma alani olarak segilen, Samsun 19 Mayis
stadyumu Samsun ilinin Tekkekdy ilgesine
konumlanmaktadir. 2017 yilinda Toplu Konut
Idaresi tarafindan yaptirilan stadyum, 137.700 m?
alan tzerinde kurulu olup, 50.000 m?lik kismi
tribiinleri olusturmakta ve geri kalan kismi otopark,
yesil alan ve alisveris merkezlerinden olusmaktadir
(URL-2). Stadyumun bulundugu alan1 gosteren
harita ve Google Earth yazilimindan elde edilen
uydu goriintiisii Sekil 1’de sunulmustur. Yerel
gazetelerde yayinlanan, yapi igerisinde olusan
cesitli catlak ve agilmalar1 gosteren fotograflar ise
Sekil 2’de sunulmaktadir.
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Sekil 1. Calisma bolgesi ve uydu goriintiisi

2.2. Veri Seti ve Daimi Yansitic1 interferometre
(PSI) Analizleri

S6z konusu alandaki olasi deformasyonlarin
incelenmesi  i¢cin  yapilan  goriinti  arsivi
¢alismalarinda, iicretsiz olmasi, kisa tekrarlilik

stiresi ve cm alti hassasiyette izleme yetenegine
sahip, Avrupa Uzay Ajansi (ESA) tarafindan
yuritilen Sentinel 1 wuydu misyonuna ait
goriintillerden yararlanilmistir. Sentinel uydu
misyonunun goriintiilerine iliskin 6zellikler Tablo
1’de verilmistir.

Sekil 2. Yerel gazetede yayinlanan, Samsun 19 Mayis stadyumu yapisinda olusan ¢atlaklar ve agilmalar1 gésteren

fotograflar (URL-1)

Tablo 1. izleme ¢aligmasinda kullamlacak Sentinel-
1 uydu goriintiilerine ait bilgiler

Ozellik Deger
Gozlem modu 1Y
Yoriinge yiiksekligi 698 km
Tekrar gegis siiresi 12 giin
Frekans 5.3 GHz
Bant C
Dalga boyu 5.7
Polarizasyon HH+HV, VV, VH
Bakis agis1 200-450
Tarama genisligi 250 km x 250 km
Cozintrlik 5mx20m

Calisma bdlgesini izlemek amaciyla, Ocak 2021
ile Ocak 2023 tarihleri arasinda (2 yil) birer ay
araliklarla secilen 25 SAR imaji Sentinel SciHub’dan
elde edilmistir (URL-3). Bu goriintiiler, SLC (Single
Look Complex) modunda, algalan modda ve 116
numarali rélatif uydu yoriingesine aittir. Bilgisayar
donanimindan ve zamandan tasarruf etmek
amaciyla, goriintiiler ¢alisma alani olan stadyum ve
yakin gevresini kapsayacak sekilde kirpilmistir. Bu
kapsamda 116 numarali ¢ergevenin, VV
polarizasyonlu IW2 alt cercevesine ait 5 ve 6
numarali yanal seritler (burst) analizlerde
kullanilmistir. 116 yodriinge numarali ¢ergevenin
kapsama alani ve analizlerin gerceklestirilecegi
kirpilma alam1  Sekil 3’de  gosterilmektedir.
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Sekil 3. Calisma bdlgesini kapsayan ana gercgeve (1)
ve calisma gercevesi (2)

Daimi yansiticl interferometre analizleri iki
temel asamada gerceklestirilmistir. Bu asamalardan
ilki master imaj secimi sonrasi, SNAP (The Sentinel
Application Platform) yazillmi  yardimiyla
interferogramlarin iretilmesidir. Bu asamada,
yapilan zamansal ve bazsal uzunluk parametreleri
g6z onlinde bulundurularak 10.04.2022 tarihinde
algilanan  goriinti  birincil  (master) olarak
secilmistir. Diger 24 gorinti ise ikincil (slave)
goriintli olarak kabul edilerek SNAP yaziliminda
interferogramlarin iretilmesi saglanmistir. ikincil
goriintilerin, birincil goériintiiye gore zamansal ve
baz uzunlugu olarak dagilimi Sekil 4’de
gosterilmektedir.

o

Dig baz uzunlugu (m)

g

150

[ Tjan Aor Oct Tsan

Tarih

IJEH Jul Jul
2021 2022

Sekil 4. Yardimc goriintiilerin, master goriintiye
gore zamansal ve bazsal durumunu gosteren grafik

ikinci asamada ise, SNAP yaziliminda iiretilen
interferogramlar StaMPS (Stanford Method for
Persistent Scatterers) yazilimi icin disa aktarilmis
ve acik kaynak kodlu StaMPS V4.1b1l yazilimi
yardimiyla analiz edilmistir. Analizlerde DEM
(Digital Elevation Model) hatalar1 diizeltilerek
unwrap islemi gergeklestirilmistir. PS noktalar1 ve
her PS noktasina ait uydunun  bakis
dogrultusundaki uzunluk degisimleri esas alinarak,
noktalarina ait her goriintii tarihi icin deformasyon
zaman serileri iiretilmistir.
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3. ANALIZ SONUCLARI VE TARTISMA

Daimi yansitict interferometre analizleri
kapsaminda ¢alisma alani olan Samsun 19 Mayis
stadyumu yapisi ve yakin ¢evresinde ¢ok sayida PS
noktas1 (daimi yansitict noktalar) iretilmistir. PSI
tekniginin dogasina uygun olarak so6z konusu
noktalar insan yapimi yansiticilifl yiiksek objeler
lizerinde konumlanmis olup, stadyumun dogu
bolgesindeki  agaghk alanda PS  noktasi
tiretilememistir. PS noktalarin ¢alisma bolgesi ve
yakin cevresine dagilimi Sekil 5'de gosterilmektedir.

Sekil 5. PS noktalarinin ¢alisma boélgesine dagilimi
ve zaman serisi Uiretilen PS noktalar (1-6)

Sekil 5’'de verilen deformasyon hiz délceginden,
bolgedeki deformasyonlarin yillik hizinin -5 mm/yil
ile +5 mm/yill arasinda degisiklik gosterdigi
anlasilmaktadir. PS noktalarindaki deformasyon
degerlerine ait standart sapmalar, StaMPS
yazilimindan elde edilmis ve 0.35 mm ile 1 mm
arasinda degisiklik gosterdigi goriilmiistiir.

Yapr lzerindeki deformasyonlar detayh
incelendiginde, stadyum alani disinda herhangi bir
deformasyon olmadigi goriilmektedir. Stadyum
tizerindeki noktalar incelendiginde, yapinin Kuzey,
Giiney ve Dogu boliimiinde (1, 3 ve 4 numarali PS

noktalar1)  yaklasitk  olarak  sabit  oldugu
goriilmektedir. Stadyumun Bati boéliimiinde (2
numarali PS noktasi) ise -3 ila -5 mm/yil

seviyelerinde ¢okme hareketi oldugu goérilmiistiir.
Son olarak yapinin Giineydogu bélgesinde (5 ve 6
numarali PS noktalari) ise yillik hizi 5 mm’ye varan
ylikselme ve  ¢okme  hareketleri birlikte
goriilmektedir. S6z konusu boélgelerdeki radarin
bakis dogrultusundaki yer degistirmelerin zamanla
degisimini incelemek iizere, izleme zamani boyunca
zaman serileri iretilmis ve Sekil 6’da sunulmustur.
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Sekil 6. Sekil 5'de gosterilen 1-6 numarali bolgelerde yer alan PS noktalarina ait zaman serileri

Sekil 6 incelendiginde, 1, 3 ve 4 numaral PS
noktalarinda dogrusal egilim olmadigi ve uydunun
bakis dogrultusundaki degisimlerin yaklasik sifir
mm etrafina rastgele sa¢ildigi goriilmektedir. Diger
taraftan, 2, 5 ve 6 numarali PS noktalarinda izleme
slresi boyunca negatif ya da pozitif yonli egilim
olustugu, yani deformasyona maruz kaldig
gorilmektedir. Ayrica, SOz konusu
deformasyonlarin izleme siiresi boyunca dogrusal
olarak  olustugu, ani  olarak  gelismedigi
anlasilmaktadir.

4. SONUC VE ONERILER

Bu c¢alismada, Samsun 19 Mayis stadyumu
yapist lizerinde olusan deformasyonlar ilk defa
daimi yansitici interferometre teknigiyle izlenmis
ve c¢alisma bolgesinin  farkli  noktalarinda
deformasyon zaman serileri iretilmistir. Analiz
sonuclart degerlendirildiginde, stadyum yapisi
disinda yer alan yapilarda deformasyon tespit
edilmezken, stadyum yapisi iizerinde yillik hizi -5
mm ile +5 mm seviyelerinde degisen
deformasyonlar oldugu goriilmiistiir. S6z konusu
deformasyonlara ait standart sapmalarin 0.35 mm
ile 1 mm arasinda oldugu g6z Oniinde
bulunduruldugunda anlamli yer degistirmeler
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oldugu diisiiniilmektedir. Deformasyon gozlenen
noktalardaki zaman serilerinden anlasilacagi iizere
deformasyonlarin gelisimi, izleme siiresine yayilmis
bir bicimde kademeli olarak gelismistir. Bu
kapsamda, deformasyonlarin s6z konusu boélgedeki,
zemin ozelliklerinden kaynaklanabilecegi
diistiniilmektedir.

Miihendislik yapilari tizerinde bdylesi diizensiz
yer degistirmeler yap1 6mriini kisaltmakla birlikte,
zamana bagl olarak yapinin zarar gérmesine neden
olabilmektedir. Bu kapsamda, stadyum yapisi
tizerinde 0zellikle Gilineydogu bolgesinde tespit
edilen diizensiz yonlii deformasyonlar uzun
zamansal Olgekte yapmnin zarar gormesiyle
sonug¢lanabilir. Bu nedenle, ¢alisma bolgesinin
ilerleyen zamanlarda da ytlizey deformasyonlarinin
gelisimine karsi, daha fazla sayida uydu goriintiisi
ve yersel yontemlerle de desteklenerek daha detayli
olarak izlenmesi gerekliligini ortaya ¢ikarmaktadir.

Arastirmacilarin katki orani beyan 6zeti

Yazar makaleye %100 oraninda katki saglamistir.
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Cikar ¢atismasi beyani

Makale ile ilgili olarak, herhangi bir kurum, kurulus,
kisi ile mali c¢cikar catismasi yoktur ve yazarlar
arasinda c¢ikar catismasi bulunmamaktadir.

Arastirma ve yayin etigi beyani

Yapilan ¢alismada yazar, arastirma ve yayin etigine
aykir1 bir durum olmadigini ve ¢alismanin etik kurul
izni gerektirmedigini beyan etmektedir.
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The involvement of the 17th district of Tehran with the issue of land subsidence was the
initial idea of the current research. The current research was conducted in the form of an
analytical model in four steps. In the first step, after studying the research literature, the
vulnerability indicators of the urban fabric were identified and organized into three
criteria (physical and demographic, accessibility and proximity to high risk centers). In
the second step, by using Delphi questionnaires and pairwise statistical comparisons, the
priorities of vulnerability of the urban fabric in the face of land subsidence were
determined. In the third step, the analytical model was defined based on the network
analysis process (ANP). Also, the weight of each of the sub-criteria and criteria was
obtained using Super Decision software. Finally, in the fourth step, these weights were
applied to each of the layers related to the criteria in the ArcGIS software environment,
and the final map of the vulnerability of the urban fabric was obtained as a raster in the
geographic information system. The results of the model implementation showed that
the urban fabric of the 17th district is prone to high vulnerability due to features such as
high population and building density, the presence of worn-out fabric, buildings with low
structural strength and very low construction quality. In total, about 657 hectares (80%)
of the total built-up lands of Tehran's 17th district are under the influence of land
subsidence.

Arazi ¢okmesi karsisinda kentsel dokunun Kirilganhgmmin élgiilmesi (Ornek olay:

Tahran'in 17. Bolgesi)

Anahtar Kelimeler:

0z

Zemin ¢okmesi
Kentsel baglam
Hasar gorebilirlik
Ag analizi (ANP)
Tahran'in 17. bolgesi

Tahran'in 17. bolgesinin arazi ¢okmesi sorununa dahil edilmesi, mevcut arastirmanin ilk
fikriydi. Mevcut arastirma analitik model seklinde dért adimda gerceklestirilmistir. ik
adimda, arastirma literatiirii incelendikten sonra, kentsel baglamin savunmasizlik
gostergeleri belirlendi ve li¢ kriter (fiziksel ve demografik, erisilebilirlik ve yiiksek riskli
merkezlere yakinlik) halinde diizenlendi. ikinci adimda, Delphi anketleri ve ikili
istatistiksel karsilastirmalar kullanilarak, arazi ¢okmesi karsisinda kentsel dokunun
kirllganliginin éncelikleri belirlendi. Ugiincii adimda, ag analiz siirecine (ANP) dayali
olarak analitik model tanimlanmistir. Ayrica Super Decision yazilimi kullanilarak her bir
alt kriter ve kriterin agirlig1 elde edilmistir. Son olarak dérdiincii adimda, bu agirliklar
ArcGIS yazilim ortaminda kriterlere iliskin katmanlarin her birine uygulanmis ve kentsel
baglamin nihai etkilenebilirlik haritasi cografi bilgi sisteminde raster olarak elde
edilmistir. Model uygulamasinin sonuglari, 17. bdlgenin kentsel dokusunun, yiiksek
niifus ve bina yogunlugu, yipranmis doku varligi, diisiik yapisal dayanikliliga sahip
binalar ve ¢ok diisiik ingaat kalitesi gibi 6zelliklerden dolay1 yiiksek hassasiyete egilimli
oldugunu gostermistir. Toplamda, Tahran'in 17. bélgesindeki meskun arazinin yaklasik
657 hektari (ylizde 80'i) arazi ¢okmesinin etkisi altindadir.

Article Info

Received: 22/05/2023
Accepted: 19/06/2023
Published: 30/06/2023

Citation:

Rezaeishahabi, R, Arab, A, Pishva, A,, Hajipour, V. & Zahaki, M. (2023). Measuring the
Vulnerability of the Urban Fabric in the Face of Land Subsidence (Case Study: District 17 of
Tehran) . Turkish Journal of Remote Sensing, 5 (1), 33-49.

*Corresponding Author: Ramin Rezaeishahabi, r.r.shahabi@gmail.com, +98 313 626 91 67


https://dergipark.org.tr/en/pub/tuzal
https://dergipark.org.tr/en/pub/tuzal
https://orcid.org/0000-0003-0520-1891
https://orcid.org/0009-0007-3410-9521
https://orcid.org/0009-0006-6832-2390
https://orcid.org/0009-0000-2683-2962
https://orcid.org/0009-0009-5170-2671

Turkish Journal of Remote Sensing - 2023; 5(1); 33-49

1. INTRODUCTION

Urban vulnerability analysis is the evaluation
and prediction of the probability of life, material and
spiritual damage to the city and its residents against
possible natural and unnatural hazards (Patton &
Fohnston, 2001; Recchia, 2008; Karashima et al.,
2014). In general, there are different types of
vulnerability that are divided into four main
categories:  physical, social, economic and
environmental (Ahsan & Warner, 2014; Kim &
Marcouiller, 2015). Vulnerability is also classified in
two spectrums, natural and man-made, based on the
origin of the incident (Sennewald & Bailie, 2015). In
this regard, land subsidence is the slow sinking of the
earth's surface as a result of natural factors or human
activities (Corapcioglu, 1984). Even if described as a
moderate and gradual geological process that rarely
causes casualties, land subsidence can be
responsible for significant economic losses in urban
areas (Wu etal., 2009). This issue reaches a new level
of influence in the conditions of climate change,
which is characterized by severe drought and rising
sea levels (IPCC, 2013; Vousdoukas et al., 2017).

Land subsidence is a phenomenon that has been
identified and monitored in many countries (Baer et
al., 2002; Closson et al., 2005; Fares & Rana, 2005;
Paine et al., 2009; Casu, 2009; Castaneda et al., 2009;
Osmanoglu etal., 2011; Chaussard et al,, 2013; Liu et
al, 2014; Qu et al.,, 2014; Ustiin et al., 2015; Yalvac,
2020; Karimzadeh & Matsuoka, 2020) and has left
numerous negative effects on structures, facilities
and vital arteries (Galloway & Burbey, 2011; Tung &
Hu, 2012; Chaussard et al., 2013; Brown & Nicholls,
2015; Corbau et al, 2019; Orhan et al, 2021).
Research results show that subsidence threatens
more than 12 million square kilometers (80%) of the
earth's surface in the world with a probability of
more than 50%. Out of 7343 big cities in the world,
about 1596 big cities (22 percent) are located in
potential land subsidence areas. Also, 19% of the
world's population is at risk from subsidence (Garcia
etal, 2021). Many countries and cities (For example,
the subsidence rate in Tehran/Iran (25 cm),
Yunlin/China (10 cm), Mexico City (9 cm),
California/USA (7 cm), Bologna/Italy (4 cm) and
Karapinar/Turkey (7 cm)) suffer from subsidence of
the earth in the amount of tens of centimeters per
year.

Land subsidence is probably one of the most
visible environmental effects of groundwater
pumping. Globally, the demand for fresh water is the
main cause of this phenomenon (Oruji et al,, 2019;
Poland, 1984; Amelung et al., 1999; Mayoral et al,,
2019). Land subsidence caused by the drainage of
the aquifer system can reach total values of up to
14.5 meters (Guzy & Malinowska, 2020). Land
subsidence is characterized by slow movements that
usually cover large areas and include agricultural
and economic activities, as well as buildings, cultural
heritage and linear infrastructure, which cause
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significant economic losses (Ezquerro et al., 2020).
Geological disasters caused by surface deformation
are common, especially in urban areas, which
seriously hinder the sustainable development of
urbanization. Monitoring and analysis with high
spatial and temporal resolution is especially
important for assessing the risk of geological
disasters caused by urban transformation (Hu et al,,
2022). Land subsidence has harmful consequences
on the constructions on the soil and the vital arteries
buried in the soil. If the process of withdrawing
water from an aquifer continues, this phenomenon
can cause the loss of the efficiency of structures and
vital arteries, and the result will be a crisis in the
region (Baum et al, 2008; Bott et al,, 2021). The
effect of land subsidence can be seen mainly from
four aspects: 1) Damage to infrastructure, e.g.
pipelines, buildings and dams; 2) Reducing the
serviceability of roads and railways due to the
deformation of the road surface and railway
foundations (Chen et al., 2020); 3) Increased flood
exposure (Du et al,, 2018); and 4) It may become a
channel for the penetration of ground pollution
sources into underground sources and cause
groundwater pollution (Hussain & Abed, 2019;
Zhang, 2019). Despite the studies conducted on land
subsidence issues, many studies have not been
conducted on the effect of land subsidence on the
urban fabric and its components (Table 1). For this
reason, it is felt necessary to deal with the effect of
land subsidence on the urban fabric - which can
endanger the lives of millions of people - in order to
better understand the effect of this phenomenon.
Due to the wuncontrolled extraction of
groundwater, Iran is currently one of the countries
with the highest annual subsidence rate (25 cm of
subsidence per year) (Garcia et al., 2021). Excessive
extraction of water from underground aquifers
during decades for agricultural and industrial
purposes has caused severe land subsidence in many
plains of Iran (such as Marand plain (Roustaei &
NajafVand, 2022), Ardabil plain (Abedini et al,
2022), Kashan plain (Saqazadeh et al., 2022), central
plain of Qain city (Hosseinzadeh et al, 2022),
Hashtgerd plain (Mehrnour et al., 2022), Sarab plain
(Asghari Saraskanroud et al., 2022), Isfahan (Azarm
et al,, 2022), Hamedan urban area (Ganjaian et al,,
2022), Qara Balag plain of Fars Province (Yamani et
al, 2009), Rafsanjan plain (Motagh et al, 2017),
Neyshabour (Dehghani et al, 2009), Tehran plain
(Azadnejad et al., 2020), Qazvin plain (Babaei et al.,
2020) and Neishabor plain (Rezaei et al., 2020)). In
the meantime, the southwest plain of Tehran is one
of the areas that is facing a decrease in the level of
underground water, and as a result, signs of
subsidence can be seen in this area (Mahmoudpour
et al,, 2016; Country Mapping Organization, 2018)
and this issue is a serious threat to the urban and
industrial fabric and body as well as the agricultural
lands of this region. In this regard, district 17 of
Tehran is one of the areas where land subsidence has
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occurred (SharifiKia et al.,, 2013) and is subsiding at
a rate of 1 to 25 cm (Karimi et al., 2014; Country
Mapping Organization, 2018). The possibility of
simultaneous subsidence with an earthquake due to
the proximity of the 17th region to the active Ray
fault (as a trigger for landslides) makes this region
susceptible to a severe disaster with high human

casualties. Therefore, the main goal of this research
is to measure the vulnerability of the urban fabric in
the face of land subsidence, and to achieve this goal,
the urban fabric of the 17th district of Tehran has
been selected. The tools used in this research to
measure the vulnerability of the urban fabric are
network analysis (ANP) and GIS.

Table 1. Some studies done in relation to land subsidence

Researchers

The subject of research

Pratt and Johnson
Terzaghi, 1923

Gambolati and
Freeze

Poland

Feth, 1949

Holzer and
Pampeyan

Baum et al.

Gutierrez et al.

Chaussard et al.

Castellazzi et al.

Herrera Leon et al.

Oruji et al.
Aslan et al.

Ciampalini et al.

First observation of subsidence associated with subsurface processes (Pratt and Johnson, 1926)
The first milestone in the theory of aquifer consolidation due to groundwater pumping
(Gambolati et al., 2015)

The first mathematical modeling of subsidence (Gambolati et al., 2015)

Acceptance of concepts related to land subsidence and water harvesting thanks to the substantial
contributions of Polland (Poland, 1958, 1960, 1961; Poland and Davis, 1956, 1969; Poland et al.,
1959; Poland and Green, 1962)

Observation of ground ruptures related to ground subsidence (Holzer and Davis, 1976; Holzer et
al, 1979)

Holzer and Pampian recognized that fissures were caused by human factors (Jachens and Holzer,
1979; Holzer and Pampeyan, 1981; Jachens and Holzer, 1982)

Loss of efficiency of vital structures and arteries under the influence of land subsidence (Baum et
al, 2008)

Investigating the impact of subsidence on a building with 100 apartments using geophysics and
trenching techniques (Gutierrez et al., 2009)

Heavy rains associated with monsoon and tropical storms, lack of coastal or river defenses, as
well as limited evacuation potential, increase the vulnerability of Indonesian cities to land
subsidence (Castellazzi et al., 2013)

Correspondence between recent changes in subsidence rate with geological data in large cities of
central Mexico (Castellazzi et al, .2016)

Investigating the relationship between natural factors and human factors as the causes of
subsidence (Herrera Leon et al., 2018)

The most important reason for land subsidence is excessive extraction of underground water
tables (Oruji et al.,, 2019)

Correlation between subsidence and changes in groundwater depth (Aslan et al., 2019)
Subsidence analysis of a recently built cargo terminal (Guasticce Terminal) in the Tuscany region
(Central Italy) (Ciampalini et al., 2019)

Assessing the vulnerability of buildings due to ground subsidence in the historic city of Pistoia,

Ezquerro etal. Italy (Ezquerro et al, 2020)

Orhan et al.
Garcia et al.

Correlation between subsidence and changes in groundwater depth (Orhan et al., 2021)
Mapping the global threat of land subsidence (Garcia et al., 2021)

2. THESTUDY AREA

District 17, as one of the 22 districts in the
southwest of Tehran metropolis (Figure 1), islocated
on the bed of its alluvial plain. With an area of 824
hectares (equivalent to 1.15% of the total land of
Tehran's legal boundaries), this area is the smallest
and densest area of Tehran after area 10, which has
3 districts and 14 neighborhoods (Azizzadeh et al,,
2016). The population of the region in 2022 is
278,354 people with a net population density of 668
people per hectare. District 17 is referred to as the
densest district of Tehran (having a population
density four times that of other districts). Desolation
(weariness of 70% of buildings) and severe density,
unstable and irregular wurban fabric, severe
interference of uses, irregular street construction
and nested alleys with narrow and long passages and
heavy traffic of vehicles are among the distinctive
features of this area (Table 2).

Table 2. Characteristics of district 17 of Tehran city

Characteristics District 17 Percent
Area 824 hectares 100
The area of built up land 774 hectares 94
Residential area 417 hectares 54
Area of worn tissue 684 hectares 88

Population 278354

Region 17 is affected by three faults north of
Tehran, south and north of Ray, and from this point
of view, it is considered one of the most vulnerable
areas of Tehran in dealing with accidents caused by
earthquakes. The lands of this region are located on
a bed of stones resulting from the aggregation of
volcanic rocks, which consists of sedimentary
alluvium of Tehran lands and clay forms a major part
of it (Asgari et al,, 2002: Site of Region 17 of Tehran
Municipality, 2002).
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Figure 1. Geographical location of district 17 of Tehran city

3. METHODOLOGY

The purpose of this research is to measure the
vulnerability of the urban fabric of the 17th district
of Tehran in the face of land subsidence, which was
realized in the form of an analytical model in four
steps (Figure 2). In the first step, identification and
classification of vulnerability indicators of the urban
fabric was done based on three physical and
demographic criteria, accessibility and proximity to
high risk centers by reviewing the latest research. In
the second step, using a questionnaire tool and a
survey of 30 experts and people knowledgeable
about the research topic, the priorities of the
vulnerability of the urban fabric in the face of land
subsidence were determined. In the third step, the
analytical model was defined based on the ANP
network analysis method, and the weight of each of
the sub-criteria and criteria was obtained using
Super Decision software. Also, specific weights
obtained from ANP modeling were applied to the
spatial layers of the region. In the fourth step, these
weights were applied to each of the layers related to
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the criteria in the ArcGIS software environment, and
along with that, the layers were combined. Finally,
the final urban tissue wvulnerability map was
obtained as a raster in the geographic information
system. The process of conducting research using the
combined Delphi method and network analysis
(ANP) has been proposed by researchers in different
ways. The basis of this research is a combination of
Fowles, 1978 and Cheng Eddie, 2007 and Saaty,
2005. The basis of the Delphi method is that the
opinion of the experts of each scientific field is the
most correct opinion regarding the prediction of the
future; Therefore, unlike survey research methods,
the credibility of the Delphi method does not depend
on the number of participants in the research, but on
the scientific credibility of the experts participating
in the research. In this study, according to the use of
paired comparisons questionnaire and network
analysis method and the need to use the opinions of
experts, 30 university professors, crisis and
unforeseen events organization, environmental
organization and municipality who were highly
familiar with land subsidence issues , were selected
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as samples by a purposeful method of judgment. For
this purpose, a Delphi questionnaire and finally a
pairwise comparison questionnaire were designed
and distributed among experts.

Identifying the vulnerability indicators of the urban fabric
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Figure 2. Analytical model for assessing the vulnerability of the urban fabric of the 17th district of Tehran in the

face of land subsidence

3.1. Introducing the Criteria and Indicators for
Measuring the Vulnerability of the Urban Fabric

Examining the opinions of experts in this study
indicated that among the indicators considered for
physical and demographic criteria, five basic
indicators are 1. quality of buildings, 2. building
density, 3. population density, 4. width of roads and
5. The skeleton of the building has been determined.
Also, among the indicators considered for the access
criteria, three basic indicators have been
determined: 1. Access to medical centers, 2. Access
to the fire station, and 3. Access to open and empty
spaces. On the other hand, among the indicators
considered for the criterion of proximity to high risk
centers, four basic indicators 1. proximity to gas
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stations, 2. proximity to gas pumps, 3. proximity to
electric substations, and 4. proximity to high-risk
industrial centers were determined. (Table 3). In
order to measure the level of vulnerability and
within the framework of the proposed criteria, the
determined indicators need to be conceptualized in
order to make a quantitative judgment about
measuring the level of vulnerability:

3.1.1. Quality of the building

The higher the strength of the building and the
more durable materials it is made of, the less
vulnerable it will be (Ahdanjadrosheni et al., 2014;
Tavakoli & Akbarpour, 2010; Siyami et al.,, 2013).
The quality of buildings and their construction is one
of the factors affecting the resistance of urban
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buildings against the pressures. From this point of
view, urban buildings can be divided into three
categories: newly built, renovated and demolished
(Farzamshad & Iraqizadeh, 2011; MohammadiDeh-

Ceshmeh, 2012; Ebrahimian-Qajari et al., 2013).

3.1.2. Building density

[t is an important indicator that increases the
probability of destruction and vulnerability. By

dividing the city into a grid of 250x250 meters, the
grids with the number of buildings up to 75 buildings
will be low vulnerability, 75-150 buildings in each
grid will be medium vulnerability and 150-300
buildings will be high vulnerability (Siyami et al.,
2013; Ebrahimian-Qajari et al., 2013).

Table 3. The criteria and indicators for assessing the vulnerability of the urban fabric

The degree of vulnerability

Q
e
= .
E' Indicator Low Mediocre High Source
=
Tavakoli & Akbarpour, 2010
Farzamshad & Iragizadeh, 2011
1 . Newly . . MohammadiDeh-Ceshmeh, 2012
Building quality built Restoration Destructive Siyami et al, 2013
Ebrahimian-Qajari et al., 2013
< Ahadanjadroshani et al,, 2014
= Building Siyami etal,, 2013
< - - -
z density 0-75 75-150 150-300 Ebrahimian-Qajari etal,, 2013
QO
= . Less than 100-200 More than Peacock et al., 1997
= population 100 people Enarson & Morrow, 1998
a ) people per 200 people .
a density per Tierney, 2006
) hectare per hectare
5 hectare Habibi et al., 2008
o . .
p Dead end, Azli-lzzilzlzbl;;rtneg.f,aiog (?11
4= The width of More than 9-14 6-9 meters, . . ’
& the passages 14 meters meters under 6 Slyami etal, 2013
meters Ebrahimian-Qajari et al,, 2013
Alikhani et al., 2017
Okada & Takai, 2000
The skeleton of . Hatami-Nejad et al.,, 2009
the building Concrete Metallic Other Firouzi et al,, 2013
Ebrahimian-Qajari etal., 2013
Access to Less than 200-500 More than Azizi & Barnafgr, 2011
. Farzamshad & Iragizadeh, 2011
medical centers 250 meters meters 500 meters . .
- Siyami etal,, 2013
3 i More than
e Af:cess .to the Less than 750-1500 1500 Siyami etal, 2013
@ fire brigade 750 meters meters
meters
Access to open, Less than 250-500 More than . .
empty spaces 250 meters meters 500 meters Siyami etal, 2013
Petrol station More than 75-150 Less than
. g_ 150 meters meters 75 meters
z E Gas station More than 50-100 Less than Azizi & Barnafar, 2011
9 % 100 meters meters 50 meters Siyami etal,, 2013
2 g Electricity More than 50-100 Less than
3 = substation 100 meters meters 50 meters
= Industrial More than 200-400 Less than Research brocesses
centers 400 meters meters 200 meters P

3.1.3. Population density

Population density is generally considered as a

factor that aggravates the vulnerability of urban
tissues (Habibi et al, 2008). Obviously, with the
increase in population density, vulnerability also
increases (Peacock et al,, 1997; Enarson & Morrow,
1998; Tierney, 2006).

3.1.4. Width of roads

The smaller the width of the road, the more
likely it is to be vulnerable, because with the collapse
of the debris in the roads, it becomes difficult to
provide assistance. Also, the greater the width of the
roads, the less the possibility of passing traffic
(Habibi et al, 2008; Azizi & Barnafar, 2011;
Ebrahimian-Qajari et al., 2013).
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3.1.5. Building skeleton

The resistance of all types of buildings can be
defined by the intensity of the incoming loads, and
the vulnerability of the building is one of the main
factors affecting human casualties. Therefore,
analysis of building safety against accidents is a very
important issue (Okada & Takai, 2000). Metal and
reinforced concrete skeletons have less vulnerability
than other materials, brick and stone skeletons have
medium vulnerability and wooden, cement block,
clay and mud skeletons have high vulnerability
(Hatami-Nejad et al, 2009; Firouzi et al, 2013;
Ebrahimian-Qajari et al., 2013).

3.1.6. Access to medical centers

Access to medical centers speeds up rescue
operations and service delivery. In this way, by
moving away from medical centers, the possibility of
vulnerability increases (Azizi & Barnafar, 2011;
Farzamshad & Iraqizadeh, 2011; Siyami et al., 2013).

3.1.7. Access to the fire station

Proper access to relief centers can reduce the
damage caused by land subsidence (Siyami et al,,
2013).

3.1.8. Access to open and empty spaces

Appropriate distribution of places that have the
ability to temporarily accommodate people, reduces
damage during and after an accident. These spaces
include green spaces, open spaces and indoor sports
halls in cities (Siyami et al., 2013).

3.1.9. Adjacent to petrol stations, gas stations and
industrial centers

At the city level, fuel storage tanks, gas stations
and centers that have the potential to release a lot of
energy can be considered as harmful uses (Azizi &
Barnafar, 2011; Siyami et al., 2013).

3.2.Hierarchical Analysis

Analytic Network Process (ANP) is a multi-
criteria decision-making method that is very similar
to Analytical Hierarchy Process (AHP) and in better
words, it is an extended form of Analytical Hierarchy
Process. The main difference between the network
and hierarchical analysis methods is in the structure
of the model definition and the relationship between

its elements. This relationship in the hierarchical
analysis method is only independent, while in the
ANP method, this relationship can be both
independent and dependent. This feature causes
dependencies and feedbacks between criteria and
sub-criteria to be systematically checked (Chung &
Lee, 2005). The network analysis method considers
the complex relationships between decision
elements by replacing the hierarchical structure
with a network structure. For this reason, in recent
years, the use of ANP has increased in most fields
(Zebardast, 2011). In the process of network
analysis, as in the process of hierarchical analysis,
the comparative spectrum of 1-9 is used. This scale
of comparison enables the decision maker to
intuitively unite knowledge and experience and
determine how many times one element is dominant
over another element in terms of criteria. The
decision maker has the possibility to express his
preference in the form of each pair of elements

verbally, equal importance, relatively more
important, more important, very important,
absolutely important. In the next step, these
descriptive preferences are translated into

numerical values of 3, 1, 5, 7, 9 respectively. Values
4, 2, 6, 8 are also used as median values in
comparison between two consecutive judgments.
The reverse of these numbers is used for the other
side of judgments.

As mentioned earlier, in order to measure the
vulnerability of the urban fabric of the 17th district
of Tehran in the face of land subsidence, after
determining the indicators using the Delphi method
and preparing information layers, the ANP method
was applied to the data. Then, the weight of each of
the sub-criteria and criteria was determined and
entered into the Super Decision software (Tables 4
and 5).

Table 4. The matrix of pairwise comparisons and the
weight of the main criteria

Adjacent
Criteria Physical anfi Access to high Fil.lal
demographic risk weight
centers
Physical an.d 1 7 8 0/757
demographic
Access 1/7 1 6 0/188
Adjacent to
high risk 1/8 1/6 1 0/055
centers
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Table 5. Calculated threshold super matrix for measuring urban tissue vulnerability

Physical and demographic Access criteria Neighborhood criteria with
criteria high risk markers
o = =
— = = o =
g-l é.'_:l. § i gg I § a § 2 E i ) v ® 0:?—
S |ma |58 g o = 9 71
e 2Pz e 275 |2]8 |72
sz |2 3| | 2] 5]l ¢E |23 | &
S| | & | R g| B 5| =7 =
Building quality [0/214 |0/214|0/214|0/214 [0/214|0/214|0/214 |0/214| 0/214 |0/214|0/214 |0/214
§ Building density |0/241(0/241[0/241 [0/241 |0/241|0/241|0/241 [0/241| 0/241 (0/241|0/241 |0/241
o X i
® < Population 5,193 /12307123 [0/123|0/123 0/123 |0/123 [0/123 | 0/123 |0/123|0/123 |0/123
S density
S 5 :
Z & | Thewidthofthe |, ,1.910/119(0/119]0/119 [0/119 Jo/119 [0/119]0/119 0/119 lb/119]0/119 [0/119
] passages
g The skeleton of
5. the building |0/ 126 [0/126{0/126 |0/1260/1260/126 0/126|0/126 | 0/126 (0/126|0/126 | 0/126
a Access to
2 edival centers 07051 [0/051{0/051 |0/051{0/051 [0/051]0/051|0/051| 0/051 {0/051|0/051 |0/051
=] Access to the
5 fre station 07021 [0/021]0/021 0/021|0/021 [0/021 |0/021 |0/021| 0/021 |0/021|0/021 |0/021
® Acce:;;‘c’:pe“ 0/044 |0/044 |0/044 [0/044 |0/044 |0/044 [0/044 |0/044 | 0/044 [0/044|0/044 | 0/044
S Petrol station |0/016|0/016/0/016/0/016]0/016]0/016]0/016]0/016] 0/016 |0/016|0/016 [0/016
?_:- é’q&:. gas station 0/019(0/019(0/019(0/019 |0/019]0/019 (0/019 |0/019] 0/019 [0/019|0/019 |0/019
5 B = Substation  |0/011[0/011|0/011 [0/011 |0/011]0/011|0/011 [0/011] 0/011 [0/011|0/011 [0/011
&’; i 9:~§ High-risk
=
3 =8 industrial ~ [0/015(0/015 |0/015 |0/015 [0/015 |0/015 |0/015 [0/015| 0/015 [0/015|0/015 |0/015
E centers
The weight obtained from ANP modeling was ... 532200 532900 533600 534300
applied to the input layers. In the end, the final map &1 N
to determine the vulnerability of residential use was ’ A
obtained in the form of a grid. By examining the
vulnerability assessment model, it was found that §
vulnerability criteria and indicators do not have the 3]
same importance. Meanwhile, the physical and
demographic criterion with a weight of 0.757 has the
highest value in measuring vulnerability. Also, gl
among the analyzed indices, the building density 3
index with a weight of 0.241, the building quality
index with a weight of 0.214, the building skeleton
index with a weight of 0.126, the population density §-
index with a weight of 0.123 and the road width =
index with a weight of 0.119 respectively has the
highest value in measuring the level of vulnerability 2
from the point of view of experts and people aware g
of the issue of land subsidence. Legend
4. RESULTS - High vulnerability
g‘ | Moderate vulnerability S AGTSE A i ”
There are 5 CNG stations in the studied area and & | I Low vunerabilty —_——
according to the standard distance of 50 meters,
about 4.19 hectares (0.54%) of the built-up lands are Figure 3. Vulnerability map due to CNG explosion
in the radius of high vulnerability (Figure 3).

There are 3 petrol stations in the studied area,
and according to the existing standard, the built
structure that is less than 75 meters from the gas
station has a high vulnerability, and according to this,
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about 3.5 hectares ( 0.68 percent) of the total built-
up land area of the region are in the high
vulnerability range (Figure 4).

531500 532200 532900 533600 534300

N

A

3947700

3944100

Legond
- High vuinerabiity
§_ [ Moderate vuinecabday 001503 06 00 12
e e e
dl )

Figure 4. Vulnerability map due to petrol station
explosion

There are 6 high-risk industrial centers in
region 17, which according to the standards of the
Ministry of Energy and Industry, about 12.57
hectares (1.62 percent) of the total built-up land area
of the region are in the high vulnerability range
(Figure 5).

531500 532200 534300

3947700

3946800

3945000 3945900

3944100

[ [pee——
& | [ ooerste vmaransey dames o w u
g' e e e
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“

Figure 5. Vulnerability map according to the
distance from high-risk industrial centers
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Also, there are 79 electricity substations in the
study area, which according to the 50 meter distance
standard, about 62.6 hectares (8.09%) of the total
built-up land area of the region is in the radius of
high vulnerability (Figure 6).

531500 532200 532900

3947700

3944100

Legend
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e — e

o
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Figure 6. Vulnerability map due to the explosion of
electric substations

In total, by analyzing the criteria indicators of
proximity to high risk centers, it was determined
that out of the total area of built-up lands in Region
17 (774 hectares), about 85 hectares (11 percent) of
built-up lands are in the danger radius with high
vulnerability. Based on the index of access to medical
centers, a total of 262 hectares (32%) of the total
area of Region 17 are outside the radius of effective
access (with a distance of more than 500 meters)
from medical centers (Figure 7).
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Figure 7. Vulnerability map according to access to
medical centers

There have been 2 fire stations in region 17,
which are located in about 114 hectares (14 percent)
of the total built-up area of the region outside the
effective access radius (with a distance of more than
1500 meters) from the fire station (Figure 8).
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Figure 8. Vulnerability map according to access to
the fire station

Access to open and empty places is another
indicator that can be effective in reducing human
injuries during and after a crisis. Examining this
index in the studied area shows that in region 17,
about 62 hectares (7.5 percent) of the entire area are
outside the radius of effective access (with a distance

of more than 500 meters) of open and empty spaces
(Figure 9).
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Figure 9. Vulnerability map according to access to
armless spaces

By examining the building quality index in
region 17, it was found that 491.2 hectares (63.4
percent) of the total built-up land have dilapidated
buildings (high vulnerability) (Figure 10).

8 531500 532200 532900 533600 534300
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Figure 10. Vulnerability map according to building
quality

The above percentages show that the vast
majority of existing buildings in area 17 have a worn
texture and in case of land subsidence in this area,
we will witness a human disaster.
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In terms of building density index, district 17
has a high building density and has a high percentage
of vulnerability. Of the total area of built-up land in
Region 17, about 464 hectares (60%) have high
density, 52 hectares (7%) have medium density and
258 hectares (34%) have low density (Figure 11).

3 §31500 532200 532900 533600 534300
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Figure 11. Vulnerability map according to building
density

The road width index is an important index that
will play a very important role in the event of a
disaster in an area. Surveys showed that of the total
area of built-up land in Region 17, 269 hectares
(35%) have low vulnerability, 185 hectares (24%)
have medium vulnerability, and 321 hectares (42%)
have high vulnerability. The above survey shows that
more than 66% of the studied area has narrow
passages and no access hierarchy, and in case of land
subsidence, many problems will be created for
residents to escape from the danger area (Figure 12).
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Figure 12. Vulnerability map according to the width
of the roads

The building skeleton is another important
indicator that can be effective in reducing human
injuries during a crisis. Examining this index in the
studied area shows that about 364 hectares (47%) of
the constructed buildings have concrete skeletons,
145 hectares (19%) of the constructed buildings
have iron and brick skeletons, and 267 hectares
(35%) of the existing buildings have an
unsustainable and weak skeleton and are highly
vulnerable (Figure 13).
8 531.600 532‘200
g.
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Figure 13. Vulnerability map according to the type
of skeleton of buildings
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The most influential indicator for measuring the
vulnerability of urban tissue in the face of land
subsidence is population density. In region 17, the
population density is 668 people per hectare, and
more than 161,047 people (58%) of the total
residents of this region are at high risk in case of land
subsidence. Excessive population density has greatly
increased the vulnerability of region 17 and this
region has the potential of a human and
environmental disaster in case of land subsidence
(Figure 14).
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Figure 14. Vulnerability map
population density

according to

4.1. Combining the Layers and Preparing the
Final Vulnerability Map of the 17th District of
Tehran

By overlapping the vulnerability layers with
area 17, the vulnerability status of this area was
determined in three levels: low, medium and high.
The investigations of this research showed that a
high percentage of the built-up lands in the 17th
region have characteristics such as worn texture,
buildings with low structural strength, very low
construction quality of buildings and high density of
buildings and population and are prone to high
vulnerability. Based on this, from the total area of
region 17 (824 hectares), about 166.8 hectares
(20.2%) are in the low vulnerability range, 92.5
hectares (11.2%) are in the medium vulnerability
range and 564.5 hectare (68.5 percent) is in the
range of high vulnerability in case of land subsidence
(Figure 15). In total, 657 hectares (80 percent) of the
built-up lands in Region 17 are under the influence
of land subsidence.
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Figure 15. Vulnerability map of the urban fabric of
the 17th district of Tehran in the face of land
subsidence

5. CONCLUSION

The phenomenon of land subsidence affects the
structure, texture and components of a city, but
many studies have not been done on the effect of this
phenomenon on the urban fabric. In particular, this
research has used ANP network analysis and GIS
software to assess the vulnerability of the urban
fabric of the 17th district of Tehran in the face ofland
subsidence. The high population and building
density, existence of dilapidated texture, buildings
with low structural strength, very low construction
quality of buildings, small width of passages and
irregular texture and lack of access hierarchy, and
the study area is involved with three earthquake
faults makes it important to measure the
vulnerability of the urban fabric of the 17th region in
the face ofland subsidence. In this research, the most
effective criteria and indicators for measuring the
vulnerability of urban fabric under the influence of
land subsidence were introduced using the Delphi
method and the ANP method. According to the
analysis done in ArcGIS software, regarding the
studied area, the following can be mentioned as the
main issues in region 17:
¢ In terms of the criterion of being adjacent to high
risk centers, about 85 hectares (11%) of the total
built-up land area is in the danger radius with high
vulnerability.

¢ In terms of the index of access to medical centers,
about 262 hectares (32%) of the total area of the
region are outside the radius of effective access.

¢ In terms of access index to the fire station, about
114 hectares (14%) of the total area of the region
are outside the radius of effective access.

¢ In terms of the index of access to open and empty
spaces, about 62 hectares (7.5%) of the total area
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of the region are outside the radius of effective
access.
In terms of building density index, this area has a
high building density and has a high percentage of
vulnerability.
In terms of road width index, 506 hectares (66
percent) of the total built-up land area of the region
is highly vulnerable. This area has narrow passages
and no access hierarchy, and in case of land
subsidence, many problems will be created for
residents to escape from the danger zone.

According to the building skeleton index, 267

hectares (35%) of the built buildings have weak

and weak skeletons and are highly vulnerable. Also,
most of the concrete and metal structures are old
and have low construction quality.

« In terms of the population density index, more than
161,047 people (58%) of the residents of this
region are exposed to high vulnerability.

¢ In terms of building quality index, more than 491
hectares (63%) of the existing buildings have worn
texture and have a high percentage of vulnerability.

By overlapping the layers of vulnerability with
the 17th district of Tehran, the vulnerability status of
the region was determined in three levels: low,
medium and high. The results of this research
showed that a high percentage of built-up land in this
region has characteristics such as high population
and construction density, the presence of worn-out
texture, buildings with low structural strength, very
low construction quality of buildings, small width of
roads and irregular texture. Based on this, land
subsidence has exposed 657 hectares (80 percent) of
the lands of the 17th district of Tehran to high
vulnerability. Considering the importance of the
issue of land subsidence and the need for the
country's crisis management authorities to address
this issue, the following executive-operational
solutions are suggested to prevent the possibility of

a crisis:

- Injection of double frames to places with
subsidence using jet grouting or micropile
methods;

- The use of geosynthetics under surface foundations
in order to reduce the impact of subsidence on
the structure;

- Injecting and pumping water inside the ground in
order to reduce the subsidence rate;

- Using flexible foundations during new
constructions in areas prone to subsidence; and

- Prohibition of construction in areas with severe
subsidence.
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Derin Ogrenme Niifus artis, kentsel bolgelerde plansiz yapilasmanin ortaya ¢ikmasina yol agmaktadir.
U-Net mimarisi Bu durum diinya genelinde bir sorun haline gelmistir. Bu alanlarin belirlenmesi ve tespit
Goktiirk-1 Uydu Goriintiisii edilmesi, kentsel yonetim ve yeniden yapilanma planlamasi i¢in biiyiik 6neme sahiptir.
Bina ¢ikarimi Ancak bu islemler, arazide maliyetli ve zaman alic1 olabilmektedir. Uzaktan algilama

goriintiileri kullanarak kentsel ve kirsal bolgelerde plansiz yapilan binalar1 otomatik
olarak tespit etmek ve karakterize etmek olduk¢a zordur. Son zamanlarda, derin
o0grenme yontemleri sayesinde karmasik binalarin tespiti miimkiin hale gelmistir. Bu
calismada, Ankara'nin Etimesgut ilgcesinden bir bolgenin bina ¢ikarimi islemi, U-Net
derin 6grenme mimarisi kullanilarak gerceklestirilmistir. islem icin Inria Aerial Image
Labeling adli hazir bir veri seti kullanilmistir. Egitim islemi icin farkli sayida goriintii
(500, 1000, 2500, 5000) secilmistir. En iyi 6grenme sonucu, 0.5 m uzamsal ¢6ziintirlige
sahip Goktiirk-1 uydu gortintiileriyle test edilmistir. Sonuclara gore, U-Net modelinin
bina segmentasyonunda Jaccard katsayisi 0.862, Dice benzerlik orami 0.813 olarak
bulunmustur. Hazir veri seti kullanilarak U-Net modelinin derin 6grenme yontemleri
icin kullanilabilir oldugu kanitlanmistir. Bu ¢alisma, kentsel alanlardaki binalarin tespiti
ve haritalanmasinda derin 6grenme yontemlerinin etkinligini ve potansiyelini
gostermistir.

Segmentation of Buildings Using U-Net Model from Goktiirk-1 Satellite Images

Keywords: ABSTRACT

Deep Learning The increase in population has led to unplanned urbanization in urban areas, becoming
U-Net Model a global issue. The identification and detection of these areas are of great importance for
Gokturk-1 Satellite Image urban management and redevelopment planning. However, these processes can be
Building Detection costly and time-consuming when conducted on-site. Automatic detection and

characterization of unplanned buildings in urban and rural areas using remote sensing
imagery is a challenging task. Recently, with the advancements in deep learning methods,
the detection of complex buildings has become possible. In this study, the building
extraction process of a region from the Etimesgut district of Ankara was performed using
the U-Net deep learning architecture. The Inria Aerial Image Labeling dataset, a publicly
available dataset, was used for the process. Different numbers of images (500, 1000,
2500, 5000) were selected for the training process. The best learning outcome was tested
with Goktiirk-1 satellite imagery with a spatial resolution of 0.5 m. According to the
results, the U-Net model achieved a Jaccard coefficient of 0.862 and a Dice similarity
coefficient of 0.813 for building segmentation.The effectiveness and potential of deep
learning methods were demonstrated using the U-Net model with the available dataset.
This study showcased the efficiency and potential of deep learning methods in the
detection and mapping of buildings in urban areas.
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1. GiRis

Son yirmi yilda insan niifusu giderek artmakta
ve sehirlesme s6z konusu olmaktadir. Sehir
planlamalarinin yapilmasinda, afet alanlarinin tespit
edilmesinde ya da =zamansal olarak kentsel
degisikliklerin izlenmesi gibi ¢alismalarda binalarin,
yollarin, arazi siiflarinin belirlenmesi 6nem arz
etmektedir. Bina konumlarinin, geometrik
yapilarinin belirlenmesi ve haritalanmasi1 bir¢ok
disiplin i¢in altlik olarak kullanilmaktadir. Bozulan
kentsel alanlarin yeniden yapilandirilmasi, plansiz
yerlesim alanlarinin  tespit edilmesi sehir
planlamacilar1 ve belediye c¢alismalarinda gerekli
olmaktadir (Kuffer vd., 2016; Mahabir vd., 2018;
Wurm vd.,2019).

Ornegin; calisma alani olarak secilen Ankara’nin
baz1 bolgelerinde yiiksek katli binalar, bazi
kisimlarinda tek katli bahgeli yapilar bulunurken,
baz1 kisimlarinda da gece kondu mahalleleri
bulunmaktadir. Bu durum sehrin fiziksel ve gorsel
algisini bozmaktadir. Bu tarz yapilarin belirlenmesi,
kentsel ya da kirsal alanlardaki binalarin tespiti,
konumlandirilmasi, Oznitelik bilgilerinin
belirlenmesi ve sayisallastirilmasi islemi arazide
yapilan saha ¢alismalarina dayanmaktadir (Wurm
vd., 2019). Kentsel bolgelerdeki bina yogunlugunun
fazla olmasi nedeniyle saha calismalarinin siire
bakimindan yavas olmasina buna baglh olarak fazla
bir maliyet ve emek gerektirmektedir. Bu sebepten,
uydu goriintilerinin mekansal ¢6ziinirliginiin
artmasi ile kentsel alanlarda bina gibi yapilarin,
ulasim hatlarinin otomatik olarak algilanmasina
yonelik  ¢alismalar  uzaktan algilama ile
yapilabilmektedir. Bu teknoloji sayesinde diisiik
maliyet ile biiyiik alanlara ait bilgiler kisa siire
icerisinde elde edilebilir. Ayrica yapilan isin stirekli
glincel olmasi da saglanmis olur (Pan vd. 2020;
Wurm vd., 2019). Fakat, goriintii iizerinde bulunan
meydanlar, yollar gibi detaylar renk (spektral) ve
sekil itibariyle bina 6zelliklerine benzemektedir. Bu
karmasik arka plan nesneleri binay1 tespit etmede
zorluk haline getirmektedir.

Bu nedenle kentsel alanlardaki binalarin tespit
edilmesi ve wuzaktan algillama tekniginden
yararlanilarak harita iiretim islemi Onem arz
etmekle birlikte literatiirde uzun bir ge¢mise
sahiptir. Yiiksek yapili binalar ya da boélgedeki bina
miktarinin  yogunlastignt kisimlarda, geleneksel
goriintli segmentasyon ya da smiflandirma
yontemlerinin siire yoniinden yeterli olmadigi tespit
edilmistir. Bina segmentasyonda, arastirmacilar
piksel tabanl 6zellik tanimlayicilar: tasarlamislardi.
Ornegin; Tuermer vd. (2013), calismada kentsel
bolgelerdeki nesneleri tespit etmek amaciyla egim
histogramint ~ (HOG-Histogram  of  oriented
Gradients) kullanmiglardir. Zhang, vd. (2011)
¢alismada ise, bina ¢ikarim islemi icin renk, doku ve
sekil 6zellikleri birlestirilerek daha iyi siniflandirma
performansina ulasabilmeyi hedeflemislerdir. Klasik
yontemlere ek olarak, son zamanlarda, bu alanda
yapilan calismalarda makine 6grenmesi ve derin
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o0grenme yontemleri popiilerlik kazanmistir. Mitra
vd. (2004) uydu goriintileri kullanilarak yapilacak
denetimli piksel siniflandirmasi ¢alismalarinda
gerekli olan etiketli verinin azlig1 problemini ¢6zmek
amaciyla makine 6grenmesi algoritmasi olan destek
vektor makinesini kullanmislardir. Pal (2005), arazi
siniflarin1 tespit etmek amaciyla rastgele orman
algoritmasini kullanmislardir. Yapilan ¢alismalarda
geleneksel makine o6grenme algoritmalarinin,
coziimleyemedigi ve eksik kaldigi kisimlar oldugu
anlasilmistir. Etiketli veriyi olusturmak icin manuel
bir islem adimi olmast dezavantaj olarak
gorilmektedir. Ayrica bu c¢alismalarda kullanilan
donanimin da iyi olmasi gerekmektedir. Ciinkii
verilerin ya da gorintilerin islenmesi stire
bakimindan 6nem arz etmektedir. Bu nedenle, GPU
hesaplama hizindaki artis, Google Colab GPU
kullaniminin belirli sinirlamalar dahilinde ticretsiz
kullanilmasi  arastirmacilar1  derin  68renme
algoritma yontemlerine yonlendirmistir. Derin
o0grenme algoritmalarindan biri olan evrisimli sinir
aglar (ESA) ozellikle bina ¢ikarimyi, yol ¢ikarimi gibi
nesne ¢ikariminda basarili bir  sekilde
kullanilmaktadir (Kattenborn vd. 2021; X. Li vd,,
2023; Pan vd., 2020; Wurm vd., 2019). ilk olarak
saglik alanindaki goriintiilerde, daha sonra yapilan
calismalarda otonom araglarda, arttirilmis gerceklik
calismalarinda, arazi siniflarinin belirlenmesi gibi
calismalarda ESA tercih edilmektedir (Sariturk &
Seker, 2022). Yontemde ag egitimi icin girdi
verilerine ait etiketlenmis veriler arasinda iliskiler
kurulmaktadir. Ag egitimi kullanilan bilgisayarin
performansina gore degiskenlik gostermekte ve
dezavantaj olarak goriilmektedir (Zhu vd., 2017). Bu
sebepten otiirt farkl ag mimarileri olusturulmustur
ve bunlardan bir tanesi de U-Net mimarisidir.
Gorlintii segmentasyonu icin tasarlanmis ve tam
evrisimli olan bu mimarinin yapis1 kodlayici (sol
taraf)-kod c¢ozlcli (sag taraf) iki ana kisimdan
olusmaktadir. Simetrik yapisindan dolay1 ismini
buradan almistir (Hou, vd., 2021; Ronneberger vd.,
2015).

Kentsel alandaki ¢alismalarda U-Net algoritmasi
kullanilarak birden ¢ok c¢alisma bulunmaktadir.
Temeldeki amag kentsel alanlardaki bina ¢ikarimi
olsa da kullanilan materyal-metot farkh
olabilmektedir. Cesitli uydu gorintiileri, havadan
alinan goriintiiler ya da hava lidar teknolojisinden
yararlanilabilmektedir. ()rnegin; L. Li vd. (2019),
yaptiklart  ¢alismada  Sentinel-1 SAR  uydu
goriintisiinii  kullanirken, Abdollahi ve Pradhan
(2021) ve Wu vd. (2018) hava goriintilerini
kullanarak siniflandirma islemini
gerceklestirmislerdir. Ayrica U-Net ve diger derin
O0grenme algoritmalarin1 gelistirmek amaciyla
kullanicilara  iicretsiz ~ sunulan  veriler de
bulunmaktadir. Massachusetts (Mnih, 2013), Inria
(Maggiori, vd., 2017) ve WHU bina veri kiimeleri (Ji,
Wei, & Lu, 2018) mevcut ve kullanicilara agiktir.

Sinir aglarinin ve uydu verilerinin c¢esitlilik
kazanmasi, erisim imkaninin kolay olmasi nedeniyle
bu calismada, Inria Aerial Image Labeling Dataset
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kullanilmistir. Binalarin segmentasyon islemi U-Net
mimarisi ile gergeklestirilmistir. Bu model
kullanilirken egitim verisinin ve epok sayisinin
sonuclara olan etkisi irdelenmistir. Ek olarak, en iyi
optimizasyon sonucuyla, Goktiirk-1 uydu
goriintusiinden yararlanilarak bina segmentasyonu
islemi gerceklestirilmistir. Calismada mimarinin
olusturulmasi ve egitilmesi, test islemleri MSI diz
tstii  bilgisayarinda  gergeklestirilmistir. ~ Bu
calismanin literatiire katkis1 U-Net mimarisi
kullanilarak ilk kez Goktiirk-1 uydu goriintiisiinden
bina tespiti ¢calismasi gergeklestirilmistir. Yapilan bu
calisma 3 ana kisimdan olusmaktadir. Birinci
bolimiinde, kullanilan veri seti, U-Net mimari ve
cesitli optimizasyon yontemlerinin ag¢iklanmasi,
Ikinci béliimiinde farkl sayida kullanilan veriler ile
epok sayisinin  sonuglart ve Goktirk uydu
gorintiisiinde test edilmesi, son bolimde ise
sonuglar ve tartisma kismidir.

2. YONTEM
2.1. Veri Seti

Calismada egitim verisi olarak “Inria Aerial
Image  Labelling  Dataset  (Etiketli  Hava
Gorlntiisiiniin Veri Kiimesi)” kullanilmistir. Bu veri
seti icerisinde bolgeler yogun niifuslu bolgeler
(Austin, Chicago gibi) ve kirsal kasaba (Avusturya
Tyrol) olacak sekilde farkli alanlari igermektedir
(Maggiori vd., 2017). Bu sayede farkli lokasyonlarda
bulunan, farkli bina tiirlerinin  bulundugu
goriintiilerinin kullanilmas1 modellemenin giiciinii
arttirmaktadir. Kullanilan goriintiiler ve maskeler
5000 x 5000 piksel boyutunda olup, her biri 1500 m
x 1500 m'lik bir alan1 kaplamaktadirlar. Ayrica
birbirleriyle ortiismeyecek sekilde ayarlanmis ve
goriintiilerin mekansal ¢ozintrligi 0,3 m’dir.
Calisma kapsaminda egitim ve test amagcl kullanilan
goriintliler 3 banth (kirmizi, yesil ve mavi) ve tek
bantli maskelenmis gortntiilerdir.

Calismanin son kisminda Inria veri setinde
egitilmis modellerden en yiiksek dogruluklu model
alinarak, Goktirk-1 uydusunda test edilmis ve
sonuglart incelenmistir. Bu uydu 2018 yilinda
firlatismis olup, RGB’de 0.5 m, pankromatikte de 2 m
konumsal ¢oziiniirliige sahiptir. Uydu goriintiisii
Ankara iline aittir. Sehir, Tiirkiye’nin baskenti olup,
kentsel bolgelerde yogun yapilarin yer aldigi, bazi
kisimlarinda ise gece kondu mahallerinin bulundugu
bolgeler incelenmistir. Cogu makalede kullanilan
gorseller temel olarak li¢ kanaldan (Kirmizi, Yesil ve
Mavi) olusur. Bu nedenle ¢alismamizda hem 6rnek
veri setinde hem de Goktiirk-1 uydu goriintiisiinden
RGB goriintiiler kullanilmistir. Calismanin is akis
diyagrami Sekil1’de sunulmustur. Derin 6grenme ag1
egitim ve modellemesi asamalari, dort ¢ekirdekli
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Intel Corei7 islemci, NVIDIA GTX 850M GPU ve 32GB
hafizaya sahip MSI diziistii bilgisayarda yapilmistir.

/
Test Edilmesi ve
Goktirk-1 igin

Uygulanmasi
v

1

Modelin
Olusturulmasi

Egitim Verilerinin Exitilmesi ve
Olusturulmasi =

Kullanilmasi

X
Modelin ‘

PED \

U-Net

5000x5000  5000x5000

256%256 256x256

Sekil 1. Is - akis diyagrami
2.2. U-Net Mimarisi

Calismada U-Net mimarisi kullanilmistir. Bu
mimari yapi, Ronneberger ve digerleri tarafindan
gelistirilmis olan tekrarlayan evrisimli bloklardan
olusan bir sinir ag1 mimarisidir (Ronneberger vd.,
2015Db; Sariturk & Seker, 2022). U-Net mimarisi daha
¢ok segmentasyon, siniflandirma ve goriintiiler
tizerinde ¢alismalar yapmak amagl gelistirilmis bir
gorliintii. segmentasyon algoritmasidir (Yan vd,
2022). Sekil 2’de yapilan ¢alismadaki katman
adimlar1 verilmistir ve modelin ‘U’ harfi seklinde
oldugu acikca gorilmektedir. Kod olusturucu
kisimda egitim verilerinden 6zelliklerin ¢ikartilmasi
saglanir ve bir kodlayici blok dizi araciligiyla giris
goriintiilerinin soyut bir temsilini 6grenir. Her bir
kod olusturucu (enkoder) kisimda ReLU aktivasyon
fonksiyonu tarafindan takip edilen 3x3 evrisim
agindan olusmaktadir. RELU fonksiyonu egitim
verilerinin genellestirilmesine yardimci olurken,
ayni zamanda aginda dogrusal olmamasina imkan
vermektedir. Bu islemlerden sonra ozellik
haritalarinin ya da gorsellerin boyutlarinin yariya
indirildigi 2x2 maksimum havuzlama kismi gelir.
Kod ¢6ziimleyici blok kismi 2x2 evrisim agi ile baslar
ve kodlayict blogun atlamali baglanti 6zellik
haritasiyla birlestirilir. Bundan sonraki her bir
adimda evrisimin ReLU aktivasyon kodu tarafindan
takip edildigi 3x3 evrisim ag1 kullanilir (Atlan, vd,,
2020).

Kod ¢oziicii kisimda ise egitilen verilerin
maskeleri olusturulur. Bu kisim 2x2 devrik evrisim
ag ile baslar. Sonrasinda kod olusturucu bloktaki
ozellik haritasiyla birlestirilir. Bundan sonra, her bir
evrisimin bir ReLU aktivasyon fonksiyonu
tarafindan takip edildigi iki 3x3 evrisim kullanilir.
Son kod ¢6ziiciiniin ¢ikisi, sigmoid aktivasyonu ile
1x1 evrisimden gecer. Sigmoid aktivasyon islevi,
piksel bazinda siiflandirmayr temsil eden
segmentasyon maskesini verir. Olusturulan model
Sekil. 2’de sunulmustur.
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Sekil 2. Calisma da kullanilan U-Net Modelinin Katmanlari

2.3. Optimize Edilen Parametreler

Yapay zeka uygulamalarinda, veri setinin ayni
anda islenmesi ve 6grenme durumu icin model
egitiminde optimizasyon sec¢enekleri vardir. Bunlar;
epok sayisi, batch size ve aktivasyon fonksiyonlari
olarak ifade edilen optimizasyon ydntemleri
bulunmaktadir. ifade edilen seceneklerden herhangi
bir parametrenin degistirilmesi modelin basari
performansini etkilemektedir (0z, 2021).

Batch size genellikle epok sayisi ile karistirilan
iki farkli kavramdir. Batch size 6grenme islemi
sirasinda her iterasyon i¢in hesap isleminin
yapilmasini ifade ederken, epok sayisi da bir
O6grenme icin gerceklestirilecek islemdir. Batch size
birden fazla girdi verisinin parcalar halinde
islenmesini ifade etmektedir. Boylelikle 6grenme
islemi gerceklestirilirken her bir iterasyon isleminde
agirlik degerleri giincellenmekte ve hata oranlari
minimum seviyeye indirgenmektedir. Kisacasi batch
size verilerin her bir adimda islenme miktarini
belirtirken, epok sayisi tam bir egitim veri setinin
kag¢ kez islenecegini belirtir. Ornegin; 2500’liik bir
egitim veri setinin batch size degeri 5 secildiginde,
bu veri seti 500'lik gruplara bdliiniir. 1 epogu
tamamlamak icin de 5 adet batch size isleminin
yapilmasi gerekmektedir.

Bu parametrelerin sabit bir deger secilmesi gibi
bir durum s6z konusu degildir. Modelin performansi
aynt zamanda egitim verisinin boyutlarina ve
6grenme hizina gore degiskenlik gostermektedir.
Batch size degerinin 1 seg¢ilmemesi tavsiye edilir.
Ciinkii, modelin genellestirme yeteneklerini
siirlandirmaktadir (0z, 2021).
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Aktivasyon fonksiyonlari, sinir aglarinda bir
noronun tetiklenip tetiklenmeyecegine karar
vermek amaciyla girdi verilerinin ve agirliklarinin
toplamint hesaplamak igin kullanilan bir islev
gorevindedir (Nwankpa, vd., 2018). Bu nedenle
aktivasyon fonksiyonlarinin se¢imi ve kullanilmasi
derin 6grenme algoritmalarinda 6nemli bir yere
sahiptir (Ramachandran, vd. 2017). Ciinkd,
algoritma igerisinde ¢ok fazla katman (girdi, gizli ve
¢ikis) ve agirliklar tanimlanmaktadir. Ag icerisindeki
her bir katmana aktivasyon islemi uygulanir ki, daha
sonrasinda bu katman bir bagka katman igin giris
katmani olarak kullanilabilsin.

Derin 6grenme algoritmalarinda goriinti, video,
ses gibi karmasik yapidaki bilgeleri aktivasyon
fonksiyonlar1  sayesinde  anlamli  o6zellikleri
¢ikartabilmektedir. Eger bu fonksiyonlar
kullanilmazsa, sinir ag1 sinirli 6grenme giiciine sahip
tek dereceli bir polinom fonksiyonu islemi
yuritecektir. Fakat, girdi verileri sadece dogrusal
yapida olmadigl i¢in, bu durum da agin iyi
egitilememesini ifade eder. Bu nedenle dogrusal
olmayan durumlarinda  6grenilebilmesi igin
aktivasyon fonksiyonlarindan yararlanilmaktadir.
Yapay sinir aglarinda sik¢a kullanilan aktivasyonlar,
sigmoid, tanh, relu ve Leaky ReLu olarak ifade
edilebilir. Aktivasyon fonksiyonlar1 ve matematiksel
modelleri Sekil 3’te sunulmustur. Literatiirde lojistik
fonksiyon ya da ezici fonksiyon olarak da bilinen
(logistic function or squashing function) sigmoid
fonksiyonu karar vermeye yonelik olasiliksal bir
yaklasim olup, [0-1] araliginda deger almaktadir
(Nwankpa wvd. 2018). Eger siirekli tiirevi
alinabiliyorsa, bu fonksiyon girdi verisini 6grenmeye
basladigi anlamina gelmektedir. Derin 06grenme
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mimarilerinde daha ¢ok ¢ikti katmaninda yer
almaktadir (Nwankpa vd., 2018). Tanh fonksiyonu

sigmoid  fonksiyonuna  yapi olarak  ¢ok
benzemektedir. Fakat tanh fonksiyonunda deger
araligt [-1,1] ve orijin etrafinda simetriktir

(Nwankpa vd., 2018). Bu fonksiyonun en énemli
problemi u¢ noktalarda tiirevi sifira yaklasmaktadir.
Bu yiizden modeldeki katman sayisina bakilarak bu
fonksiyon secimi gerceklestirilir. Eger model ¢ok
katmanli bir agdan olusuyorsa sigmoid ve tanh
fonksiyonlarininin  kullanilmamasi tercih edilir.
Daha c¢ok evrisimli sinir aglarinda tercih edilen ReLu
fonksiyonu tanh ve sigmoid fonksiyonuna gore daha
verimli ve hizli ¢alismaktadir (Ramachandran vd.,
2017; Zeiler vd., 2013). Buneden ara katmanlarda bu
fonksiyon tercih edilmektedir. Tanh fonksiyonunun
tersine ReLu fonksiyonu ¢ok katmanli sinir aglarinda
tercih edilmektedir. Fakat, ReLu fonksiyonu da geri
yayilim sirasinda pozitif oldugu durumda aktif islem
gerceklesirken, negatif oldugu durumda sadece sifir
olmas1 dezavantaji olarak karsimiza c¢ikmaktadir
(Madhu, vd., 2023). Leaky (s1zint1) ReLu ise, ReLu
fonksiyonundaki smirlamayr kaldirmak amagh
gelistirmis olup, sifir olmayan bir gradyana sahiptir
(Maas, vd., 2013).

et —e~%
e’ +e?

o(z) =

Leakly RelLu

0(z) = max(0,2z) |0(z) = max(ez < z)

Sekil 3. Aktivasyon fonksiyonlar1 ve matematiksel
modelleri (Nwankpa vd., 2018)

2.4. Metrikler

Uydu gorintileri kullanilarak
segmentasyon islemlerinde metriklerin
hesaplanmasi gerekmektedir. Ciinkii yo6ntemin
performansinin nicel olarak degerlendirilmesi

gerekmektedir. Bunun icin dogruluk, kesinlik, F-
Olgiisti, Jaccard indeksi (IoU), Dice benzerlik
katsayis1 metriklerinden yararlanilmaktadir. Bu
calisma kapsaminda goriinti segmentasyonunda
yaygin olarak tercih edilen dogruluk ol¢iitii Dice
benzerlik ve Jaccard katsayilar1 kullanilmistir.
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Dice Benzerlik Kkatsayisi, maskelenmis
goriinti ile tahmin edilen gorinti arasindaki
cakisma derecesini ifade eder. 0 ve 1 arasinda deger
almaktadir (Atas, 2023). 1'e yakin olmasi
durumunda model siniflandirmasinin iyi oldugunu
ifade ederken, 0’a yakin olmas1 durumunda tam tersi
durum gecerlidir (Zhang et al., 2019). Matematiksel
formiilii Esitlik 1’de verilmistir.

2|xny|

DBK = iewp 1)

Jaccard katsayisi ise, benzerlik 6l¢cmek icin
kullanilan bir istatiksel yontemdir (Zhang et al,
2019). iki kiimenin kesisimlerinin birlesimlerine
oranl olarak ifade edilmektedir (Atas, 2023).
Dogruluk degeri 0 ve 1 arasindadir. Matematiksel
formiilii Esitlik 2’de verilmistir.

_ lxny|
J&x,¥) = o @
Esitliklerde kullanilan X maskelenmis

gorintiileri ve Y ise model sonucunda tahmin edilen
gorlntiiyl ifade etmektedir.

U-Net mimarisi ve yapillan tim
segmentasyon islemleri i¢in Python programlama
dili kullanilmistir. Python, agik erisim tabanli olup,
kullanimi kolay, nesne yonelimli ve etkilesimi
yiiksek bir programlama dilidir. icerisinde bulunan
kiitiiphaneler vasitasiyla, bir¢ok islemi dogrudan
gerceklestirilebilir (Bayraktar, 2018). Bu ¢alismada
kodlama islemi yapilirken farkli kiitiiphanelerden
yararlanilmistir. Bunlar; numpy, os, cv2, h5py,
matplotlib, keras ve tensorflowdur.

Islemlerdeki hesaplama maliyetini azaltmak
ve veri kiimesinin boyutunu artirmak amaciyla 5000
x 5000 piksellik gorintiler ve etiketlenmis
goriintiilerin boyutu 256 x 256 piksel olacak sekilde
yeniden boyutlandirildi. Toplamda 20.090 goriinti
bulunmaktadir.  Fakat ¢alismada  kullanilan
goriintiilerin sayis1 Tablo 1'de sunularak, dort
kisimda ele alinmistir. 1. Kisim da gorintiiler
egitilirken yaklasik %50’si egitim, %25'i test ve
%25’ de dogrulama verisi olarak kullanilmistir.
Sonraki kisimlarda test ve dogrulma sayilar1 ayni
tutulmus, fakat egitim verisindeki goriintii sayilari
arttirlmistir. Sirasiyla 1000,2500 ve 5000 olarak
secilmistir. Calismada farkl egitim ve test verilerinin
sonuca katkisi incelenmis olup, ¢alismada kullanilan
goriintiilerin sayilari tabloda verilmistir.

Tablo 1. Modelde kullanilan egitim, test ve
dogrulama verilerinin sayisi

Egitim Test Dogrulama
Verisi Verisi Verisi
1.Kisim 500 250 250
2. Kisim 1000 250 250
3. Kisim 2500 250 250
4. Kisim 5000 250 250
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3. BULGULAR

Farkli sayidaki her bir egitim verisi icin model
calistirlmis ve Sekil 4’te sunulmustur. Cok fazla
goriintii oldugu ve sonuglar1 gorsel olarak ifade
edebilmek icin, test verisi igerisinden bina
yogunlugun fazla oldugu alanlardan, hi¢ olmayacak
sekilde 4 adet goriintii se¢ilmistir ve model sonunda

o6grenme durumlari verilmistir. Sekil 4’te 1 numarali
goriinti de bina bulunmamaktadir, 2 ve 3 numarali
goriintiide kiiciik iki bina vardir. 4 numarah
goriintiide ise karmasik bir bina goriintiisii yer
almaktadir. 2 numarali gériintii de ayrica otoparkin
bulunmasi spektral ve dokusal olarak binaya
benzemektedir. Bundan dolayr model sonucunda
dogrulugu test etmek amaciyla 6zellikle secilmistir.

Test Verisi (Image—Mask ) Goriintdleri

Epok
Sayisi

Egitim Sayisi (500)

Egitim Sayisi (1000)

Egitim Sayisi (2500)

Egitim Sayis1 (5000)

Sekil 4. Ogrenme sonucunda elde edilen goriintiiler
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Calisma da epok sayisindaki miktarinin sonuca
olan etkisi incelenmistir. Epok sayisi arttikca egitim
ve dogrulamanin dogrulugu artarken, kayip
oraninda azalmalar oldugu tespit edilmistir.
Calismada egitim sayis1 500 ve epok sayisi 10 iken,
6grenme durumu neredeyse olmamistir. Fakat epok
sayist arttikca binalarin bulundugu kisimlar
belirginlesmeye baslamistir. Sadece 6grenme islemi
yeterli olmamistir. Bu nedenle ¢alismada egitim
verisinin miktar1 arttirilmistir. Egitim sayis1 1000 ve
epok sayis1 10 oldugunda 1 numarali gériintii de bina
olmamasina ragmen, yol aglarinin rengini bina
olarak algilamis, ayni1 sekilde 2 numarali goriintiide
otopark kismini ve bazi arag¢lar, 3 numaral gériintii
de ise yol ag1 bina olarak algilanmistir. 10 epok i¢in
tlim egitim verileri incelendiginde egitim sayis1 5000
olan modelin sonucu digerlerine goére daha iyi
oldugu anlasilmaktadir.

Dogruluk artisi ve kayip diisiisii baslangigta hizli
bir sekilde degisime ugrarken, ardindan olarak sabit
hale geldi. 10 epokluk egitimde 4. epoktan sonra, 25
epokluk egitimde 11. epoktan sonra ve 50 epokluk
egitimde 21. epoktan sonra dogruluk artisi ve kayip
miktarindaki degisimler azalmaya baslamistir.

Gokturk-1 Uydu U-net Modeli
Goruntlsu Sonucu

2
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Sekil 5. U-Net modeli sonucu Goktiirk-1

goriintiilerinden bina ¢ikarimi
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Egitim verisi 2500 ve epok sayis1 25 i¢in Goktiirk-1
verilerinden U-Net modeli kullanilarak bina ¢ikarimi
gerceklestirilmistir. U-Net  modelinin  bina
segmentasyonu i¢in Jaccard katsayisii¢in 0.862 iken,
Dice benzerlik oram1 0.813 c¢ikmistir. Her iki
dogruluk olgiiti de benzer sonuglar verdigi
gorulmustiir. Maskelenmis goriintiiller ve tahmin
edilen gorintiilerin %81 oraninda dogru eslendigi
tespit edilmistir. Bundan dolay1 ayn1 model Goktiirk
icin de uyarlanmis ve test edilmistir. Sekil 5 te
sonuglari verilmistir.

4. SONUCLAR

Kentsel bolgelerde otomatik olarak bina ¢ikarim
islemi uzun ve zahmetli olmaktadir. Bu nedenle son
zamanlar uydu goriintiisiinden nesne ¢ikarimi igin
kullanilan  bir¢ok  yapay zekd  teknolojisi
kullanilmistir. Derin 68renme yontemleri diger
tekniklere gore nispeten yeni olmasina ragmen

kullanilan mimariler hizh bir sekilde
gelistirilmektedir.
Yapilan bu g¢alismada hazir veri seti

kullanilarak, egitim modellemesi gerceklestirilmis
olup Goktiirk-1 uydu goriintiileri test amaciyla
kullanilmistir. Sonug¢ olarak, ag modeli, binalan
tespit etmede iyi performans gostermistir. Goktiirk-
1’den tahmin edilen goriintiiler, kentsel ortamlari
siniflandirmada oldukea iyi performans gosterdigi
goriilmiistiir. Sekil 5’te gorildiga iizere, cogu
binanin dogru bir sekilde ayrildig1 gortlmektedir.
Buda, hazir veri setinden yararlanilarak Goktiirk-1
uydu gorlntiisiiniin ve U-Net agmin yliksek
yogunluklu kentsel alanlarda bu tiir binalar ayirt
etme yetenegini gostermektedir. Ayrica, modelde
egitim ve epok sayisinin, sonuglara olan etkisi de ele
alinmis olup degerlerin artmasi sonuglara olumlu
katk:i saglamistir. Fakat bir modeli egitmek icin su
kadar veri veya epokta yapilmasi gerektigini
soylemek zordur. Ciinki, kullanilan ag mimarisinde
egitim verisinin miktarina, kullanilan gorintiilerin
¢Ozilinlirliigiine bagh olarak duyarlilik analizin
yapilmasit gerekmektedir. Yeterli miktarda veri
yoksa eger, veri arttirma yontemleri uygulanabilir.
Tiim bunlar sonuclarin farkli olmasinda etkendir.
Siire¢  bakimindan ele alindiginda geleneksel
yontemlere gore daha az manuel miidahale
gerektirmektedir. Bu sebepten 6tiirii, derin 6grenme
yontemleri kullanilarak uydu goérintiilerinden,
nesne ¢ikarimi gerceklestirmek daha kolay
olmaktadir. Calisma dogrultusunda sonuglarin iyi ve
dogru olmasi da umut vericidir. Binalarin otomatik
olarak belirlenmesi, 6zellikle kentsel bolgelerde
yapilan ¢alismalarda althik olarak kullanilmasini
saglar.
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Cikar catismasi beyani

Makale ile ilgili olarak, herhangi bir kurum, kurulus,
kisi ile mali ¢ikar catismasi yoktur ve yazarlar
arasinda ¢ikar ¢catismasi bulunmamaktadir.

Arastirma ve yayin etigi beyani
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