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 In this work, an automated lineament analysis was carried out to search for earthquake 
precursors for the territory of the Almalyk-Angren industrial zone in Uzbekistan. The seven 
events with a magnitude of about 3 were selected for analysis. The Landsat 8 satellite images 
were processed using the automated lineament detection method in the LEFA software. The 
processing steps included detecting line elements in raster images, calculating the 
characteristics of the spatial distribution of line elements, and combining collinear linear 
elements into lineaments. The analyses of the cyclicality of precursors before and after 
earthquakes were based on the study of the distribution of the lineament trend in the study 
area using rose diagrams and lineament density maps. The results showed a change in the 
dynamics of the lineament structure. The statistics of the number of lineaments showed that 
their increase begins almost 20 days before the event, reaches its maximum about 1 – 2 days 
before the earthquake, decreases starting from 14 days after the earthquake, and has a 
minimum value of 1 – 2 months. The main trends observed in the lineament map showed the 
dominant trend in NS, WE, NW-SE directions. 
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1. Introduction  

 
Studying seismic activity in industrial areas is of great 

importance for understanding the impact of industrial 
activities on the environment and the possibility of 
predicting earthquakes in such zones. The understanding 
and prediction of earthquakes require diverse 
monitoring methods and data analysis. Specialists are 
developing and researching lineament systems in 
addition to alternative methods like satellite 
interferometry, GPS observations, heat flow tracking, and 
monitoring the environment, such as the ionosphere and 
ice cover of water bodies [1-3]. Lineament analysis 
identifies geological faults and cracks that may indicate 
seismic activity and potential earthquake sources, 
offering a means of earthquake prediction. Additionally, 
lineament analysis provides insights into other 
geological phenomena, such as geothermal and 

hydrothermal systems, which may also be associated 
with seismic activity [4-5]. Therefore, lineament analysis 
remains the main for understanding earthquakes and 
other geological phenomena [6-9].  

Scientific studies have shown that there are 
observable anomalies associated with earthquakes that 
precede seismic activity. One such anomaly is an 
increased degree of lineament manifestation confirmed 
by several studies from various authors. This increase is 
attributed to the widening and elongation of linear 
tectonic structures, which merge into larger ones and 
result in a significantly larger number of lineaments 
being identified on satellite images than in normal 
conditions. However, the widespread use of this 
technique is hindered by technical limitations, such as 
the need for regular acquisition of images taken under 
identical conditions (including humidity, lighting, and 
vegetation cover) [10-13]. The data analysis has shown 

https://dergipark.org.tr/en/pub/ijeg
https://dergipark.org.tr/en/pub/ijeg
https://doi.org/10.26833/ijeg.1192118
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that there were more earthquakes registered in areas 
with the highest number of linear structures. The 
epicenters of earthquakes are not random, but rather 
associated with lineaments and their connecting 
segments. According to the modern understanding of 
seismic processes, high tectonic stresses that cause 
earthquakes usually concentrate at the intersections or 
bends of linear boundaries separating blocks of the 
Earth's crust [14-15]. Research on stress pattern changes 
around earthquake epicenters has shown significant 
changes in the lineaments and observable anomalies 
before impending earthquakes. In the absence of seismic 
activity, normal behavior is observed. The most 
important result of these studies is the high level of 
correlation between the ongoing maximum horizontal 
compressive stress that there is obtained from the 
lineament and the earthquake's focal mechanism. It was 
observed that a considerable number of lineaments 
emerged approximately a month or two before the 
earthquake and returned to their original configuration 
about a month after the event [10, 12, 16-18]. Busygin 
and Nikulin [19] reports that earthquake epicenters tend 
to be located closer to areas with more complex 
geological structures and specific azimuths of lineaments 
(22.5±12.5º, 67.5±12.5º, 112.5±12.5º, and 157.5±12.5º), 
which are not typical for the entire Earth's surface. The 
study found that almost 90% of earthquake epicenters 
are located within areas with high complexity values, 
based on the spatial relationship between earthquake 
epicenters and lineament networks identified from 
satellite imagery. The traditional method of identifying 
and mapping lineaments involved manual visual 
interpretation of satellite or aerial imagery. However, the 
increasing availability of high-resolution satellite 
imagery and the need for large-scale mapping has led to 
the development and implementation of automated 
methods for lineament analysis. The automated analysis 
enables the processing of large amounts of data quickly 
and accurately, making it a valuable tool for studying 
geological structures and tectonic features in various 
regions [7, 20-22]. Nonetheless, automated lineament 
analysis also has limitations, as it may not detect all 
visible lineaments and can produce false positives or 
negatives. Therefore, it is crucial to validate the results of 
automated lineament analysis with other data sources, 
such as geological maps. 

This study aims to use an automated method for 
extracting lineaments from satellite images to investigate 
seismic activity in the Almalyk-Angren industrial zone of 
Uzbekistan. The scientific problem that we should be able 
to solve is to understand the patterns and characteristics 
of seismic activity in the region that there is caused by its 
complex tectonic structure. By using the automated 
lineament extraction method and comparing the results 
with geological maps, we hope to efficiently and 
accurately identify linear features that there is related to 
tectonic activity in a large dataset. It will contribute to a 
better understanding of the geological and tectonic 
features of the region. Specifically, we will examine the 
relationship between lineament density, orientation, and 
seismic activity in the region and assess the potential of 
automated lineament analysis as one of the tools for 
earthquake hazard assessment. Hypotheses can be 

formulated regarding the correlation between certain 
lineaments detected through automated analysis and 
tectonic lines where stress accumulation in the crust can 
lead to earthquakes. Additionally, certain lineaments can 
be associated with specific geological structures that 
could increase the likelihood of earthquakes in the 
region. These hypotheses will be tested by analyzing 
earthquake data and geological structures and 
comparing them to the distribution of lineaments. It will 
allow us a better understand the underlying geology and 
tectonic processes that contribute to earthquake activity 
in the area. In summary, this study seeks to investigate 
the dynamics of lineaments in the region, examine the 
localization of earthquake epicenters based on fault 
locations, compare the results with geological data, and 
identify zones of anthropogenic impact. The use of 
automated lineament analysis has the potential to 
enhance our understanding of seismic activity and its 
potential hazards in the region. 

 
2. Method 
 
2.1. Study Area 
 

The Angren-Almalyk region is located in the 
northeast of Uzbekistan and is one of the richest mineral 
regions in the country. There are the Angren coal mine 
up to 300 m deep, the Djigiristan quarry, and the 
Naugarzan and Apartak coal pits. The Almalyk Mining 
and Metallurgical Complex (AMMC) is the base 
production of non-ferrous metals in Uzbekistan (Figure 
1). The region is located within the Chatkal-Kuramin 
block, and there are parts of the Tien Shan geological 
region. One of the most fundamental geological 
structures in this region is a magmatic formation that 
covers around 85% of the region with an age range from 
Proterozoic to Mesozoic. The formation of structures 
within the Kuramin part Beltau-Kuramin zone occurred 
during the Caledonian, Hercynian and Alpine tectonic 
cycles. The modern relief of the Angren Zone was formed 
in the Neogene. The North and the South of the Angren 
zone are characterized by tectonic disturbances 
superimposed by the Chatkal and the Kuramin horst. The 
tectonics of the region is represented by a complex 
combination of various structural elements, including 
folds, troughs, faults, intrusions, and volcanic rocks 
(Figure 2). The primary deposit in the region is the 
Almalyk ore belt, which stretches for over 40 km and is 
rich in copper, gold, silver, and other minerals. Minerals 
were found in carbonated rocks, and volcanic deposits 
were formed due to volcanic activity and magmatic 
processes during the Mesozoic era [23].  

The region is located within the Chatkal-Kuramin 
block, there is a crystalline rock mass, and it was formed 
due to ancient geological processes that occurred over 2 
billion years ago. The block contains a variety of granite, 
gneisses, shale and quartzite rocks, that have undergone 
a strong tectonic deformation, leading to the formation of 
various structural elements, including folds, faults, and 
fractures. The most intense tectonic processes in this 
area occurred during the Mesozoic and Cenozoic eras 
when subduction and collision of lithospheric plates led 
to the formation of mountain folds, including the Pamir 
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and Tien Shan ranges. As a result of this formation, 
various mountainous rocks were formed in the Angren 

and Almalyk regions, including granite, gneisses, shale 
and sandstone. 
 

 
Figure 1. Study area, tectonic faults, and location of the earthquake’s epicentres [24] (Landsat 8) [25]. 

 

 
Figure 2. Geology map of the study area [26]. 
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Currently, tectonic processes continue in this area. 
There are several main faults around the Angren-
Almalyk region, which determine the tectonic structure 
of this region. One of the longest faults is the Chiltensky 
fault, which runs west of the Angren massif. It is an active 
fault and can cause earthquakes. Another significant fault 
is the Almalyk fault, which passes through the Almalyk 
massif to the north of the city of Almalyk. This fault is also 
active and can cause strong earthquakes. According to 
the study of stress distribution and zoning of the western 
Tien Shan and the adjacent territory based on the excess 
shear stress calculated by mathematical modelling, 
compared with data from instrumental measurements in 
deep wells, this region is identified as an area with the 
highest values of excess shear stress (>2 MPa) [27].   

The Kumbel fault, which runs along the southern edge 
of the Angren-Almalyk zone, is less active but can still 
cause earthquakes. The Kumbel fault is a complex thrust 
fault with north-eastern dipping fault plane angles of 
60°-90°, and the south-western block is uplifted. In 
recent times, there have strike-slip movements with an 
amplitude of up to 5 km along this fault [28-30]. The main 
faults are accompanied by numerous small supporting 
and accompanying fractures. Due to intensive mining 
operations and special geological and tectonic 
conditions, the Almalyk-Angren industrial zone is the 
region with a high level of seismic activity. The mining 
industry, which can cause dangerous tremors in the 
region, is a problem for nearby urban areas. Seismic 
hazard assessment in mining areas is important for the 
nearby urban region since local events are located 

directly underground and show a high frequency of 
repeatability. 
 
2.2. Method  

 

The processing of images in the lineament extraction 
system using various algorithms (Hough transform, 
Canny, PCI, LESSA, TecLines) allows for obtaining 
information on the dynamics of the Earth's crust even at 
depths of tens of kilometers below the surface. Images 
with lower resolution are required to detect deeper 
events that spread over large areas. Images with a 
resolution of 10-30 m are useful for studying 
earthquakes, as they can integrate information about the 
presence of faults at depths of tens of kilometers. 
Although such images cannot detect individual cracks, 
they can track changes related to the accumulation or 
weakening of strength caused by the movement of 
tectonic plates [10]. In our research, we used Landsat 8 
OLI images with 30 m resolution of the pre-and post-
earthquake that were downloaded from the United 
States Geological Survey (USGS) Earth Explorer website 
[31]. Archive images included from May 06, June 23, July 
09 and 25, August 10, September 11 and 27, 2019. The 
catalog of the earthquakes in the region of the Republican 
Center for Seismic Predictive Monitoring of the Ministry 
of Emergency Situations of the Republic of Uzbekistan 
was used for analysis [24]. Data became available in 
2018. During 2019, 29 earthquakes (2.2 < Mw < 4.2) 
occurred in Almalyk-Angren industrial zone. In Table 1 
are the dates that were selected for analysis (2.5 < Mw < 
3.2) (Table 1). 

 
Table 1. Catalog of earthquakes in 2019 on the territory of the Almalyk-Angren industrial zone. 

№ Date Depth (km) Magnitude (Mb) Epicenter region 
1 21.06.2019 5 3 Center Uzbekistan 
2 27.06.2019 14 3 Center Uzbekistan 
3 21.07.2019 5 2,5 Eastern Uzbekistan 
4 23.07.2019 15 3,2 Center Uzbekistan 
5 26.07.2019 7 2,9 Center Uzbekistan 
6 07.09.2019 5 2,6 Center Uzbekistan 
7 26.09.2019 30 2,9 Center Uzbekistan 

 
The method of image processing consisted of several 

stages: selection of suitable satellite images (free of cloud 
and with the earthquakes), image preprocessing (spatial 
resolution improvement, brightening satellite image, 
contour and texture enhancement, resampling), 
lineament extraction, calculation of the density of lines, 
estimation their directions. In this analysis, we used the 
synthesized images of the Landsat 8, which consists of 7 
channels (Coastal aerosol, Blue, Green, Red, NIR, 
SWIR1,2) with a 30 m pixel size [32]. The synthesized 
image can be useful for studying the Earth's surface. The 
synthesized images were merged with a higher quality 
panchromatic channel with a 15 m pixel size using the 
Create Pan-sharpened tool in ArcGIS ver. 10.8. 

To investigate surface variations on Earth, the 
Lineament Extraction and Fracture Analysis (LEFA) 
algorithm was selected for this research. It is based on 
factor analysis and designed for the automatic extraction 
of the linear features on images, such as a fault or fold 
boundaries, which are associated with geological 

structures. The LEFA algorithm produces more accurate 
and high-quality results than traditional methods such as 
Hough processing or Gabor filtering. Additionally, it can 
automatically adapt to different types of images, 
including multi-channel and multi-spectral images. The 
LEFA algorithm uses mathematical morphology and 
image processing methods to extract linear features from 
the image. It is based on the observation that linear 
features on the image usually appear as bright lines on a 
dark background or vice versa. The algorithm first 
applies image filtering to reduce noise and improve 
contrast. Then, it uses the morphological gradient 
operator to extract edges on the image. LEFA 
subsequently identifies potential linear features using 
the skeletonization algorithm. The image skeleton is the 
thinnest structure representing the central line 
connecting all object pixels in the image. Finally, the LEFA 
algorithm conducts feature analysis to identify linear 
elements. It analyzes the geometric properties of 
potential linear elements, such as their length, 
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orientation, and shape, as well as the properties of 
neighboring pixels to determine whether they are actual 
linear features or not [22]. The Canny edge detection 
algorithm with a Gaussian noise filter was selected to 
study a linear network [21]. To identify and detect the 
edges of the images needs to reduce the noise of the 
images, and then the images become smooth. The Canny 
edge detector uses two filtering thresholds: if the value 
of the pixel is higher than the upper edge, then it will be 
in maximum value (the edge is considered reliable), and 
if the value of the pixel is lower, the pixel is suppressed. 
Points with a value falling between the thresholds take a 
fixed average value [33]. 

The next step of lineament extraction was applying 
Hough Transform. The most common case is Hough Line 
Transform. Based on the theory, Hough Transform is any 
point of a binary image that can be part of some set of 
possible lines. The Hough Transform is based on the 
notion that the desired object is in the form of a 
parametric equation. The parameters of that equation 
represent the Hough phase space. Then, a binary image 
is taken (for example, the result of the Canny edge 
detector). All the points of the edge are sorted through, 
and a hypothesis is made that point belongs to a line of 
the desired object. The final step is to traverse the Hough 
space and selects the maximum values for which the 
most pixels of the image “voted”, which gives us the 
parameters for the equations of the desired object [34]. 
 

3. Results  
 

As we noted earlier, the study area belongs to a 
seismic zone, but most of the events here have a medium 
magnitude [Ребецкий]. Therefore, only seven events 
with a magnitude of about 3, that can be felt, were 
selected for the study, as indicated in Table 1. In the first 
stage, the dynamics of the lineaments during these 
events were investigated based on a statistical analysis of 
changes in their density. As can be seen from Figure 3, 
there is a clear trend of an increase in the number of 
lineaments in the interval before and after 1-3 days from 
the moment of the earthquake (June 23, July 25, 

September 11, and September 27). Moreover, the total 
number of lineaments sharply decreases 20 days before 
and approximately 14 days after the earthquake (May 6, 
July 9, and August 10). It is worth noting that the 
minimum and maximum length of the lineaments is 
practically the same for all the events. However, the 
maximum length of the lineaments of 6 km is observed 
only on May 6, 2019 (Table 2). 
 

 
Figure 3. The total number of lineaments.  

 
One of the main statistical indicators used to predict 

changes in lineaments was rose diagrams and density 
maps, as shown in Figure 4-10 (right column). The 
dominant directions obtained were NW, WE, and NW-SE. 
It was found, that with an increase in the number of 
lineaments, the length of the north direction also 
increased. Density maps (Figure 4-10, left column) 
showed a high density of lineaments near the epicentre 
of earthquakes that occurred on June 23, 2019, and June 
27, 2019. The density of lineaments decreased on May 9, 
July 9, and August, as indicated by the results with the 
lowest density observed on July 9, 2019, which was 0.33. 
A high density of lineaments near the epicentre of the 
earthquake that occurred on July 26, 2019, was observed 
on July 25, 2019, with lineaments reaching their 
maximum one day before the event. The maximum 
number of lineaments was observed on September 27, 
2019, with a density of 1.11. 

 
Table 2. Statistics of lineaments length.   

Value 06 May 23 June 09 July 25 July 10 Aug 11 Sep 27 Sept 
Minimum, km 1,5 0,75 1,2 0,75 1,35 0,9 0,6 
Maximum, km 6,0 2,7 3,0 2,6 3,0 3,7 2,9 

Standard Deviation, km 0,7 0,2 0,3 0,2 0,3 0,3 0,2 

 
4. Discussion 
 

The results of the statistical analysis of lineament 
density during earthquakes are an important 
contribution to understanding the tectonic processes 
taking place in the studied region. Changes in the 
dynamics of lineaments can indicate the influence of 
complex tectonics on geological processes. A comparison 
of the geological map and the map of lineament densities 
shows that the highest density and, therefore, the most 
stressed and deformed state, even during periods 
between earthquakes, is observed in the zones around 
the Chiltin and southern Almalyk faults, particularly in 
the northwestern part of the territory. At the same time, 

the zone around the Kumbel fault can be considered 
relatively "quiet." These results may indicate the 
possibility of predicting earthquakes in the future. 
However, it is worth noting that the results only apply to 
earthquakes with a magnitude of about 3 and are 
concentrated in zones near Paleozoic rocks that outcrop 
on the surface. This can indicate the influence of human 
activities on the stressed state of the earth's surface in 
areas of mineral extraction or excavation. Further 
research can expand this work, including the analysis of 
earthquakes of higher magnitude and for other 
geological regions, as well as studying the influence of 
human activity on tectonic processes. It’s also clear from 
the analysis that there is a tendency for earthquake 
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epicentres can be located along faults. Regarding the 
earthquake on September 26th, it is worth noting that it 
was the deepest of all the events considered, with a depth 
of about 30 km (Table 1). Despite this, the study shows 
that it had a significant impact on the lineament 
dynamics in the region, which indicates that earthquakes 
with greater depth can influence the geological processes 
in the region. The results obtained from the analysis of 

lineament density during this event were particularly 
clear and accurate, providing valuable insight into the 
tectonic processes taking place in the region. The 
lineaments observed during this event showed a clear 
correlation with the active faults in the region, 
highlighting the importance of such studies for 
understanding the geological and tectonic processes in 
seismic zones. 

 
 

 

 

 

Figure 4. Density map and rose diagrams of lineaments (May 06, 2019). 
 
 
 

 

 

 

Figure 5. Density map and rose diagrams of lineaments (June 23, 2019). 
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Figure 6. Density map and rose diagrams of lineaments (July 09, 2019). 

 
 

 

 

 
Figure 7. Density map and rose diagrams of lineaments (July 25, 2019). 

 
5. Conclusion  
 

In this work, an automated lineament analysis was 
carried out to search for earthquake precursors for the 
territory of the Almalyk-Angren industrial zone. The 
study area is tectonically and seismically active, but 
earthquakes typically occur with earthquakes of 
moderate magnitude. Automatic lineament analysis 
based on remote sensing data showed high efficiency. 
The seven events with a magnitude of about 3 were 
selected for analysis. The statistical analysis was 

performed to investigate changes in lineament density 
before and after the events. The results showed a clear 
trend of an increase in the number of lineaments in the 
interval before and after the earthquake, with a sharp 
decrease in the total number of lineaments 20 days 
before and approximately 14 days after the earthquake. 
The rose diagrams and density maps showed dominant 
directions of NS, WE, and NW-SE, with a high density of 
lineaments near the epicenter of the earthquakes that 
occurred on June 23, 2019, June 27, 2019, and September 
26, 2019. The results of the statistical analysis of 
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lineament density during earthquakes provide important 
insights into the tectonic processes taking place in the 
studied region and may indicate the possibility of 
predicting earthquakes in the future. However, the 
results only apply to earthquakes with a magnitude of 
about 3 and are concentrated in zones near Paleozoic 
rocks that outcrop on the surface, indicating the 
influence of human activities on the stressed state of the 

earth's surface in areas of mineral extraction or 
excavation. Further research can expand this work by 
including the analysis of earthquakes of higher 
magnitude and in other geological regions, as well as 
studying the influence of human activity on tectonic 
processes. It is also clear from the analysis that there is a 
tendency for earthquake epicenters to be located along 
faults.  

 
 

 

 

 

Figure 8. Density map and rose diagrams of lineaments (August 10, 2019). 
 
 

 

 

 
Figure 9. Density map and rose diagrams of lineaments (September 11, 2019). 
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Figure 10. Density map and rose diagrams of lineaments (September 27, 2019). 

 
 

Automatic lineament analysis based on remote 
sensing data can be one of the most effective methods 
with operativeness and effectiveness for geodynamic 
monitoring of seismically hazardous areas and also 
industrial zone. The results obtained have shown the 
possibility of the practical application of such an analysis, 
especially for the analysis of fracture tectonics, which are 
zones of high seismic activity and deformations of the 
earth's surface. The proposed method for studying the 
dynamics of lineament systems from satellite images, 
together with other methods, can be used for the 
operational monitoring of seismic hazards. It should be 
noted that the automatic method still needs to be 
improved by mathematical methods and algorithms to 
make it possible to apply it to territories with different 
geological conditions. 
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 The Erzincan (Cimin) grape, which is an endemic product, plays a significant role in the 
economy of both the region it is cultivated in and the overall country. Therefore, it is crucial to 
closely monitor and promote this product. The objective of this study was to analyze the 
spatial distribution of vineyards by utilizing advanced machine learning and deep learning 
algorithms to classify high-resolution satellite images. A deep learning model based on a 3D 
Convolutional Neural Network (CNN) was developed for vineyard classification. The proposed 
model was compared with traditional machine learning algorithms, specifically Support 
Vector Machine (SVM), Random Forest (RF), and Rotation Forest (ROTF). The accuracy of the 
classifications was assessed through error matrices, kappa analysis, and McNemar tests. The 
best overall classification accuracies and kappa values were achieved by the 3D CNN and RF 
methods, with scores of 86.47% (0.8308) and 70.53% (0.6279) respectively. Notably, when 
Gabor texture features were incorporated, the accuracy of the RF method increased to 75.94% 
(0.6364). Nevertheless, the 3D CNN classifier outperformed all others, yielding the highest 
classification accuracy with an 11% advantage (86.47%). The statistical analysis using 
McNemar's test confirmed that the χ2 values for all classification outcomes exceeded 3.84 at 
the 95% confidence interval, indicating a significant enhancement in classification accuracy 
provided by the 3D CNN classifier. Additionally, the 3D CNN method demonstrated successful 
classification performance, as evidenced by the minimum-maximum F1-score (0.79-0.97), 
specificity (0.95-0.99), and accuracy (0.91-0.99) values. 
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1. Introduction  
 

Most grape varieties are known to be derived from 
vitis vinifera, the ancient grape often mentioned in the 
Bible. It was originated in the southern parts of the 
region between the Caspian and the Black Sea and has 
been carried all over the world by civilized people [1]. 
Today this perennial species is cultivated worldwide, 
including subtropical regions, since it is tolerant of most 
climates and soil types, and easy to grow. Grapes can be 
cultivated in the temperate climate zone, generally 
between 30° and 50° latitudes in both hemispheres. 
Depending on the latitude, it can be grown up to 1600-

1800 m altitudes [2,3]. According to the Food and 
Agriculture Organization of the United Nations (FAO), the 
grape was cultivated on 7.7 million hectares of land 
worldwide in 2019 and Spain had a 22.7-percent share 
followed by France, China, Italy, and Türkiye. In 2019, the 
global export of fresh grapes reached a total of 10 million 
tons, with Türkiye accounting for 1.7 million tons. South 
Africa and Spain ranked second and third in fresh grape 
exports, with 1.3 million tons and 1.2 million tons 
respectively, following Türkiye. In the same year, global 
raisin export was 3 million tons and 73 percent (2,1 
million tons) was exported by Türkiye alone, followed by 
the USA and Iran. Fresh grape yield increased by 2.7 
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percent in 2020 compared to the previous year, reaching 
4.2 million tons [4]. According to the statistics of the 
Erzincan Directorate of Provincial Agriculture and 
Forestry [5], 5402 tons of fresh grapes were produced in 
2021 from the 949.5-hectare vineyard in the province of 
Erzincan, located in north-eastern Anatolia.  

   In Erzincan, the "Cimin grape" dominates the grape 
varieties grown, with its cultivation mainly concentrated 
in the Üzümlü district, named after its reputation for 
abundant grape production.  After the application of 
Üzümlü Municipality, the Erzincan Cimin grape was 
patented by the Turkish Patent Institute in 2001. Since 
the Cimin grape is the most important endemic 
agricultural product for Erzincan's economy, 
conservation, monitoring, and dissemination of this 
variety is increasingly becoming vital for the region. This 
can be accomplished with modern agricultural practices 
powered by remote sensing and geographic information 
systems, which have become increasingly popular in 
recent years. 

Due to increasing radiometric, spatial, spectral, and 
temporal resolutions, remote sensing data is used by 
different disciplines in many different applications 
including land cover/use mapping, urban and 
environmental change analysis, object extraction, crop 
monitoring, disease detection, yield estimation, etc. 
Furthermore, extracting information classes and 
determining their spatial distributions in a scene using 
different multispectral image classification algorithms 
provide valuable information for various applications 
needing geo-spatial data. 

Multispectral image classification has been used in 
monitoring tropical forests, which are an important and 
rich source in terms of biological diversity [6], in 
determining the spatial distribution of vineyards [7-9], in 
monitoring coastal changes [10], in monitoring urban 
development [11], in agriculture [12], designing 
rangeland information systems [13],  in object extraction 
[14], in land cover classification [15-20], burning area 
mapping [21], and in classification of different product 
types [22]. 

The process of labelling pixels according to their 
intensity values to transform them into meaningful land 
cover data is also called image classification or 
information extraction [23].  Image classification is the 
process of categorizing pixels in an image using logical 
decision rules in the spatial domain or statistical decision 
rules in the spectral domain. The spectral values of the 
remotely sensed data are used to classify images in the 
spectral domain. The geometric size, form, texture, and 
pattern of pixels or objects are at the foreground of 
spatial domain decision criteria [23]. Various machine 
learning-based methods such as random forest, artificial 
neural networks, and support vector machines have been 
used in recent years to obtain reliable and most accurate 
information from satellite images efficiently by image 
classification. There are many studies in which the RF 
classifier stands out in terms of classification accuracy 
when it comes to the use of machine learning methods in 
agriculture [24-29]. In the realm of precision agriculture 
applications, deep learning algorithms, which are a 
subset of machine learning techniques, have gained 

significant popularity in recent years due to their ability 
to provide more precise and reliable detection of 
agricultural products on images [30]. Grinblat et al. were 
able to detect plant species with high accuracy by using 
deep learning algorithms to identify plants from their 
vascular structures [31]. Deep learning algorithms were 
used by Ferentinos et al. to distinguish diseased plants 
[32]. Among 25 different plant species, they detected 
diseased ones with 99.53 percent accuracy. Chlingaryan 
et al. identified plant species by classifying images with 
99.58 percent accuracy using deep learning algorithms 
[33], and thus made a crop yield estimation [34]. Zhao et 
al. used deep learning models to produce crop type 
mapping with sufficient accuracy [35]. Zhong et al. also 
used RF, SVM, and 1-D Convolutional Neural Network 
Model (Conv1D) to classify agricultural products and 
highlighted that the Conv1D yielded satisfactory results 
[36]. 

The objective of this study was to identify the 
cultivation areas of Cimin, an indigenous fruit cultivated 
in the Üzümlü region, utilizing a deep learning method 
based on CNN and commonly used machine learning 
algorithms. The findings demonstrate that by leveraging 
a pre-trained CNN, vineyards throughout the region can 
be automatically detected without requiring additional 
supervised learning. This ability stands as a significant 
advantage of deep learning architectures over traditional 
machine learning methods. 
 
2. Study area and data set 
 

In the Üzümlü Town, where the Erzincan grape is 
cultivated, a pilot study area measuring 25 hectares was 
designated (Figure 1). This study area is situated at 
coordinates 39° 41´ 00" East and 39° 43´ 00" N, within 
the Upper Euphrates section of Eastern Anatolia, in the 
province of Erzincan. Around 80% of the administrative 
boundary of the Üzümlü district is located in the Esence 
Mountains region to the north of the Erzincan basin, 
while the remaining 20% lies within the Erzincan plain. 
With an area of 410 km2, Üzümlü is the second smallest 
district of Erzincan [37]. 

For this study, the satellite image used was the 
Worldview-2 (WV-2) image, which covered a significant 
portion of Cimin vineyards in the Üzümlü region. The 
WV-2 satellite image consists of 8 multispectral (MS) 
bands with a spatial resolution of 2 meters, along with a 
panchromatic band offering a higher spatial resolution of 
0.5 meters. The 8 MS bands encompass the following 
spectral ranges: Coastal, Blue, Green, Yellow, Red, Red 
Edge, Near-Infrared 1, and Near-Infrared 2. It is worth 
noting that the satellite image had undergone prior 
atmospheric, radiometric, and geometric corrections, 
enabling its direct utilization for classification purposes 
without requiring any pre-processing steps. 
 
3. Method 
 

This study had two purposes: (a) to determine the 
locations and distributions of vineyards accurately and 
robustly by using widely used machine learning 
algorithms such as SVM, RF, ROTF and CNN-based deep 
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learning technique (b) to investigate the performance of 
CNN-based deep learning technique by comparing it 
aforementioned machine learning algorithms. To better 
distinguish the vineyards by taking advantage of the sub-
meter spatial resolution of PAN image, the WV-2 MS and 
WV-2 PAN bands were fused with the Hyper Spherical 
Color Space pan-sharpening method (HCS). The 
literature contains numerous studies showcasing the 
efficacy of Padwick's HCS image fusion method [38] in 
maintaining the spectral and spatial characteristics of 
both multispectral and panchromatic input images 
during the fusion process, particularly when applied to 
Worldview-2 images [38-41]. 
 

 
Figure 1. Study area. 

 
The pan-sharpened image (1000x1000 pixels) was 

categorized into five land cover classes, namely vineyard, 
forest, soil, road, and shadow. ENVI software was utilized 
to select a total of 70505 pixels, employing a random 
feature selection approach in MATLAB, to generate the 
training and test data. Subsequently, the fused image was 
subjected to classification using 3D CNN, SVM, RF, and 
ROTF algorithms. To determine the optimal parameters 
for classification, a trial-and-error strategy was 
employed. The optimum parameters for this study were 
determined as m=3, N=350 for RF, K=3, L=3 for ROTF, 
and C=100 for SVM. The 3D CNN model employed in this 
study utilized both spectral features and texture features, 
as detailed in [42], to classify the image. Moreover, the 

Gabor filter was utilized to extract texture data, which 
was then integrated into the RF classifier as explained in 
[26].  Among the machine learning methods employed in 
the study, the RF classifier exhibited the highest 
classification accuracy. Consequently, a comparison was 
conducted to evaluate the performances of these two 
methods. To identify the optimal parameter values and 
filter sizes for texture extraction using the Gabor filter, a 
trial-and-error method was employed to determine the 
values that most accurately represented the vineyards. 
Subsequently, the image was classified using these 
identified parameter values (Figure 2). 
 
3.1. 3D Convolutional neural network model 

 

Deep learning, which is usually defined by neural 
networks with more than two hidden layers, has been 
named one of the top ten breakthrough technologies of 
2013 [43]. Deep learning model used in this study is 
created on the structure of CNN. Three-dimensional (3D) 
convolution is naturally suitable for spatial-temporal 
studies. Recently, some studies have been conducted on 
learning spatial-temporal features from video [44, 45], 
LIDAR point clouds [46], temporal images [47] and 
hyperspectral images [48].  In general, 3D CNN is not as 
widely used as 2D CNN because the temporal dimension 
is typically ignored in machine learning and computer 
vision applications. Remote sensing images, on the other 
hand, frequently provide dynamic or temporal 
information from which more information can be 
extracted. CNNs, which are widely used in image 
processing, are also useful for classifying satellite images 
[49]. 

High spatial resolution multispectral images with 
more than three spectral bands contain a lot of spectral 
information. To extract both spatial and spectral 
information from a multidimensional image, 3D 
convolution is preferred.  By utilizing 3D convolution, the 
interaction between various spectral bands can be 
effectively modeled, encompassing both spatial and 
spectral information. Unlike 2D convolution, which 
focuses solely on spatial details, 3D convolution takes 
into consideration both spatial and spectral aspects, as 
highlighted in reference [50]. The integration of spatial 
and spectral information is crucial for improving the 
accuracy of satellite image classification. In this 
particular study, 3D convolution layers were employed 
to capture the spectral relationships among the 8 bands 
present in the WV-2 image. Consequently, these 8 bands 
were utilized as input data for the 3DCNN model. 

 

𝑣𝑖𝑗
𝑥𝑦𝑧

= 𝑓(𝑏𝑖𝑗 + ∑ ∑ ∑ ∑ 𝑤𝑖𝑗𝑝
𝑞𝑟𝑠

 𝑣(𝑖−1)𝑝

(𝑥+𝑞)(𝑦+𝑟)( 𝑧+𝑠)  
)

𝑅𝑖−1

𝑟=0

𝑄𝑖−1

𝑞=0

𝑆𝑖−1

𝑠=0

𝑃𝑖−1

𝑝=0

 (1) 

 
In Equation 1, 𝑣 represents the output of feature 

maps, 𝑆, 𝑄, 𝑅 defines spectral and spatial kernel 
dimensions where (𝑠, 𝑞, 𝑟) are kernel, and (𝑥, 𝑦, 𝑧) are 
feature map indices. While 𝑤 specifies the kernel 
parameters, 𝑖, 𝑗, 𝑝 represent the input layer, output layer, 
and feature map indices, respectively. 𝑃 is the number of 

feature maps. 𝑃𝑖 represents the feature maps in the 𝑖𝑡ℎ  
layer. While the bias term is denoted by 𝑏, 𝑓 represents 
the activation function of PReLU used in the model. 
Python programming language on Jupyter notebook and 
TensorFlow and Keras library in the background were 
used to create the model and classify the image with this 
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model. Jupyter Notebooks is an open-source and 
browser-based tool that combines interpreted 
languages, libraries, and visualization tools [51]. A 
Jupyter Notebook can run locally or in the cloud. Typical 
outputs include text, tables, charts, and graphics. The 
computer on which the study was conducted has 24 GB 
of RAM, NDVI GTX 1650 GPU, and an i7 9750h processor. 
For this study, a model was created using four 3D 
convolution layers. Each layer had a filter size of 3x3. The 
first, second, third, and fourth layers were configured 
with 128, 64, 32, and 16 filters, respectively. Two fully 
connected layers were used after the convolution layers. 
The first layer is a dense layer that performs a rough 
classification of the extracted features from the 
convolutional layer. The second layer is the model's final 
layer, and it is used to extract class scores with a Softmax 

classifier. Softmax is a technique employed in multi-class 
classification tasks. It computes probability values for 
each class in order to classify a given input. The 
probability value associated with each class falls within 
the range of 0 to 1, and the sum of all probability values 
across all classes is equal to 1. Consequently, the Softmax 
classifier determines the probability values for each class 
in multi-class classification, ultimately selecting the class 
with the highest probability as the predicted class. The 
activation function was the Parametric Rectified Linear 
Unit (PReLU), the optimization method was Adam, and 
the subduction function was categorical cross-entropy. 
The deep learning model created has 3118405 
parameters in total. Figure 3 depicts the 3D CNN model 
that was used. 

 

 
Figure 2. a) Fused image and classified images obtained by classification with b) 3D CNN, c) RF, d) ROTF, e) SVM, 

 f) RF_Gabor. 
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Figure 3. Architecture of 3D CNN model. 

 
3.2. Random Forest 
 

Random Forest is a classifier that can classify multiple 
variables and classes without the use of complex models 
or parameters [52]. The RF classifier outperforms many 
tree-based algorithms [53-56]. RF aims to develop a tree 
by dividing each node according to the GINI index, 
basically. Randomly selected variables are used instead 
of using all variables at each node [26]. Decision trees 
(DTs) are trained in RF using random bootstrap samples 
with the replacement of an original dataset [52]. The user 
defines two parameters: 𝑚 and 𝑁. 𝑚 (The number of 
variables) is used to determine the best split at each 
node. 𝑁 is the number of DTs to be developed.  Bootstrap 
samples are generated by randomly selecting two-thirds 
of the training Dataset. Trees are then built from these 
boot samples without employing pruning. The remaining 
one-third of the training dataset is reserved for use as the 
test dataset. The RF algorithm builds a large number of 
trees to determine the class of each pixel. The labeling of 
a pixel can vary across different trees, indicating that the 
total number of trees determines the frequency of the 
pixel's class assignment. The final class of the pixel is 
determined based on the class that has the highest 
occurrence among the candidate pixel's labels. 
 
3.3. Rotation Forest 
 

Rodriguez et al. [57] proposed the Rotation Forest 
algorithm as an ensemble method for encouraging both 
individual accuracy and classifier member [58]. The 
ROTF is a linear transformation method that creates a 
new performing space within another space [59]. 
Theoretically, the ROTF algorithm and the RF algorithm 
share similarities. Both methods aim to grow more than 
one tree in classification. However, ROTF creates the 
dataset in the Principle Component Analysis (PCA) 
feature space. It generates a large number of DTs from 
training datasets defined within a different feature space. 
The training dataset is divided into subsets, and feature 
extraction is performed using the feature space chosen 
from each subset. The ROTF algorithm has two user-
specified parameters, 𝐾 and 𝐿, which are required to 
determine the dataset used to grow each DT. This 
approach enables classification by training all classifiers 
in parallel [59]. 
 
3.4. Support Vector Machine 
 

The Support Vector Machine classifier can distinguish 
linearly and nonlinearly separable data by finding the 

best hyperplane for separating the classes [60].  If classes 
are linearly separable, it finds the planes separating them 
and uses these planes to construct a linear discriminant 
function. If classes cannot be separated linearly, the data 
is transformed to a higher-dimensional space in which 
the classes can be linearly separated by using a positive 
𝐶 parameter and a kernel function that minimizes 
classification error while maximizing the distance 
between planes [51-64]. The Radial basis function is the 
most commonly used kernel function because it 
performs well [65, 66]. The radial basis function is widely 
recognized for its exceptional performance in 
classification accuracy, making it the preferred choice as 
the most commonly used kernel function [65, 66]. 
 
3.5. Accuracy assessment 
 

Congalton and Green [67] proposed the multinominal 
distribution to calculate the minimum number of 
samples needed to statistically calculate the classification 
accuracy. The minimum number of samples is calculated 
with the Equation 2 and 3 using the multinomial 
distribution approach; 

 

𝑛 =
𝐵П𝑖(1 − П𝑖)

𝑏𝑖
2  (2) 

  

𝐵 = (
𝛼

𝑘
) × 100𝑡ℎ (3) 

 
where 𝑛 represents the number of reference pixels, 𝛼 

represents the confidence interval, 𝑘 represents the 
number of classes, П𝑖 is the ratio of the area of the 𝑖th 
class to the total area, and 𝑏𝑖 represents the required 
accuracy.  If no prior information about П𝑖  is available, 
the sample number is calculated using Equation 4 [68]. 
 

𝑛 =
𝐵

4𝑏2
 (4) 

 
In the study, the analysis of classification accuracy 

required determining the minimum number of reference 
points. For this purpose, a 95% confidence interval was 
utilized, with the number of classes set at 5.  Therefore, 
in the calculation of the 𝐵 value, 𝛼/𝑘 = 0.05/5 = 0.01 is 
used to find the corresponding value at 1 degree of 
freedom in the 𝜒2 distribution table as 𝜒2

(1,0.01)=6.635.  

Accordingly, the minimum number of reference points 
was calculated as 664 as follows, yet 665 was used 
instead in the accuracy analysis (Equation 5). 
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𝑛 =
𝐵

4𝑏2
=

6.635

4(0.052)
= 664 (5) 

 
The appropriate number of reference points required 

to create error matrices that evaluate the accuracy of 
each classification outcome was determined. The 
stratified method was utilized to distribute these points 
evenly across the image. Kappa (𝜅) analysis is another 
approach that performs accuracy analysis by 
determining whether one error matrix is statistically 
significantly different from another. The κ value, 
calculated within the range of 0 to 1, provides a statistical 
assessment of the agreement among the utilized 
categories or classes. This value serves as a measure of fit 
and classification accuracy, with higher values indicating 
better alignment and accuracy (approaching 1) and 
lower values suggesting poorer fit and lower 
classification accuracy (approaching 0). Kappa, as 
pointed out by Pontius and Millones [69], has been 
criticized for attempting to compare accuracy with a 
baseline of randomness. As an alternative, they proposed 
the utilization of allocation and quantity disagreements, 
which leverage the distinctions between a reference map 
and a comparison map. The quantity disagreement 
focuses on disparities in the category proportions 
between the reference and comparison maps, while the 
allocation disagreement addresses differences in the 
spatial distribution of categories between the reference 
and comparison maps [70]. In light of this suggestion, 
allocation and quantification values were calculated in 
addition to the kappa coefficient for each image's post-
classification accuracy assessment. Subsequently, the 
McNemar test was employed to assess the presence of 
statistically significant differences. The classification 
results obtained from all algorithms utilized in the study 
were compared pairwise using the McNemar test. The 
nonparametric McNemar test can be computed using the 
Equation 6 [71]. 
 

         𝜒2 =
(|𝑓12 − 𝑓21| − 1)2

𝑓12 + 𝑓21
 (6) 

 
Where 𝑓12  denotes the number of pixels incorrectly 

classified by the second method but correctly classified 
by the first one, and 𝑓21 denotes the number of pixels 

incorrectly classified by the first method but correctly 
classified by the second one. 

Furthermore, the performance evaluation of both 
3DCNN and the other methods employed in this study 
was conducted using metrics in Equation 7-11 including 
F1-Score, specificity, and accuracy. 
 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑁 + 𝑇𝑃

𝑇𝑁 + 𝑇𝑃 + 𝐹𝑃 + 𝐹𝑁
 (7) 

  

𝐹1 − 𝑆𝑐𝑜𝑟𝑒 =
2𝑥𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑥𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑅𝑒𝑐𝑎𝑙𝑙
 (8) 

  

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 (9) 

  

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 (10) 

  

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑇𝑁

𝑇𝑁 + 𝐹𝑃
 (11) 

 
Where TP and TN represent true positive and true 

negative observations in the confusion matrix, 
respectively. FP and FN are false positive and false 
negative observations [72]. For each class in the 
confusion matrix of each method, the metrics were 
computed. 

 
 

4. Results and Discussion 
 

By analyzing the error matrices, the classification 
accuracies of the classified images were examined for the 
SVM, RF, ROTF algorithms, and the 3D CNN model. The 
overall classification accuracies obtained from the error 
matrices were 86.47%, 70.53%, 66.92%, and 62.41% for 
the 3D CNN, RF, ROTF, and SVM, respectively (Table 1). 
In addition, the Mean IoU value for 3D-CNN, which 
includes the average of all classes, was found to be 
84.93%. These results indicate that the 3D CNN method 
exhibited superior performance compared to RF by a 
margin of 16%, ROTF by 20%, and SVM by 24%. This 
analysis is further supported by the Kappa coefficients 
presented in Table 1. 

 

 
Table 1. Overall classification accuracies and kappa analyses.  

3D CNN RF ROTF SVM 
Overall Accuracy 86.47 70.53 66.92 62.41 

Kallocation 87.35 86.64 81.81 78.86 
Kquantity 92.35 57.90 56.58 50.18 

Khisto 95.11 72.47 71.09 66.54 
Kcongalton 83.08 62.79 58.16 52.47 

Kcohen's 85.91 69.07 65.67 60.10 

 
 

Upon examining the κ allocation values, it was evident 
that 3D CNN showcased superiority over RF by 1%, ROTF 
by 6%, and SVM by 8%. In terms of κ amount values, 3D 
CNN surpassed RF by 34%, ROTF by 36%, and SVM by 
42%. Moreover, the κ histo values indicated that 3D CNN 
demonstrated a 24% improvement compared to RF, a 
24% improvement compared to ROTF, and a 29% 

improvement compared to SVM. The κ congalton and κ 
cohen values presented in Table 1 further confirm the 
superiority of 3D CNN over other methods. 

In order to enhance the accuracy of RF and assess its 
performance relative to 3D CNN, the texture features 
extracted using the Gabor filter were incorporated. The 
integration of RF texture features resulted in a 
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classification accuracy of 75.94%, representing a 5% 
improvement compared to the original RF performance 
(Table 2).  

After comparing the Kappa values, it becomes clear 
that RF_Gabor exhibits a 3% improvement over RF. 

Moreover, Table 3 presents the computed Quantity and 
Allocation disagreement/agreement values, which were 
proposed by Pontius and Millones [69] for accuracy 
assessment. 
 

 
Table 2. Contribution of texture to classification accuracy for RF. 

  Vineyard Forest Soil Road Shadow ∑Row PA (%) UA(%) 
Vineyard 136 20 5 15 1 177 92.52% 76.84% 

Forest 10 119 3 14 86 232 82.07% 51.29% 
Soil 1 6 120 24 8 159 91.60% 75.47% 

Road 0 0 3 59 0 62 52.68% 95.16% 
Shadow 0 0 0 0 35 35 26.92% 100.00% 

∑Column 147 145 131 112 130 665     
Overall accuracy   70.53%       

Khisto  72.47 %       

 
Table 3. Contribution of texture to classification accuracy for RF_Gabor. 

  Vineyard Forest Soil Road Shadow ∑Row PA (%) UA(%) 
Vineyard 142 8 2 12 0 164 96.60% 86.59% 

Forest 4 135 4 19 88 250 93.10% 54.00% 
Soil 1 2 121 11 5 140 92.37% 86.43% 

Road 0 0 4 70 0 74 62.50% 94.59% 
Shadow 0 0 0 0 37 37 28.46% 100.00% 

∑Column 147 145 131 112 130 665     
Overall accuracy   75.94% 

      

Khisto  75.14%       

 
Table 4. The agreement and disagreement values. 

Agreement/Disagreement (%) 3D CNN RF_Gabor RF ROTF SVM 
Chance agreement  10 10 10 10 10 

Quantity agreement 10 11 11 11 11 
Allocation agreement 66 55 50 46 41 

Allocation disagreement 10 4 8 10 11 
Quantity disagreement 4 20 22 23 26 

 

The overall disagreement, sum of both allocation and 
quantity disagreements, is lowest for 3D CNN at 14%, 
followed by RF_Gabor at 24%, RF at 30%, ROTF at 33%, 
and SVM at 37%. This indicates that 3D CNN effectively 
reduces disagreement and enhances classification 

accuracy. Additionally, the incorporation of texture 
features decreases the disagreement of RF by 6%.  

Producer (PA) and User (UA) accuracies that can be 
obtained from error matrices are also examined (Figure 
4).  
 

 
Figure 4. Producer's (PA) and User's (UA) in the error matrices of the classified images obtained with 3DCNN, RF, 

ROTF, SVM, and RF_Gabor. 
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Upon comparing the PA (Producer's Accuracy) 
values, it is evident that RF, ROTF, SVM, and RF_Gabor 
achieved PA values of 11%, 12%, 3%, and 15% 
respectively. These results indicate that the other 
methods demonstrated more accurate classification of 
the vineyard class compared to 3D CNN. For soil class, 
RF_Gabor, RF and SVM performed 9%, 8% and 5% better 
than 3D CNN, respectively, yet 3D CNN performed 8% 
more successful classification than ROTF. Also, 3D CNN 
classified road and shadow classes better than other 
methods. According to UA values (Figure 4), 3D CNN 
outperforms RF_Gabor by 4%, RF by 13%, SVM by 18%, 
and ROTF by 22% for the vineyard class. When it comes 
to the forest class, 3D CNN surpassed RF_Gabor by 29%, 
RF by 31%, SVM by 36%, and ROTF by 35%. Regarding 
the soil class, 3D CNN outcompeted RF by 7%, SVM by 
23%, and ROTF by 2%, while RF_Gabor outperformed 3D 
CNN by 5%. Based on the UA results, 3D CNN especially 
discriminated vineyard, forest and soil classes better 
than RF, ROTF, and SVM, but was not succeeded as the 
other methods in road and shadow classes. The high 

similarity in spectral properties between the forest and 
vineyard classes has led to a significant amount of 
confusion between these classes. Similarly, the spectral 
properties of very dark pixels in earth roads, soil, and 
forest classes closely resemble those of the shadow class, 
resulting in confusion among these classes as well. 
However, the incorporation of texture information has 
contributed to improved identification and extraction of 
vineyards. 

In order to evaluate the significance of performance 
differences between 3D CNN and other classifiers using 
the McNemar test, χ2 values were computed for 
RF_Gabor, RF, ROTF, and SVM as 19.512, 44.100, 63.515, 
and 90.289, respectively (Table 5). 

The χ2 values exceeding the reference value of 3.84 
indicate that the 3D CNN classifier yields a significant 
improvement in accuracy at the 95% confidence interval. 
Lastly, Figure 5 presents the land-use map generated 
from the thematic classified image using the 3D CNN 
classifier, which demonstrates the highest classification 
accuracy. 

 
 

 
Figure 5. Land-use map was produced from the image classified with the 3D CNN classifier. 
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Table 5. McNemar test results for 3D CNN and other classifiers. 
 𝑓11 𝑓12 𝑓21 𝑓22 Total 𝜒2 

3D CNN-RF_Gabor 418 157 87 3 665 19.512 
3D CNN-RF 397 178 72 18 665 44.100 

3D CNN-RTF 379 196 66 24 665 63.515 
3D CNN-SVM 355 220 60 30 665 90.289 

𝑓11 is the number of correctly classified pixels in both cases. 𝑓22 represents the number of misclassified pixels in both 
cases. 𝑓12 represents number of correctly classified pixels with first classifier but misclassified pixels with second 
classifier. 𝑓21 is the number of misclassified pixels with second classifier but correctly classified pixels with first classifier 
 

It has been determined that the 3D CNN model, 
incorporating 3D convolution layers, outperforms RF, 
ROTF, and SVM, which are commonly utilized in vineyard 
detection in existing literature. An important aspect to 
note is that the developed 3D CNN model achieves high 
accuracy directly from the image data, eliminating the 
requirement for additional data. For instance, while 
texture features were added to the WV-2 image using 
Gabor to enhance the classification accuracy of the RF 
algorithm, the addition of supplementary textures 
proved to be less effective compared to the 3D CNN 
model, which can automatically extract textures from 
images. However, one drawback of the 3D CNN model, 
which achieves accurate vineyard detection in WV-2 
images without necessitating user intervention, is the 
significantly longer training time (20 hours) when 
compared to other machine learning models. 

In order to assess the classification performance of 
the 3DCNN method and other approaches, the metrics 
presented in Table 5 were analyzed for each method and 

class. Upon examining the results in Table 6, it is 
observed that the 3DCNN method demonstrates 
successful classification, supported by the minimum and 
maximum values of F1-score (0.79-0.97), specificity 
(0.95-0.99), and accuracy (0.91-0.99). The RF_Gabor 
method exhibits classification performance that closely 
resembles that of 3DCNN, as indicated by the F1-score 
(0.44-0.91), specificity (0.76-1.00), and accuracy (0.80-
0.95) (Table 7). When averaging the metric values across 
the classes, the 3DCNN method achieves an F1-score of 
0.866, specificity of 0.963, and accuracy of 0.942. For the 
RF_Gabor method, the corresponding values are an F1-
score of 0.737, specificity of 0.930, and accuracy of 0.892. 
ROTF yields an F1-score of 0.653, specificity of 0.895, and 
accuracy of 0.839 (Table 8). SVM demonstrates an F1-
score of 0.584, specificity of 0.872, and accuracy of 0.809 
(Table 9). These results align with the overall 
classification accuracies obtained from the respective 
methods.  
 

 
Table 6. Evaluation the performance of the methods for 3DCNN. 

 PRECISION RECALL F1-SCORE SPECIFICITY  ACCURACY 
VINEYARD 0.902 0.816 0.857 0.972 0.935 

FOREST 0.827 0.759 0.791 0.953 0.908 
SOIL 0.820 0.832 0.826 0.951 0.926 

ROAD 0.820 0.973 0.890 0.951 0.955 
SHADOW 0.955 0.977 0.966 0.987 0.985 

 
Table 7. Evaluation the performance of the methods for RF_Gabor. 

 PRECISION RECALL F1-SCORE SPECIFICITY  ACCURACY 
VINEYARD 0.866 0.966 0.913 0.943 0.949 

FOREST 0.540 0.931 0.684 0.763 0.802 
SOIL 0.864 0.924 0.893 0.953 0.946 

ROAD 0.946 0.625 0.753 0.991 0.917 
SHADOW 1.000 0.285 0.443 1.000 0.844 

 
 

Table 8. Evaluation the performance of the methods for ROTF. 
 PRECISION RECALL F1-SCORE SPECIFICITY  ACCURACY 

VINEYARD 0.680 0.939 0.789 0.825 0.857 
FOREST 0.473 0.786 0.591 0.723 0.738 

SOIL 0.797 0.748 0.772 0.933 0.885 
ROAD 0.951 0.518 0.671 0.992 0.886 

SHADOW 1.000 0.285 0.443 1.000 0.827 

 
Table 9. Evaluation the performance of the methods for SVM. 

 PRECISION RECALL F1-SCORE SPECIFICITY  ACCURACY 
VINEYARD 0.727 0.850 0.784 0.861 0.857 

FOREST 0.470 0.752 0.578 0.713 0.723 
SOIL 0.595 0.885 0.712 0.791 0.815 

ROAD 0.970 0.286 0.441 0.997 0.837 
SHADOW 1.000 0.254 0.405 1.000 0.811 
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5. Conclusion  
 

Accurately identifying vineyards is crucial for 
contributing to the national economy, effectively 
managing viticulture processes, monitoring crops, and 
implementing site-specific automated crop management. 
With this objective in mind, this study aimed to 
determine the spatial distribution of Cimin grape using 
high-resolution satellite images. The performance of the 
developed 3D CNN model was compared to that of the RF, 
ROTF, and SVM algorithms. The classification accuracies 
obtained were 86.47%, 75.94%, 70.53%, 66.92%, and 
62.41% for the 3D CNN, RF_Gabor, RF, ROTF, and SVM 
methods, respectively. The 3D CNN method 
outperformed the RF_Gabor (second-ranked) by 11% 
and the RF (third-ranked) by 16% in terms of 
classification performance, resulting in more accurate 
vineyard classification. The evaluation of metrics such as 
F1-Score, specificity, accuracy, Kappa analyses, and χ^2 
values obtained from the McNemar test further confirm 
the success of the 3D CNN method. Preliminary results 
indicate that the proposed 3D CNN-based deep learning 
model can effectively classify Cimin vineyards and 
determine their spatial distributions. Future work will 
focus on evaluating the performance of different CNN-
based architectures for the same problem. 
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 Expropriation is widely used to introduce highway projects into the society. Expropriation is the 
registration process of real estate and equities owned by natural and legal persons on behalf of the 
administration for public interest, provided that property and easement right amount shall be paid 
in cash or in advance or by equal installments. In what situations and by which institutions 
expropriation is carried out are restricted by the law. In accordance with the Article 3 of the 
Expropriation Law Number 2942 amended by the Law Number 4650, the expropriation process 
shall not be started without an adequate allowance provided by the administration. The exercise of 
the right of property shall not be against public interest.” Project areas are required to be converted 
into public property after the development plans for the public projects are prepared. Areas 
regarded as private property but intersected by highway, railway or waterway routes can only be 
occupied after expropriation. Without expropriation, projects based on transportation in 
improvement areas can be opened to public with the application of the provisions of the 
Development Law Number 3194, while those in areas having no development plan can be opened 
to public with the application of the relevant provisions of the Agricultural Reform Law Number 
3083 on Land Consolidation in Irrigated Areas and Law Number 5403 on Soil Conservation and 
Land Use. In this article, opening highways, railways, and waterways to public in Türkiye using the 
implementation of development plans is discussed. For the real estate coinciding with the route of 
public investments, if land and land lots are arranged in accordance with the Article 18 of the 
Development Law Number 3194, state withholding up to 45% may be imposed. The objective 
function in the state withholding can be stated as f= costmin= f(a,b). Land acquisition increases as 
the ratio of state withholding increases, resulting in the minimization of the expropriation costs. 
Public projects such as highway can be opened to public free of charge with development plan 
implementation in improvement areas and with land consolidation in rural areas having no 
development plan. 
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1. Introduction  

 
According to the amendment made with the Law 

Number 4709 to the 1982 Constitution Act of Türkiye, 
“government officials and public legal entities are 
entitled to expropriate proprietary real estate in whole 
or in part and constitute administrative easements for 
public interest as per legal rules and procedures, 
provided that the actual equivalents are paid in advance”. 
The Law Number 2942 amended by the Law Number 
4650 governs transactions to be carried out by 
government officials and public legal entities to 
expropriate real estate belonging to real and private legal 
entities for public interest, calculation of expropriation 
amount, registration of immovable and easement right 

on behalf of the administration, revoking unused 
immovable, procedures related to the transfer of real 
estate among administrations, mutual rights and 
obligations, and resolution procedures and methods of 
relevant conflicts [1-4]. 

In any neighborhood, an immovable, its outbuilding 
and constitution of easement for the immovable may be 
a subject for expropriation. For expropriation, the 
authority or the person authorized to initiate the 
expropriation process should acquire the decision of 
public utilities. Public institutions and organizations are 
able to make expropriation on subjects restricted by law. 
A service that is among the fundamental duties of public 
institutions can be transferred to another administration 
to the extent permitted by law [5-6]. In this case, public 
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interest regarding the expropriation for the realization of 
the service transferred shall be obtained by the 
competent authority of the administration that the 
service is transferred to. Authorities granting the 
decision of expropriation are entitled to revoke the 
decision of expropriation as per the principle of formal 
parallelism. Another administrative authority that is not 
the one granting the decision of expropriation shall not 
revoke such decision. In Türkiye, authorities who are 
entitled to grant and certify the decision of expropriation 
are explicitly listed under the Articles 5 and 6 of the 
Expropriation Law Number 2942, respectively. Except 
for the listed authorities, there are certain institutions 
granted the duty and authorization of expropriation. 
Relevant authorities are entitled to make expropriation 
as per the Law Number 6200 on the Organization and 
Functions of the General Directorate of State Hydraulic 
Works (Article 3), the Law Number 6001 on the Services 
of the General Directorate of Highways (Article 22), the 
Law Number 3096 on Granting Authorization to 
Institutions Other Than the Turkish Electricity Authority 
For the Generation, Transmission, Distribution and 
Trade of Electricity (Article 11), the Law Number 3154 
on the Organization and Duties of the Ministry for Energy 
and Natural Resources (Article 11/c), the Turkish Mining 
Law Number 3213 (Article 43), the Free Trade Zones 
Law Number 3218 (Article 5) , the Organized Industrial 
Zones Law Number 4562 (Article 4), the Natural Gas 
Market Law Number 4646 (Article 12/a), the Technology 
Development Zones Law Number 4691 (Article 5), the 
Petroleum Law Number 6326 (Article 87/1), the Law 
Number 4753 on Protection Against Flood Waters and 
Floods (Article 11), the Free Trade Zones Law Number 
3218 (Article 2), the Law Number 933 on the 
Implementation Fundamentals of the Development Plan 
(Article 2/C), the Law Number 2565 on Military 
Forbidden Zones and Military Security Zones (Article 
7/1), the Law Number 6461 on Liberalization of Railway 
Transportation in Türkiye (Article 5), the Law Number 
6704 on Amending Certain Laws and Decree Laws 
(Article 8) , the Agricultural Reform Law Number 3038 
on Land Arrangement in Irrigation Areas. Although 

certain authorities are entitled to make expropriation by 
law, it is often stated in relevant legal regulations that 
appraisal procedures for the real estate to be 
expropriated shall be realized as per the provision of the 
Law Number 2942 [7-13]. 

Since highways is large public projects, the 
expropriation of the property needed by a relevant 
institution costs a lot. Acquisition of land by 
expropriation is widely used in Türkiye. Although the 
principle of payment in advance is based on the actual 
value as per the 1924 Constitution, expropriation is 
implemented based on tax value using certain laws in 
some cases. In accordance with the Law Number 2942 
amended by the Law Number 4650 in force, 
expropriation is ensured to be realized based on fair 
value [14-19]. 

 

2. Method 
 

2.1. Optimization of the costs of highway 
expropriation projects 

 

Türkiye’s surface area is 814,578 km2 and the 
projection area is 780,580 km2. The difference between 
the projection area and the actual area is due to the 
widespread mountainous areas in Türkiye. Of the total 
surface area of Türkiye, 98.3% is land and 1.3% is water 
surface (DPT, 2006). According to the summary of 
agricultural statistics published by the Turkish Statistical 
Institute (TUIK) in 2009, of the total land size, 35.1% is 
used as forestland, 27.3% as arable area, 24.2% as 
meadow and pasture area, 7.1% as fallow land, 4.9% as 
fruit garden, olive garden and vineyard, and 1.4% as 
vegetable garden. In Türkiye, the General Directorate of 
Highways is the investor institution that needs the 
highest amount of land.  

The total expenditure and expropriation amount of 
the General Directorate of Highways increase each year 
in proportion. No data is obtained from other institutions 
with regards to expropriation. Expropriation and total 
expenditure of the General Directorate of Highways are 
shown in Figure 1. 

 

 
Figure 1. The expropriation costs of the General Directorate of Highways [20]. 
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The expropriation burden of the General Directorate 
of Highways increases each year. In 2017, the cost of such 
burden was 4.122.011.000 Turkish Liras. This burden 
can be opened to the public with development plan 
implementation and land consolidation, which are 
among the methods of transfer of land to the public. For 
the real estate intersected by the routes of public 
investments, if land and land lots are arranged in 
accordance with the Article 18 of the Development Law 
Number 3194, the total area of the cadastral parcel 
intersected by the implementation area will be [CPA]= 
43611.82 m2. If the total area of the building blocks in the 
land arrangement area is [BBA]=26167.09 m2, the area 
reserved for the public will be [ARP]= 17444.73 m2. 
When the Development Readjustment Share (DRP) is 
calculated for the selected area, DRP is found to be 45% 
(DRP=[ARP]/[BBA] = 45%). Hence, the expropriated 
area is maximized and the cost of expropriation is 
minimized. The related institution bears the costs during 
the implementation. In a selected readjustment area, 
there may be areas that are reserved for public services 
such as roads, squares, parks, public car parks, and green 

fields, areas that are not subjected to registration, and 
areas that are reserved for mosques, police stations, 
primary and secondary schools under the Ministry of 
National Education and related facilities. Lands on a 
route where large public projects are to be carried out 
can be opened to the public free of charge with 
development plan implementation in improvement 
areas other than motorways and with land consolidation 
in rural areas with no development plan. Withholding up 
to 10% may be imposed for land consolidation areas. In 
these areas, it is necessary to make amendments to 
legislations on land consolidation for opening areas as 
part of highway projects. In Germany, motorway 
companies purchase lands in different areas and turn 
them into land route by implementing land 
consolidation. It will be possible to transfer areas 
belonging to the State Treasury in land consolidation 
areas to the areas planned as a road. As seen in Figure 2, 
the areas behind the land arrangement are expropriated 
with minimum cost, i.e. the cost only comprise the cost of 
the implementation [3, 8,15-19]. 

 

 
Figure 2. Parcel plan on the highway route (red line). 

 
2.2. Public interest in the expropriation process 

 

Expropriation should be made for public interest. The 
concept of public interest is addressed under a separate 
title in the 1982 Constitution Act of Türkiye. The purpose 
of expropriation shall be for the public interest as per the 
Constitutional Court Decisions. According to the 
principle highlighting “public interest” as a basic factor, 
expropriation is defined as “revoking the right of 
property on an immovable by the administration for 

public interest, provided that its equivalent is paid”. As 
per another definition, expropriation is the dispossess of 
an immovable for public interest regardless of the 
owner’s consent, provided that its appraised equivalent 
is paid. In other words, expropriation is a restriction 
imposed on the right of private property or abolishing 
the authorities entitled to the state and the right of 
private property to protect the public interest and 
provide public services. However; such authority may be 
used by the state for the interest of state institutions and 
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organizations or of private enterprises separately within 
the framework of conditions and procedures determined 
by law undoubtedly (decision dated 22.09.1993 (Basis 
No. 1993/8, Decree No. 1993/31)). 

The first paragraph of the Article 46 of the 
Constitution Act of Türkiye states that government 
officials and public legal entities are entitled to make 
expropriation for public interest if applicable. Therefore, 
the purpose of expropriation is based on the concept of 
“public interest” [14]. In other words, the administration 
may only make expropriation for public interest. Unless 
required for the public interest, it shall be illegal for the 
administration to carry out an expropriation procedure 
in terms of its purpose [14]. 

The decision-making authority that decides where 
and what the public interest belongs to is the “legislative 
organ”. In case of conflict, authority to decide “what the 
public interest is” by interpreting principles and rules 
belongs to the “judicial organ”. Today, administrations 
are entitled to make expropriation only “for the public 

interest” without any additional condition in accordance 
with the Article 1 of the Expropriation Law Number 2942 
and Article 46 of the Constitution Act of Türkiye. Thus, it 
can be concluded that the concept of public interest is 
broadened. It can be said that the Article 3 of the 
Expropriation Law includes provisions suitable to define 
the concept of public interest and set its framework. 
According to this article, public interest as the 
prerequisite for expropriation shall be a benefit to be 
obtained by establishing and maintaining public services 
and enterprises since administrations are able to 
expropriate real estate required to maintain public 
services or enterprises that they are legally obliged to 
provide [20]. Expropriation is not always required for 
projects for the public interest. Figure 3 shows Google 
Earth image of the route opened to the public by Trabzon 
Municipality and the General Directorate of Highways 
with development plan implementation by signing a 
protocol and paying implementation expenses only. 
 

 

 
Figure 3. Highway route of Çimenli Mahallesi, Ortahisar, Trabzon (Türkiye).  

 
Development plans and projects approved by the 

relevant ministry are among the documentations that 
serves to public interest. Plans are listed in the Article 6 
of the Development Law Number 3194. These plans start 
with Spatial Strategic Planning and end with 
implementation development plans. Spatial planning 
consists of “Environmental Plans” and “Development 
Plans” in terms of its purpose and scope in accordance 
with the Spatial Strategic Planning. Development plans 
are prepared as a master development plan and an 
implementation development plan. Each plan is 
prepared in conformity with the plan of the next stage. In 
spatial strategic planning, objectives put forth in the 
development plan and if any, regional planning, regional 
development strategies, and other strategic 
documentation are taken into consideration. 
Implementation of the city development plans upon 

acceptance or approval, and land and land lot owners’ 
power to use and benefit are restricted by the public 
interest. The Article 6 of the Expropriation Law brings a 
special arrangement for expropriation implementations 
to be made as per development plans. Accordingly, it is 
not necessary to obtain the decision of public interest for 
services to be provided as per the approved development 
plan or special plan and project approved by relevant 
ministries. In such cases, the competent authority makes 
a decision to prove the expropriation process is 
commenced. Development plans are for public interest in 
expropriations to be made by municipalities for the 
development plan implementation and those to be made 
for public services to be established and operated by 
municipalities and other public legal entities. 
Commitment to development plan is essential to 
expropriation based on a development plan [21-22]. In 
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accordance with the Expropriation Law Number 2942, 
plans and projects approved by ministries are for the 
public interest by decision. As it is known that when it 
comes to certain investments of the State and certain 
state institutions and organizations that are 
economically and socially significant at the country level, 
investment decisions are made in accordance with the 
special plan and projects approved by the relevant 
ministry. For example, as is in the case of building a dam 
and irrigation, highway, railway or port. 
 
2.3. Expropriation appraisal and the right of 

property 
 

Appraisal of real estate; the criteria to be taken into 
consideration for the expropriation appraisal is listed in 
the Expropriation Law Number 2942 and Article 11 of 
the Law on Amending the Expropriation Law. In 
paragraph (f) under the same article, an appraisal is 
foreseen to be realized based on the “net income brought 
by the land, immovable or equity depending on its status 
and condition on the date of expropriation and in case it 
is used as is”. Since the subject is broad, it is deemed 
suitable to make a short evaluation here.  

Appraisal of lands: land is a building land whose 
substructure is set up for planning and that is invested 
with the development right for the superstructure. In 
accordance with the Real Estate Tax Law Number 1319, 
land lots that are parceled by the municipality within the 
municipal boundaries are regarded as land. For land lots 
that are not parceled regardless whether it is within the 
municipal boundaries, which ones to be regarded as land 
is determined by the decision of the Council of Ministers. 
According to the Decision Number 83/6122 on the Lands 
That Are Not Parceled to Be Regarded as a Land; lands 
and land pieces;  

a) that are located in the areas assigned as a 
residential area with development plan within municipal 
and urban area boundaries,  

b) that are not located in the area assigned as a 
residential area with such development plan but are 
within municipal and urban area boundaries, occupied, 

utilizing municipal services and not parceled, are 
regarded as a land. However, lands and land pieces in 
such areas are not regarded as a land if used for 
agricultural activity.  

c) that are parceled by any means for establishing a 
residential building or a touristic or industrial facility and 
affixed hereby as an addendum to the title deed but are 
not within municipal and urban area boundaries,  

d) that are located in the areas assigned as a 
residential area with development plan within the 
boundaries determined by the decision of the Council of 
Ministers due to its location near or around the sea, 
rivers, lakes and transportation, or its industrial or 
touristic significance or because of fast urbanization 
activities, and upon the proposal by the Ministry of 
Development and Housing but are not within municipal 
and urban area boundaries, are regarded as a land.  

According to this decision, lands and land pieces in 
such areas are basically declared as per their current 
value. In accordance with the Expropriation Law Number 
4650, an immovable can only be regarded as a land if it is 
in the development plan on the date of expropriation. If 
it is within the municipal and urban area boundaries but 
not in the development plan, it shall be utilizing all public 
services and its surroundings shall be residential [17]. 
Appraisal of land can often be determined by direct 
comparison with similar lands whose real sales values 
are known. For such appraisal, real values of precedent 
lands that are similar in miscellaneous qualities shall be 
known and average purchase and sale value shall be 
calculated based on precedent values. During such 
comparison, all quality elements affecting the value shall 
be taken into consideration such as location and type of 
land, the physical structure of soil and the road it is 
located on, road and street widths, and restrictive 
arrangements imposed under the development plan. It is 
often difficult to find a precedent immovable for the 
appraisal of an immovable on the route to be 
expropriated. Sometimes, this becomes a case taken to 
the European Court of Human Rights (ECHR). Annual 
distribution of right of property infringement cases taken 
to the ECHR by years is as follows (Figure 4). 

 

 
Figure 4. Annual distribution of right of property infringement cases taken to the ECHR by years [22]. 
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Most cases taken to the ECHR are related to the 
procedure, approach and values determined by the price 
determination commission. For eliminating these issues 
caused by the vulnerability within the legal framework of 
expropriation procedure, amendments were made to the 
Expropriation Law Number 2942 by the Law Number 
4650 in 2001. Amendments made in 2001 is a milestone 
in terms of broadening the area of freedom given to 
individuals related to such procedure under the 
Expropriation Law [10]. Citizens claim their rights by 
considering the long judicial process taken to the ECHR 
with the thought that they suffer from forfeiture due to 
state practices. During this process, citizens confront the 
state, and such confrontation decreases reliance on the 
state. The amount of compensation to be paid becomes 
more of an issue in the expropriation procedure, which is 
an intervention on the right of property. Since the first 
paragraph of the Article 1 of Protocol 1 under the 
European Convention on Human Rights does not 
mention compensation at all, it is not possible and right 
to conclude that this provision requires full 
compensation for expropriation. For the compensation, 
the superior should be favored as a result of comparing 
public interest in the expropriation and individual 
interest related to the protection of the right of property 
[23]. Since dispossession occurs where expropriation is 
realized, overburdening the individual should 
particularly be avoided. Together with the legal 
regulations made in Türkiye in accordance with the 
verdicts of conviction by the ECHR, a decrease is 
observed in the number of cases filed. It is also known 
that the number of cases filed will be decreased by 
utilizing alternative land reclamation methods instead of 
expropriation. 

 
3. Results and Discussion 
 

In accordance with the first paragraph of the Article 
18 of the Development Law Number 3194, “for lands and 
land lots with or without building in the boundaries of 
development, municipalities are entitled to combine 
them with each other, road oversupply and areas 
belonging to public institutions or municipalities, divide 
them into plots or parcels as per re-development plan, 
distribute them to beneficiaries as per single, shared or 
flat ownership basis, and have their registration 
procedures done ex officio regardless of the consent by 
owners and other beneficiaries. If such areas are not 
within municipal and urban area boundaries, above 
mentioned authorities are exercised by the 
governorship”. The authority belongs to the 
governorship or municipalities as per the relevant 
provision. Development readjustment share is deducted 
as a legal tax or tax in kind from the real estate subjected 
to the arrangement in reply to the increasing value in 
development plan implementations. By this way, public 
spaces mentioned in the law is transferred to the public 
free of charge. However, it is also a rule that all the 
parcels subjected to the arrangement are eligible for 
single building plot as much as possible. During the 
distribution of lands and land lots subjected to the 
arrangement by municipalities or governorships, 

sufficient area may be deducted from their surfaces as 
“development readjustment share” in reply to the 
increasing value due to the arrangement. However, 
development readjustment shares to be deducted as per 
this article cannot exceed forty-five percent of the 
surface of lands and land lots subjected to arrangement 
(before the arrangement) (Amended paragraph 3: Article 
3/12/2003-5006/1). Development readjustment shares 
cannot be used for purposes other than public services 
needed to be established in the areas subjected to 
arrangement such as primary and secondary schools 
under the Ministry of National Education, roads, access-
controlled highways other than motorways, waterways, 
squares, parks, car parks, playgrounds, green fields, 
prayer halls, and police stations and facilities for such 
services (Two additional sentences: Article 19/4/2018-
7139/32). It is essential to compensate flood control 
facility areas within the area subjected to the 
arrangement from the remaining areas owned by the 
State Treasury subsequent to deduction of development 
readjustment share for purposes stated in this paragraph 
[24-26]. However, if failed to be assign sufficient area for 
flood control facility, from the surfaces of lands and land 
lots subjected to arrangement, additional share is 
assigned for flood control facility up to the percentage 
stated in the second paragraph after development 
readjustment share is assigned for purposes stated in 
this paragraph, provided that the development 
readjustment share does not exceed the percentage 
stated in the second paragraph. 

Development Readjustment Share is defined in the 
Article 4 of the Regulation on Principles Related to Land 
and Land Lot Arrangement to be Made as Per the Article 
18 of the Development Law. Accordingly, the value is the 
amount that can be decreased up to 35% from the 
surfaces or lands and land lots subjected to arrangement 
(before the arrangement) and/or the equivalent 
determined with the consent of the owner in case of 
unavoidable circumstances, provided that it is to be used 
for areas assigned to public services needed to be 
established in the areas subjected to the arrangement 
such as roads, squares, parks, green fields, and public car 
parks and not subjected to registration, and mosques, 
police stations and relevant facilities. The inclusion of 
real estate subjected to arrangement into public service 
areas required by the building plots established may be 
up to 35% at most. However, this percentage was 
increased to forty-five percent (45%) in accordance with 
the Article 1 of the “Law on Amending One of the Articles 
Under the Development Law Number 6785 and Certain 
Procedures to be Adopted on Structures Incongruent to 
the Development Law and Development and Anti-squat 
Law” Dated 03.12.2003 and Number 5006, which was 
published in the Official Gazette Dated 17.12.2009 and 
Number 25319. 

Works for opening road developments to the public 
based on the implementation under the Article 18 of the 
Law Number 3194 are carried out by the General 
Directorate of Highways under the Ministry of 
Transportation and Infrastructure. The very first 
example of such work was the protocol dated 11.07.2006 
and Number 10/3015 signed between the General 
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Directorate of Highways and Datça Municipality. 
Implementation of the Article 18 on the 80-hectare area 
within the boundaries of Datça Municipality was given 
out by contract and the procedure was accomplished 
with all title deed registrations done. Implementation of 
the Article 18 of the Development Law Number 3194 and 
Articles of Annex 1 of the Law Number 2981/3290 was 
realized for opening the North ring road upon the 
engagement dated 11.08.2006 and Number 2006/30-3 
contracted between Kayseri-Erkilet Municipality and the 
General Directorate of Highways. Adana-Karataş Double 
Highway was opened to the public with the 
implementation of the Article 18 within the framework 
of the Contingency Plan upon the protocol signed. For 
opening the road within the region with the 
implementation of the Article 18 of the Development Law 
Number 3194, a protocol was signed between the 10th 
Regional Directorate of Highways and Trabzon 
Municipality on 10.03.2010. Trabzon Municipality 
accepted the implementation on the condition that the 
implementation expenses were paid by the General 
Directorate of Highways. Due to the protocols signed, the 
administration was relieved of expropriation expenses. 
Upon the protocol signed between Antalya Metropolitan 
Municipality and the 13th Regional Directorate of 
Highways on 28.08.2015, airport intersection between 
Antalya and Aksu was opened to the public with the 
implementation of the Article 18 of the Expropriation 
Law Number 3194. The General Directorate of Highways 
under the ministry of Transportation published the 
Internal Memorandum dated 12.09.2007 and Number 
2007/101. This memorandum discusses the importance 
of development plan implementation. It is highlighted 
that the internal memorandum should pioneer in solving 
certain environmental issues. It is stated that favoring 
development implementation over expropriation for 
ring roads and city crossings will facilitate the 
development of infrastructure in the cities easily and 
properly.  

The Article 18 of the Development Law Number 3194 
was updated with the Article 9 of the Law Number 6704 
by adding the expression “access-controlled highways 
other than motorways, waterways” following the term 
“road” in the paragraph. With such amendment, 
development readjustment share is ensured to be met for 
the route where the Canal Istanbul (Kanal İstanbul) 
project passes through. First, development plan works 
were accomplished within the region. Afterwards, a 45% 
deduction was made from the real estate. Thus, it was 
ensured that the rest was assigned as a building plot. It is 
possible to set up parcels whose agricultural quality is 
protected by the development plan decision. 

In accordance with the Article 6 of the Agricultural 
Reform Law Number 3083 on Land Consolidation in 
Irrigated Areas, land consolidation is defined as follows: 
“To fulfill the objectives stated in this law, land 
consolidation may be realized by the relevant institution 
on demand or regardless of the consent by owners”. 
Supportive measures may be taken by the relevant 
institution to expand land and to benefit more from 
credit facilities for encouraging land consolidation 
provided that priority is given to those on demand. 

(Additional paragraph: Article 1 of the Decision Dated 
23/02/2001 and Number 4626) In consolidation areas, 
depending on the project type, a share up to 10% is 
deducted from the land belonging to real persons and 
public and private legal entities for the area to be 
commonly used by the public such as a road or canal. 
Roads closed due to consolidation and road oversupplies 
are also used for the same purpose [24-31]. No price is 
paid for share. However, the land deducted other than 
the share is compensated from the equivalent area 
owned by the State Treasury if applicable. If this is not 
sufficient, then expropriation procedure is implemented 
for the area required. Transfer of land and land lots to the 
public is ensured with land consolidation. 

 
 

4. Conclusion  
 

Expropriation is widely used in Türkiye for 
introducing highway projects into the society. Public 
institutions and organizations are able to make 
expropriation on subjects restricted by law. In what 
situations and by which institutions the expropriation 
authority is exercised are restricted by law. In 
accordance with the Article 3 of the Expropriation Law 
Number 2942 amended by the Law Number 4650, the 
expropriation process shall not be started without an 
adequate allowance provided by the administration. 
Thus, the land and land lots needed by the public should 
be obtained by means of different implementations other 
than expropriation. Restricting the right of property for 
another public service cannot be against public interest. 
Expropriation can only be commenced with the decision 
of public utilities and processing highway projects in the 
improvement site into 1/5000 scaled Master 
Development plans and 1/1000 scaled implementation 
development plan. Road development can be opened to 
the public free of charge with the application of the 
provisions in the Article 18 of the Development Law 
Number 3194 ex officio for the area where the highway 
would pass in an urban area. In the cost optimization of 
the highway routes with the selected arrangement areas, 
maximum area is expropriated with minimum 
implementation cost. The deduction is lower if the public 
area in the planned area is small. If land and land lots are 
arranged in accordance with the Article 18 of the 
Development Law Number 3194 between the General 
Directorate of Highways under the Ministry of 
Transportation and Infrastructure and municipalities, 
these lands are ensured to be transferred to the public 
free of charge by imposing state withholding up to 45%. 

Expropriation expenses of highway projects for 
public place excessive burden onto institutions. 
Necessary lands may be opened to the public by means 
of development implementations, provided that 
amendments for the implementation are made to a 
certain law. The best example to the above-mentioned 
situation was the inclusion of roads other than 
motorways under the responsibility of the Institution of 
Highways into the scope of development readjustment 
share in accordance with the 6th paragraph of Article 19 
of the Law Number 6001 on the Organization and Duties 
of the General Directorate of Highways. In this sense, 
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these areas are ensured to be converted into the public 
property with the implementation of the Article 18 of the 
Development Law Number 3194 after development 
plans for the land route are prepared. For project areas 
intersected by a private property, areas intersected by 
highway and waterway routes can be transferred to the 
public with the implementation of the Article 18 of the 
Development Law Number 3194 and the Agricultural 
Reform Law Number 3038 on Land Arrangement in 
Irrigation Areas and relevant provisions. Land 
acquisition increases as the ratio of state withholding 
increases, resulting in the minimization of the 
expropriation costs. Public projects such as highway can 
be opened to public free of charge with development plan 
implementation in improvement areas and with land 
consolidation in rural areas having no development plan. 
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 Means of transportation are a large part of our daily life. Along with the development of 
technology, we encounter different types of vehicles, but we also encounter different 
problems. For electric scooters, which are one of the new types of vehicles that are seen to be 
used in vehicle traffic, it seems that there are question marks among the public about the use 
of vehicles and the rules. It is seen that the legal regulations and rules in this field are not 
sufficiently standardized in Türkiye yet. Among these question marks, safety, comfort, and 
vehicle characteristics draw attention to which roads electric scooters should choose during 
their use. In the research, various applications and examinations were made on the 
parameters of the slope, road class, length of the road, and land cover, among the parameters 
considered in the optimal road preferences for electric scooters, where there is a starting point 
and an ending point. For the research, Dijkstra's Algorithm, QGIS GIS software, python 
programming language, and various modules were used to use the shortest path problem, cost 
calculations, and various data processing methods. These applications were compared within 
the Work titles and the effects of different parameters on the optimal route preferences were 
compared and discussed. The results of the research were discussed in terms of relevance, and 
it was determined what improvements could be added and what effects it could have on other 
research that could be done on this subject. As a result, it has been seen that the parameters 
in the research directly affect the results in the applications in different works, bringing 
diversity, and the expected results achieved. It has been determined that the addition of 
additional parameters such as the maximum distance or time that can be traveled for vehicles 
such as electric scooters, and the use of more sensitive and various sources will further 
develop this research and its importance in this type of research. 
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1. Introduction  
 

The shortest path problems, which have a place in 
daily life and people often create their own solutions or 
get solutions through various applications, turn into the 
optimal path problems as a result of taking into account 
different environmental parameters. For the solution of 
the shortest path problem among the roads with 
different distances, it is a correct solution to choose the 
path with the shorter distance compared to the others, 
but this is more complicated for the optimal path 
problems. For example, considering the traffic density 
values on the road, the shortest distance road may not be 
the most suitable way for a vehicle to pass through the 

traffic. Such different parameters depend on whether the 
roads will be covered without vehicles or with which 
type of vehicles in the problem, but also the importance 
of the parameters in the optimal path problem may vary 
according to environmental factors. 

With the development of technology, vehicles such as 
electric scooters and electric bicycles have begun to 
settle in people's daily lives. In times when the use of 
motor vehicles using the main roads is increasing day by 
day, people see electric scooters as an alternative that 
does not suffer from traffic problems or can be used as an 
entertainment activity. The most suitable path for a 
vehicle is always seen as a problem to be solved. For this 

https://dergipark.org.tr/en/pub/ijeg
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reason, the necessity of conducting exemplary research 
and applications on this problem for these new vehicles 
of different types that can go into traffic has emerged. 

Unfortunate accidents occur because new and 
technological vehicles such as electric scooters are not 
fully integrated into daily life and therefore citizens are 
not used to seeing these vehicles in traffic. Which paths 
are suitable for these vehicles physically and in terms of 
security is important for optimal path applications. 

Shortest Path problems are one of the most popular 
problems encountered in Network analysis, which 
consists of nodes associated with each other through 
edges and used in decision-making studies, and on which 
algorithms have been developed. These problems are 
encountered in many areas such as navigation devices, 
network systems, and vehicle route calculations [1]. For 
this reason, various algorithms have been developed for 
the solutions to these problems, which also take into 
account special conditions. The most popular among 
these algorithms is Dijkstra's Algorithm with positively 
weighted edges. Dijkstra algorithm, which is used to find 
the shortest (costly) path between two nodes in a 
network consisting of nodes and edges, reaches the 
shortest path result by comparing the costs of all possible 
paths between two nodes. Dijkstra's algorithm can only 
work on positively weighted edges. Although it gives a 
fast and precise result compared to algorithms such as 
Bellman-Ford, which is another shortest path problem 
solution algorithm that can work with negatively 
weighted edges, it is more costly in terms of working 
compared to heuristic algorithms [2]. 

 A road network consists of many nodes connected to 
each other via edges. Some nodes can play more 
important roles in the network due to their centrality [3]. 
Many algorithms have been developed on complex road 
networks from the past to the present. Reasons such as 
separating the application according to different types 
and purposes and considering the time used for problem 
solving can be given as the reason why there are so many 
algorithms [4]. Different optimization methods can be 
followed as a result of additional problems such as data 
size and branching of the data within itself. 

Research and studies are carried out by using spatial 
information within the scope of Geographic Information 
Systems (GIS), which deals with spatial information, in 
various analyzes and models [5]. Many studies such as 
best fit site analysis, seasonal productivity of agricultural 
land, disaster risk research, spatial relations, and 
statistics can be given as examples of these research and 
studies [6].  In this research, GIS is used to solve the 
shortest path problems encountered in the use of road 
networks, road geometries, and attribute information, 
which are geographical data sources, in the use of electric 
vehicles such as electric scooters. 

Any individual can contribute to the OpenStreetMap 
(OSM) mapping project, where volunteer-based open-
source data is produced [7]. OSM data, which is available 
completely free of charge, is licensed under the Open 
Database License [8]. With the update coming in 2022, it 
now also includes forwarding services. Through this 
development, it can be seen that a topological 
relationship (road network) can be created between the 

road geometries in the OSM data.  While OSM creates the 
node and edge relations that may be necessary for a 
network analysis within its own road data, it also 
includes important information such as the length of the 
road it represents, the speed and information for the 
vehicles, and the characteristics of the road into the 
related road (edge) geometry data [9]. 

With the development of technology day by day, GIS 
research and applications are becoming more 
widespread and their diversity is increasing. Various GIS 
software and programming languages are used in these 
studies. Among the popular examples of these software 
are QGIS and ArcGIS software. As they have a python 
programming language script, they can be written with 
plugins [10]. Such features also increase the use of the 
python programming language on GIS. 

Python, an object-oriented programming language, 
was introduced by Guido van Rossum in 1980 [11]. 
Today, it is popularly used in many areas such as web 
applications, artificial intelligence studies, and database 
software programming. In addition to being easy to use 
thanks to its simple syntax, one of the reasons for its high 
usage is that it has many highly functional libraries that 
can be loaded into it [12]. Libraries such as Pandas, 
GeoPandas, NetworkX, and OSMnx can be given as 
examples of important python libraries to be used in the 
research. 

The Pandas module, which allows the data to be used 
practically, quickly, and efficiently, is used quite 
frequently today, especially in the field of data science 
[13]. The GeoPandas module, on the other hand, includes 
the Pandas module and offers the opportunity to work 
with spatial data in addition to the capabilities of the 
Pandas module [14]. 

NetworkX module is a powerful module that can be 
used for network analysis and manipulation of network 
graphs [15]. It has various functions such as shortest 
path problem algorithms in itself. OSMnx is a python 
module that enables network analysis like the NetworkX 
module by using the spatial data provided by OSM. It 
allows for downloading OSM data, modeling road-street 
data, creating relationships, analyzing, visualizing, and 
many other spatial analyzes [16]. 

In the research, in which the suitability of agricultural 
crops for land consolidation areas was examined, multi-
criteria decision analyses were made by using GIS 
techniques [17]. 

In the research where the least cost road algorithm 
designs for highway route selection were investigated, 
the effects and results of multiple costs on route 
calculations were analyzed [18]. 

In the research using geographic information systems 
to evaluate accessible forest areas using the Analytic 
hierarchy process, which is a multi-criteria decision-
making method of firefighters, road network and road 
transportation analyses of firefighters were examined 
[19]. 

In the research, that determined the transportation 
networks that will form the basis of the most appropriate 
public transportation policy, it was seen that the spatial 
network analysis techniques of GIS were used [20]. 
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In the research in which Dijkstra and Bellman-Ford 
shortest path algorithms are compared, it is seen that 
Dijkstra algorithm gives more precise and invariant 
results than Bellman-Ford algorithm [21]. 

In the research in which the GIS-based shortest 
transportation route is determined, it is seen that the 
stations on the shortest route are determined with the 
Dijkstra algorithm using the python programming 
language [22]. 

In research, it is seen that Dijkstra's Algorithm is used 
in the solution of the vehicle routing problem for 
examining the shortest paths between solid wastes. It 
was concluded that the Dijkstra algorithm gave a 
successful result in the shortest path applications made 
on the graph model created with the topological relations 
in the road networks [23]. 

In the research, in which optimal routes for bicycles 
are examined by considering different attributes other 
than length, attributes are used in the shortest path 
algorithm, taking into account different costs. In addition, 
it has been pointed out that the changes made in the costs 
with the applications with different combinations and 
the changes in the optimal cycling routes [24]. 

In this research, transportation restrictions for two-
wheeled vehicles such as electric scooters and bicycles 
will be examined by using the Dijkstra algorithm, which 
is one of the most popular shortest path problem solution 
algorithms, taking into account different costs. Within 
the scope of the research, besides the python 
programming language and various modules it contains, 
GIS software such as QGIS was also used. Obtaining and 
manipulating the data, associating the data both within 
themselves and with each other, the shortest path 
applications on the created topological road network will 
be mentioned and the results will be discussed. It has 
been observed that there are not many studies dealings 
with this issue, especially today when electric vehicles 

are becoming more widespread day by day. It is foreseen 
that the analyzes and examinations to be made within the 
scope of the research can be handled in other more 
detailed and comprehensive studies and this research 
will be beneficial. Since there is no standard weight 
comparison of the cost indexes among the shortest path 
applications to be made, it is planned to bring richness to 
the research with the diversity of the applications made 
with different cost indices and weight values. The aim of 
the research is to support the applications that refer to 
this research with examples and detailed analysis and 
result comparisons rather than standardizing the cost 
indices and the weight coefficients of the cost indices on 
each other in this area.  There is not enough research in 
the literature dealing with these topics. Plynning’s 
research [24] has been one of the rare reference 
applications for the methodology of the research. 

 

2. Material and Method 
 

2.1. Study Area and Data 
 

Izmit district, which is the central district of Kocaeli 
province, was chosen as the study area. Due to the 
importance of slope information in the applications to be 
made, the rough structure of the land in the Izmit region 
is taken into account. At the same time, the diversity of 
land use and the simplicity of road networks in the Izmit 
region bring convenience to different applications and 
research. The central coordinates of the İzmit region are 
known as 40° 45′ 50″ N, 29° 56′ 40″ E (Figure 1). 

Path data is OSM data obtained through OSMnx. 
During the acquisition of this data, the necessary road 
network was also established through the module (Table 
1). Considering the up-to-dateness and diversity of the 
datasets for the Izmit district, it has been seen that it can 
be a suitable dataset for the application. 
 

 

 
Figure 1. Study area. 
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Table 1. Data obtained for use in research. 
Data Format Content Reason For Use  Source 

Road Network 
Data 

 Vector (Line) Path geometry, lengths and 
classes 

Use of road network, path length cost 
and road class cost 

OSM 

Elevation Raster Elevation values of the area Generating road slope cost data [25] 
Land Cover Raster Land cover in the area Establishment of land use cost in regions 

with roads 
[26] 

 
2.2. Methodology  

 
With the Dijkstra algorithm, which is a shortest path 

problem algorithm selected within the scope of the 
research, applications that provide solutions to optimal 
road problems based on the shortest path and 
weight/cost parameters on the road will be made for 
electric scooter users. In these applications, the main 
functions for the purpose of the research will be 
developed with the python programming language and 
QGIS software will be used for some special cases. During 

these applications, OSMnx, NetworkX, Geopandas, and 
Pandas modules will be used. A topological network will 
be created with the road geometry data of Izmit, the 
central district of Kocaeli province. With the created 
network structure, the effects of different weight/cost 
parameters on the most appropriate path will be 
examined within applications, and statistics and reports 
will be created through applications where different 
weightings are applied to the parameters in problem 
solutions and various network analyses. 
 

 

 
Figure 2. Methodology. 
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In the first stage, the road data provided by 
OpenStreetMap was filtered for the Izmit Region. 
Through the OSMnx module, data can be private with 
various filters such as pedestrian paths, bicycle paths, 
and vehicle paths. Within this path data, the necessary 
topological network is created and prepared in the 
module. In this way, there is no need to work on the 
stages of creating a topological network in which the 
roads will be related to each other. Although the filtering 
of bicycle paths, which have the closest features to the 
purpose of the research, was considered appropriate at 
the beginning, in the examination made on these filtered 
data, it was determined that some pedestrian bridges 
where bicycles can use together with pedestrians do not 

have road data. With the realization of this detail, the 
road data in the region were obtained without 
distinguishing the class, and all the information on the 
data was classified. 

In the analyzes to be made, information such as the 
length of the road, the class of the road, the slope of the 
road, and the characteristics of the land where the road 
is located will be used to calculate the cost of the most 
suitable road for applications to be made on the road 
data. 

The length values of the road and the road classes 
(categories) are available as attribute values in the road 
network obtained from the OSMnx module (Figure 3). 
 

 

 
Figure 3. Example region with path length values. 

 
For the slope value of the road, with the help of the 

raster data obtained from the [25] source, the pixel 
values of the intersection of the starting and ending node 
points of the road edges, and the height values —
increased through interpolation methods for the 
resolution of elevation data— were assigned to these 
nodes. By using these height values and the length data 
of the road together, the slope value of each road data 
was calculated. Accuracy sensitivities of the generated 
slope values are variable. Although the heights at the 
beginning and end of an edge are helpful in finding the 
slope between two nodes, they are not helpful in finding 
the height changes between these two nodes [24]. To 
increase the accuracy here, more than one point can be 

placed on a road line geometry and the slope of the road 
can be calculated from the height of each point. However, 
in the sample analyses made on the data, it was observed 
that the variability in the height changes between two 
nodes in the road geometries in the Izmit region was 
mostly unidirectional [26-27]. For this reason, the costs 
were calculated based on the slope values found only 
with the heights corresponding to starting points and 
ending points (Equation 1). 
 

𝑠𝑙𝑜𝑝𝑒 (%) =
𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛2  − 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛1

𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ
∗ 100 (1) 

 

 

  
Figure 4. Dem data in Izmit District and road network nodes in a sample region. 
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The height values defined on the nodes and the slope 
values calculated on the edges can also be examined in 
Figure 5, which is the sample region image. 

Finally, the usage information of the land where the 
road is located will be included in the cost calculations. 
Land use data is a raster data obtained from [28-33]. In 
order to adapt this data to the road network, 30-meter 
buffer zones were created for all road vector data. These 
buffer zones are of polygon data type. Then, with the 
zonal statistics method, the pixel values falling into these 

buffer zones were associated with the road data in the 
topological network over the relevant polygon [34]. For 
the association made, the average values of the pixels 
falling into the polygon were taken and assigned to the 
polygons. During these processes, weight values were 
assigned to the pixel values in the land use raster data 
according to the relevant land use classes (Figure 6). 

The process of transferring land use data to road data 
with the help of buffer zones with the zonal statistics 
method can be examined in Figure 7. 

 

 
Figure 5. Example region where road height and absolute slope values appear. 

 

 
Figure 6. Land use data for Izmit District. 
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Figure 7. Example study area: Land use raster data and 30-meter buffer zones. 

 
In order for cost indexes to be used in cost 

calculations, it is necessary to create indexes specific to 
the applications to be made. The high-cost value of a road 
in the shortest route application reduces the possibility 
of that road being preferred over other roads. 

The length of the path value is the basic cost index in 
shortest path applications. It can be used in the 
application without making any changes to it. 

The class of the road cost index plays a role in the 
drivers' preference for the roads where they can use 
vehicles such as electric scooters and bicycles more 
conveniently and safely. In this respect, the costs of road 
classes such as pedestrian paths and bicycle paths are 
low in practice. Road classes that represent more 
neighborhoods and streets are more expensive than 
pedestrian and bicycle paths. Since the unclassified data 
in the road data obtained for Izmit are generally similar 
to the data in this class, this class is also included in the 
same weight calculation. Main roads used by motor 
vehicles and considered dangerous for drivers and their 
derivatives are heavier than other road class weights, 
except for one exception class. Ladder class road data, 
which drivers do not have the opportunity to use and 
which is seen as an exception class, is taken into account 
as a road class that is almost impossible to be preferred 
by assigning an extreme value to it. The reason why this 
road class is not directly removed from the road network 
is to prevent disconnections within the network. If there 
is no other choice of road, the driver has to use the 
stairway by necessity. As a result of the application, it can 
be noticed whether this road class is used or not, with the 
extreme value given by the sum of the cost values. 
Although these calculations are made by considering the 
research [24], it is aimed to increase the diversity by 
making some changes to the calculations. 

Table 2. Road classes cost indexes. 
Road Class Group Cost Index (NSi) 

Bicycle paths, pedestrian paths, etc. 1 
Inner city roads etc. 1.25 

Main roads, highway etc. 1.5 
Stairs ∞ 

 
In the cost index, where the slope of the road is taken 

into account, the situations where vehicles such as 
electric scooters and electric bicycles must have a 
dangerous driving experience on highly inclined ramps, 
or rough roads or where the vehicle and the driver must 
rise to a height that they cannot overcome are taken into 
account. The fact that a road has a high slope both in the 
down direction and in the up direction reduces the 
possibility of choosing that road. For this reason, the 
slope of the road is taken into account by taking its 
absolute value into the calculation. Since absolute slope 
values of 10 percent and above are the roads that should 
not be preferred for an electric scooter/bicycle vehicle, 
index values are included in the cost calculations as 
infinity (∞). So, these routes should not be preferred. In 
absolute slope values of 1 percent or less, the slope 
difference is ignored and the index values are taken into 
account as 0. If the 10 percent and 1 percent slope are 
between the absolute slope values, a normalization is 
made and the slope is taken into account by taking values 
between 1 and 0. Although the research [24] is taken into 
account in this calculation, it is necessary to add an 
unacceptable limit for electric scooters and bicycles 
(Equation 2). 
 

𝑁𝐸𝑖 = {

0, |𝐺𝑖| < 1
|𝐺𝑖| − 1

10 − 1
, 1 ≤ |𝐺𝑖| ≤ 10

∞, |𝐺𝑖| > 10

 (2) 
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The use classes of the land where the road is located, 
namely the land use values, are used for situations where 
the driver attaches more importance to the lands which 
are the elements of nature. For example, a forest area 
may be preferred more than areas where settlements are 
concentrated, but it may be less preferred than coastal 
areas. The lack of class diversity and the fact that the 
resolution of the existing land use data is not high enough 
can also prevent the application to give high precision 
results. The land use classes corresponding to the pixel 
values of the existing land use data were obtained from 
[35]. Table 3 guidelines were taken to be used in the 
research and the pixel values in the land use raster data 
were changed according to this guideline and score 
values were assigned.  
 

Table 3. Land use classification. 
Land use class Score value 

Water 100 
Forest 95 
Grass 80 

Bare Ground 75 
Residential area 34 

 
After the processes in which Table 3 is taken into 

account, the land use index values were calculated by 
making normalization for the usability of the land use 
data in the shortest path applications and included in the 
cost calculations used in the applications. Normalization 
calculation for land use data can be examined in Equation 
3.  
 

𝑁𝐴İ =  
|𝐴İ − 𝑚𝑎𝑥(𝐴𝐾)|

𝑚𝑎𝑥(𝐴𝐾) −  𝑚𝑖𝑛(𝐴𝐾)
 (3) 

Ai =Land Use Index 
 

Cost calculations may vary for each application to be 
made. Rather than establishing a standard method in this 
regard, it is planned to investigate the effect of different 
cost calculations on the diversity of applications. 
Calculations of cost indexes are kept constant in the 
applications to be made. Within the works, it is planned 
to make applications in which the weights of different 
cost indexes on the cost will vary. The application types 
classified according to these costs can be examined in 
Table 4. 
 

Table 4. Applications and cost indices used. 
Application Length of 

Path 
index 
(Ui) 

Road 
Slope 
Index 
(NEi) 

Road 
Class 
Index 
(NSi) 

Land 
Use 
Index 
(NAi) 

1 ✓ X X X 

2 ✓ ✓ X X 

3 ✓ ✓ ✓ X 

4 ✓ ✓ ✓ ✓ 

5 ✓ X ✓ X 

6 ✓ X X ✓ 

7 ✓ X ✓ ✓ 

 
Table 4 shows which cost indices will be used in 

which application. These cost indexes can be used in 
different ways in applications.  

In Application 1, the path length index is taken into 
account as the cost value to be used in the shortest path 
algorithm. This application provides the shortest path to 
the result (Equation 4). 
 

𝑀1 = 𝑈𝑖 (4) 
M=Cost Value 

 
In Application 2, the road length and the slope of the 

road are taken into account as cost values. According to 
this application, if the slope index value of a road is 
maximum, using that road in the algorithm means that 
the same distance will be covered twice. Absolute slope 
value and cost are in a linear relationship. This 
application elevation gives the desired result when 
variable paths are not preferred (Equation 5). 
 

𝑀2 = 𝑈𝑖 + 𝑈𝑖 ∗ 𝑁𝐸𝑖 (5) 
 

The length of the road, the slope of the road, and the 
class of the road are taken into account for the cost value 
in Application 3. This practice gives importance to roads 
where rough roads are not preferred and that the vehicle 
can drive more safely and healthily (Equation 6). 

 
𝑀3 = 𝑈𝑖 ∗ 𝑁𝐸𝑖 + 𝑈𝑖 ∗ 𝑁𝑆𝑖 (6) 

 
All cost indexes in the research, including the length 

of the road, the slope of the road, the class of the road, 
and the land use values, are taken into account in 
application 4. While this application supports 
Application 3, It gives results according to the vehicle 
driver's emphasis on nature excursions (Equation 7). 

 
𝑀4 = 𝑈𝑖 ∗ 𝑁𝐸𝑖 + 𝑈𝑖 ∗ 𝑁𝑆𝑖 + 𝑈𝑖 ∗ 𝑁𝐴𝑖 (7) 

 
In Application 5, the length of the road and the class 

of the road are taken into account. This app considers 
safer routes for the driver while finding the shortest 
distance to the destination. It does not prefer the roads 
used by motor vehicles unless it is a necessity according 
to weight calculations (Equation 8). 

 
𝑀5 = 𝑈𝑖 ∗ 𝑁𝑆𝑖 (8) 

 
In application 6, the length of the road and land use 

are taken into account. This application highlights the 
nature excursions for the driver and prefers areas such 
as the coastline more than areas such as the inner city 
(Equation 9). 
 

𝑀6 = 𝑈𝑖 ∗ 𝑁𝐴𝑖  (9) 

 
Compared to Application 4, the slope of the road is not 

taken into account in Application 7. Care has been taken 
to ensure that the user has a safe nature drive rather than 
taking into account the rough areas of the road (Equation 
10). 

 
𝑀7 = 𝑈𝑖 ∗ 𝑁𝑆𝑖 + 𝑈𝑖 ∗ 𝑁𝐴𝑖 (10) 
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3. Results  
 

For the applications to be made, it is planned to make 
the optimal road problem works in 3 regions where it is 
foreseen that different and various results will be 
obtained. These works are also visualized on a special 
web map application prepared for this research, which 
also includes the OpenStreetMap basemap. The 
applications shown on the maps can be examined with 
the help of Table 5. 
 

Table 5. Application representation colors on the map. 
Application Color (with Hex Code) 

1 #20B2AA 

2 #FFD700 

3 #FF69B4 

4 #0000FF 

5 #A52A2A 

6 #8B008B 

7 #FF8C00 

 

 
Figure 8. Work 1 map display. 

 
First of all, starting and target points were selected in 

the coastal areas where pedestrian/bicycle and main 
roads are dense and the land use class value is the 
highest, and 7 different applications work were carried 
out for these points. 

Although it is seen that the same roads are preferred 
in some regions in different applications in the work 
shown in Figure 8 after the detailed examination made 
from the work result table in Table 6, road length 
differences and total cost values emerge more clearly. 

When the application results are examined, it can be 
seen that the applications in which the cost variables are 
taken into account give results as expected. Especially in 
applications where road class and land use are taken into 
account, it is noteworthy that walking/bike paths on the 
coast side are preferred instead of the main road. In 

addition, the total weights of the roads preferred in 
applications in other applications can be examined in 
Table 7. 
 

Table 6. Work 1 application results. 
Application Total Path Length Total Cost Value 

1 6194.9 6194.90 

2 6541.58 8013.16 

3 6676.91 8956.72 

4 6676.91 14308.35 

5 6447.37 7007.86 

6 6268.72 4946.02 

7 6432.50 12142.12 

 

 
Table 7. Work 1 application results comparison. 

Application Cost1 Cost 2 Cost 3 Cost 4 Cost 5 Cost 6 Cost 7 

1 6194.90 ∞ ∞ ∞ ∞ 5913.56 ∞ 

2 6541.58 8013.16 ∞ ∞ ∞ 5464.25 ∞ 

3 6676.91 8279.26 8956.72 14308.35 7354.37 5351.63 12706.00 

4 6676.91 8279.26 8956.72 14308.35 7354.37 5351.63 12706.00 

5 6447.37 ∞ ∞ ∞ 7007.86 5151.79 12159.66 

6 6268.72 ∞ ∞ ∞ ∞ 4946.02 ∞ 

7 6432.50 ∞ ∞ ∞ 7011.95 5130.17 12142.12 
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With the examinations made in Table 7, it is 
noteworthy that the road weights in cases where the cost 
variable conditions that are not accepted for the most 
appropriate road in different applications are ignored, 
the result directly converts the most appropriate road 
weight to an infinite value in applications where these 
conditions are considered important. 

Additional information such as maximum slope, 
average slope, and average land use index values 
encountered in these applications can be examined in 
Table 8. 

According to the examinations made in Table 8, a 
direct proportion can be established between the cost 
variables taken into account by the applications with 
additional information and the application results. Figure 
9 can be examined as an example of regions that are 
mostly preferred due to land use data in Work 1. 

For Work 2, care was taken to select two points where 
the slope cost variable differed greatly. For the starting 

point, a central point can be seen almost as sea level, and 
for the target point, a peak around which the heights vary 
at different rates was chosen (Figure 10). 

Work 2 application results can be examined in Table 
9. 
 

Table 8. Work 1 Applications Results Additional 
Information. 

Applications Maximum 
Slope 
Encountered 
(%) 

Average 
Slope 
Encountered 
(%) 

Average 
Land Use 
Index 

1 12.59 4.94 0.4805 
2 5.25 2.84 0.4536 
3 5.45 2.88 0.4268 
4 5.45 2.88 0.4268 
5 12.59 4.69 0.4157 
6 12.59 4.58 0.3870 
7 12.59 4.38 0.4111 

 

 

 
Figure 9. Work 1 sample google street view image. 

 

 
Figure 10. Work 2 map display. 
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Table 9. Work 2 application results. 
Application Total Path Length Total Cost Value 

1 3064.16 3064.16 

2 6510.83 ∞ 

3 7298.74 ∞ 

4 7214.96 ∞ 

5 3593.76 4464.90 

6 3073.73 2951.72 

7 3593.76 7971.49 

 

As seen in Table 9, it is seen that the slope between 
these two points necessarily exceeds the unacceptable 
limits, and therefore the total cost values of application 2, 
application 3 and application 4 reach infinite values. It is 
seen that the roads with less total infinite cost are 
preferred in the applications where the slope is taken 
into account, due to the desire to reach a result 
regardless of the map application. Although the result is 
a road directly on the map in the map application, it is not 
possible to use this direction under the conditions 
specified in the applications. Comparisons of application 
results within Work 2 can be examined in Table 10. 
 

 
Table 10. Work 2 application results comparison. 

Application Cost1 Cost 2 Cost 3 Cost 4 Cost 5 Cost 6 Cost 7 

1 3064.16 ∞ ∞ ∞ ∞ 2959.66 ∞ 

2 6510.83 ∞ ∞ ∞ ∞ 6281.32 ∞ 

3 7298.74 ∞ ∞ ∞ ∞ 7016.53 ∞ 

4 7214.96 ∞ ∞ ∞ ∞ 6930.40 ∞ 

5 3593.76 ∞ ∞ ∞ 4464.90 3506.59 7971.49 

6 3073.73 ∞ ∞ ∞ ∞ 2951.72 ∞ 

7 3593.76 ∞ ∞ ∞ 4464.90 3506.59 7971.49 

 
As it can be understood from Table 10, the cost values 

reach infinite values in all applications where the slope 
cost variable is included. The reason for this is that the 
slope values are not below the accepted values in any of 
the most suitable road preferences in applications. 
Additional information can be examined in Table 11. 

After the examinations made in Table 11, it will be 
noticed that the average slope value in application 3 is 
lower than the average slope value in application 2. With 
the total path length value in Table 9, it will be noticed 
that the effect of the path length cost variable in the 
applications should not be ignored even if the slope is 
taken into account in the work. Figure 11 can be 
examined as an example of high slope regions in Work 2. 

 
 

Table 11. Work 2 applications results additional 
information. 

Applications Maximum 
Slope 
Encountered 
(%) 

Average 
Slope 
Encountered 
(%) 

Average 
Land Use 
Index 

1 29.09 5.83 0.542169 

2 17.39 3.45 0.500000 

3 17.39 3.25 0.536424 

4 17.39 3.43 0.510345 

5 31.05 6.76 0.542169 

6 29.09 5.60 0.506024 

7 31.05 6.76 0.542169 

 

 
Figure 11. Work 2 sample google street view image. 
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For Work 3, two different points were selected at 
random in the city where the construction was intense, 
and it was planned to examine the cost variables of the 
road class within the applications. It has been taken into 
account that there are equivalent access roads to 
different categories such as pedestrian bridges, main 
roads, avenues, and walking paths between these two 
selected points. Work 3 application results can be 
examined in Table 12. 

In the examination made in Table 12, it was seen that 
the conditions that were not accepted in the applications 
were not encountered. With the result comparison in 
Table 13, the differences between the applications can be 
examined in more detail. 

Table 13 shows the effects of different road routes on 
the cost values of the applications in Work 3. It is seen 
that the values of Application 3, Application 4, 
Application 5, and Application 7, in which the road 
classes are examined, have relatively close values on 

different roads. With the examinations made in Table 12 
and Table 13, it can be interpreted that the roads used in 
Work 3 are generally the intervals where the road class 
is suitable for electric scooters and bicycles. Table 14 
with additional information for Work 3 can be viewed as 
an appendix. 

Figure 13 can be examined as an example of the most 
preferred regions due to road class indices in Work 3. 
 

Table 12. Work 3 application results. 
Application Total Path Length Total Cost Value 
1 2175.30 2175.30 
2 2273.89 2754.50 
3 2244.45 2877.10 
4 2225.00 5038.83 
5 2227.98 2281.63 
6 2202.23 2039.60 
7 2231.35 4432.06 

 

 

 
Figure 12. Work 3 map display. 

 
Table 13. Work 3 application results comparison. 

Application Cost1 Cost 2 Cost 3 Cost 4 Cost 5 Cost 6 Cost 7 
1 2175.3 ∞ ∞ ∞ 2884.07 2091.31 4975.38 
2 2273.89 2754.5 3188.04 5408.84 2707.44 2220.8 4928.23 
3 2244.45 2812.73 2877.1 5054.15 2308.82 2177.04 4485.86 
4 2225 2819.61 2883.98 5038.83 2289.37 2154.85 4444.22 
5 2227.98 2834.3 2887.95 5044 2281.63 2156.05 4437.68 
6 2202.23 ∞ ∞ ∞ 3199.5 2039.6 5239.1 
7 2231.35 2894.11 2947.76 5094.83 2285 2147.06 4432.06 

 
Table 14. Work 3 applications results additional 

information. 
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1 11.13 3.50 0.543478 
2 5.25 2.61 0.565217 
3 6.34 2.98 0.480769 
4 5.25 3.13 0.458333 
5 6.34 3.19 0.446809 
6 12.59 4.39 0.347826 
7 6.34 2.96 0.480000 

4. Discussion 
 

The results were partially as expected for all three 
studies, which were planned to yield different results. It 
can be said that it is positive in terms of the preferred 
ways and results against the cost variables that the 
applications have paid attention to in the studies, and 
partially sufficient in terms of accuracy. 

Although the shortest route preferences are close to 
the city center areas in Work 1 applications, it has been 
observed that coastal areas are preferred in applications 
where land use is taken into account. It has been seen 
that walking and cycling paths are preferred in 
applications where the road class is taken into account. 
The applications in Work 1 give the expected results. 
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Figure 13. Work 3 sample google street view image. 

 
As can be seen in Figure 11, the elevation differences 

between the two selected points in Work 2 applications 
are quite large. For this reason, it is seen that in 
applications where road slopes are taken into account, 
infinite values and roads that are not preferred for 
application are encountered. It is planned to examine 
how road preferences in applications can yield results in 
different applications. For this reason, an algorithm is 
designed in which, if there is no path to be preferred in 
applications, the shortest paths with total infinite cost 
value will be preferred. Thus, the results of different road 
preferences in different applications could also be 
examined. 

For Work 3, it is planned to examine the options in the 
city center. As expected, in applications where road class 
values are taken into account, it is seen that pedestrian 
and bicycle paths are preferred. 

With the help of results comparison and additional 
information tables in works, it is possible to observe and 
discuss whether the application results are reasonable or 
not. The average and maximum values encountered in 
applications that consider only the slope may have a 
lower value in applications that also consider other cost 
variables other than the slope. It is seen that this 
situation arises from the fact that the length values of the 
roads also have an effect on the result. This situation can 
also be seen in applications where other cost variables 
are taken into account. 

According to the inferences made from the research 
results, it is seen that both the land use and elevation data 
resolution are not sensitive enough and diverse data for 
the study. The height values that vary greatly in the 
region are vectorially in the same direction. In addition, 
important conditions such as speed limits on vehicle 
roads, and battery times for electric scooters/bicycles 
were not used. Such situations reduce the accuracy of the 
results of the research and the effect of the inferences to 

be made from this research. On the other hand, the 
usability of the GIS software and software libraries used, 
the working speed of the Dijkstra algorithm and the 
effects of the conditions accepted in the study on the 
result provided a positive impression for this study. 

 

5. Conclusion  
 

In the research, it was examined how different cost 
variables for electric scooters and bicycles affect the 
results in applications with various combinations. It was 
seen that the research gave successful results, but the 
accuracy of the results was not sensitive enough and the 
variety in cost variables should be further increased. It 
has been examined that the results of the research are 
logical results with the examinations and comparisons 
made on the results. Thus, it has been concluded that GIS, 
Dijkstra's Algorithm, used GIS software, programming 
language, and libraries can be used in research in this 
area. The materials that can be obtained from open 
sources for the research can be used in such studies, but 
these materials should be examined in detail before the 
research. 

The effects of the cost variables found in the research 
on the weight give positive results. It has been seen that 
more appropriate and healthy results can be 
encountered with the optimizations that can be made on 
the index values of the cost variables in the application 
and that these applications can also lead to other 
research. 

It is thought that if applications such as bicycle 
parking points offered by local municipalities are used 
for electric scooters/bicycles, different results can be 
seen with different applications and works. Although 
there are some legal rules for electric scooters/bicycles 
in various countries today, it is noteworthy that there are 
no rules in Izmit district (and other nearby 
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districts/provinces) in this study, which examines the 
most suitable roads. If some mandatory rules are 
introduced for electric scooter/bicycle riders, a 
preliminary research material may be created for such 
studies. 
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 Temperature increase, especially global warming, can be observed depending on various 
factors which led to several severe environmental problems. Urban areas are the most effected 
places by this temperature increase. Urban heat concentration, the so-called heat island effect, 
is high in structural areas. This situation causes human life to be adversely affected. Therefore, 
constant measurement and analyses are required to assess outdoor thermal comfort and 
thermal stress in urban areas. Today, unmanned aerial vehicle (UAV) systems are used as a 
rapid data production technique in Earth observation activities. Thermal cameras integrated 
into UAV systems can monitor the temperature values in urban areas precisely and constantly. 
This study focuses on the potential application of a UAV-mounted thermal camera system at a 
local scale due to its rapid response to surface temperature variables. A thermal camera UAV 
system to measure the energy fluxes and temperatures from the earth’s surface, which are 
integral to understanding landscape processes and responses. Thus, UAV thermal sensors 
were used directly for different land cover types in and around the Faculty of Engineering 
building of Kocaeli University in Türkiye. Derived UAV surface temperatures were compared 
with simultaneously acquired in situ temperature measurements. Simultaneous terrestrial 
temperature measurements were obtained by using TFA ScanTemp 410 model surface 
temperature meter. A high correlation between UAV surface temperatures and terrestrial 
measurements was utilized by Pearson correlation with a 0.94 coefficient. It was concluded 
that the UAV-mounted thermal camera system is a promising tool that has increased 
opportunities to understand surface temperature variability at high spatial and temporal 
resolution. 
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1. Introduction  
 

Increasing impermeable surfaces, destruction of 
forest areas, urbanization and industrialization 
contributed to climate change and global warming. 
Investigating these climate changes and global warming, 
and creating climate models takes an important place in 
the estimation and prevention of future environmental 
damages. The most important soil parameter in these 
scientific studies is the land surface temperature (LST). 
The LST is the most important parameter in calculating 
the energy transfer between the surface and the 
atmosphere [1]. It can be used in scientific studies related 
to evapotranspiration, hydrology, climate change, and 
geothermal energy [2-7].  

Generally, the LST is derived from satellite-based 
thermal infrared (TIR) measurements. Optical remote 

sensing, however, is limited due to high acquisition costs 
[8]. Given recent developments in UAVs, thermal images 
offer the opportunity to measure surfaces in high spatial 
and temporal resolution at a low cost and this has been 
explored in recent years by different disciplines for the 
spatial analysis of surface temperatures [9-15].  

They have been compared and analyzed LST data 
generated by a TIR camera mounted on an UAV and LST 
data from the Landsat 8 satellite for seven specific 
periods. They investigated LSTs in green spaces, 
specifically those of different land cover types in an 
urban park in Korea [10]. Zengin et al. [16] analyzed 
thermal camera images and spatial thermal comfort at 
Ataturk Campus, Türkiye. As a result of the analyzes and 
evaluations, it was emphasized that the use of natural 
herbaceous plants is important in terms of providing 
thermal comfort in urban planning. Gülten and Aksoy 
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[17] was investigated the heat distribution by the 
thermal imaging method in a pilot study area of Elazığ, 
Türkiye. In the study, the thermal behaviors of the 
building, street, roof, and pavement were evaluated by 
making surface temperature measurements to 
investigate the urban heat island (UHI) effect. Yalçıner et 
al. [18] were examined the structural destructions using 
thermal imaging, microwave moisture measurements, 
and building radar systems in the Hagia Sophia Museum, 
Türkiye. In this way, it was determined whether there 
was any deterioration on the walls of the Museum. 
Aerobic stability was evaluated by Ünal et al. [19] with 3 
pieces of 500 kg corn and wheat bale silage each obtained 
from Tekirdag Namık Kemal University application and 
research farm. As a result of the research, it was 
concluded that the thermal camera imaging technique 
can be used as a practical method to evaluate the aerobic 
stability of silages in laboratory conditions. In the study 
conducted by Çamoğlu and Genç [20], water stress was 
determined in green bean plants using spectral reflection 
data and thermal imaging techniques. The researchers 
were concluded that water stress can be better explained 
with thermal indices, especially at the I–100 level, in the 
classification and regression tree analysis on the sample 
data sets.  In the study, it was determined that the 
Structural Independent Pigment Index (SIPI) and 
Normalized Vegetative Change Index (NDVI) from the 
spectral indices, the plant water stress index (CWSIe) 
calculated based on the thermal indices, and the plant 
water stress index (CWSIa) calculated according to the 
artificial reference surfaces were found in green beans. 
They have been suggested to be used in the 
determination of water stress. In the study conducted by 
Küçüktopcu and Cemek [21], heat loss in poultry houses 
was monitored with thermal camera data. As a result of 
the study, it was understood that thermal imaging 
technology can detect the structural problems that cause 
heat losses and gains. It was observed that the most heat 
loss was caused by the gaps in the windows and doors 
which leads to energy loss in buildings. A solution was 
sought for the structural problems that cause heat loss in 
greenhouses by using thermal camera data in Çayli et al. 
[22]. It has been observed that the places where the heat 
loss is the most in the greenhouses are the bottom of the 
doors, the margins, the openings on the edges of the 
ventilation windows, the roof-front wall, and the side 
roof wall junctions of the covering material. In the study 
by Akçay [23], terrestrial photogrammetric analysis was 
performed using multispectral and thermal cameras. 3D 
models were produced using images obtained from 
cameras. Seven control points were used during model 
production. The model was produced in the point cloud 
after the production step. In the study conducted by 
Durgut and Akçay [24], a 3D model of the graphics card 
was created using thermal camera data. As a result of the 
study, it was concluded that thermal photogrammetric 
3D models can be used to detect problems that may occur 
during the production and maintenance of electronic 
products such as computer hardware. In the study 
conducted by Gülci and Akay [25], the locations of 
ecological art structures were evaluated using UAV 
systems and thermal infrared camera data. In the study 

conducted by Wu et al. [26] in the Jiading Campus area of 
Tongji University, the LST was calculated using the 
thermal camera integrated into the UAV. A 
meteorological ground observation station was used for 
control purposes. It has been observed that there is a 
difference between -1.73 and 1.45 Kelvin between the 
surface temperatures obtained from the terrestrial 
observation station and UAV systems. Feng et al. [27] 
calculated the evapotranspiration of various vegetation 
with the thermal data obtained from UAV systems in a 
small part of the city of Nanjing, China. As a result of the 
study, it was observed that high-accuracy 
evapotranspiration values were obtained with the data 
obtained from the thermal UAV on different vegetation 
surfaces. Qin et al. [28] conducted a study in the Beijing 
University Shenzhen campus area, evapotranspiration 
was calculated for different vegetation with images 
obtained by thermal UAV systems and thermal remote 
sensing data. R2=0.95, RMSE=30.33 between 
evapotranspiration obtained from thermal UAV and 
remote sensing systems. They revealed that thermal UAV 
systems can be used in the planning of urban areas as a 
result of statistical analysis. Jiang et al. [29] were taken 
photographs at different angles with thermal UAV and 
UAV systems in Nanjing, China. The relationship between 
the differences between the obtained temperatures and 
the directions of the buildings has been revealed. 

In present study, LSTs of different land cover types 
were investigated and compared with simultaneous in 
situ terrestrial temperatures measured by contact 
thermometers. Surface temperature variability at high 
spatial and temporal resolution was revealed which 
could contribute to decision-making for urban spaces 
and environmental planning in consideration of the 
thermal environment. 

 

2. Method 
 

2.1. Study Area 
 

Kocaeli city is located in Marmara Region and it is one 
of the dense industrial provinces of Türkiye through 
which the D-100 and TEM highways pass through the 
city. It was mainly a production, storage, and transfer 
region for more than 1020 industrial institutions in 
various sectors such as petroleum refineries, automotive, 
chemistry, textile, machine, food, paper, wood, tanning, 
coal, etc. Kocaeli’s climate constitutes a transition 
between the Mediterranean and the Black Sea climate. 
The city center is hot in the summer with low rainfall and 
mainly rainy and sometimes snowy and cold in winter. 
The highest temperature measured in the city center is 
41.6°C, the lowest temperature is -8.7°C, and the average 
annual temperature is 14.8°C. The average annual 
precipitation in Kocaeli exceeds 835 mm. It is the 10th 

most populous city in Türkiye and the 2nd city in terms of 
population density. According to 2021 Turkish Statistical 
Institute (TUIK) data, it has a population of 2.033.441 
people. Kocaeli University has its main campus in the 
borders of Izmit District, in the north-northwest 
direction of the center of Kocaeli Province. It was 
established in 1992 with a campus area of 778,466 m2. 
Within the campus area, there are forest green areas and 
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a lake as well as the buildings belonging to the university 
units. In addition to administrative buildings, there are 
sports facilities and social areas on the campus. The 

Engineering Faculty building in Kocaeli University's 
central campus and its surroundings were defined as the 
test area (Figure 1).  

 

 
Figure 1. The study area. 

 
The study area is centered at 40°49'23.56" N and 

29°55'31.50" E. Instant weather conditions were taken 
into account in the selection of the study area. The flight 
operation was carried out on 20 August 2021 between 
14.00 - 15.30 LT in the afternoon.  

The weather data was additionally obtained from the 
eleven weather stations from Kocaeli districts. Values 
such as temperature, humidity, and wind speed were 
determined as presented in Table 1. 
 
Table 1. Weather data in a period of field measurements. 

SI SN T RH WS SR 
18409 Başiskele 25 55 5.9 96.03 
18410 Darıca 26.5 47 6.5 82.25 
18411 Dilovası 26.6 56 5.8 100.64 
17639 Gebze 25.7 55 5.1 96.38 
17067 Gölcük 28.3 50 3.9 0 
18104 Kandıra 26.7 55 3.6 91.95 
18412 Karamürsel 26.7 46 7.5 92.62 
18413 Kartepe 25 56 3.2 96.04 
17066 Kocaeli 26.7 80 2.6 0 
18414 Körfez 28.5 45 5.1 101.15 
19116 Derince 27.4 44 3.6 98.36 

SI: Station number, SN: Station name, T: Temperature (°C), 
RH: Relative humidty (%), WS: Wind speed (m/s), SR: Solar 
radiation (WH/m2) 
 

2.2. Material  
 

The UAV TIR LST data acquisition process can be 
divided into LST data collection through UAV TIR image 
capture and ortho mosaic matching stage, and a survey of 
ground control points (GCPs) for accurate 
georeferencing of the LST data [30-39].  

Using the Remote Sensing Method to Simulate the 
Land Change in the Year 2030. Evaluation from Rural to 
Urban Scale for the Effect of NDVI-NDBI Indices on Land 
Surface Temperature, in Samsun, Türkiye [40]. The 
assessment of the thermal behavior of an urban park 
surface in a dense urban area for planning decisions. 
Using GIS analysis to assess urban green space in terms 
of accessibility: case study in Kütahya [41]. Determining 
the bioclimatic comfort in Kastamonu City. Sustainability 
of urban coastal area management: A case study on Cide 
[42]. A geographic information systems and remote 
sensing–based approach to assess urban micro-climate 
change and its impact on human health in Bartin, Türkiye 
[43]. The effects of climate on land use/cover: a case 
study in Türkiye by using remote sensing data. 
Investigation of the relationship between bioclimatic 
comfort and land use by using GIS and RS techniques in 
Trabzon. Integrating of settlement area in urban and 
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forest area of Bartin with climatic condition decision for 
managements.  

UAV TIR cameras have lower resolutions compared to 
red, green, and blue (RGB) and multispectral cameras 
and single-band images [26]. This study used the Parrot 
Anafi brand UAV system with the thermal sensor to 
obtain the surface terminal. The characteristics of UAV 
with thermal sensors are given in Table 2. 

The sample points were collected from the field to 
control the surface temperature map obtained from the 
thermal UAV. During the data generation with the UAV 
simultaneous in situ temperature measurements were 
applied with the TFA ScanTemp 410 infrared 
thermometer measuring device (Figure 2 and Figure 3). 

The specifications of the TFA ScanTemp 410 Infrared 
Thermometer surface temperature measuring device are 
given in Table 3. 

 

Table 2. Parrot Anafi model UAV specifications [44]. 
Properties Technical Features 

Weight 315 g 

Maximum flight time 26 minutes 

Maximum horizontal/vertical speed 34 mph / 4 m/s 

Maximum wind resistance 31 mph 

Max working height 4500 m 

Operating temperature -10 ° C with 40 ° C 

Folded size 218x69x64mm 

Sensor CMOS 1 / 2.4 ", 21MP 

HDR 4K UHD, 2.7K and 1080p videos, JPEG photos 

Photo formats JPEG, DNG (RAW) 

Photo modes Single, burst, bracketing, timer, and panorama 

Maximum video sampling rate 100Mbps 

Diaphragm open f / 2,4 

Sensor FLIR Lepton 3.5 microbolometer (radiometric) 

Sensor resolution 160x120 

Spectral band 8-14µm 

Photo format JPEG 

Photo resolution 3264x2448 (4/3) 

Video format MP4 

Video recording resolution 1440x1080, 9fps 

Sensibility ±5% max. (High gain) or ±10% max. (Low gain) 
 

 
Figure 2. Sample points in the study area. 
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Figure 3. Measurement at sample points with the TFA ScanTemp 410 Infrared Thermometer. 

 
Table 3. TFA ScanTemp 410 infrared thermometer surface temperature gauge specifications [45]. 

Properties Technical Features 

Laser temperature measuring range -60°C +500°C 

Laser temperature accuracy ±2°C 

ºC/ºF Ability to choose units Available 

Screen resolution 0,1°C 

Target rate 11:1 

Weight 180 grams 

Dimensions 175 x 39 x 80 m 

Power source 2 pieces AAA batteries 

 

Using the TFA ScanTemp 410 Infrared Thermometer, 
temperature measurements were applied to different 
surface textures in the field. These measurements were 
accepted as ground truth and the temperature values 
obtained from the UAV systems were compared with this 
collected ground in situ database. 
 
2.3. Method 
 

Initially, flight planning was defined to obtain data 
from the thermal UAV. A flight plan was prepared in 
Pix4D Capture software and the flight altitude was 
determined 40 meters. Two different photos were 
obtained with the RGB camera and the thermal camera 
on the Anafi Thermal UAV. During the flight, 562 pictures 
were obtained. In the project, the transverse and 
longitudinal overlap rate was entered as 90%. The 
ground sampling interval is 1.34 centimeters. The 
pictures collected during the flight were stored on the 
memory card of the aircraft in the Joint Photographic 

Expert Group (JPEG) format. The images were 
transferred to the trial version of Pix4D Mapper 
software. The projection of the project was entered as 
UTM Zone 35. The photos were initially matched by 
mounting points throw the images. Approximately 
25000 anchor points are assigned per image. After the 
matching process, the exact coordinates of the 
photographs were calculated. 

In order to create the point cloud, the point cloud 
setting section was used. In this step, the image scale ½ 
was chosen to generate the point cloud. The point density 
was chosen high and the minimum number of image 
matching was chosen as 3. The point cloud is saved in .las, 
.laz, .ply, .xyz formats. As a result of the operations, a total 
of 55503698 points clouds were created (Figure 7). 
Pix4D Mapper software was also used to create the 
orthophoto (Figure 4) and DSM (Figure 5). During the 
orthophoto production, the information from the 
thermal camera was processed and the surface 
temperature map of the area was created (Figure 6). 
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Figure 6 showed that the Engineering Faculty 
building was in the temperature range of 30-40 °C in 
general, and some regions in the roof section have a 

temperature of 40-50 °C. Green areas were in the range 
of 20-30 °C. Additionally, building shadows have the 
lowest temperature ranges between 0-20 °C. 

 

 
Figure 4. Orthophoto. 

 

 
Figure 5. Digital surface model. 
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Figure 6. Surface temperature map of the area. 

 

 
Figure 7. Point cloud. 

 
3. Results  
 

In this study high resolution thermal drone 
measurements were evaluated in different land cover 
types and results indicate that there is a wide variability 
in surface temperature behavior across urban land use 
types. Additionally, the surface temperatures obtained 
from the terrestrial observations and UAV systems were 
compared in order to obtain the performance of UAV 
thermal measurement performances. In order to 
evaluate the accuracy of LST data, nineteen LST control 
points (CP) were selected in the field by considering the 
land cover type of the study area. The data obtained as a 

result of the ground measurements and the data 
obtained from the thermal band are given in Table 4. 

The measurement was observed in front of Kocaeli 
University Engineering Faculty Building on different 
textures such as key cobblestone, wood, plastic material 
covered area, and marble area. As a result of the 
measurements obtained, the differences were examined. 
The graph of the differences was shown in Figure 8 and 
Figure 9. It was observed in Table 4 that the difference 
between values was mostly low and changed between -
0.7 to 0.9 °C. There is only one location that indicates a 
high difference with 5.6 °C due to its location. The flights 
in this study were obtained from the nadir view. 
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Therefore, terrestrial measurements coincide to the 
shadow of any object regions such as building or tree 
provides higher differences. In this study this 
measurement was deliberately obtained to represent 
these differences. 

When the points on the soil areas as key cobblestone 
and marble floor classes are examined, there was not an 
important difference between the local measurement 
and the temperature values obtained from the UAV 
systems. So, when averages of different surfaces are 
examined for ground measurement, surface 
temperatures are low in soil areas, while on other 
surfaces, they are found to be approximately 34,5 °C. 
While surface temperatures are expected to be low in 
green areas, at some points the surface temperature is 
high. This is due to the different surface coverings within 
the green area surface class. For example, green grass, 
dry vegetation etc. An average of the data obtained using 
thermal band is shown to produce results similar to a 
ground measurement. 

The correlation between the temperatures obtained 
by the Terrestrial measurement method and the Thermal 
band was shown in Figure 8. 

In Figure 9, triangle, circle, and square shapes were 
used according to the land use types of the points. Gray 
square-shaped areas indicate green areas. Blue triangles 
show land areas. Yellow triangles show key 
cobblestones. The dot with the red square indicates the 
marble area. The regression line between the points was 
presented in red. There is a positive correlation between 
the terrestrial measurement and the temperature values 
obtained from the thermal band. The correlation 
coefficient between them was 0.94. This value indicates 

that there is a high degree of correlation between 
ground-based and UAV-based measurements. 

 
Table 4. Obtained data and differences between. 

TS SN GM TB D 

Green Area 

1 32,0 37,6 -5,6 

2 25,3 25,5 -0,2 

3 37,2 37,3 -0,1 

4 38,8 38,0 0,8 

Soil Area 
5 31,3 31,8 -0,5 

6 27,7 27,4 0,3 

Paving Stone Area 

7 35,0 35,1 -0,1 

8 36,3 36,4 -0,1 

9 35,2 35,9 -0,7 

10 35,2 35,6 -0,4 

11 37,0 36,2 0,8 

12 33,2 33,5 -0,3 

13 26,0 25,1 0,9 

14 36,5 36,8 -0,3 

15 36,2 35,9 0,3 

16 33,6 33,2 0,4 

17 35,5 35,3 0,2 

18 32,3 32,1 0,2 

Marble Ground 19 35,0 34,5 0,5 

TS: Texture Surface, SN: Sample Number, GM: Ground 
Measurement Value (°C), TB: Thermal Band Value (°C), D: 
Difference (°C) 

 
 

 
Figure 8. Differences between two different temperature measurements. 
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Figure 9. Correlation graph between the temperatures obtained by terrestrial measurement and thermal method. 

 
4. Discussion and Conclusion  
 

The main objectives of this study were to apply drone 
imagery to capture land surface temperature variability 
for different surface materials. A thermal camera-
integrated UAV system was utilized in this study to 
evaluate urban surface temperatures. A surface 
temperature map of approximately 4 ha within the 
Kocaeli University campus area was monitored. Thermal 
behaviors of different land surface texture were 
investigated in the study region. A wide variability 
between temperature behavior across land use types 
was obtained. The results indicate that LSTs in different 
land cover types provide different thermal behaviors 
such as paving stone area and marble ground 
temperature were much higher than different vegetation 
surface types and soil area. This result can lead to the 
temperatures of different surface textures in urban areas 
can be easily distinguished by using UAV data. 

Additionally, the results indicate that there is a high 
correlation between UAV-based surface temperatures 
and simultaneous terrestrial temperature 
measurements by Pearson correlation with a 0.94 
coefficient. There is a difference between -0.7 and 0.9 
degrees between the surface temperatures obtained 
from the terrestrial observation station and UAV 
systems.  

UAVs can cover large areas very quickly, and they can 
be equipped with tools that can generate RGB, thermal or 
3D images. In local areas, UAV systems that can produce 
fast and instant data compared to the alternative 
methods. Although UAV systems are fast and instant data 
generation technique, the most important disadvantage 
is that they are quickly affected by signal jammers and air 
conditions such as wind velocity and rain. Especially in 
city areas, attention should be paid to the UAV during the 
flight. UAVs can crash due to signal jammers. Since the 
widespread use of unmanned aerial vehicles is relatively 
new, legislation related to commercial and recreational 
use, is still catching up.  Despite the disadvantages, it is a 
technology that can find wide application in many fields. 
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 Urban settlements currently face many disasters that are increasing in number and 
frequency every day such as floods, landslides, sea level rise, storms, drought, forest fires, 
etc. due to the negative consequences of global climate change caused by significantly 
exceeding the carrying capacity of nature. Cities are currently becoming less resistant to 
disaster risks because of the unhealthy settlements. These settlements are becoming 
widespread in terms of physical, economic and social conditions as a natural result of the 
urbanization in which planning processes are carried out in an uncontrolled and 
unsupervised manner. This situation makes it a necessity to develop strategies and policies 
aimed at reducing and/or eliminating possible disaster damages which are defined as high 
risk. From this viewpoint, the study aims to reveal the current disaster risks in urban areas 
with a dense population and building stock. Izmir city is determined as the study area. 
Spatial analyses are performed for disaster risk by using Geographical Information 
Systems (GIS) tools and Weighted Overlap method considering the natural and built 
environment elements that significantly affect the disaster risk. The findings obtained from 
the study and the determinations made within the scope of the Izmir Provincial Disaster 
Risk Reduction Plan (IRAP) prepared by the Disaster and Emergency Management 
Presidency (AFAD) are evaluated comparatively. As a result, it has been seen that the 
determinations put forward for disaster risks have shown consistency throughout Izmir 
city and the studies carried out at the local level have been prioritized in such a way as to 
be aimed at risk management and prevention planning by the time. 
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1. Introduction  
 

Urban growth and rapid urbanization are among the 
most interesting issues on a global scale. According to the 
UNHABITAT report [1], 52% of the world's population 
(3.6 billion people) lives in cities currently and the 
urbanization rate is projected to increase to 67% in the 
year 2050. Moreover, it is reported in the same report 
that the urban population ratio will reach 64% in less 
developed and developing regions. While considering 
that Türkiye is one of the developing regions, it is obvious 
that urbanization will gradually increase and the concept 
of urban sprawl will pose a problem in the country. In the 
report published by the United Nations [2], the 
population density has been increased from 27.6 
people/km2 to 102.2 people/km2 per 1 km2 between the 
years 1950 - 2020 and also the population of urban areas 
has quadrupled in the period of about 70 years in 
Türkiye. 

Disasters are among the most important social and 
environmental problems in the urbanization processes 
[3, 4]. The main common feature of disaster can be shown 
as the leading motive. Disasters affect negatively the 
urban life and citizens suddenly and the hemorrhage may 
occur within the loss of life and property as well as large-
scale economic and social losses. Disasters have occurred 
throughout the human history and have formed an 
important agenda in every period. Therefore, they have 
led to serious destruction due to rapid urbanization and 
negative outputs of urban facilities since the beginning of 
20th century. Definite natural disaster examples can be 
listed as the famine occurred in India in 1900 and the 
USSR in 1921, the floods occurred in China between the 
years 1928 ɀ 1939, the volcano eruption occurred in 
Colombia in 1985, the Kobe earthquake occurred in 
1995. Besides, the poisoning of thousands of people by 
chemicals in India in 1984, the tsunami occurred after 
the Töhoku earthquake in 2011, and the leak at the 
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