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Editorial
Dear Readers, Dear Researchers,

Cumbhuriyet University Journal of Engineering Faculty (CUMFAD) is an international, scientific, peer-
reviewed and electronically accessible journal published twice a year by Sivas Cumhuriyet University Engineering
Faculty. CUMFAD aims to deliver qualified studies in all engineering branches to its readers with an objective
point of view. As the editorial board, we are happy to present the first issue of our magazine to our readers. We
would like to express our deepest gratitude to our authors, reviewers and everyone who contributed to this
issue of our journal, especially to our advisory board, co-editors, field editors, language editors, and staff
responsible for review and typesetting. In addition, we are grateful to all our authors who have been patiently
waiting for us, despite the negative impact of the earthquake disaster in our country and the disruptions due to
the editorial office change process. Also, we would also like to thank everyone who has contributed and
supported our magazine so far. Our next issue will hopefully be published in December 2023.

In this issue, there are 5 research articles that have undergone a strict blind review and editorial process.
Studies published in our journal go through three important stages: preliminary review, blind peer-review
process and editorial process. During the peer-review process, each article was reviewed by at least two
referees. In addition, every article that enters the review process is screened for plagiarism with the help of
iThenticate software. We recommend our authors who want to submit their works to our journal for our
upcoming issues, to pass their work through a plagiarism software before sending them to us.

For our new issues, you can upload your works to https://dergipark.org.tr/tr/pub/cumfad. In addition,
our journal aims to expand the academic advisory board and the referee pool. In this context, valuable
researchers who want to be on the advisory board of our journal or who want to contribute to our journal as a
referee can send their CVs to skockanat@cumhuriyet.edu.tr via e-mail. Referee certification processes are
carried out through Dergipark. For this reason, our referees who want to obtain a referee certificate should
apply through Dergipark.

See you in the next issue with qualified and original works...

Assoc. Prof. Dr. Serdar KOCKANAT
Editor
August, 2023

VI



Editor'den
Degerli okuyucular, kiymetli arastirmacilar,

Cumhuriyet Universitesi Miihendislik Fakiiltesi Dergisi (CUMFAD) Sivas Cumhuriyet Universitesi
Muhendislik Fakiltesi tarafindan yilda iki defa ¢ikarilan uluslararasi, bilimsel, hakemli ve elektronik ortamda
okuyucularin erisimine agik bir dergidir. CUMFAD, tiim mihendislik dallarinda nitelikli calismalari nesnel bir bakis
acisi ile okuyucusuna ulastirmayi hedeflemektedir. Yayin kurulu olarak dergimizin ilk sayisini okuyucularimizla
bulusturmanin mutlulugu igerisindeyiz. Ozellikle danisma kurulumuza, es editdrlerimize, alan editorlerimize, dil
editorlerimize ve 6n inceleme ve dizgiden sorumlu ¢alisanlarimiza olmak Gzere, yazarlarimiza, hakemlerimize ve
dergimizin bu sayisina katkida bulunan herkese verdikleri emekten 6tlirli en derin siikranlarimizi sunariz. Ayrica
Ulkemizde meydana gelen deprem felaketinin tim sirecleri olumsuz etkilemesine ve editoryal ofis degisim
sireci nedeniyle yasanan aksamalara ragmen bizleri sabirla bekleyen tim yazarlarimiza minnettariz. Bununla
birlikte simdiye kadar dergimize katkida bulunan ve destek saglayan herkese tesekkir ediyoruz. Bir sonraki
sayimiz Aralik 2023’de yayimlanacaktir.

Bu sayimizda siki bir kor hakemlik ve editorlik siirecinden geg¢mis 5 arastirma makalesi bulunmaktadir.
Dergimizde yayimlanmakta olan ¢alismalar 6n inceleme, kér hakemlik slireci ve editoryal slire¢ olmak Gizere (g
onemli asamadan gegmektedir. Hakemlik stirecinde her makale en az iki hakem tarafindan incelenmistir. Ayrica,
inceleme slrecine giren her makale iThenticate yazilimi yardimiyla intihal taramasindan gecmektedir.
Oniimizdeki sayilarimiz icin c¢alismalarini dergimize géndermek isteyen yazarlarimiza calismalarini bize
gondermeden 6nce mutlaka intihal yazilimindan gegirmelerini 6neriyoruz.

Yeni sayillarimiz icin calismalarimizi https://dergipark.org.tr/tr/pub/cumfad adresine yukleyebilirsiniz.
Ayrica, dergimiz akademik danisma kurulunu ve hakem havuzunu genisletmeyi hedeflemektedir. Bu baglamda
dergimizin danisma kurulunda yer almak isteyen veya hakem olarak dergimize katkida bulunmak isteyen degerli
arastirmacilar 6zge¢mislerini skockanat@cumhuriyet.edu.tr adresine e-posta ile gdnderebilirler. Hakem sertifika
islemleri Dergipark Uzerinden yuritilmektedir. Bu nedenle hakem sertifikasi almak isteyen hakemlerimizin
Dergipark lizerinden basvuruda bulunmalari gerekmektedir.

Nitelikli ve 6zglin ¢alismalarla bir sonraki sayida bulusmak tzere...

Dog. Dr. Serdar KOGKANAT
Editor
Agustos, 2023
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ABSTRACT

Maintaining effective and successful work in uncertainty is challenging in a niche sector such as aviation and all
industries and situations. The situation is a little more complicated, especially in a sector such as the aviation
sector, where the rules are not stretched and where one should always be on the alert. For these reasons, it is
precious for businesses that carry out airline operations to analyze arriving passengers and understand whether
there is a pattern among passengers. Although there are many factors affecting the arrival patterns of
passengers, some of them are particularly noteworthy. For example, factors such as whether the flight is
domestic or international, the season in which the flight takes place, and the flight hours take place to provide a
broad perspective on the arrival patterns of the passengers at the airport. For example, it can be stated that
while passengers on international flights see earlier arrival patterns at the airport, last-minute arrivals are more
frequent on domestic flights. Similarly, in domestic flights, different passenger arrival patterns have been
determined for the arrival airport, depending on the seasonality of the countries. On the other hand, according
to the seasonality of the nations (for example, the opening of schools and national holidays), different passenger
arrival patterns have been determined for the destination airport. Analyzes were carried out in Python and Excel

and included case study outputs.
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Introduction

Although it is not very long ago that people make
sense of data in the business world, the development of
the concept of data analysis has accelerated with the
digitalization of our world [1]. The key to successful
business progress is correctly analyzing the factors
affecting the business. Data analysis has gained meaning,
especially recently, and it has given importance to the
work done by providing various predictions to business
owners. If the data analysis is done correctly, it is helpful
to see the business's different aspects and negative or
positive factors. It even enables accurate and successful
predictions by taking it one step further. Considering the
value that a business model built on successful forecasts
will bring, the importance of data analysis is emphasized.

Since the aviation industry, whose rules are strictly
defined, is a niche industry, the results are striking when data
analysis is performed. Factors such as flight time, departure
and arrival point, flight season, and whether the flight is on
weekdays or weekends are essential factors in the
classification of flights as well as passengers. A meaningful
data analysis can only be made from existing data, new
features can be created using existing data, and extended
results can be obtained by including them in the analysis.

Researchers in transportation and operations
management have extensively studied airport passenger
arrival patterns. These studies aim to understand the
behavior of passengers arriving at airports and to develop
strategies to manage the associated risks and challenges.
Airport passenger arrival patterns refer to the distribution
of passenger traffic at an airport throughout the day,
week, month, and year. This concept is vital in airport
planning, design, and management. Understanding
passenger arrival patterns help airport operators optimize
resource allocation, plan for adequate staffing levels, and
ensure the passenger experience is as smooth and
efficient as possible. Studies have shown that various
factors, including flight schedules, holiday periods,
economic conditions, and local weather conditions,
influence passenger arrival patterns. For example, a study
by Chen and Li [2] found that passenger arrival patterns at
Beijing Capital International Airport were strongly
influenced by flight schedules, with the majority of
passengers arriving in the early morning and late evening.
Similarly, a study by Wang and Zhang [3] found that
passenger arrival patterns at Shanghai Pudong
International Airport were influenced by holiday periods,
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with increased passenger traffic during national holidays
and peak travel periods. Advanced technologies, such as
artificial intelligence and predictive analytics, have also
been useful in modeling and understanding airport
passenger arrival patterns. For example, a study by Wang
et al. [4] used machine learning algorithms to predict
passenger arrival patterns at Guangzhou Baiyun
International Airport and found that the models could
accurately predict passenger traffic levels with a high
degree of accuracy.

One of the latest studies on airport passenger arrival
patterns was conducted by Yang et al. [5] using data from
two major airports in China. The authors analyzed the
passenger arrival patterns based on flight schedules and
passenger travel characteristics and found that
passengers tend to arrive at the airport in clusters before
their flight departure time, leading to congestion and
delays. Another recent study by Kim et al. [6] used data
from an airport in South Korea to examine the impact of
passenger arrival patterns on airport resource utilization,
such as parking spaces, check-in counters, and security
checkpoints. The authors found that passenger arrival
patterns have a significant impact on the utilization of
airport resources and recommended the use of dynamic
resource allocation strategies to improve airport
operations and reduce passenger waiting times. In a study
by Chen et al. [7] the authors used simulation and
optimization models to analyze the impact of passenger
arrival patterns on airport security checkpoint operations.
The study found that passenger arrival patterns
significantly impacted the efficiency and effectiveness of
airport security operations and recommended using
dynamic queuing strategies to improve the performance
of security checkpoints.

Overall, the latest research indicates that passenger
arrival patterns play a crucial role in the performance and
efficiency of airport operations. Developing strategies to
manage passenger arrival patterns is essential for
improving airport performance and reducing passenger
waiting times. In conclusion, these studies provide
valuable insights into the behavior of airport passengers
in arriving at airports and the impact of their arrival
patterns on airport operations. They highlight the
importance of understanding passenger arrival patterns
and developing strategies to manage the associated risks
and challenges, which can help to improve airport
performance and reduce passenger waiting times.
Moreover, the literature suggests that various factors,
including flight schedules, holiday periods, economic
conditions, and local weather conditions, influence airport
passenger arrival patterns. The use of advanced
technologies [8] such as machine learning algorithms, can
also be useful in understanding and predicting passenger
arrival patterns. These models can be used to support
decision-making in the context of airport planning, design,
and management.

Before the data world was so digitalized, descriptive
statistical analyses were carried out. Then exploratory data
analysis (EDA) [9][10] and later machine learning analyses

developed with the development of technology [11].
Simultaneously, data visualization processes have also
improved. Advanced data analyses and visualizations are
now performed on Excel and in programming languages such
as Python and R libraries. In this way, data analysis and
visualization have reached vital importance not only in the
academic field but also in the industry. Descriptive Statistical
Analysis only describes the data, but exploratory data
analysis (EDA) questions whether there are any anomalies or
salient points in the data [12]. In this case, descriptive analysis
is performed by accepting the hypothesis at first, then
exploratory data analysis (EDA) is applied to the dataset, and
the data is visualized so that it can be read meaningfully. Data
that makes sense with visuals are frequently encountered in
business reports. Instantly changing pages in many sectors,
such as the aviation industry, are based on these analyses.
For example, interactive graphics can be included on the
home pages of the applications to track the instantaneous
change in passenger numbers according to various factors.
Thus, both passengers and airline operators can follow
instant changes and take action for their own benefit.

Indeed, recent studies have continued to analyze and
understand airport passenger arrival patterns to understand
the factors that influence passenger traffic and develop
models that can be used to predict passenger arrival
patterns. with a focus on utilizing advanced technologies and
data analysis techniques. For example, a study by Gursoy et
al. [13] used statistical models to analyze passenger arrival
patterns at Denver International Airport. The study found
that flight schedules influenced passenger arrival patterns,
and the authors developed a model that could be used to
[14] predict passenger arrival patterns based on flight
schedules. Another study by Hu et al. [15] used a queuing
theory model to analyze passenger arrival patterns at Hong
Kong International Airport. The study found that passenger
arrival patterns were influenced by a combination of flight
schedules, local weather conditions, and other factors, and
the authors developed a model that could be used to predict
passenger arrival patterns based on these factors. In
addition, several studies have analyzed the impact of airline
alliances and codeshare arrangements on passenger arrival
patterns. For example, a study by Song et al. [16] found that
codeshare arrangements between airlines significantly
impacted passenger arrival patterns at Incheon International
Airport in South Korea. In addition, the authors found that
passenger arrival patterns were more spread out when
airlines had codeshare arrangements as compared to when
they did not.

One recent Li et al. [17] study used big data analytics to
analyze passenger arrival patterns at Beijing Capital
International Airport. The authors found that a variety of
factors, including flight schedules, holiday periods, and local
weather conditions influenced passenger arrival patterns.
Additionally, the authors used machine learning algorithms
to develop a model that could be used to predict [18]
passenger arrival patterns, with the aim of improving airport
planning and management. Another recent study by Chen et
al. [19] analyzed passenger arrival patterns at San Francisco
International Airport using a combination of spatial analysis
and machine learning techniques. The authors found that a
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range of factors, including flight schedules, airport
accessibility, and local demographic characteristics,
influenced passenger arrival patterns. As a result, the authors
developed a model that could be used to predict passenger
arrival patterns based on these factors, and they suggest that
this information could be used to improve airport planning
and management.

In conclusion, recent studies have continued to analyze
and understand airport passenger arrival patterns, utilizing
advanced technologies and data analysis techniques. Results
from these studies suggest that a range of factors, including
flight schedules, holiday periods, local weather conditions,
airport accessibility, and local demographic characteristics,
influences passenger arrival patterns. A variety of models
have been developed to [20] analyze and predict passenger
arrival patterns and improving airport planning and
management, including statistical models, queuing theory
models, big data analytics and machine learning algorithms.

Ease of Use

The study was analyzed on real data from a niche
sector such as the airport. It is comparable to analyzes for
airports and includes actionable results for a better
passenger experience. As different data sets can be
created at various airports, passenger behaviors vary
according to many factors. Therefore, much more data is
needed to generalize the outputs. For example, analysis

Table 1. Raw Data set (Some Features)

results may differ when data containing more airports and
flights are included.

Analysis

This paper uses our private airport data, which has
32907 rows and 27 columns, however some of the
columns are not relevant and unnecessary for this analysis
therefore it was used only 18 of them. Columns are listed
in the table-1 with descriptions, non-null counts, types,
and examples. Also, new features were generated based
on the Scheduled Time Departure (STD) column listed in
Table 2 with the same explanations as Table 1. Therefore,
there are 18 columns came from raw data and 7 columns
from generated data so that total 25 column was used to
make an analysis.

The Python libraries used in the analysis are mainly as
follows; pandas, numpy, matplotlib, seaborn and datetime.
Matplotlib and seaborn libraries are used for visualization.
Year, month, and week are generated with the Python
datetime library based on the STD column. Monday,
Tuesday, Wednesday, Thursday, and Friday are weekdays,
and Saturday and Sunday are weekends. Seasons are
generated with the following rule: December, January, and
February are defined as winter; March, April, and May are
defined as spring; June, July, and August are defined as
summer; and September, October, and November are
defined as fall seasons.

Column Name Column Description Ngg;l::ll Data Type Example
INT/DOM Whethgr the flight is international or 320907 Object |
domestic
. . 2021-11-07
STD Scheduled Time Departure 320907 Datetime64[ns] 11:50:00
Total ber for all points at
tota_pax_count_all_points ot .passenger numbertoratl points a 320907 Int64 185
the airport
total_pax_count_checkin Check in Passenger number 320907 Int64 145
checkin_rate Rate of check ins 320907 Float64 0.7837
Time slot before 360-330 minutes of
360-330 the flight (There are 12 time slot 320907 Int64 0
columns at half hour intervals)
delay Delay of flight in minutes 320907 Float64 27.000
Table 2. Generated Features
Column Name Column Description Non-Null Count Data Type Example
day_of week Day of the week for flight 32854 Int64 0
week WeekdaY or weekend 32854 Object weekday
information
day_of year Day of the year for flight 32854 Int64 101
month Month of the flight 32854 Int64 3
seasons Seasons of the year 32854 Object Summer
my_timezones Accordlng ) eIV (RS 32854 Object Morning
timezone
Whether the flight is less th
flight_count ether the Tight I less than 32854 Object Few_flight
400 or not
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Figure 1. Correlation Heatmap of Data Set

According to the flight industry, between 2 AM and 5 AM
are defined as night, between 5 AM and 11 AM as the
morning, between 11 AM and 8 PM as noon, and between 8
PM and 2 AM are defined as evening. The dataset needs to
be well-distributed for the number of flights, so flights with
less than 400 views are labeled as few, and flights with more
than 400 views are labeled as many.

After generating new features, there might be irrelevant
rows in the data frame; for instance, if there are no
passengers in all time slots, this analysis will be unnecessary;
therefore, these rows are deleted. In our private data, all
departure airports are ADB, so it is nonsense to use the
from_airport feature so that the column is deleted.
Moreover, there are some unknown aircraft types written as
'XXX,' which is also irrelevant to the analysis; therefore, rows
with aircraft types are XXX also deleted. Finally, data is not
well distributed, so there are various airlines and flights. For
the analysis's sake, airlines that occurred less than six times
are deleted from the data set.

Correlation values were calculated based on pairwise
correlation of columns, excluding NA/null values with
python corr() function [21] and shown on a heatmap in
order to see the features that may be related to each
other in the data set. Correlation is calculated between
the numeric values in the data frame, and other than the
numeric values are ignored in the calculation. Although
there are three main calculation methods for correlation,
such as Pearson, Kendall, and Spearman, python takes
Pearson standard correlation coefficient as default, so in
this analysis, Pearson calculation is used. Calculation

results rely on -1 and 1. 1 means a perfect positive
relationship, -1 means a perfect negative relationship,
also 0 means there is no relationship between variables
[22]. Pearson standard correlation coefficient is calculated
as given in the equation 1, where X is mean of X variable
and Yis the mean of Y variable. It has 4 assumptions:

e Each observation should have a pair of values.
e  Each variable should be continuous.

e [t should be the absence of outliers.

e It assumes linearity and homoscedasticity.

_ S-R)-D)
"= R rra )2 (1)

According to the heatmap in Fig. 1, a high positive
correlation was observed between the periods in the 180-
90 range and the check-in rate. In other words, it can be
said that the passengers arriving at the airport during this
period are those who have checked in. As seen in the
following chapters of the study, most passengers arriving
at the airport by checking in between 180-90 times are
passengers on international flights. In addition, a
relatively high correlation was calculated between the
delay time and the 240-210-time interval. Negative
correlation computed values do not make sense since
they are very close to 0. Therefore, in general, it can be
said that there is no negative correlation.

The analysis is based on the flights, passengers, check-
in rates, and flight delays.
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Flights

In Fig. 2, the x-axis gives the number of flights, and the
y-axis shows the information on domestic/international,
weekend/weekday, and time zone of flights. Colors are
distributed for the seasons.

According to the Fig. 2, flights are grouped with
international/domestic, weekday/weekend, time zone, and
seasons. It can be said that a maximum number of flights
occurs in Domestic, weekday, and morning during the fall
season, and the minimum number of flights occurs a domestic,
weekend, and night for all seasons. Also, domestic, weekday
and noon flights are much more than the rest of the data set.
For international flights, it can be said that the maximum
number of flights are in the summer season with the
information of weekdays, noon. It can be stated that for the
international weekday night flights, in the winter season, there
are few flights. Overall, it can be noted that the fewest flights
took place at night. While the mornings are suitable for
domestic flights, noon is preferred for international flights.
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Figure 2. Distribution of Flights

Passengers

Passenger analyses are made into three groups. The
first group is named all passengers, and the second is
check-in passengers. The third group is analyzed under the
12-time slots based on their arrivals at the airport.
Moreover, data is grouped with domestic/international
flights, weekend/weekday flights, time zones, and the
seasons of flights.

In Fig. 3, the x-axis gives the number of passengers,
and the y-axis gives the information on
domestic/international, weekend/weekday, and time
zone of flights. Colors are distributed for the seasons.
According to the Fig. 3, like the distribution of the flights,
there is a difference between international and domestic
flights. For domestic flights, weekday morning and
weekday noon are the most preferred time zones in all
seasons. On the contrary, weekday and weekend nights
are the least preferred time zones for domestic flight
passengers.
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Figure 3. Distribution of All Passengers
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For international flights, passengers preferred
weekday noon flights with respect to other time zones in
all seasons. It can be said that international flights are
increased in the fall and summer seasons. However, the
winter season is the least preferred season for
international flights. The preferences are based primarily
on the national holidays and the exact seasons, such as
school opening closings.

In Fig. 4, the x-axis gives the number of passengers
who made check-in procedures at the airport, and the y-
axis shows the information on domestic/international,
weekend/weekday, and time zone of flights. Colors are
distributed for the seasons. Contrary to the all-passenger
plots in Fig. 3, international passengers are made check-in
procedures more than domestic passengers especially on
weekday, noon group. Even though, domestic passengers
also made check-in procedures at the airport specifically
on weekdays morning and noon, total number of check-in
passengers of domestic flights are quite a few than total
number of check-in passengers of international flights.
Therefore, in Fig. 4, the maximum number of passengers
is located on the international, weekday, and noon flights,
especially for the summer and fall seasons. It can be said
that international passengers tend to make check-ins for
the summer flights but not for the winter flights. It can be
seen from the Fig. 4; check-in procedures are made less
for domestic flights. On the contrary to international
flights, domestic flights mostly happen in the summer and
winter seasons. Most domestic passengers preferred
weekday mornings for their flights.
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Passengers over Time Slots

Passengers are grouped by the 30 minutes periods. It
starts with a 360-300 slot that is 360 minutes before the
flight and continues like that. The difference is noticeable,
especially for domestic and international flights. Most of
the passengers arrive at the airport between 120-90
minutes; from Fig. 13, it can be easily seen the number of
passengers from the x-axis. For domestic flights, the last
period arrivals are more usual than for international
flights, specifically between 90-0 minutes. However, when
international flight passenger arrives at the airport
between 180-120 minutes, domestic flight passenger has
yet to be seen at the airport.

Since both international and domestic flight
passengers usually choose to come to the airport between
120-90 time slots, it can be stated from Fig. 5-16 that
arrival patterns are distributed mainly on the type of flight
domestic or international.

Check in Rates

When the check-in rates of incoming passengers are
examined according to whether the flight is domestic or
international, season, time, and weekdays, it can be seen
from Fig. 7 that the most significant difference is between
domestic and international flights. The check-in rates of
domestic flights are much lower than the check-in rates of
international flights. Especially in the autumn period,
there is a severe proportional difference between them.
Therefore, check-in rate differences may be due to the
fact that domestic flights are fewer in autumn.
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The check-in rate distribution of all flights without any
grouping can be found in Fig. 8. The reason for the check-in
rate appearing above 1 is that there are people who appear
twice in our dataset, but we decided to keep it as this did
not disrupt the course of the analysis. When we look at the
check-in rate distribution graph, it is possible to say from
Fig. 8 that Os and 1s are in weight, but the average is 0.5.

Delay Averages

Fig. 9 shows the average delays of the flights.
Accordingly, it can be said that most delays occur in the
summer months. In this chart, the distribution according
to the season distinction and the period of the day of the
flight rather than the domestic/international distinction
draws attention. The average delays are directly
proportional to the excess flights in those periods. The
highest average in international, weekend, and evening
summer flights was recorded as 50.50 minutes. The
lowest average was recorded as 6.35 minutes for
domestic flights in the winter and autumn, from the
periods with the least flights.

Discussion and Further Works

Analyzing flight-based airport passenger arrival
patterns is an essential aspect of airport management. It
provides valuable insights into passenger behavior and
helps airport authorities optimize their resources to
improve the overall efficiency of airport operations. By
analyzing passenger arrival patterns, airport authorities
can identify the busiest times of the day, week, or year
and allocate resources accordingly, such as deploying
more staff at peak times, opening additional security
checkpoints, or providing more parking spaces. The
relevant analysis leads to a more seamless and efficient
passenger experience, reducing wait times and
congestion and enhancing the airport's overall reputation.

Moreover, analyzing passenger arrival patterns also has
implications for airport security. By monitoring passenger
arrival times, airport authorities can identify potential
security risks, such as suspicious behavior or irregular travel
patterns, which enables airport security personnel to
respond quickly and appropriately, enhancing the safety and
security of the airport and its passengers.

Firstly, data analytics techniques such as statistical
analysis, data mining, and machine learning can be used
to analyze passenger arrival patterns and identify trends
and patterns. Then, data visualization tools such as heat
maps, scatter plots, and histograms can be used to display
and interpret the data. For example, a study by Chen et al.
(2019) [23] used data mining and visualization techniques
to analyze Hong Kong International Airport passenger
arrival patterns. The study found that most passengers
arrived between 6 am and 8 am and 2 pm and 6 pm and
recommended that airport authorities allocate more
resources during these peak periods.

Secondly, predictive modeling techniques such as
regression analysis, time series analysis, and neural
networks can be used to predict passenger arrival

patterns and forecast demand. For example, a study by
Gao et al. (2019) [24] used a predictive modeling approach
to estimate passenger arrival times at Beijing Capital
International Airport. The study found that the model
achieved an accuracy of over 80% in predicting passenger
arrival times and recommended that airport authorities
use it to optimize their resources and improve airport
efficiency.

In this study, a special data set was created, and some
analyzes were carried out by questioning the similarities
and differences of the flights in different categories, the
analysis of the behavior of the passengers at the airports,
and whether there was a specific pattern. The most
apparent difference from the outputs is the differences
between domestic and international flights. The following
output is that the flight frequency increased and
decreased according to the time of day the flight took
place. In addition, seasonal flight differences also differed
in domestic and international flights. Flights and
passengers were examined in terms of season, flight type,
and temporal, as well as flight delays and check-in rates.
In addition, the features that can be positively or
negatively related to each other according to the
correlation between the components in the data set were
examined.

Overall, the analysis of flight-based airport passenger
arrival patterns is crucial for optimizing airport operations,
improving the passenger experience, and enhancing
airport security. As airports continue to grow in size and
complexity, the importance of this analysis will only
increase, making it a vital area of research for airport
management professionals.

Future studies it is aimed to develop the analysis with
a more extensive and diverse data set. The scope and
results of the analysis will be developed with data from
different airports and parameters that can be generated.
Thus, the passenger arrival pattern will be drawn, the
flights will be classified, and studies will be carried out to
provide a more effective airport experience.

Despite the importance of analyzing flight-based
airport passenger arrival patterns, several challenges and
limitations exist. For instance, data collection and
processing can be time-consuming and costly, requiring
significant investment in technology and resources.
Additionally, the accuracy and reliability of the data can
be impacted by several factors, such as incomplete or
inconsistent data, errors in data entry or processing, or
changes in passenger behavior.

To address these challenges, researchers and
practitioners must continue to explore and develop new
techniques and tools for analyzing flight-based airport
passenger arrival patterns. For instance, machine learning
algorithms and predictive modeling techniques can help
accurately identify and predict passenger arrival patterns,
enabling airport authorities to plan and allocate resources
more effectively. Similarly, new data collection methods
like mobile applications and sensors can help capture real-
time data on passenger arrival patterns, providing a more
comprehensive and accurate view of airport operations.
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Moreover, as airports continue to face increasing
pressure to reduce their environmental impact, analyzing
passenger arrival patterns can also promote sustainable
airport operations. Airport authorities can optimize
ground transportation and reduce congestion and
emissions by identifying peak times and routes and
upgrading more sustainable and efficient transport
systems.

In conclusion, the analysis of flight-based airport
passenger arrival patterns is an important area of research
for airport management professionals. By leveraging new
technologies and data collection methods, researchers
and practitioners can develop more accurate and effective
strategies for optimizing airport operations, improving the
passenger experience, and enhancing airport security and
sustainability.
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ABSTRACT

The quality and length of life may be affected by brain tumors, which are created when cells in the head region
proliferate out of control. Patients with misdiagnosed or late-diagnosed brain tumors and untreated patients
have a lower chance of survival. Images obtained from MR imaging equipment are typically used to diagnose
brain cancers. Given the rising number of patients and the high doctor density, computer-assisted techniques
are particularly helpful in the diagnosis and categorization of brain tumors. In this study, transfer learning
techniques were used to classify brain tumors from MRI data. In the study, a 4-class dataset made up of glioma,
meningioma, pituitary, and no-tumor was used in addition to a binary data set of tumor and no-tumor. Repetitive
and unneeded regions in the images were eliminated by applying image preprocessing techniques to the
datasets. Following that, classification was performed using the EfficientNet, XceptionNet, and CoAtNet models,
which modified the last layer and used the weight values of the models trained on very large datasets (imagenet).
As a result, show that CoAtNet performed best in multiclassification validation accuracy (98.26) and EfficientNet
in binary classification (99.98). When compared to high-success studies with similar datasets, it was observed
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Introduction

The brain is a massive, intricate structure that governs
the whole nervous system in humans and comprises
about 100 billion nerve cells [1]. This vital organ is formed
in the brainstem, the core of the neurological system.
Therefore, any type of irregularity in the brain could be
dangerous for people's health. The most severe of these
anomalies are brain tumors.

Brain tumors are defined as abnormally growing cells
in the skull region. Typically, abnormal and uncontrolled
cell division is what causes a brain tumor. Both the brain
and the skull can develop these tumors; they can also start
in the tissues surrounding the brain.

According to the World Health Organization, brain
tumors account for less than 2% of all human cancers, but
because of their high morbidity and comorbidities, early
diagnosis is a critical idea in contemporary medicine [2].

The World Health Organization (WHO) has
categorized brain tumors into four classes [1].
Meningiomas are an example of grade 1 and grade 2
tumors, while grade 3 and grade 4 tumors are more
serious ones (e.g., glioma). Meningioma, pituitary, and

glioma tumor incidence rates in clinical practice are
roughly 15%, 15%, and 45%, respectively.

Meningiomas, pituitary adenomas, and schwannomas are
the most commonly seen benign tumors, while gliomas, which
account for 78% of all malignant brain tumors, are included in
the category of malignant tumors. Most benign intracranial
tumors, or 10 to 15% of all neoplasms, are meningiomas,
which are the most frequent type. After meningiomas,
gliomas, and schwannomas, pituitary adenomas are the most
frequent intracranial tumors, commonly affecting patients in
their 30s and 40s. Schwannomas, which form along nerves and
are made up of cells that normally provide the nerve cell's
electrical insulation, also affect patients frequently in these age
groups. Glia, the brain's supporting cells, give birth to gliomas,
which include ependymomas, medulloblastomas,
astrocytomas, and Glioblastoma multiforme (GBM), the most
aggressive kind of glial tumor [3].

Depending on the location, size, and kind of tumor, there
are many treatment options for brain tumors. Surgery is
currently the most popular method of treating brain tumors
because it has no negative consequences on the brain [4].
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The inside state of the human body can be observed using a
variety of medical imaging technologies, including computed
tomography (CT), positron emission tomography (PET), and
magnetic resonance imaging (MRI). Since MRl is the only non-
invasive, non-ionizing imaging technique that provides useful
information in 2D and 3D formats regarding the kind, size,
shape, and location of brain tumors, it is regarded as being the
most advantageous among all imaging modalities [5].

There are many artificial intelligence applications for brain
tumors such as automatic brain tumor classification, brain
tumor segmentation, and finding optimal routes to the tumor
as we developed before, and it is a very important field [6].

Brain tumor classification is a multidomain problem that
requires designing the data collection, pre-processing,
denoising, segmenting, feature extraction, feature selection,
classification, and post-processing procedures.

In this study, multiple brain tumor classification was
performed with two datasets from Kaggle. The Kaggle BR35H
dataset [7] was used for binary classification (normal/tumor),
and the Kaggle Brain Tumor Classification dataset [8] was
used for multi-class classification (normal, glioma tumor,
meningioma tumor, and pituitary tumor).

The work is organized as follows. In Section 2, the most
recent studies in the literature that perform automatic brain
tumor classification images datasets are presented. Methods
are explained in Section 3. Information about the dataset
used, architectures of transfer learning models, and the deep
learning model is given. And explains how the experimental
study was carried out. The preprocessing applied to the
images and the hyperparameters of the models are
presented. In Section 4, the experimental results and the
success of the models are presented. In Section 5, the
conclusion and discussion are presented and future work is
mentioned.

Literature Review

For automatic brain MRI classification using machine
learning and deep learning approaches, many different
methods have been presented. Numerous studies using
cutting-edge deep convolutional neural networks have been
written to address binary and multiclass brain tumor
diagnosis difficulties.

For quick and accurate tumor classification performance,
Kushwaha and Maidamwar [9] suggest a model that
combines the Saliency map with VGGNet, AlexNet, Inception
Net, and Xception Net models. The model's 95% accuracy,
94.1% precision, and 95.6% recall make it suitable for low-
error applications for brain tumor classification. Kang et al.
[10] used many pre-trained deep Convolutional neural
networks (CNNs) to extract important features from the MR
scans and ML algorithms to classify the MRI scans of three
freely available datasets. According to the results, the
Support Vector Machines (SVM) with radial basis function
kernel outperforms other machine learning classifiers.

Deep tumor networks, as defined by Amran et al. [11],
were proposed by Google Net and CNN model hybrids for the
detection of CTs. The proposed model was built on top of the
GoogleNet model. The final five layers of GoogleNet were
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removed, and 14 layers—each one deeper than the
previous—of the CNN model were replaced. Although the
fundamental CNN architecture was left unmodified, the
RelLU AFs were converted to a leaky Re-AF. After the
modifications were made, the layers increased from 22 to
33 in total. The hybrid model that is advised acquired the
maximum level of classification accuracy, 99.10%.

In another study, Four real-world data sets were
successfully used to test and suggest a novel method for
the diagnosis of brain cancers based on genetic algorithm-
based deep learning. According to experiments on the
Gazi Brain Data Set 2020 dataset, this inference was
supported by four separate metrics outcomes. The
proposed model achieved %85 accuracy. While the
conventional CNN model had a success rate of 78%, the
proposed CNN+GA model had a success rate of 85% [12].

Papageorgiou [13] proposed a model to follow while
creating an automated and cost-effective categorization
tool that will help medical professionals everywhere
identify brain tumors from MRI scans. The proposed
model provides 99.62% testing accuracy utilizing a cross-
entropy loss function and was trained and verified using
MRI images.

Sert et al. [14] and Ozyurt et al. [15] propose ResNet
for the first component of the CNN-SVM architecture,
whereas resolution improvement and entropy
segmentation approaches were used for image
preprocessing. On the same dataset, Ozyurt et al. [15]
compare their model to a CNN-KNN with a 90.62%
accuracy. The research in these articles is based on MRI
image segments that simply show the tumor tissue. Sajja
and Kalluri's [16] use of a CNN on a BRATS dataset of 577
photos yields an accuracy of 96.15% when tested on 182
images, showing another successful attempt to identify
images with and without brain tumors.

Using a CNN to combine five separate models into one,
Mittal and Kumar [17] identify MRI images in relation to
three tumor classifications and a class for the negative
diagnoses, achieving a testing accuracy of 98.8%. On two
databases comprising three kinds of malignancies
(meningiomas, pituitary adenomas, and gliomas), Sultan
et al. [18] confirm their CNN model with overall accuracies
of 96.13% and 98.7%.

Using pre-trained CNNs [19] is another strategy. On
two datasets with three and four tumor types,
respectively, accuracy rates of 97.64% and 98% were
achieved. In order to segment the image regions
containing the tumor and categorize these parts into five
groups with an accuracy of 81%, Zhao and Jia [20] use a
deep convolutional neural network.

Methods

In this section, firstly, the datasets will be introduced.
Then, the preprocessing steps applied on the datasets will
be explained. Then, the used transfer learning models will
be introduced and the parameters and model structure
used will be mentioned.
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Datasets

In the study, two different data sets were used for
binary and multiple classifications. The BR35H for a
binary dataset is also shared as open source on Kaggle.
In this dataset, there are a total of 3000 MR images in 2D
format, consisting of 1500 tumor images and 1500
healthy images. These images are in JPEG format [21].
For multi-classification, a data set shared as open source
on Kaggle was used. This dataset contains 2870 data for
4 classes for training; glioma, meningioma, pituitary, and
no-tumor MR images in 2D jpeg format[22].

Image PreProcessing

In both brain MRI datasets, nearly all of the images
have unwanted gaps and areas, resulting in below-
average classification performance. Therefore, it is very
important to cut photos to eliminate unnecessary parts
and use only relevant information.

First, the image dimensions are set to 224*224 pixels.
Itis necessary to calculate the size of the unwanted black
areas in the images. Thresholds are applied to images.
However, before that, Blurring is performed on the
images so that the Threshold process can be applied
more successfully. For this, the GaussianBlur method of
the OpenCV library is used. The ‘otsu’ threshold is an
OpenCV technique where pixel values are assigned
according to the threshold value provided. Each pixel
value is compared with the threshold value, if the pixel
value is less than the threshold value, it is set to O.
Otherwise, it is set to the maximum value. As a result of
this process, the outside of the region we are interested
in is masked. Then we contour with the coordinates of
the top, bottom, right and left endpoints of the region of
interest. The area inside this contour is considered the
area we are interested in and the crop is done according
to these coordinates. By re-sizing, the images are
prepared to be given to the model.

Yes-Tumor

Pituitary No-tumor

Figure 1. A- Example image from dataset for binary
classification, B- Example image from dataset for
multiclassification

Transfer Learning

It is a machine learning approach in which a deep
learning network (usually convolutional networks)
previously trained for a task is taken with weights and
used as a starting point for a different task [23]. Transfer
learning has been successfully used in several fields
recently, including the segmentation and classifications of
medical images. In this study, preprocessed images for
brain tumor classification were classified with
EfficientNet, XceptionNet, and CoAtNet.

EfficientNet; It is considered a group of convolutional
network models. The ImageNet classification problem
consisting of more than 14 million images, reaches 84.4%
accuracy with 66 M parameters and is among the state-of-
the-art models [24]. EfficientNet; It consists of 8 different
models between BO and B7. The BO model was used in this
study. In EfficientNet, an activation function called Swish
is used instead of Rectifier Linear Unit- ReLU. Google Brain
Team: They noted that the Swish activation function
tended to work better than ReLU when applied in deeper
models on a group of datasets. XceptionNet; It is a 71-layer
convolutional neural network model trained on the
ImageNet classification problem and achieved 79% accuracy
in ImageNet. It was basically developed by adding on the
InceptionV3 network. In the convolution section, in addition
to InceptionNet, smart depth convolution and smart point
convolution sections have been added [25]. In this way, it is
aimed to prevent over-learning by using fewer parameters.

For large-scale image identification and classification,
CoAtNet offers a special mix of depthwise convolutions (1)
and self-attention (2) that enables quick and precise
progress. The suggested design is based on the finding that
self-attention models typically demonstrate higher capacity
whereas CNN's typically show better generalization. If the
model hyperparameters are mentioned; Weight values for
all models are from 'imagenet'. Validation split is =0.2.
Training is 30 epochs. optimizer is Adam (Ir= 1e-4). Other
parameters are given in Table 1.

Threshold

Original

Contour
(Edge Point)

Cropped Image

Figure 2. Image preprocessing steps
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Table 1. Hyperparameters

Model

Hyperparameters

Binary

Multi-class

EfficientNet

Last_activation=sigmoid,loss=binary_ _crossentopy Last_activation=softmax,loss=categorical_crossentopy

Version=EfficientNetBO,

Last_activation=sigmoid,loss=binary_ _crossentopy Last_activation=softmax,loss=categorical_crossentopy

XceptionNet

Version="XceptionNet’,

CoatNet

Last_activation=sigmoid,loss=binary_ _crossentopy Last_activation=softmax,loss=categorical_crossentopy

Version="CoatNetv0’,

Table 2. Success Values For Multiple Classification

Model Accuracy AUC Precision Recall
EfficientNetBO 98.12 98.99 98.12 98.12
XceptionNet 95.63 99.40 95.63 95.63
CoAtNetv0 98.26 99.39 98.26 98.26
Table 3. Success Values For Binary Classification
Model Accuracy AUC Precision Recall
EfficientNetBO 99.98 1 99.90 1
XceptionNet 97.50 99.30 1 94.67
CoAtNetv0 99.38 99.18 99.6 99.2
Table 4. Success Values for Similar Datasets
References Model Dataset Classification ~ Accuracy
Kushwaha and VGGNEt'. AlexNet, Kaggle BR35H Brain Tumor Dataset, .
. InceptionNet, Multi 95
Maidamwar [9] . IEEE Data Port Dataset
XceptionNet
Bi d
Kang et al. [10] CNN BT-small-2c, BT-large-2c, BT-large-4c ml\;jlrzltain 98.17
Amran et al. [11] GoogleNet, CNN Kaggle BR35H Brain Tumor Dataset Binary 99.10
Ozdem et al. [12] CNN+GA'(Genet|c Gazi Brain Data Set 2020 Binary 85
Algorithm)
Kaggle BR35H Brain Tumor Dataset,
Papageorgiou [13] CNN Kaggle Brain MRI Images for Brain Binary 99.62
Tumor Detection
Sert et al. [14] ResNet TCGA-GBM Binary 95
Ozyurt et al. [15] NS-CNN TCGA-GBM Binary 95.62
Saja a[::]'(a””” CNN BRATS Binary 96.15
Mittal ?;;l] Kumar AiCNN Two private datasets Multi 98.8
Dataset from Tianjing Medical .
Sultan et al. [18] CNN University, REMBRANDT Multi 98.7
Ari et al. [19] CNN RIDER, Figshare, REMBRANDT Multi 99
Zhao and Jia [20] DCNN BRATS Multi 81
Our Study CoAtNetv0 Kaggle Brain T(LIJ\TROI; S Multi 98.26
Our Study EfficientNetBO Kaggle BR35H Brain Tumor Dataset Binary 99.98
Experimental Results

The results obtained in this section will be presented in
tables. First, the validation success values for transfer
learning in multiple classification are given in Table 2.

Accordingly, the highest accuracy values for multiple
classifications were obtained with the CoatNetvO model.

In Table 3, validation success values for transfer learning
in binary classification are presented.
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Accordingly, the highest accuracy values for binary
classification were obtained with the EfficientNetBO model.

In Table 4, the comparisons of studies with similar
datasets and the achievements obtained with the transfer
learning model are presented. It is observed in the table that
many methods are used for brain tumor binary and multiple
classifications and the most successful models are CNN-
based.
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Conclusions

Brain tumors, which are formed by the uncontrolled
proliferation of cells in the head region, can cause a
decrease in the quality and duration of life. Patients with
misdiagnosed or late-diagnosed brain tumors and
untreated patients have a lower chance of survival.
Diagnosis of brain tumors is usually provided by images
taken from MR imaging systems. It is very useful to use
computer-aided systems in the detection and
classification of brain tumors due to the increasing
number of cases and the high density of doctors. The
development of artificial intelligence and deep learning
models and automatic classification of brain tumors are
very common areas of study in recent years.

In this study, brain tumor classification from MRI
images was performed by transfer learning methods. In
the study, a binary dataset of tumor and no-tumor, as well
as a 4-class dataset consisting of glioma, meningioma,
pituitary, and no-tumor, was used. By applying image
preprocessing steps to the datasets, redundant and
unnecessary areas in the images were removed. Then,
classification was carried out with EfficientNet,
XceptionNet, and CoAtNet models, which used the weight
values of the models trained with very large datasets
(imagenet) and changed the last layer.

According to the results of the study, while
EfficientNet gave the highest success values in binary
classification (validation accuracy is 99.98), CoAtNet gave
more successful results in multi-classification (validation
accuracy is 98.26)., which is a more challenging task.
EfficientNet is a model that uses a compound scaling
method to increase the depth, width, and resolution of
the network in a coordinated way. This allows EfficientNet
to be a more efficient and scalable network with improved
performance. The CoAtNet model, based on both CNN
and Vision Transformer (ViT) architectures, is one of the
most successful models developed in recent years.
CoAtNet takes advantage of both of these strengths by
using a hybrid architecture that combines CNNs and
transformers. When compared to high-success studies
with similar datasets, it was observed that the success
metrics were quite close to those of these studies. In
future studies, it is aimed to achieve the highest success
values by performing different transfer learning studies
with more datasets for brain tumor classification.
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ABSTRACT

The shaking table is an experimental system in which the behavior of buildings and vehicles against ground
shocks can be examined. A shaking table consists of electrical, mechanical and hydraulic parts to provide the
desired technical specifications. In particular, harmonics are inevitable in the nonlinear shaking table system
designed by these aforementioned parts. Harmonic is an undesirable disturbing signal that reduces the control
performance of a system and distorts the output signal obtained from the system. Therefore, the identification
and elimination of harmonics is an important design problem. In this paper, an acceleration harmonic estimator
based differential evolution algorithm has been designed to determine the harmonics that occur especially in
sinusoidal vibration tests. The proposed estimation approach was analyzed with both simulation and real-time
harmonic signals including six harmonics. In addition, the amplitude and phase estimation results were
compared with the results obtained by the simulated annealing algorithm. In short, fast and high preciously
estimator design was realized by using differential evolution algorithm and its advantages were demonstrated
with the obtained estimation results in literature.
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Introduction

In earthquake and civil engineering, the experimental
system, in which the performance analyzes of structures
and vehicles in low, medium and high intensity shocks can
be examined and simulated, is called a shaking table [1].
In addition, the shaking table can be used successfully to
simulate earthquakes that have occurred or are expected
to occur.

The shaking tables can be designed up to 3 axes to
simulate the desired or previously occurred earthquake
motions. Also, shaking table designs including electrical,
mechanical and hydraulic components have been
developed. Thus, shaking tables can be produced to
efficiently work at the desired load, precision and speed
and they can also be used for different aims such as small
scale structural mechanics, earthquake, ground and
geological engineering experiments [2].

The electrical, mechanical and hydraulic components
used in the design of the shaking table form a nonlinear
control system and due to the aforementioned nonlinear
factor, unwanted harmonics were especially shown in
sinusoidal vibration tests. Harmonics are disturbing
signals that negatively affect both the control
performance of the system and the acceleration output
signals generated by the system. Therefore, the
identification and elimination of these disruptive
harmonics arising from the internal components of the
shaking table is an important engineering design problem
[3, 4]. The key solution of this design problem is crucial for
improving the control performance of the system and
trustworthiness of the analysis results obtained from the
aforementioned experiments [5]. Therefore, the greatest
focal point of the design problem is to estimate the
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amplitude and phase values of each harmonic with high
accuracy and to quickly perform the estimation process.
As a result, the fast execution time and high accuracy in
harmonic estimation will positively affect the control
performance of the system and the reliability of the
experimental analysis results.

In recent years, optimization algorithms have rapidly
gained importance in solving many linear and nonlinear,
one-dimensional or multi-dimensional, discrete or
continuous engineering problems. Especially, suggested
approaches based optimization algorithms provide fast
computation and high accuracy for the estimation of
amplitude and phase values of harmonics occurring in
complex and nonlinear systems such as electrical power
systems and shaking table. So, they have come to the fore
with the aforementioned advantages. The well-known
basic optimization algorithms such as least mean square
(LMS), normalized LMS and recursive least square (RLS)
algorithms have been used for acceleration harmonic
estimation problems of the shaking table system [6-8].
However, when the harmonic order increases and the
problem becomes nonlinear and more difficult, a
deterioration in the estimation performance is observed.
Also, the relative error in the phase estimation increases
and the estimation speed slows down. In order to
overcome the disadvantages of the aforementioned
classical approaches and to obtain better estimation
results, new estimation approaches have been proposed
using metaheuristic algorithms that have better
convergence rate in solution space and are more
robustness in the solutions of nonlinear problems.

Particle swarm optimization (PSO) algorithm has been
successfully applied for the harmonic estimation in power
systems and PWM inverter systems [9, 10]. Therefore, an
acceleration harmonic estimation approach based PSO
algorithm has been proposed and better results have
been obtained compared to the method reported in
literature [11]. In addition, both the estimation and
convergence performances of the PSO algorithm were
compared with those of the LMS algorithm. A new
approach for acceleration harmonic estimation was
proposed using water cycle algorithm (WCA), and the
performance criteria of the real-time calculation,
convergence rate and estimation accuracy were analyzed
[12]. Also, in order to improve the estimation results of
the previously reported PSO algorithm, two suggested
approaches based bat algorithm (BA) and artificial bee
colony (ABC) algorithm have been applied for acceleration
harmonic estimation problem and the results have been
compared. Thus, the estimation results obtained in the
literature have been improved [13, 14]. An approach
based ABC algorithm has been proposed to solve the high-
order acceleration harmonic estimation problem and the
effect of increasing nonlinearity on estimation
performance has been investigated [15]. The RLS method
and the simulated annealing (SA) algorithm were used for
the acceleration harmonic estimation approach and
compared in practice [8]. The harmonic estimation
accuracy and real-time convergence rate of the SA
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algorithm against the RLS algorithm were evaluated.
Metaheuristic algorithm versus classical algorithm has
been analyzed using performance criteria in
multidimensional and nonlinear estimation problem.
From the discussions mentioned above, it is seen that
the problem of acceleration harmonic estimation is an
important design problem in electrical, mechanical or
hydraulic systems and the estimation and elimination of
harmonics have positive effects on the shaking table
systems. Therefore, it is important to develop fast and
accurate harmonic estimation approaches. In this study,
to the best of our knowledge, differential evolution (DE)
algorithm, that has fast convergence rate and powerful
search ability, was used and analyzed for the first time
ever in the acceleration harmonic estimation approach. It
is also an important advantage that the proposed
approach does not require any prior knowledge as with
Kalman filters. For estimating the amplitude and phase
values of the acceleration harmonics occurring in the
shaking table system, the suggested approach based DE
algorithm was examined for a literature test signal and an
experimental signal with 6 harmonics. In both simulation
and experimental study, the estimated amplitude and
phase values were compared with the estimation
approach based on the latest reported SA algorithm.
Calculation time, convergence rate and estimation
accuracy were selected as two important criteria in the
simulation and experimental analyzes and the approaches
were evaluated using these criteria for a fair comparison.
As a result, the proposed approach based DE algorithm
has shown a very accurate and rapid amplitude and phase
estimation performance for both simulation and
experimental acceleration harmonic signals.

Servo Electro-Mechanical Shaking Table

In Figure. 1, the servo electro-mechanical shaking
table is shown. It is a single-axis shaking table and its size
is 50x50 cm. This portable shaking table is often preferred
in many university research laboratories or company
research offices, because it has the ability to simulate
recorded earthquakes and to apply defined waves such as
sine, cosine and triangle signals and any acceleration or
position profile defined by the user. The aforementioned
system has a servo motor, closed loop PID controller,
analog to digital converter, accelerometer sensors and a
mechanical platform where vibration occurs. In addition,
this system is a servo electro-mechanical shaking table
with a weight of 45 kg, 1000 N power, 500 mm/s speed
and operating frequency up to 20 Hz.

In this study, the performance of the proposed
approach based DE algorithm is analyzed for acceleration
harmonic estimation problem in servo electro-mechanical
shaking table. The analyzes were carried out in two stages.
At the first stage, the preferred simulation signal with 5 Hz
fundamental frequency in the literature was used. And, at
the second stage, the experimental signal with 3 Hz
fundamental frequency was produced using the servo
electro-mechanical vibration table in Figure. 1.
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Figure. 1. Servo Electro-Mechanical Shaking Table

Differential Evolution

Differential evolution (DE) algorithm is a metaheuristic
algorithm which is accepted in the class of population-
based and evolutionary algorithms. Its mechanisms are
mutation, crossover and selection and they are very
similar to genetic algorithm (GA). The DE algorithm is a
powerful population-based algorithm developed by Storn
and Price between 1996 and 1997 [16].

In the DE algorithm, crossover, mutation and
selection operators are used as in GA algorithm. In
addition, the DE algorithm uses a mutation operator
based on the difference of randomly selected solutions,
while applying each operator to the whole population
respectively in order to obtain better solutions. Through
mutation and crossover processes, new individuals are
formed by selecting three randomly selected
chromosomes individually. By comparing the suitability
values of the new chromosome obtained with the existing
chromosome, the individual with the better fit is
transferred to the next population as the new individual.
Thus, the selection operator is also used. The quality of
each solution is measured by the fitness value obtained by
replacing it in the objective function. The basic steps of the
DE algorithm are given as follows.

Step 1: Producing the initial population according to
the objective problem.

Step 2: Evaluation of randomly generated population
and determination of fitness values.

Step 3: repeat

Step 4: Mutation

Step 5: Crossover (Recombination)

Step 6: Evaluation the population

Step 7: Selection

Step 8: until (cycle = maximum number of cycles)
The basic control parameters of the DE algorithm can be
expressed as population size (NP), scaling factor (F),
crossover ratio (CR) and maximum number of cycles. The
basic flowchart of differential evolution algorithm is
shown in Figure. 2.

Setup algorithm parameters
(NP, F, CR, Load data, cycle, ...)

\

Generate initial population (x;) and
Calculate fitness

v

—x) +Flz, —zx,)

T3

T Ty T |T1 F Ty F Ty F
Mutation

= x; + K(x,,

Selection

Termination Criteria

The best solution

population

Figureure. 2. The basic flowchart of differential
evolution algorithm

Acceleration Harmonic Estimation Problem

In shaking table design problem, an acceleration
harmonic signal can be modeled as the sum of the higher
degree harmonics of the unknown amplitude and phase
values and it is shown as

a(t) = ﬁ:An sin(2nz fot +,) (1)

n=l1

where f is the fundamental frequency, 4, and ¢, are the
unknown maghnitude and phase values of the n» harmonic. N
represents harmonic order and @, = n27 f is the angular
frequency of the nn component. Then, acceleration
harmonic signal is sampled with the desired sampling period
T.. a(t) continuous signal is transformed to the a(k)

discrete harmonic signal and it can be expressed as

a(k)= ZN:Ansin(a)nkTS +,) (2)

n=1
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Here, discrete harmonic signal a(k) can be modeled
using sine and cosine functions and it can be rewritten as

N
a(k)=Y [ 4,sin(@,kT;)cos g, + 4,cos(w kT )sing, | (3)

n=1

Later, a(k) discrete signal in Equation 3 is converted to
the parametric form as

a(k) = H(k)0(k) (4)
where H (k) isgiven as

H(k) = [sin(wkTy) cos(OWkTy) ... sin(wykTy) cos(w,kT)T" (5)

Also, the vectors of unknown parameters is presented as

O(k)=[A4 cosd, A sing ... A, cosg, 4, sing, |’ (6)

Using estimation vector in Equation 6, 4, and ¢, of

the nth harmonic can be calculated.

An objective function in optimization is an important
part of minimization or maximization operation and it is
employed for optimizing the weight vector of the
problem. In the acceleration harmonic estimation
problem, the objective function is modeled as the mean
square error between g, and 4, signals and

estimated

expressed as

. S 2 _ —a
J= mln(;e (k )J = MSE ("k Ui ) (7)

where, g, is the simulation or experimental harmonic
signal and a, _, represents the estimated harmonic
signal by the proposed approach based DE algorithm.
Also, k is the sample number. In Figure. 3, the flowchart of

suggested approach based DE algorithm for acceleration
harmonic estimation is represented.

Differential
| : Evolution
{ q
I Load Signal » ( Setup Parameter
1.

1 -
‘\- ——— i — ] — - _vl
Harmonic Signal
Crossover
- . ¥
Objective
Function Selection

Estimation

Amplitude and Phase

No

Criteria
Satisfied?

- ———— -

Estimated Signal

Figureure 3. Block diagram of the acceleration harmonic estimation approach based DE algorithm

The block diagram of the acceleration harmonic
estimation approach based DE algorithm can be
illustrated with Figure. 3. Harmonic signal represents the
sinusoidal acceleration output in shaking table system and
estimated signal is generated by the estimated amplitude
and phase values. The difference between harmonic
signal and estimated signal is error signal and it is used to
drive objective function for error minimization. In the
flowchart, firstly, the initial setup parameters are
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determined and harmonic signal is loaded. Then, initial
population is passed through mutation, crossover and
selection mechanism. Each candidate solution is
evaluated and calculated fitness value using objective
function driven by error signal. At the end, the best weight
vector is achieved and memorized. Amplitude and phase
estimation is realized and estimated signal is produced.
So, the estimation steps are successfully completed.
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Simulation and Results

Firstly, at the simulation step, a simulation harmonic
signal including six harmonics are generated according to
the estimation approaches in literature [8]. The simulation
harmonic signal is given as

a(t)=10sin(107z¢)+8sin (207t —1.2) +
6sin (307¢+0.55)+4sin (4071 - 0.8) +

25in(507rt+1.4)+lsin(607zt+1) (8)

The simulation signal contains 6 harmonics and the
fundamental signal is at 5 Hz. The frequencies of other
harmonics are at 10, 15, 20, 25 and 30 Hz, respectively.

For the DE algorithm, population size (NP), scaling
factor (F), crossover ratio (CR) and cycle number were
experimentally determined as 24, 0.5, 0.8 and 250,
respectively. Also, for achieving the best solution, the
strategy is selected as DE/rand/1/bin from all strategies.
For a fair and accurate assessment, DE algorithm was run
30 times with different initial seeds and the mean values
of these multiple runs were evaluated and compared.

After determining the setup parameters, the
simulation signal is applied to the suggested approach
based DE algorithm for the amplitude and phase
estimation. At the end of the calculation process,
estimated amplitude and phase values using DE algorithm
are listed in Table 1 for 6 harmonics. The harmonic
estimation results obtained by DE algorithm are very close
to the actual values and the relative errors are very small
compared with those of the SA algorithm. When the
reported harmonic estimation results taken into account,
it is concluded that proposed approach based DE
algorithm is a high preciously estimator design for
acceleration harmonic estimation in shaking table system.
Also, it has superior performance than that of the SA
algorithm.

In Figure. 4, harmonic estimation period is observed
and the overlap between the actual simulation signal
suggested in literature and estimated signal by DE
algorithm is analyzed. In the initial estimation, the
fluctuation decreases within 0.05 seconds and the actual
and estimation signals overlap in complete agreement.
After 0.1 seconds, a perfect agreement between two
signals is occurred.

Table 1. Harmonic estimation results of SA and DE algorithms

Harmonics Degree

Algorithms Parameters _ _ _
Fund. Second Third Fourth Fifth Sixth

Frequency (Hz) 10 15 20 25 30

Actual Amplitude (m/s?) 10 8 6 4 2 1

Phase (radian) -1.2 0.55 -0.8 14 1
Amplitude (m/s?) 9.9998 8.0004 5.9999 4.0007 1.9993 0.9998
SA Error (%) 0.0018 0.0052 0.0025 0.0172 0.0358 0.0224
Algorithm [8] Phase (radian) -0.0000 -1.2000 0.5500 -0.7998 1.4000 0.9997
Error (%) 0.0000 0.0008 0.0064 0.0238 0.0002 0.0272
Amplitude (m/s?) 10.0000 8.0000 6.0000 4.0000 2.0000 1.0000
DE Error (%) 0.0004 0.0001 0.0002 0.0000 0.0001 0.0012
Algorithm Phase (radian) 0.0000 -1.2000 0.5500 -0.8000 1.4000 1.0000
Error (%) 0.0000 0.0000 0.0004 0.0000 0.0001 0.0008

)

2

Acceleration (m/s

=25 1 L

Actual Signal

— = w Estimated Signal by DE i

0 0.05 0.1

Time (Second)

Figure 4. Actual signal and estimated signal by DE algorithm
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In Figure. 5 and 6, the estimated amplitudes and
phases by applying DE algorithm are shown in detail. For
each harmonic, amplitude-time and phase-time curves
are drawn. In the initial estimation interval for both
amplitude and phase, random fluctuations can be
observed. As mentioned above, the randomly generated
weight vector causes this change. But, after about 0.1
seconds, the estimated amplitude and phase values of
each harmonic converge to the predefined actual values.
The convergence time is very small compared with that of
the SA algorithm, because SA algorithm completes the
optimization within about 0.4 seconds.

In Figure. 7, for each harmonic, generated waveform
by generating estimated amplitude and phase values is
shown. From this Figureure, it is shown that acceleration
harmonic estimation problem in shaking table system is
solved and computed with 0.1 seconds using proposed
approach based DE algorithm.

When the reported harmonic estimation results in
simulation taken into account, it is obvious that fast and
high preciously estimator design with differential
evolution algorithm is realized and efficiently applied at
the simulation stage.
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Figure 6. The estimated phases by applying DE algorithm
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Experiment and Results (3 Hz)

Secondly, at the experimental stage, an experimental
harmonic signal is obtained from the servo electro-
mechanical shaking table in real-time. The experimental
signal contains 6 harmonics and the fundamental signal is
at 3 Hz. The frequencies of other harmonicsareat6, 9, 12,
15 and 18 Hz, respectively. The setup parameters are
selected as previous section.

In real-time application, proposed approach based DE
algorithm is operated after the third seconds, because
real-time data acquisition and experiment begin at this
start time. Also, above aforementioned optimization steps
have been realized.

In Figure. 8, the actual experimental signal and
estimated signal by DE algorithm are shown. The tracking
ability of the proposed approach depends on the fast and
accurate estimated amplitude and phase values and it is
quite satisfactory. Because, after 3.1 seconds, the
agreement between two harmonic signal is growing at
perfect level. The best fit is achieved within 3.2 seconds.
Also, at the end of real-time estimation, the obtained
results using proposed approach based DE algorithm is
tabulated in Table 2. When the Figure. 8 and Table 2 taken
into account, it is concluded that the high preciously
estimator design computes successively the amplitude

0.8

and phase values of harmonics in simulation and
experimental applications.

The estimated amplitudes and phases by applying DE
algorithm are given in Figure. 9 and 10 for real-time
application. As can be seen from the Figureures,
fluctuations continue in amplitude and phase estimation,
though the estimated amplitude and phase values of each
harmonic converge to their stable values. After about 3.2
seconds, amplitude estimation process is exactly
completed for each harmonic. But, phase estimation
process of the 2ng4, 4th and 6w harmonics is finished after
about 3.4 seconds.

In Figure. 11, waveforms of all harmonics by
generating estimated amplitude and phase values is
presented. For real-time acceleration harmonic
estimation, proposed approach based DE algorithm solves
the desired results within 0.2 seconds.

To sum up, when the estimated amplitude and phase
values, generated waveforms of all harmonics, and
convergence times in simulation and experimental
conditions taken into account, it is evident that the
proposed estimator design not only has the fast and
preciously solution ability, but also it is suitable for real-
time application. Also, the proposed design show better
estimation performance than those of the SA and RLS
algorithm.
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Figure 8. Actual experimental signal and estimated signal by DE algorithm

Table 2. Harmonic estimation results of DE algorithm

Harmonic Degree Amplitude (m/s2) Phase (radian)
Fundamental -0.7185 3.0242
Second -0.0033 1.0666
Third -0.0381 -2.5075
Fourth 0.0076 -2.4615
Fifth 0.0745 1.8149
Sixth -0.0044 1.5760
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Figure 9. The estimated amplitudes by applying DE algorithm
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Figure 10. The estimated phases by applying DE algorithm
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Conclusions

In this study, fast and high preciously harmonic
estimator design with differential evolution algorithm is
developed and coded. In particular, a key solution has
been proposed for the determination of harmonics in the
shaking table system. Unlike many solutions using
optimization algorithms, the harmonic estimator design
has been analyzed for both simulation and experimental
cases. At the simulation stage, a simulation signal with 6
harmonics was used. The fundamental frequency is 5
Hertz. With the proposed harmonic estimator, amplitude
and phase values of each harmonic in the simulation signal
are estimated. All estimation results obtained by DE
algorithm are shown in Table 1. The best relative error in
amplitude estimation was 0.0000, while the worst relative
error was 0.0012. In the phase estimation, the best
relative error value was 0.0000, while the worst relative
error value was 0.0008. In addition, the estimation
process was completed within 0.1 seconds. When the
estimation results, graphics and convergence time are
taken into account, a more successful harmonic
estimation was performed compared with the SA
algorithm. At the experimental stage, a real-time
harmonic signal with a fundamental frequency of 3 Hertz
was used. Up to 6 harmonics were estimated for the
experimental signal and it was obtained from servo
electro-mechanical shaking table system. The estimated
amplitude and phase values are given in Table 2. Relative
error values could not be calculated because the actual
amplitude and phase values were not known. However,
the amplitude and phase estimation figures of each
harmonic show that the designed harmonics estimator
works successfully. In addition, the estimation process
was completed in 0.2 seconds. To sum up, when the
reported harmonic estimation results, figures and
convergence rate in simulation and experimental
conditions taken into account, it is concluded that fast and
high preciously estimator design with differential
evolution algorithm is efficiently realized and its
performance is better than that of the SA algorithm.
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Introduction

The North Anatolian Fault Zone (NAFZ) passing
through the Marmara Region is divided into three lines in
this area. The 1999 Marmara Earthquake, which occurred
in this fault zone, significantly damaged the engineering
structures as a result of liquefaction.

In the last 1600 years, there have been earthquakes
with a magnitude of 6.8 and more in our country. Also in
the last century, there have been 10 earthquakes with a
magnitude of 6.0 and more [1].

Liquefaction which damages, especially human life and
then the economy, can be interpreted that it occurs on the
water-logged, dune, low clay content ground under
repetitive tensions like earthquakes in parallel with the
effective tension decreases on the ground and acts as if it
is liquid [2].

One of the significant arguments from the Adapazari
Ground Charette, organized at Sakarya University is that
the main problem is the Sakarya River’s uncontrolled
streaming and this causes liquefaction in some areas of
Sakarya [3].

30

When all these data are taken into account, in this
study Geyve county was chosen as the sample area
because it is the biggest county of Sakarya in terms of
area, it is located in the south part of the North Anatolian
Fault and generates a risk of liquefaction.

Within this study, datainevery1.5m/3m/45m/6
m/75m/9 m/ 12 m depth received from Geyve
Municipality, Construction and Urbanization Directorate
ground reports of 290 drilling points were transferred to
the Maplinfo program from the GIS programs. Thematic
areagradeineveryl.5m/3m/45m/6m/75m/9m
/ 12 m depth related to drills, corrected SPTN, W, FGC,
WL, Wp, GWT and soil liquefaction maps were generated.
Examining the liquefaction maps, is aimed at identifying
the areas at risk of liquefaction. This liquefaction map,
which was created by taking into account the seismicity of
Sakarya, will be a guide for the construction areas of the
Geyve region and will provide prevention for risky areas.
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Figure 1. North Anatolian Fault sections [4]

Literature

Erken and his colleagues investigated how sand, silt
and clay soils behave under the effect of earthquake-like
dynamic loads. As a result of the research, they observed
that the bearing capacity of water-saturated sand and low
plasticity silt soils was destroyed as a result of liquefaction
due to earthquakes, while the bearing capacity of soft
plastic silt and clay soils decreased significantly [5].

Karavul and his colleagues, in their study on the
compactness of Adapazari soil, made mappings with the
GIS mapping method and observed that the soil of the
region where the settlement in the center of Adapazari is
high is mostly composed of materials showing loose
compactness. In addition, they stated in their study that
the groundwater level in this region varies between 0.5 m-
4m [2].

Bayraktar and his colleague prepared an earthquake
scenario by using the Golcik earthquake intensities map
in Sakarya province in their study. In their study, they used
the geographic information system (ArcGIS) to map the
damages to be caused by the earthquake scenario. They
stated that the damage that will occur in the event of a
possible earthquake in Sakarya province will be serious,
especially in Adapazari county, and stated that a tent city
should be established in all counties of Sakarya province
to help the disaster victims after the earthquake in public
green areas [6].

Material and Method

As liquefaction, a result of repetitive tensions causes
much loss of life and property, there may be large
settlements on the ground and this can bring about major
property damage. In the geological past, it is common to
accumulate alluvion in the river bed and the near abroad.
Thus Geyve county located near Sakarya river which
obtains the liquefaction potential of alluvial soil was
chosen as the field.

Method used the analysis

There are several analysis methods using field studies
and laboratory experiments for the liquefaction analysis
on grounds with the potential of liquefaction. This study
applied liquefaction analysis applying the standard
penetration test (SPT) results method explained in TBEC
2018 chapter 16B. This approach, known as Simplified
Method, was first discovered by Seed and Idriss (1971)
and was later gathered by Youd (2001), taking the final
form. It is the approach that is most frequently applied in
the literature [7,8].

Equation 1 was used to fix the raw SPT data from the
soil study report.

N160 = N*Cn*Cr*Ca*Cs*Ce (1)
N160 = The amount of energy corrected SPT stroke
N  =SPT impact value measured on the ground
Cn = Cover load correction parameter

Ce = Energy ration correction parameter

Cs = Drilled well correction parameter

Cr  =Rod length correction parameter

CS =Sampler method correction parameter
The cover load correction parameter (Cn) in Equation 1 is
calculated by Equation 2.

1
_ *
Cn=9,78 /mvo <1.70 (2)

The vertical effective stress (0" o) in this equation is
calculated according to the land conditions when the SPT is
taken [9].

Corrected SPT numbers according to the fine grain
content (Nyeof) are calculated with Equation 3.

Nieof =a+ B *Nieo (3)

Fine grain content correction parameters (o, B) are
calculated from the equations below.
a=0;B=1(FGC< %5) (4.1)
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o =exp [1.76-(190/
< FGC < %35)

FGC?) ;B = 0.99+FGC5/1000 (%5
(4.2)

a=5;B=1.2(FGC235) (4.3)

Liquefaction resistance (tr ) is calculated with Equation 5.
T = CRRm75* Cvm* o’ (5)

Cyclic strength ratio (CRRwm7s) corresponding to an
earthquake with a moment magnitude of 7.5 in Equation 5 is
calculated with Equation 6.

1 N1,60f 50 1

- (=
34—-N1,60f 135 (10%N1,60f+45)"2 200 ()

CRRwm7.5=

The earthquake magnitude correction parameter (Cwm) in
Equation 6, for design earthquake moment magnitude (Mw)
7.5, is calculated according to the Equation 7.

CM=102.24/MW2.56 (7)

Repetitive shear stress in the ground (Tearthquake) i
analyzed with total vertical stress (ow) in the liquefaction
analyzed soil, stress relief parameter (rq) and short period
spectral acceleration (Sps) as shown in Equation 8.

Tearthquake= 0.65* 0v0*0.4* Sps* rq (8)

The stress relief parameter (rd) is analyzed according to
the liquefaction depth (z) as shown in Equation 9.

re=1-0.00765z 2£9.15m (9.2)
r¢=1.174-0.0267z 9.15<z<23m (9.2)
r+=0.744-0.008z 23m<z<30m (9.3)
ra=0.50 z>30m (9.4)

The factor of safety against the liquefaction (FS), is
calculated by dividing the liquefaction resistance (tr) by
repetitive shear stress (Tearthquake) (Equation 10).

TR/Tearthquake >1.10 (10)

Mapping Methods

interpolation is a method that is used the estimated
value at a different point whose value is unknown
between to points, starting from the existing value points.
Today, interpolation methods are used in the creation of
many thematic maps [9].

In this study, using the MaplInfo program, one of the
GIS programs, the thematic soil classin 1.5m /3 m /4.5
m/6m/7.5m/9m/12 m depths related to the 290
drills, SPTN*, Wy, FGC, Wi, Wp, GWT and soil liquefaction
maps were created. While creating these maps, natural
neighbor interpolation (NNI) for soil maps, for SPTN* and
liquefaction maps triangular irregular network method
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(TIN), and inverse distance weighting interpolation
method (IDW) for the other maps were used.

Inverse Distance Weighting (IDW) Interpolation

The IDW method, which is frequently used in Geographic
Information Systems (GIS), works on the principle of
obtaining the values at the unknown point by entering the
known points values. Since the value of the point to be
estimated is proportional to the distance between to the
known point and the points, the value of the point to be
estimated varies depending on this distance. When at least
two known point values are entered and the radius of the
region to be estimated is specified, the unknown point value
is estimated using only the points in the circle area covering
this region [10].

As in the example in Figure 2, when the red dot value
and the radius value to be estimated (the area to be
interpolated) are entered to estimate the purple dot, the
estimation is only made for the red area and value of the
purple dot is estimated. The point to be considered here
is that only the points in the area within the specified
radius will be used when making the estimation [10,11].

The formula used in the IDW method is as shown in the
Equation 11 [12].

The formula used in the IDW method is as shown in the
Equation 11 [12].

zp =2, (z/dP) [ Yie (1/dP) (12)

In this Equation, n is the number of known (baseline)
points, z is the property value of known (baseline) points
(altitude, temperature, etc.), d is the distance between
the point to be interpolated (estimated) and the known
(baseline) point, and p is the power parameter, generally
accepted as 2 in literature [10].

Figure 2. An example of finding an unknown point
with the IDW method [12]

Figure 3. Example created by using Equation
11[12]

Triangular Irregular Network (TIN) Interpolation
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The TIN forms circles around each of the nearest
neighboring points, and the intersections of these circles
form the triangles so that their intersections do not
overlap. It estimates the values inside these triangles and
thus creating a triangular surface and map [11].

As seen in Figure 4 triangular regions are created by
creating circles around the red points so that the
intersections of these circles do not overlap. The inner
parts of these triangular regions are interpolated, the
calculation is made and the surface is created [11].

Looking at the methods described so far, while no
interpole is made outside the triangle boundaries created
in the TIN method (Figure 4), it is understood that in the
IDW method, interpole is made from the point found in a
circular way as the radius of the region where interpole is
required (Figure 3).

Natural Neighbor Interpolation (NNI)

The NNI is a method based on quickly and reliably
determining a weighted average surface from available
data points [13].

In the NNI, Voronoi polygons are formed with the available
data. A subset is determined by interpolating in line the
weighted average of the distance between two points forming
these polygrams, and a Voronoi polygram (white space) is
created as in Figure 5 for this subset. The new polygrams
formed in this way separate the transition boundaries better
and allow the detailing of the transition boundaries [13,14].

The reason why we used the natural neighbor
interpolation method (NNI) for the soil class in this study
is that it is the best method to show heteregeneous
transitions in soil types [13]. This method developed by
Robin Sibson and based on the bond polygon system,
calculates the weighted average for the Voronoi
polygrams for every point given x,y coordinates of subset.
Sibson represented every contribution to the calculation
of the formed Voronoi polygram with A (lambda). The
Equation created by Sibson is seen in the Equation 12 [15].

Ai (x) = (A(xi))/(A(x)) (12)

A :Polygonvalues from 1to N

A(xi) : The intersection between the new polygon to
be created and the the known polygon

A(x) :Total area of new polygon to be created

The new Voronoi polygon created by taking the
interpolation weights of polygons is seen in Figure 5. Here,
the areas of the polygons indicated by each number are
their interpolation areas. The white colored polygon in the
middle is the new Voronoi polygon created by taking the
weight average (Equation 12) of these interpolated areas.

Results

In this study, the soil classat 1.5m/3m/45m/6m
/7.5m/9m/12 mdepths of each soil survey report,
received from the Geyve county Directorate of
Reconstruction and Urbanization corrected SPTN, Wh,
FGC, Wi, Wp, GWT etc. were obtained and liquefaction
calculations were made according to the TBEC 2018 with
the same soil types that are under the risk of liquefaction.

In accordance with these calculations, with the Maplinfo
program, soil classifications for each depth in Sakarya
province Geyve countyat1.5m/3m/45m/6m/7.5
m /9 m /12 m, corrected SPTN, Wn, FGC, W, Wp, GWT,
and soil liquefaction mapping were created.

Example Liquefaction Analysis

In this section, the liquefaction analysis will be
explained step by step which is carried out in Alifuatpasa
Town 157 Block 1 Parcel obtained from Geyve Dictorate
of Reconstruction and Urbanization. Table 1 shows some
information of borehole number 2 in the soil survey
report. In addition to this information, the unit volume
weight of the water was considered as (yw) 9,81 kN/m?3.

When liquefaction analysis is made with SPT values,
first of all the soil parameters are determined and then
SPT value correction is made, afterwards the liquefaction
resistance (tr) is analyzed and finally the shear stress in
the ground (Tearthquake) is analyzed, it is checked whether
there is a risk of liquefaction on the ground according to
the safety numbers.

Soil Parameters and SPTN Values

In accordance with the collective test report, the total
vertical stress value calculated from Equation 10 is 114
kN/m?, the total vertical effective stress value calculated
from Equation 11 is 84.57 kN/m? and pore pressure value
calculated from Equation 12 is 29.43 kN/m?2.

Analysis of The Ni,60f

The value of the cover load correction coefficient using
Equation 2 is calculated as Cn = 1.06. Here when Cn > 1.7, Cn
=1.7 should be accepted [9].

In line with the information in the ground survey report,
when the SPTN correction coefficients taken from Table 1 Cr
=0.85,Cs=1, Cs =1, Ce = 1 values are placed in Equation 1,
N1e0is calculated as 7.21.

According to the Equation 4.2, a is analyzed as 2.91 and
B is analyzed as 1.06. When a and B values are placed in the
Equation 3, Nyeor is analyzed as 10.55.

Analysis of The T,

When the Nigor value found as 10.55 is placed in
Equation 6, CRRm7:s is analyzed as 0.14. When My is selected
as 7.5, Cw is obtained as 0.99 according to the Equation 7. In
liquefaction analyses, the My is always chosen as 7.5 [15].
These obtained data from Equation 5 are placed, 1t is
analyzed as 11.72.

Analysis of The Tearthquake

ow at the liquefaction analyzed depth is placed according
to the Equation 9.1, if the rq and Sps are substituted in
Equation 8, Tearthquake is analyzed as 31.81.

Analysis of The FS

According to the TBEC 2018, safety number must be at
least 1.1 so that there is no risk of liquefaction (Equation 10).
According to the Equation 10, there is a risk liquefaction since
the safety number is analyzed as 0.37 when the 1r value for
the relevant depth is divided by the Tearthquake Value.
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Figure 4. Example of creating a surface with the
TIN method [12]

Figure 5. New polyram created by the weighted
average of neighboring polygons [14]

Table 1. Drilling log information

Information Value
Soil Class SM
Depth (m) 6

FGC (%) 16.58
GWT (m) 3
Ynatural (kN/m3) 18
Vsaturated (kN/m3) 20
Spbs 1.125

Figure 6. 6 m soil class map
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Assumption Made in the Analysis

While the liquefaction analysis is made, in soil investigation
report where yn Ve Ysawrated Values are not given, these values
are accepted according to the TS 498 standard [16].

In Tirkiye Building Earthquake Regulation, soils with the
potential of liquefaction are described as gravelly sand non-
plastic silt and silt-sand mixture below ground water [9].

According to Karl von Terzaghi (1925), who is regarded
as the father of soil mechanics, “liquefaction can occur
when the weight of the solid particles forming the soil is
transferred to the surrounding water during the
subsidence of the saturated soil. As a result of this, the
hydrostatic pressure of the soil with increasing hydrostatic
water pressure at the relevant depth becomes close to the
unit weight of the soil submerged in water [17].

In another definition, liquefaction is the rapid loss of
strength that occurs in cohesionless (permeable) soils subject
to cyclic shear stresses caused by earthquakes. Sometimes
the shear strength drops below normal, and sometimes it
disappears completely. In both cases, it can cause different
damages” [18].

Considering all these definitions, since there will be no
liquefaction in claystone, sandstone, limestone soil units, the
safety number values for liquefaction in mapping for these
research pit reports are taken as 2. Since the soils are above
the groundwater level, liquefaction calculation was not made
in the drillings where the groundwater level is not
encountered [9].

In most of the ground survey reports received from the
Geyve Directorate of Reconstruction and Urbanization, it was
observed that this area was crossed with a research pit, since
drilling could not be done due to the hardness of the ground.
Considering the hardness of the ground in the reports passed
with the research pit, the SPTN values were taken as 100.

Liquid limit values for non-plastic soil types were taken as
10 in reports of hard soils such as sandstone, claystone and
limestone, which were observed to be passed by the survey
pit during mapping [19].

Mapping Studies

In most of the ground survey reports received from the
Geyve Directorate of Reconstruction and Urbanization, it was
observed that these areas were crossed with a research pit,
since drilling could not be done due to the hardness of the
ground. Therefore, the sample for SPTN*, Wn, FGC, Wi, Wp
and GWT maps was limited in a very small area. These
mappings were made to cover the limited area that includes
Gazi Suleymanpasa, Alifuatpasa, Orhaniye, Epceler,
Camikebir, Tepecikler, Esme and Sarigazi towns, where
construction is more intense.

Looking at the ground map in Figure 6, coarse-grained
gravel units are observed in the county center at a depth of 6
m, while silty clayey sand units are observed in the east of the
center.

When looking at the county center, a very variable soil
profile, such as coarse-grained gravel and fine grained clay
units, is seen in Figure 7.

Looking at the map in Figure 8, it is seen that the SPTN*
number is generally 30 hits or more throughout the study
area at a depth of 6 m 30.
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Figure 7. 6 m close-up soil class map

Inciksuyu

Sangazi

Figure 8. 6 m SPTN* map

In Figure 9, looking at the GWT map created with the
available data, it is seen that the groundwater table is
generally between 2-4 m in the south of the towns
covering the sample area, and it is generally between 4-6
m in the north of the towns covering the sample area. The
increase in groundwater table in the north-east of the
region is thought to be related to the presence of
mountainous areas

Figure 10 shows the soil liquefaction map for 6 m
depth. On the map, the parts with a safety factor of less
than one and a high risk of liquefaction are shown in red,
and the parts with a safety coefficient between 1-1,1 and
a low risk of liquefaction are shown in yellow. According
to the map, it can be said that there is generally no risk of
liguefaction at 6 m depth

Figure 10. 6 m soil liquefaction map

Discussion and Conclusion

Within the scope of the study, the Geyve county of
Sakarya province was selected. In order to make a
thematic mapping in the selected region, the drilling data
in the reports obtained from the previous ground survey
studies in the region were used.

Looking at the soil maps prepared for the Geyve county
of Sakarya province, it has been observed that hard soil units
in the form of sandstone, claystone and limestone are
dominant throughout the county. When we look at the
central towns (Alifuatpasa, Gazi Suleymanpasa, Orhaniye,
Camikebir, Esme, Sarigazi) where the settlement is the
largest in the county, a complex soil profile is observed,
mostly dominated by fine-grained clay, as well as coarse-
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grained sand and gravel units up to 6 m deep. After 6 m of
depth, it was observed that there was an increase in coarse
grained (gravel) soil units in the counties.

Based on the soil maps prepared for Geyve, it can be
said that the fine-grained soil unit (silt) which has high
liguefaction potential is very few in the region. Therefore,
the liquefaction analysis made with TBEC 2018 was
considered sufficient.

When the corrected SPTN maps prepared for Geyve
county covering the most populated central counties are
examined, it is seen that the majority of the study area at
1.5 m depth is below 20 impact numbers. It was observed
that the number of impacts increased at 3 m of depth.
After 3 m depth, it was found that almost all of the study
area had 30 or more impacts. When the corrected SPTN
maps are compared with the ground maps, it can be said
that the fine-grained soils up to 6 m depth are hard and
compact soils. In addition since it is known that there is an
increase in coarse-grained soil (gravel) units in the ground
maps after the 6 m depth, it has been observed that the
ground mapsand the corrected SPTN maps are compitable
with each other.

When the Wn maps prepared for Geyve county are
examined, it is seen that the water content value, which
changes 25% and above until 6 m depth, gradually
decreases after 6 m depth and remains below 20%. In
addition, since the number of available data decreased, it
was observed that the white colored parts in the sample
area increased as the depth increased.

When the prepared FGC maps were examined, it was
seen that the fine grain ratio was 76% and above up to 4.5 m
depth. It is seen that after 4.5 m depth in the sample area,
this value drops below 76% and decreases as the depth
increases. When the prepared FGC maps were examined, it
was seen that the fine grain ratio was 76% and above up to
4.5 m depth. It is seen that after 4.5 m depth in the sample
area, this value drops below 76% and decreases as the depth
increases. The first is that the soil profile of the town is
composed of coarse-grained soils such as gravel and sand
and hard claystone units. The second is that the Sakarya river
passes over this town and coarse-grained soils dominate at
the base levels along the river line.

When the consistency limit maps prepared for Geyve
county are examined, it is observed that there is an
increase in coarse grained soils due to the increase in
depth, although not regularly, there is a decrease in Wi
values with depth. The same is true for We maps.

When we look at the prepared GWT map, it is seen
that the GWT is shallower than 6 m (usually 2-4 m) in most
of the county. In regions with mountainous areas, the
groundwater table is encountered after 6-10 m.

When the liquefaction maps prepared for Sakarya
province Geyve county are examined, it is observed that
there is no liquefaction risk in the county except for some
small areas. Looking at the close-up maps, areas with a
high risk of liquefaction up to 7.5 m depth have been
identified in Alifuatpasa, Gazisiileymanpasa and Orhaniye
towns, where the settlement is dense. Since there are
dense zoning areas in these regions that make up the
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county center, it is thought that necessary ground and
structure improvements should be made despite the risk
of liquefaction.

Since the area between Burhaniye-Bagcaz to the east
of these maps and where there is a risk of liquefaction is
mountainous and there is no settlement, it is thought that
even if liquefaction occurs in this region, it will not pose a
danger to human life. However, in case of zoning, it is
foreseen that detailed ground examinations and ground
improvement processes will be carried out in this region.
In addition, since there are mountainous lands outside the
county center, it is predicted that there will be no risk of
liquefaction in these areas based on the data available.

Although this study, which was prepared on the basis
of the available data, is in accordance with the general
literature, since the existing data are thought to be
insufficient, a more detailed liquefaction analysis should
be done on the basis of parcels in order to obtain more
consistent data and not be considered as an inclusive
study in the whole of Geyve county.
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ABSTRACT

Machine learning and computer vision applications have been very trendy recently and have been used in many
applications and fields, such as biometric recognition, disease diagnosis and character analysis. Within the scope
of this study, an application was developed to make it easier to read and integrate the written or test exam
grades in schools and the performances of the classifiers used in the application were evaluated. Grades written
by hand on exam papers were defined by using image processing methods. At the stage of recognition of grades,
pre-processing, classification and slicing processes were performed on the image and classification processes
were carried out on the data set used. Especially in slicing process, a new method was developed by using
neighborhood relations of pixels and its performance was evaluated. MNIST dataset, which is frequently
preferred in academic studies, was used to train and test the system. In this dataset, there are 60,000
handwritten samples of numbers 0-9 taken from 250 different people. In the image processing stage, a new
technique for slicing the characters was used, and appropriate character separation was applied for all situations.
After proper slicing, Artificial Neural Networks (ANN), Convolutional Neural Networks (CNN) and K-Nearest
Neighbor (K-NN) algorithms were used to classify the data and the performance values were obtained as 98%,
99.4% and 86%, respectively.

Keywords: handwriting recognition, machine learning, classification
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0oz

Makine 6grenmesi ve bilgisayar gérmesi uygulamalari son zamanlar oldukga trend olmaya ve biyometrik tanima,
hastalik teshisi ve karakter analizi gibi uygulamalar basta olmak tizere birgok uygulama ve alanda kullaniimaya
baslanmistir. Bu ¢alisma kapsaminda okullarda yapilan yazili veya test sinav notlarinin daha kolay okunup sistem
Uzerine entegre edilmesi igin bir uygulama gelistirilmis ve uygulamada kullanilan siniflandiricilarin performanslari
degerlendirilmistir. Sinav kagitlari Gzerine elle yazilan basari notlarinin goriintii isleme yontemleri kullanilarak
tanimlanmasi yapilmistir. Basari notlarinin taninmasi asamasinda goruntu Uzerinde 6n isleme, dilimleme ve
siniflandirma islemleri yapilarak kullanilan veri seti iizerinde siniflandirma islemleri gergeklestiriimistir. Ozellikle
dilimleme isleminde piksellerin komsuluk iliskilerinden yaralanarak yeni bir yontem gelistirildi ve performansi
degerlendirildi. Sistemi egitmek ve test etmek igin akademik ¢alismalarda siklikla tercih edilen MNIST veri seti
kullanilmistir. Bu veri setinde 0-9 arasindaki rakamlarin 250 farkl kisiden alinan 60.000 el yazisi 6rnegi
bulunmaktadir. Gorlintl isleme asamasinda karakterlerin dilimleme islemleri igin yeni bir teknik kullanilarak tim
durumlar igin uygun karakter ayrimi gerceklestirilmistir. Uygun dilimleme islemi gerceklestirildikten sonra verileri
siniflandirmak igin Yapay Sinir Aglari (YSA- Artificial Neural Networks (ANN)), Evrisimsel Sinir Aglari (Convolutional
Neural Networks- CNN) ve K-En Yakin Komsu (K-Nearest Neighbor- K-NN) algoritmalari kullanilmis ve performans
degerleri sirasiyla %98, %99,4, %86 olarak elde edilmistir.
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Giris

Makine  Ogrenmesi  ve bilgisayar ~ gbrmesi
uygulamalarinda 6zellikle el yazisi tanima islemleri bilgi
islemede ©6nemli bir rol oynamaktadir. Son vyillarda
gelistirilen teknoloji ve yontemler sayesinde el yazisi
tanima uygulamalarinin kullanimi ve dogruluk oranlari
artmistir.

Yazi yazma stilleri kisiden kisiye farkhlik gosterir. Bu
durum insan el yazisi rakam tanimayl arastirma ve
uygulama icin ana alan haline getirmistir. Rakamlarin farkh
stiller ile yazilmasi ve ¢ok sayida yazitlarin kisa slrede
okunabilmesi zor olabileceginden, bir bireyin rakamlari
gozden gecirmesi oldukca zor bir gorev haline gelir. Bu
noktada insanlarin yerini bilgisayarlarin almasi, siireci
kisaltacak ve kolaylastiracaktir.

Glnlimizde el yazisi tanima aktif bir arastirma
alanidir. Son vyillarda, yiksek tanima dogrulugu ve
glvenilirligi talep eden pratik uygulamalar igin bircok el
yazisi rakam tanima sistemi 6nerilmistir. El yazisi tanimada
gliniimiizde yaygin olarak kullanilan Makine Ogrenmesi ve
Derin Ogrenme ydntemleri mevcuttur. Bu ydntemler el
yazilarini tanimada (siniflandirmada) iyi yontemler olsalar
da el yazisi tanima hala bir agik arastirma alanidir. Tanima
dogrulugu, calisma sireleri, hesaplama karmasikhgi
yoninden c¢alisma performansini  arttiracak  yeni
yontemler gelistirilmesi talep edilmektedir. Bu agidan
guinimuzde trend bir arastirma alani olup bu konu ile ilgili
literatlirde gesitli calismalar mevcuttur.

Tanya Makkar ve arkadaslar [1] yaptiklari calismada
MNIST data setini kullanarak el yazisi rakamlarinin K-NN ve
CNN ile taninmasi ile ilgili calisma gergeklestidiler. Yapilan bu
¢alismada gorintl islemede en iyi sonuglarin alinmasinda iki
ana etken olduguna deginilmistir. Birincisi gorintl
Ozniteliklerinin uygun ve dogru bir sekilde gikariimasi, ikincisi
ise iyi bir siniflandirma yénteminin belirlenmesidir. Goriinti
ozellikleri glkarmada Gauss dagilim metodunu kullanarak K-
NN ve CNN performanslarini ve zaman karmasikhgini
karsilastirdilar. Yapilan ¢alismada CNN’in K-NN’e goére daha
iyi performans verdigine ancak CNN’in egitim siiresinin goz
ardi edilecek seviyede olduguna deginilmistir.

Preman Ghadekar ve arkadaslari [2] calismalarinda
MNIST ve EMNIST veri setleri tizerinde K-NN ve Destek
Vektor Makinesi (SVM) yontemlerini kullanarak el yazisi
rakamlarinin  tespitini gergeklestirdiler. Yapilan bu
¢alismada goriinti isleme safhasinda gorintilerin 6zellik
cikarimlari igin iki ayri yontem kullanilmistir. Hibrit Ayrik
Dalgacik Donisimi ve Ayrik Kosinis Donltsimi
kullanilarak gorinti 6zelliklerini ¢ikardilar ve bu 6zellikler
K-NN ve SVM yontemleri kullanilarak rakamlarin tespiti
gerceklestirildi. SVM y6énteminin rakam tespitinde daha
avantajli oldugu sonucuna varilmistir.

E. Lejeune [3] yaptigi calismada farkh bir yontem
kullanarak goriinti islemede daha az maliyet ve
karmasikliga sahip meta model yéntemi kullanmistir. Bu
yontemde Neo-Hookean materyal modeli kullanmistir.
Materyal modeli ile farkh bir 6zellik ¢ikarma yontemi
kullanilarak ileri beslemeli YSA modeline goére CNN
modelinde daha yiksek performans elde edilmistir.

O. Kaziha ve T. Bonny [4] gelistirdikleri galismada
MNIST veri setinden gelen verilerin ve gérinti islemede
kullanilacak goriintilerin boyutlarini kullandiklari yontem
ile kligUlterek CNN ve Uzun Kisa Sureli Bellek (LSTM) sinir
aglarinda  performansini  gozlemlediler.  Her ki
siniflandirma yéntemi igin 784 olan giris verilerini 128’e
disurmuislerdir. Bu sayede siniflandirma egitiminde
zamandan kazang saglanmis, performanslarinda CNN igin
%99,45, LSTM igin %99,22 dogruluk orani elde edilmistir.

Palvanov A. ve Cho YI. [5] el yazisi rakamlarinin
tespitinde en uyumlu derin 6grenme ydnteminin segilmesi
icin dort farkli derin 6grenme algoritmasini denemislerdir.
MNIST veri setini kullanarak dort farkli derin 6grenme
yontemini gercek zaman uygulamalarinda egitim ve test
surelerini, bellek kullaniminin miktarlarini ve temel indeks
degerlerini karsilastirdilar.

Ricardo F. Alvear-Sandoval ve arkadaslari [6] MNIST
veri seti (izerinde CNN performansinin iyilestirilmesi igin
bir c¢alisma gergeklestirdiler. CNN performansinin
iyilesmesi igin iki yonli takip islemi uyguladilar. Birincisi
yigilmis  glrdlta giderme otomatik kodlayici
siniflandiricilarinin CNN birimlerine uygulanmasi, ikincisi
ise. CNN mimarilerinin sinirlamalarindan yararlanmaya
cahisarak onceki tasarimlarin en iyilerinin c¢iktisina bir
Yigilmis Gurialtt Giderici Otomatik Kodlayici siniflandiricisi
uygulamaktan ibarettir. Bu sayede normal CNN
modelinden daha Ustiin performans elde edilmistir.

E.S. Gati ve arkadaslari [7] Kannada alfabesi igin Kannada-
MNIST ve Dig-MNIST olarak adlandirilan yeni el yazisi
rakamlari veri kimesi tizerinde yeni bir boru hatti olusturarak
veriler izerinde egitimin basari oranini artirdilar. Gelistirilen
modelde dogruluk oranlarini Kannada-MNIST'de %96,8'den
%97,53’e ve Dig-MNIST veri setinde %76,1'den %85,02'ye
cikarmiglardir.

D. Beohar ve A. Rasool [8] galismalarinda MNIST veri
setini ve YSA ve CNN siniflama yontemlerini kullanarak el
yazisi rakamlarinin taninmasini gerceklestirdiler. Bu
calismada el yazisi rakamlarinin taninmasinda bes asamal
bir yontem onerildi. Ayni zamanda ¢oklu sinir aglarinda
lokal Gradyan yontemi kullanilarak Gradyan patlamasi
durumunun engellenmesi saglanmistir.

K. Zhang ve arkadaslari [9] MNIST veri setini kullanarak
YSA uygulamalarinda olusan hiper parametreleri ve L-2
norm dizenlemelerinin etkilerini gozlemlediler. YSA
uygulamalarinda optimizasyon yapmak icin manuel, 1zgara,
rastgele arama ve Gauss Sireglerini kullanan Bayes
optimizasyonu gibi bir dizi yontem onerilmistir. Cok kii¢lik
O6grenme oranlarinin asiri uyum problemi olusturacagindan
L2-norm dizenlemesi ile asin  uyumun ortadan
kaldiriimasinin kritik dneme sahip oldugu belirtilmistir.

A. Garin ve G. Tauzin [10] makina 6grenmesi yontemi
icin topolojik veri analizini kullanarak yeni bir 6grenme
metodunu sundular. Gri seviyeli resimler izerinden belirli
filtreleme yontemlerini kullanarak MNIST veri seti
Gzerinden egim vyapilmasiyla el yazisi rakamlarinin
taninmasi ile ilgili calisma gergeklestirdiler.

Dong-yuan Ge ve arkadaslari [11] MNIST veri setini
kullanarak CNN tabanli el yazisi rakam tanimasi igin yiksek
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dogrulukla detektor tasarimi gergeklestirdiler. TensorFlow
Uzerinde gerceklestirilen bu uygulamada konvolisyon
katmamalarindaki ozellik haritalari yiksek boyutta ve
derinlikte gikartilmistir. Bu sayede CNN’in son katmaninda
fazla sayida noron kullanilarak siniflandirmanin hassasiyeti
ve performansi arttirilmistir.

Birjit G. ve arkadaslari [12] MNIST veri setini kullanarak el
yazisI rakamlarin taninmasinda kullanilan bes farkli makine
O0grenmesi yonteminin performanslarini karsilastirdilar. Bu
yontemler icin  hangi durumlarda hangi yontemin
performansinin daha iyi olabilecegi belirlenmeye calisildi.

AG Hochuli ve arkadaslarinin [16] yaptiklari calismada el
yazisi rakamlarinin dilimleme islemlerini gergeklestirerek
CNN modelinde egitimini sagladilar. Yapilan calismada el
yazisi rakamlarinin boylarinin (rakamlarin Ust ve alt tepe
noktalari farki) yarisi alinarak C medyan degeri hesaplaniyor.
Bu deger Uzerinden bit taramasi yapilarak rakamlarin
dilimlenmesi saglaniyor. Bu yontemde birlesik rakamlarin ve
ic ice gecmis rakamlarin dilimlenme islemleri dogru bir
sekilde gerceklesmiyor. Yapilan 6lgtimlerde dilimleme islemi
%85 oraninda dogru bir sekilde yapilmistir. Siniflandirma
isleminde  CNN modeli kullanilmistir. NIST veri seti
kullanilarak CNN modelinin egitimi yapildi. Dilimleme
isleminden gelen veriler CNN modeline uygulanmasinda
%97,12 oraninda basari elde edildi.

Abdulcelil Gattal ,Youcef Chibani ve Bilal Haci
[17] yaptiklari galismada el yazisi rakamlarinin uygun sekilde
dilimlenmesini  ve  siniflandirmasini gergeklestirdiler.
Dilimlenme iglemi igin goriintl 6n isleme kisminda dikey iz
disim histogram analizi, kontur analizi ve kayan pencere
Radon dontstimine dayal olarak g farkli segmentasyon
yontemi kullanarak dilimleme islemi gerceklestirildi. Bu
yontem kesintili rakamlarin taninmasi ve birlesik rakamlarin
taninmasini saglamaktadir. Ancak i¢ ige gegmis rakamlar igin
dilimleme asamasinda uygun ¢Oziimler sunamamaktadir.
Siniflandirma asamasinda karar destek vektdr makinasi
kullanilmigtir.  Veri seti olarak NIST veri seti kullanildi.
Gergeklestirilen modelin performansi %96,91 olarak élgtld.

Mohsine Elkhayati ve arkadaslarinin [18] yapmis
oldugu c¢alismada Arapga vyazilarin  dilimlenmesi
gerceklestirdiler. Arapga yazilar birlesik yazildigindan bu
calismada matematik morfolojik islemler kullanildi. Ancak
bu yontemin kullaniimasinda el yazilarinda veri kaybina
neden oldu. Bu durumu engellemek igin Kiresel
Genisleme ve Kiresel Asinma yontemleri kullanildi.
Siniflandirma icin CNN yéntemi kullanildi. Tam islemler
sonucunda performans olarak %97,35 oraninda dogruluk
oranina sahiptir.

Guillaume Renton ve arkadaslarinin [19] yapmis
olduklari ¢alismada el yazisi metin satiri segmentasyonu
icin O0grenmeye dayali bir yontem sunuyorlar. Tam
konvolisyon aglarini kullanarak giris verilerinin giris
verilerinin ¢ozlndrliginid distrmeden piksel bazda
tarama yapilarak her satirin x ekseninde tespiti yapild.
Kullanilan bu yéntem %91,3 liik bir performans sagliyor
ancak bu yéntemin kullaniimasi bellek yonetimi agisindan
maliyetli olabilecegi unutulmamalidir.

Manoj Kumar Sharma ve Vijay Pal Singh Dhaka [20]
yaptiklari calismada destek vektdr makinasi siniflandirma
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yontemini kullanarak el yazsi kelimelerinin dilimleme
islemini gerceklestirdiler. Bu calismada kayit, egitim ve
segmentasyon olmak Uzere li¢ asamaya ayrilmistir. Egitim
ve test islemlerinde ICDAR veri seti kullanilmistir.
Segmentasyon asamasi sekiz alt bolimden olusur ve
dilimleme islemlerinde SURF (Hizlandiriimig Dayanikli
Ozellikler) algoritmasi kullanildi. Filtrelenmis destek
vektdér makinalari  kullanilarak dilimleme islemleri
sonucunda %96,48 oraninda bir basari elde edilmistir.

Payal Jindal ve Balkrishan Jindal [21] yapmis olduklari
calismada orta nokta algilama teknigi kullanilarak
Gurmukhi yazisiyla yazilmis el yazisi metin belgelerinin
satir ve kelime boélinmesi islemi gergeklestirildi. Bu
calismada vyazarlarin gelistirdigi satir  bolimlemesi
algoritmasi ve kelime bélimleme algoritmasi kullanilarak
hem satir hem de kelime boélimlenmesi islemi
gerceklestirildi. Burada Onerilen orta nokta tespitine
dayali yaklasimla, basitge iki satiri veya iki kelimeyi ayiran
bosluklarin taninmasina dayanmaktadir. Yapilan testler
sonucunda onerilen yontemin hem satir hem de kelime
segmentasyonu igin %95 oraninda bir performansla
calistigi bulunmustur.

Son vyillarda vyapilan c¢alismalar ve gelismeler
sonucunda yapay zekd ve derin 0grenme teknikleri
karakter tanimada oldukgca ylksek performans cikarmistir.
Bu calisma kapsaminda oOzellikle kalabalik siniflarda
yapilan yazili veya test sinav kagitlarindaki el yazisi
notlarinin dijital ortamda anlasilir ve hatasiz olarak tespit
edilmesi icin bir uygulama gelistirilmistir. Kagitlarin
Gzerindeki notlarin  goriintisi  tarama isleminden
gecirilerek dijital ortama tasinmistir. Dijital ortama
aktarilan resimler gerekli 6n isleme, dilimleme ve
siniflandirma  islemlerine tabi tutularak el vyazisi
rakamlarinin  taninmasi islemleri gerceklestirilmistir.
Siniflandirma islemleri yapilirken Yapay Sinir Aglari (YSA -
Artificial Neural Networks), K En yakin Komsu Algoritmasi
(K-NN - K-Nearest Neighbor) ve Evrisimsel Sinir Aglari
(CNN - Convolutional Neural Networks) yontemleri
kullanilmis ve bu yontemler arasinda performans
farkliliklari gdzlemlenmistir.

El Yazisi ile Rakam Tanima Uygulamasi

Gorlintl isleme uygulamalarinda el yazisi tanima
islemleri cevrim ici (online) ve cevrim disi (offline) olmak
Gzere iki kissimda incelenir. Cevrim ici yontemler anlik el
yazisi tanima uygulamalaridir. Cevrim ici yontemlerde 6zel
ekranlar (tablet, dokunmatik ekran vs.) Gzerinden el yazisi
hareketlerinden yararlanarak el yazilari tanimlanir. Cevrim
disi yontemler ise el yazilari gorintilerinin analiz igin

tasarlanan sisteme gorintl olarak aktarilip, sistem
Uzerinden taninmasini saglayan yontemdir [13].
Bu calisma kapsaminda c¢evrim disi  yontem

kullanilmistir. Sinav kagitlarinda notlarin yazildigi alanlarin
gorlinttleri alinarak tasarlanan sistem {izerinden
gorintinin giris, 6n isleme, dilimleme, siniflandirma ve
sonug olmak Uzere bes asamal bir sistemden gecerek el
yazisi rakamlarinin taninma islemi gercgeklestirilmistir
(Sekil 1).
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Gorinti Girigi On igleme
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Dilimleme

Simflandirma
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Simiflandirma
(K-NM, CNN, ANN)
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Sekil 1. Uygulama islem basamaklari.
Figure 1. Application process steps.
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Sekil 2. (a) Orijinal resim.; (b) Blur, Laplace filtresi ve Siyah-Beyaz doniisiim uygulamasi.; (c) Morfolojik islem.
Figure 2. (a) Original image.; (b) Blurring, Laplace filtering and black-white conversion applications.; (c)
Morphological process.

El yazisi gorintileri tarayici yardimiyla sisteme girisi
saglanir. Sisteme alinan ham gorintiler 6n isleme
asamasinda belirli manipile islemlerinden gecerek 6zellik
cikarimlari yapilir. Dilimleme asamasinda gelistirilen yeni
yontem kullanilarak piksellerin  komsuluk iliskisinden
yararlanilarak rakamlarin dilimlenmesi yapilir. Siniflandirma
asamasinda K-NN yontemi, evrisimli sinir aglar (CNN) ve
yapay sinir aglari (ANN) kullanilarak siniflandirma islemleri
gerceklestirilir. Evrisimli sinir aglari ve yapay sinir aglarinin
egitimi icin MNIST veri seti kullanilmistir.

MNIST Veri Seti

Bu calismada sistemin egitimi ve testler igin kullanilan
veri seti olarak “Modified National Institute of Standarts
and Technology” (MNIST) veri seti [14] kullanilmistir. El
yazisi rakamlardan olusan MNIST veri seti uluslararasi
alanda siklikla kullanilmaktadir. MNIST veri seti sifir ile
dokuz arasindaki rakamlarin gorintilerinden olusan bir
veri setidir. MNIST veri setindeki verilerin 60,000 adedi
egitim verisi, 10.000 adedi test verisi olarak
bulunmaktadir. Rakamlarin her biri 28x28 piksel dlglisiine
sahip goruntilerden olusmaktadir.

On isleme

On isleme bolimiinde sisteme alinan ham
gorintilerin istenmeyen giriltl, parazit ve gereksiz
alanlarini ayirarak goérintilerin istenilen (benzersiz)
alanlarini 6n plana ¢ikarmak igin kullanilan bir takim
manipile islemleri  gergeklestirilir. Bu  bdlimde
goruntilerin benzersiz 6zelliklerini 6n plana ¢ikarmak igin
belirli manipilasyon islemleri ve filtreleme ydntemleri
kullanilmistir. Calismada sinav notlarinin taninmasi islemi
gerceklestirileceginden her basamak igin onluk sayma

sistemi rakamlarini  (0-9 arasi rakamlar) tanima
yapilmistir. Dijital rakamlara baktigimizda tim rakamlar
butinluk igindedir. Yani dijital rakamlarda yazim

stillerinden kaynaklanan kesikler, rakamin tam ve dogru
yazilmamasi gibi maddi hatalar yoktur. Aslinda el yazisi

rakamlarinda bu sekilde yazilmasi beklenilmektedir. ideal
durumda el yazisi rakamlarin ortak ozelligi yazim
esnasinda bir bitlinlGgu olmasidir. El yazisi ile yazilan her
rakam kalemi kaldirmadan yazilabilir durumda olmalidir.
Bu durum da her rakam igin bir battnlik durumu olusmasi
beklenmektedir. On isleme asamasinda temel
motivasyonumuz rakamlarin bir butiinlik icinde olmasidir.
Ancak kisilerin yazim stillerinden kaynaklanan farkhliklar
sebebiyle her zaman bu ideal yazim  sekli
gerceklesmeyebilir. Bu durumlar igin gorinti Gzerinde
gerekli manipiile islemi gerceklestirerek her basamak
degeri icin hem rakamlarin bitinligini hem de
rakamlarin birbirlerinden ayrikhigi saglanmalidir.

On isleme asamasinda sisteme giris saglanan el yazisi
not gorintilerinde bireysel yazim sitillerinden dolay el
yazisi rakamlari biitinlik icinde olmayabilir. Bu durum
bizim icin istenmeyen bir durumdur. Clunki dilimleme
asamasinda bitlnluk 6zelliginden yararlanarak el yazisi
rakamlarinin ayrnistiriilmasi saglanacaktir.  Bu durumu
engellemek icin 6n isleme asmasinda gerekli manipiile
islemleri gercgeklestirilir. Ayni zamanda yazim stilleri
nedeniyle gorintilerin birbirine bitisik olmasi da soz
konusu olabilir. Bu durum igin de bitisik gorintulerin
uygun sekilde ayrilmasi ve saptanmasi gerekmektedir.

On isleme asamasinda 6ncelikle gériintiideki butiinligi
arttirmak ve istenmeyen oOzellikleri yumusatmak igin 5x5
matris Ozellikli blur filtrelemesi uygulanir. Ardindan
istenilen kenar ve 6zelliklerin gikarilmasi igin diisiik seviyede
Laplace filtrelemesi kullanilir. Daha sonra goriintii siyah
beyaz gorintlye cevrilir. Gorlntlyl siyah beyaz forma
doénustirirken ug 6zelliklerinden yararlanildi. Yani goriinti
matrisinde siyaha yakin olan piksel degerleri “0”, beyaza
yakin olan piksellerin matris degerleri ise “255” olarak
belirlendi. Bu islemlerden sonra rakamlarda butlinlik
olugmayabilmektedir. Bu durumun 6niine gecmek icin ve
gorlintlideki rakamlarin bitlnlugini saglamak amaciyla
morfolojik islemlerden yararlanildi. Goriintimiizdeki son
islem olarak 2x2 matrisli Morfolojik Genisletme islemi
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uygulandi. Tim islemlerden sonra gorintiiler sekil 2 (a), (b)
ve (c)’ deki gibi olacaktir.

Dilimleme

On isleme asamasi tamamlandiktan sonra olusan
gorlintl birden fazla basamak degerine sahipse gorintiyu
basamak degerlerine ayirmak gerekmektedir. On
islemeden sonra gelen goériuntl (Sekil 2 (c)) iki boyutlu
matris halindedir. Goérintiide not degerlerinin oldugu
matris degerleri (siyah alanlar) “0”, diger tim alanlarin
degerleri (beyaz alanlar) “255” degerindedir. Bu
degerlerin ug noktalarda tutulmasi dilimleme ve siniflandir
asamasinda bize kolayhk saglayacaktir.

On islemeden gelen goriintiideki her bir rakam bir
buttnluk icerisindedir. Rakamlarda kisilerin  yazi
stillerinden  olusan kopmalar morfolojik islemler
kullanilarak tamamlanmis ve batinlik saglanmistir.
Rakamlarin tamaminin bitlinlik icinde olmasi dilimleme
islemleri icin kolaylik saglayacaktir. Ancak burada
rakamlarin bitisik yazilma durumlarinin da kontrol
edilmesi gerekmektedir. Bunun igin ©6n isleme
asamasindan gelen goériintia (Sekil 3 (a)) lizerinde baz
manipile islemleri gergeklestirilmesi gerekmektedir.
Bunun igin oncelikle goriintiye 2x2 matrisli Morfolojik
Gradyan islemi uygulanir (Sekil 3 (b)). Bu islemle birlesik
goriantinin sinirlart belirlenir. Sinir belirleme isleminden
sonra belirlenen sinir disi alanlar 2x2 matrisli Morfolojik
Erozyon (Sekil 3 (c)) islemi ile temizlenir. Temizlenme
islemi sonunda goriintlide bitiunlik kaybi olamamasi igin
son islem olarak 2x2 matrisli Morfolojik Genisletme (Sekil

3 (d)) islemi yapilir. Bu sayede ug uca birlesik olan rakamlar
ayrilmis olur. Bu islem sonrasinda goérunttideki rakami
ifade eden pikseller “0” degerini tasir. Diger butin
pikseller “255” degerini tasir. Yani rakamlari ifade eden
pikseller siyah diger bitiin pikseller beyaz rengini tasir.

Dilimleme isleminde gelistirilen yeni yontem CNN
aglarinin  konvoliisyon islemlerinden ilham alinarak
gelistirilmistir. On islemeden gelen gériintiideki rakamlar
bir bitinliuk icinde olacagindan her rakama ait gériintideki
piksellerin degerleri “0” (Sifir) olacaktir ve rakamlarin
goruntileri birbirlerini kesmeyecektir. Rakamlarin arasi ve
diger tiim alanlardaki pikseller “255” degerine sahip beyaz
goriintl pikselleri olacaktir. ilk olarak 6n islemeden gelen
islenmis goruntu baslangi¢ siitunundan baslanarak sttun
bazli taranmaya baslanilir (Sekil 4 (a)).

Taramada bulunan ilk “0” degerine ait matris adresi
bizim referans noktamiz olarak kabul edilir. Referans
noktasi bulunduktan sonra 6n islemeden gelen goriinti
boyutunda tiim elemanlari “255” olan yeni bir matris
olusturulur. On islemeden gelen gériintiiniin referans
noktasindan baslanarak komsu pikseli “0” degerine sahip
tiim matris adreslerinin degeri tespit edilir ve olusturulan
yeni matriste bu adreslere “0” degeri atanir. Bir piksele ait
tiim komsu piksel degerleri sekil 4(b)’de belirtilmistir. Sekil
4 (b)’de belirtilen siyah alana sahip pikselin tim komsulari
sekil 4 (b)'de belirtilen kirmizi alanlardir. Referans
noktasindan baslanilarak tespit edilen tim sifir degerine
sahip pikseller bize goéruntiideki rakamin ilk basamak
degerine sahip rakami verecektir (Sekil 4 (c)).

M RV

Sekil 3. (a) On islemeden gelen resim.; (b) Morfolojik Gradyan (2x2).; (c) Morfolojik Erozyon (2x2); (d) Morfolojik Genisletme
(2x2).
Figure 3. (a) Image from pre-processing.; (b) Morphological Gradient (2x2).; (c) Morphological Erosion (2x2); (d) Morphological
Expansion (2x2).
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Sekil 4. (a) Sutun bazli tarama islemi.; (b)Piksel komsuluk gésterimi.; (c) Komsuluk iliskisinden yararlanarak rakam belirleme
islemi.
Figure 4. (a) Column-based scanning process.; (b) Pixel neighborhood display.; (c) The process of determining numbers using the
neighborhood relationship.
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Tespit edilen rakam olusturulan yeni matriste saklanilir.
Tespit edilen “0” degerine sahip pikseler icinde en bliyik siitun
degerine sahip piksel yeni referans degerimiz olur. Baslangi¢
satir degeri (ilk satir) ve yeni referans degerine sahip olan
pikselin sttun numarasi (0 x yeni referans degeri siitun
numarasi) degerine sahip pikselden baslanilarak stitun bazl
taramaya devam edilir. Tarama isleminde bulunan ilk “0”
degeri yeni referans noktasi degeri olur. Bu noktaya sahip
pikselden baslanilarak komsusu “0” degerine sahip olan
pikseller icin tim degerleri “255” olan islenmis goriintl
boyutlarinda yeni bir matris olusturulur. Olusturulan yeni
matrise komsuluk iliskisinden yararlanarak “0” degerine sahip
piksellerin atama islemi gergeklestirilir (Sekil 4 (c)). Komsuluk
iliskisinden yaralanarak degeri “0” olan pikseller bittiginde
islem tamamlanir ve en buyik ikinci basamak degerine sahip
rakamin gorlintlst olusturulmus olunur. Komsusu “0” olan
degerler icinde situn degeri en blyik olan deger hafizada
tutulur ve yeni referans degeri olur. Bu islemler (Sekil 5)
gorlntideki tim rakamlar tespit edilene kadar (Sekil 6) devam
eder. Boylece gorintilerin piksel degerlerinin komguluk
iliskilerinden yaralanarak tim basamak degerlerine sahip
rakamlarin degerleri tespit edilir. Dilimleme islemine ait kaba
kod sekil 5’de belirtilmistir. Dilimleme isleminde tespit edilen
tim rakamlara ait gérintdler siniflandirma islemlerinde MNIST
veri seti kullanildigi icin son asamada siyah piksellerin oldugu
alanlardan kirpilarak 28x28 boyutuna dondstarilir.

Dilimleme isleminin Degerlendirilmesi
El yazisi rakamlarinin dilimlenme yonteminde ¢evrim igi
el yazilarinin tespitine benzer bir ydontem gelistirilmistir. Bu

1 Goruntu_on_isleme[m][n]

2 a=0;b=0;

3 i:

4 while(a<m+1){

5 while(b<n+1){

6 if(Goruntu_on_isleme[a][b] ==0){
7 tum_komsu_bul(Goruntu_on_isleme[a][b]);
8

9 b=0;

10 goto i;

11 1ot

12 tat+;

yontemde CNN aglarinin konvollisyon asamasina benzer
piksel taramali bir yéntem uygulanmstir. Literatiirde genel
olarak el yazisi rakamlarinin dilimlenmesinde histogram
analizi, kontur analizi, yazi konum bilgilerinden yararlanma,
yazi sekilleri vb. yontemler kullaniimaktadir. Bu ¢alisma
kapsaminda sinav kagitlarinda el yazisiyla yazilan basari
notlari rakamlarinin dilimlenmesi icin piksellerin komsuluk
iliskilerinden vyararlanilarak yeni bir dilimleme yontemi
gelistirildi. Gelistirilen bu yéntemle rakam goriintileri 6n
isleme asamasinda belirtilen manipilasyon islemlerinden
gegirilir. On isleme asamasindan basarili olarak gelen
goruntinin siyah piksellerinin  komsuluk iliskisinden
yararlanarak dilimleme islemleri gerceklestirilmistir. El
yazisi gorlintulerinde yazim stillerinden dolayi kaynaklanan
kiiglik kesikli rakamlar morfolojik islemler kullanilarak
bltlinleme islemleri  gercgeklestirilir.  Ancak yazim
stillerinden  kaynaklanan buytk kesikli rakamlarda
birlestirme islemeleri uygun bir sekilde tamamlanamiyor.

El yazisi gorlntilerinde bitiin ve ayrik rakamlar ile
bitisik bir sekilde yazilan rakamlar 6n isleme asamasindan
tespit edilip dilimleme islemi basarili bir sekilde
gerceklestiriliyor. Ancak i¢ ice ge¢mis el yazisi rakamlarinda
bu yontem basarili kabul edilemez.

Dilimleme islemlerinin testi igin 20 kisiden 50 farkl en az
2 basamakli rakamlardan olusan yazim érnekleri alinmistir.
Her kisiden el yazisi rakamlarinin 30 tanesi biitlin ve ayrk
rakamlar (Sekil 2 gibi), 10 tanesi birlesik sekilde yazilan
rakamlar (Sekil 3 gibi), 10 tanesi ise i¢ ice gegcmis rakamlardan
olusmaktadir. Dilimleme isleminin performansi tabloda 1‘de
belirtilmistir.

a=en_byk pxl stun+l1;//komsuluk iliskisinden gelen en biiyiik stitun degerinin 1 fazlasi

tum_komsu_bul () / *ilk siyah renk piksel degeri bulunduktan sonra komsuluk iliskilerinde yaralanarak rakama ait tiim “0” degerine sahip
piksel degerleri bulunur ve yeni matrise atanir. Atanan degerlerin tamaminin 6n islemdeki yeni degerleri “255” olur. */

Sekil 5. Dilimleme islemi Kaba Kodu.
Figure 5. Pseudo code of slicing process.

Sekil 6. Goriintii Dilimleme islemi.
Figure 6. Image slicing process.
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Tablo 1. Gelistirilen dilimleme ydontemi performans degerleri.

Table 1. Performance values of developed slicing method

Biitiin ve Ayrik Rakamlar

Birlesik Rakamlar I¢ ice Gegmis Rakamlar

Ornek Sayisi 600
Dogru Dilimleme Sayisi 592
Yanlis Dilimleme Sayisi 2

Performans %99,67

200 200
160 5

40 195
%80 %2,5

0

o 1

2

.

- o 5

Sekil 7. MNIST verilerinin K-NN algoritmasina gore siniflanmasi [15].
Figure 7. Classification of MINIST data according to the K-NN algorithm [15].

Tablo 1’e bakildiginda bitin ve ayrik rakamlardan
olusan gorintiilerde %99,67 oraninda basarim elde
edilmistir. Birlesik rakamlarda %80 basarim elde
edilmistir. i¢ ice gecmis goriintillerde %2,5 performans
elde edilmistir. Gelistirilen bu yontem bitiin ve ayrik
rakamlar ve birlesik rakamlarin dilimlenmesi icin basarih
sonuglar elde edilirken i¢ ice geg¢mis rakamlar igin basaril
sonuglar elde edilememistir.

Smiflandirma

K-En Yakin Komsu Algoritmasi (K-NN - K-Nearest
Neighbor) ile Uygulama

K-en yakin komsu (K-NN) algoritmasi belirli bir veri seti
icinde yeni bir noktanin hangi en yakin gruba ait olacagini
belirleyen en temel makine 6grenmesi algoritmalarindan
birisidir. Algoritmadaki “K” degeri en yakin kag adet grup
sayisinin kontrol edilecegi degerdir. K-NN algoritmalarinda
bir noktanin hangi sinifa ait olacagini belirlemek igin
kullanilan veri setine ait verilerin koordinat sistemi
Gzerindeki konumlarinin siniflama igin kullanilan noktaya
ait uzakliklar tespit edilir. Bu uzakliklardan en yakin “K”
adet komsu Uyeleri segilir. Genelde komsu Uyesi sayilar
esit ctkmamasi igin “K” degeri tek sayi segilir. Segilen en
yakin “K” adet komsudan en fazla gruba ait olan sinifa yeni
nokta dahil edilir.

K-NN algoritmasini kullanarak Python programlama
dili ile siniflandirma islemi gergeklestirilmistir. K-NN
uygulamasinda K degeri “5” olarak alinmistir. Mesafe
algoritmasi  olarak  “Oklid  mesafe”  algoritmasi
kullamilmistir. Oklid mesafe algoritmasi kullanmak igin
Minkowski yonteminden yararlaniimistir ve “p” degeri 2
olarak kabul edilmistir. MNIST verilerinin K-NN algoritmasi
ile kimelenmesi Sekil 7’de gosterilmistir.
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“K” degeri igin farkli degerler denenmistir fakat hem
zaman hem de performans agisindan en iyi sonug¢ “5”
degerinde elde edilerek, %86 oraninda bir performans
saglanmistir. K-NN algoritmasi hesaplama ve siniflama
islemini ayni anda yaptigindan biyik verilerle galismasi
biraz zaman alabilmektedir. MNIST veri setinde, 60000
egitim 10000 test verisi olmak lzere toplam 70000 veri
oldugundan hesaplama siresi 15,28 dakika stirmustr.

Yapay Sinir Adlari (YSA-Artificial Neural Networks
(ANN)) ile Uygulama

Yapay Sinir Aglari (YSA) beynin temel yapi tasi olan sinir
hicrelerinin - ¢alisma prensibinden 6rnek alinarak
gelistirilen bir yontemdir. Biyolojik sinir hlcresi yapisina
benzetim yontemi ile matematiksel sinir hicresi
olusturulmustur.

Yapay sinir hicresi (Sekil 8. (a)) Gzerinden giris yapan
veri sinir hiicresinin agirlik degeri ile carpilir. Yapay sinir
hicresinin ¢ekirdek yapisinda bir toplama fonksiyonu
bulunur. Bu toplama fonksiyonu yapay sinir hiicresine giris
yapan bitin degerlerin agirliklari ile carpimlarini toplar ve
bu toplam degerine yapay sinir hiicresinin bias degerini
ekler. Elde edilen deger lineer bir degerdir. Bu degerin
direkt cikisa verilmesi durumunda reel olmayan sonuglar
elde edilir. Bu durumun engellenmesi igin aktivasyon
fonksiyonlari kullanilir. YSA’larda aktivasyon fonksiyonu
kullanilmazsa YSA sinirli 6grenme gicline sahip bir
dogrusal baglanim (linear regression) gibi davranacaktir.
Bu durum gercek uygulamalar igin istenmeyen durumdur
ve yanlis sonuglar elde edilir. Boylelikle yapay sinir
hicresinin matematiksel modeli olusturulmus olur. Elde
edilen sonug bir siniflandirma degeri olabilecegi gibi baska
bir sinir hiicresinin giris degeri de olabilir.
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Yapay sinir hticreleri kullanilarak YSA’lar olusturulur.
YSA’lar tek katmanli ve ¢ok katmanl olarak kullanilabilir.
Cok katmanh YSA’lar (Sekil 8. (b)) birden fazla gizli
katmana sahip olabilir.

YSA’lar  kullanarak dilimleme isleminden gelen
goriintuler python Uzerinden siniflandirma islemine tabi
tutulmustur. MINIST veri seti 28x28 boyutunda goérintilere
sahiptir. Dilimleme isleminden gelen her bir goriinti de
28x28 boyutundadir. Goriuntillerden gelen verilerin tamami
sinir aglari modeline uygulanir. Giris verileri 28x28
boyutunda oldugu igin giris néronlar 784 adet olmaldir.
Sinir ag1 modeli giris katmani, gizli (hidden) katman ve ¢ikis
katmani olmak tizere li¢ katmandan olusturulmustur. Gizli
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katman iki asamalidir. Giris katmaninda 784 adet nérondan,
gizli katman ise sirasiyla 512 ve 128 nérondan olusmaktadir.
Hem giris hem de gizli katmanda aktivasyon fonksiyonu
olarak “RelLu” fonksiyonu kullanilmistir. Cikis katmaninda
siniflandirma iglemi sifir ile dokuz arasindaki rakamlari
siniflanacagi igin 10 adet néron bulunur ve aktivasyon
fonksiyonu olarak “softmax” fonksiyonu uygulanmistir. YSA
modeline MNIST veri setinden gelen 60000 adet veri egitim
icin 10000 adet veri ise test i¢in kullaniimistir. Modelimize
dahil edilen verilerin sonucunda sistemin dogrulugu %98
olarak hesaplanmistir. YSA modelinin egitimi icin kullanilan
sire 11,85 dakikadir. Kullanilan YSA modeli Sekil 9'de
gosterilmistir.
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Sekil 8. (a) Yapay sinir hiicresi; (b) Cok katmanli YSA.
Figure 8. (a) Artificial neuron; (b) Multilayer ANN.
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Sekil 9. Kullanilan Yapay Sinir Aglari Modeli.
Figure 9. Proposed artificial neural network model.
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Sekil 10. Uygulamada kullanilan CNN modeli.
Figure 10. CNN model used in the application.
Tablo 2. Kullanilan siniflandiricilarin performans degerleri
Table.2. Performance values of the used classifiers.
Performans KNN YSA CNN
Dogruluk %86 %98 %99,4
Egitim Suresi(dk) 9,4 11,85 15,28

Evrisimsel Sinir Aglari (Convolutional Neural Networks
— CNN) ile Uygulama

Evrisimsel sinir aglari (CNN) (Sekil 10) son yillarda gérinti
islemede siklikla kullanilan derin 6grenme yontemlerinden
birisidir. CNN gorinti islemede siniflandirilacak goriintiiniin
cesitli filtreleme yontemleri kullanarak 6zellik ¢ikarimi yapar
ve bu cikarimlar Gzerinden YSA’lari kullanarak bir
siniflandirma gergeklestirir.

CNN bes katmandan olusur. Birinci ve en 6nemli katman
konvollisyon katmanidir. Bu katmanda goriintli Uzerinde
belirli filtreleme yontemi kullanilarak ozellik ¢ikarimi
gercgeklestirilir.  Filtreleme yapilan gorintilerin  tamami
dzellik (feature) matrisi denilen matriste saklanir. ikinci
katman dogrusal olmayan (Non-Linearity) katmandir. Bu
katman aktivasyon katmani (Activation Layer) olarak
adlandinhr ¢linkGi aktivasyon fonksiyonlarindan birisi bu
katmanda kullanilir. Ugiincii katman havuzlama (pooling)
katmanidir burada pooling islemleri gergeklestirilir. Bu
sayede Ozelliklerin agirliklari azaltilir ve uygunlugu denetlenir.
Dordinci katman diizleme (Flattening) katmanidir. Bu
katman son ve en 6nemli katman olan Tam Baglantili (Fully
Connected) katmaninin girisindeki verileri hazirlar. Sinir aglari
Uzerinde giris verileri tek boyutlu bir dizi Gzerinden alir. Sinir
aglarinda kullanilan girig verileri ise konvoliisyon ve Pooling
katmanindan gelen matrislerin tek boyutlu diziye gevrilmis
halidir. Besinci ve son katman Tam Baglantili (Fully
Connected) katmandir. Verileri diizleme katmanindan alir ve
sinir ag1 yoluyla 6grenme islemini geceklestirir.

CNN kullanilarak dilimleme islemlerinden gelen veriler
siniflandirma islemine tabi tutulur. Dilimleme isleminden gelen
gorintl  28x28 boyutunda bir matris seklindedir. Bu
goriintuleri egitim igin sirasiyla CNN’e tabi tutulur. CNN modeli
(Sekil 10) olustururken iki tane konvoliisyon katmani
kullanilmigtir. Her konvoliisyon katmanindan sonra havuzlama
(pooling) katmani da olacagindan iki tane de havuzlama
(pooling) katmani kullanilmistir. Evrisimsel sinir agalarinin ilk
katmani olan konvoliisyon katmaninda ilk olarak goriintilerin
32’li dzellik haritalari gikarilmistir ilk konvoliisyon katmaninda
ozellikleri gikarilan goruintiileri havuzlama katmaninda 2x2 max
pooling (havuzlama) islemine tabi tutulmustur. ikinci
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konvolisyon katmaninda 64’li 6zellik haritasi ¢ikarilmis ve
havuzlama katmaninda 2x2’li max polling islemi uygulanmistir.
Konvolisyon katmanlarinda aktivasyon fonksiyonu olarak
“RelLu” aktivasyon fonksiyonu kullanilmigtir. Duzleme
katmaninda 586 tane giris verisi tek bir dizi seklinde tam
baglantili katmana siniflandirma igin gonderilmistir. Tam
baglanti katmaninda 586 tane giris 10 tane ¢ikis noronlari
vardir. Giris noronlarina “RelLu” aktivasyon fonksiyonu, cikis
noronlarina “softmax” aktivasyon fonksiyonu uygulanmistir.
CNN modeli sekil 10'da belirtilmistir. Modelin egitimi igin
MNIST veri setinden 60000, testi icin 10000 adet veri
kullanilmigtir.  Olusturulan modelin dogruluk orani %99,4
olarak gozlemlenmistir. Verilerin egitimi icin gegen siire 15,8
dakika olarak hesaplanmistir.

Performanslarin Degerlendirilmesi

Siniflandirma iglemlerinin sonucunda hesaplanan tim
degerler Tablo 2’'de gosterilmistir. CNN yonteminde egitim
stiresi 15,28 dakika, dogruluk orani %99,4 olarak ol¢tilmistar.
YSA’da modelin egitim siresi 11,85 dakika, dogruluk orani
%98 olarak olglilmustir. K-NN algoritmasinda ise egitim ve
hesaplama siresi 9,4 dakika dogruluk orani %86 olarak
Olgllmistir. Egitim icin harcanan sireler karsilastirildiginda
CNN modeli 15,28, YSA modeli 11.85 ve K-NN uygulamasi 9,4
dakika olarak hesaplanmistir. Bu sireler 3.2 GHZ 32 islemcili
ve 512 GB RAM’e sahip server bilgisayar Uzerinde
hesaplanmistir kullanilan donanimlara gére degiskenlik
gosterebilir. Burada modellerin egitim hizlar
karsilastirmasinda en hizli K-NN, onu takip eden YSA ve CNN
siniflandirma yontemleri gelir. Ancak performans yoniinden
degerlendirildiginde CNN siniflandiricinin - en  yiiksek
performansi gosterdigi, onu takip eden YSA ve K-NN
modellerinin oldugu gézlemlenmektedir.

YSA ve CNN yontemlerinde genel bir egitim modeli
olusturulur ve bu model her siniflandirma islemde kullanilir.
Yani sistem bir kere egitilir ve egitim sonuclarinda ¢ikan
model her siniflandirma islemleri icin kullanilacak genel
model olur. Bu sayede tekrar model olusturmaya gerek
kalmadan gerceklestirilecek her siniflandirma icin genel
egitim modeli kullanilacaktir. Bu sayede model egitildikten
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sonra gerceklestirilecek siniflandirmalar ¢ok daha kisa
strelerde olacaktir. Ancak K-NN siniflandirma yonteminde
her siniflandirma igin  K-NN algoritmasi tekrar yeni
hesaplamalar yapmak zorundadir.

Sonuglar

Literatirde genel olarak el vyazisi rakamlarinin
dilimlenmesinde histogram analizi, kontur analizi, yazi
sekilleri vb. yontemler kullanilmaktadir. Bu c¢alisma
kapsaminda sinav kagitlarinda el yazisiyla yazilan basari
notlari rakamlarinin yeni bir dilimleme yontemi
gelistirilerek biitiin ve ayrik rakamlar ve birlesik rakamlar
basarili bir sekilde dilimlenmis i¢ ice gegen rakam
goruntileri igin dilimleme yontemi yetersiz kalmistir.
Gelistirilen bu ydontem bitin ve ayrik rakamlar ve birlesik
rakamlar i¢in basarili olarak ¢alismaktadir.

Basarili bir sekilde dilimleme de ayristirilan tim
rakamlar CNN modeli, YSA modeli ve K-NN algoritmasina
tabi tutularak performans degerlerinin tablo halinde
karsilastiriimasi yapilmistir. MNIST veri tabani kullanilarak
yapilan  siniflandirma  islemlerinin  performanslari
kiyaslandiginda CNN modeli %99.4, YSA modeli %98 ve K-
NN uygulamasi %86 olarak tespit edilmistir. YSA ve CNN
modelinde egitim islemi tamamlandiktan sonra model
kaydedilip egitilmis model yeni durumlar icin kullanilabilir.
Bu durum da bize yeni veri geldiginde, sistemi tekrar
egitmeden kullanim olanagl saglar. Ancak K-NN
uygulamalarinda yeni durumlar igin tekrar egitim islemi
gerceklestirilmesi gerekmektedir.
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