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An Analysis of Antalya’s Wind Energy Potential
Utilizing Machine Learning Algorithms

w1 . F . . r
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Abstract— Technology, population growth, economic prosperity, and industrialization have all
contributed to an increase in energy demand. Society and industry are becoming more interested in
renewable energy sources because fossil fuel reserves are dwindling and environmental and economic
problems are increasing. Wind energy has emerged as one of the fastest-developing renewable energy
technologies contributing to electricity production. As part of energy supply security, accurate
forecasting of wind energy generation is crucial to reduce the negative impacts of wind energy on the
electricity market, which has a variable profile, and thus allows for efficient and effective utilization of
this energy. In this study, various machine learning algorithms are used to predict wind power in Antalya
using daily wind speed data. According to the results, the SVR method performs better than other
machine learning methods. This study shows that machine learning algorithms can select the most
suitable locations for wind farms before installing costly wind energy equipment.
Keywords : Renewable energy, wind energy, wind power generation prediction, machine learning.

1. Introduction

Energy is the driving force behind countries’ socioeconomic development and a strategic element of
economic growth. Energy production and consumption are at the forefront of countries’ development
criteria (Greene et al. 2013). When energy production and consumption figures are analyzed, traditional
energy sources have the largest share. However, as a result of the limited economic life of these
resources, the pollution they cause to the environment, and the energy needs of future generations,
renewable energy resources are becoming increasingly important,

Wind energy is one of the alternative energy types that contributes to national energy supply security
due to the decrease in its costs and increases in its efficiency every year, as well as being an
environmentally friendly option in cases where the decrease in global reserves of fossil fuels threatens
the long-term sustainability of the global economy. For these reasons, wind energy technologies have
been focused on worldwide in recent years.

As in the rest of the world, Tiirkiye’s trend towards sustainable energy sources has drawn attention
recently because it has a wide range of renewable energy resources (Erdogdu 2009). With its strengths
and significant potential, wind energy has become one of the most used and preferred clean energy
sources. Tlrkiye’s wind energy potential is approximately 48.000 MW based on the Wind Energy
Potential Atlas, REPA (Republic of Tiirkiye The Ministry of Energy and Natural Resources (MENR),
2022). In this Atlas, wind resource information is produced using a medium-scale numerical weather
forecast model and a micro-scale wind flow model. Table 1 explains it in more detail.
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Table 1. Tiirkiye’s annual wind energy potential (MENR, 2022)

Wind Class | Annual Wind Power Density | Annual Average Wind Speed | Total Capacity
(W/m?) (m/s) (MW)
4 400 — 500 7,0-17,5 29.259
5 500 — 600 7,5-8,0 12.994
6 600 — 800 8,0-9,0 5.400
7 >800 >9,0 196
Total Capacity 47.849

In addition, as can be seen in Fig. 1 wind power capacity and electricity generation have increased
steadily. Hence, while the world wind power installed capacity was 220.121 MW in 2011, it is
823.484 MW in 2021 (The International Renewable Energy Agency (IRENA), 2023). In addition, while
wind energy installed power capacity in Tiirkiye was 1,729 MW in 2011, as of the end of June 2022, it
reached 10.976 MW, corresponding to 10.81% of Tiirkiye’s electricity produced power (Republic of
Tiirkiye The Ministry of Energy and Natural Resources (MENR) 2023, IRENA 2023). Fig. 3 shows the
distribution of provinces’ installed wind power capacity.
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Fig 2. The wind energy statistics in Tiirkiye (MW) (MENR, 2023)

Fig 3. Operating wind energy power plants according to provinces (NTV, 2022)

The wind energy production forecast, which expresses the expected electricity generation from one
or more wind turbines in the short or long term, is vital for the electricity market (Demolli et al. 2019).
Accurate power estimation is also essential in energy trading, system balancing, planning (system,
reserve, maintenance- repair, reserve amount, etc.), and production strategy setting (Karik et al. 2017).
For this purpose, in this study, the wind energy potential was estimated utilizing hourly wind speed
values between 2017-2021, which were obtained from the General Directorate of Meteorology.

This study was conducted in Antalya, Tiirkiye. The factors why Antalya was chosen for this study
are given below.

There is no licensed Wind Energy Power Plant (WEPP) in Antalya (Enerji Atlasi, 2022).

It is in the 26™ position in the theoretical potential ranking (Enerji Atlasi, 2022).

It has 1.170 MW of total installed capacity (Enerji Atlasi, 2022).

It is the 7™ largest electricity—consuming province in 2021, according to the Electricity
Market Development Report 2021 prepared by the Republic of Tiirkiye Energy Market
Regulatory Authority (EMRA) (EMRA, 2022). Accordingly, the energy demand in Antalya
is high.

The next step, after selecting Antalya, is determining the location of WEPP for accurate estimation.
The effect of the parameters taken into account and the methods used in selecting the most suitable
location for wind energy power plants has a significant role. In other words, if the parameters effective
in determining location selection are chosen correctly, more representative or better reflective

estimations can be made. Essential criteria and requirements for selection are provided in Table 2 below
(Van Haaren et al. 2011, Aydin et al. 2013, Arca et al. 2020).

Table 2. Essential criteria and requirements for determining the location

Criterion Requirement
Wind speed Min. 7 m/s at a height of 50 m
Capacity factor Min. % 35 at a height of 50 m above the surface
Roughness Mountains, large open fields etc.
Seismicity Low
Distance to substations Close
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The location is determined with respect to these parameters by benefiting from the wind energy
potential atlas, REPA map prepared by the General Directorate of Renewable Energy (YEGM),
earthquake map and bird migration map in Fig. 4-6 (Arca et al. 2020, Hacioglu et al. 2017, Solar
Academy 2022, Birben 2019, ilkili¢ 2012).
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a. The wind speed distribution (m/s) b. The capacity factor (%)

Fig 4. The wind speed distribution (m/s) and the capacity factor (%) in Antalya at 50 m
(Solar Academy, 2022)
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Fig 5. The substations and power transmission lines in Antalya (Solar Academy, 2022)

Blick Sea

Meditervancan Sea

Fig 6. Main bird migration routes in Tiirkiye (Birben, 2019)

Northeast of Antalya was chosen as the location considering the figures. The data sets of Akseki
Meteorological Station detailed in section 2.3 are utilized for estimation due to the data set availability.
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The data set analyzed in this study includes meteorological observation data (wind speed,
temperature, pressure, humidity values) between 2017 and 2021 obtained from the General Directorate
of Meteorology (MGM). This study uses four years of hourly wind speed data in order to forecast long-
term wind power generation for one year in advance using various machine learning algorithms.

2. Problem Definition and Data Set

The following section provides an overview of wind energy forecasting and presents calculations
based on the data of wind speed measured hourly and converted into daily values. This section also
provides a detailed description of the data set and how it was compiled.

2.1. Problem Definition:

The study’s primary purpose is the prediction of wind power generation with regard to daily wind
speed data. Four approaches were developed using machine learning algorithms to solve the problem.
In the approaches, regression analysis was performed for prediction. In addition, Support Vector
Regression (SVR), Random Forest (RF), Decision Tree (DT) and Gradient Boosting Regressor (GBR)
were applied by data set, including daily wind speed.

In order to calculate wind power generation values for each day, we used the arithmetic mean.
Machine learning models were trained with the data of daily wind speed and power. In order to
determine whether they could provide sufficient wind power values based on the generated data set,
they are tested using daily mean wind speed.

2.2. Wind Energy Output Calculations Based on Wind Speed:

The Eq. 1 calculates wind power generation in wind turbines stated below, where A is the area swept
by the turbine blades, v is the wind speed, p is the air density and C,, is the wind turbine power coefficient
[14].

1
P= EpAv?’Cp (1)

In this study, wind turbine LTW90 manufactured by Leitwind, and wind turbine E92 manufactured
by Enercon are selected, taking into account the location of a power plant, manufacturability, and

technical specifications of these turbines. Technical parameters of the considered turbines are stated
below.

Table 3. Technical specifications of LTW90 and E92
Characteristics LTW90 E92
Rated power (kW) 1.000 2.350

Hub height (m) 105 138
Rotor diameter (m) 90 92

Swept area (m?) 6.404 6.648
Number of blades 3 3

2.3. Data Set:

Five-year data set of hourly wind speed observations obtained from Akseki, Antalya, Tiirkiye, is
used in this study. The location of the meteorological station is indicated on the map in Fig. 7, and
information about it is presented in Table 4.
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Fig 7. Location of Akseki Meteorological Station

Table 4. Information of Akseki Meteorological Station
Altitude (m)
1.063

Name of the station | Latitude

Akseki

Longitude
31.7971

37.0468

Firstly, the values of hourly wind speed were converted into the values of daily average wind speed.
In addition, daily wind speed data are observed at a height of 10 m. Since the wind speed values are
used at the height of a wind turbine, the 10 m wind speed values need to be extrapolated to the hub
heights of the turbines. Therefore, secondly, interpolation, the mathematical procedure, was applied to
the values of daily average wind speed.

3. Results and Discussions

Several machine learning techniques are evaluated for wind power prediction. The performance of
techniques is assessed by measuring mean absolute error (MAE), root mean square error (RMSE) and
coefficient of determination (R?).

Table 5. The metrics of the daily wind speed for LTW90 and E92

LTW90 E92
Algorithms
MAE RMSE R? MAE RMSE R?
SVR 0,96 1,28 0,19 1,01 1,34 0,20
DT 1,14 1,57 -0,21 1,26 1,74 -0,33
RF 1,04 1,35 0,11 1,09 1,42 0,11
GBR 1,17 1,55 -0,18 1,26 1,67 -0,22




7th INTERNATIONAL ARTIFICIAL INTELLIGENCE & DATA PROCESSING SYMPOSIUM

07-08 SEP 2023, MALATYA

Table 6. The metrics of the daily wind power for LTW90 and E92

LTW90 E92
Algorithms
MAE RMSE R? MAE RMSE R?
SVR 0,06 0,12 0,12 0,07 0,14 0,11
DT 0,11 0,22 -2,13 0,12 0,24 -1,71
RF 0,08 0,13 -0,20 0,10 0,16 -0,17
GBR 0,10 0,18 -1,25 0,12 0,21 -1,02
b
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Fig 8. The original and predicted values of wind power of LTW90 for SVR
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Fig 9. The original and predicted values of wind power of LTW90 for DT
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Fig 10. The original and predicted values of wind power of LTW90 for RF
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Fig 14. The original and predicted values of wind power of E92 for RF
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Fig 15. The original and predicted values of wind power of E92 for GBR

As can be observed from the tables and figures, the SVR algorithm appears to be more successful.
This is because it has a higher R? value and lower error values among the algorithms we are analyzing.

4. Conclusion

Similar to other renewable energy sources, wind power is a domestic energy source that can help
reduce our reliance on fossil fuels. As a result, wind energy forecasting is crucial to the successful
operation of this resource in terms of reliability, economy, and quality. In this study, the daily wind
speed parameter between 2017 and 2021 was utilized to predict daily wind energy generation. In
addition, the different machine learning algorithms were used and evaluated for their performance by
RMSE, MAE and R?. The proposed methods were applied to the Antalya in question to see if they could
produce acceptable and reliable results based on trained data. According to the results, the SVR
algorithm with an R? value of 0.12, RMSE of 0.12, and MAE of 0.06 for LTW90 is the best algorithm
for forecasting wind power daily. For E92, the SVR with the R? value of 0.11, RMSE of 0.14, and MAE
of 0.07 is the best algorithm. Among these algorithms, DT is the least effective algorithm for two
turbines.
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Abstract—Recommendation systems are commonly utilized in social platforms and commercial
applications. Recommendation systems constitute one of the domains of expert systems. The aim is to
enhance user satisfaction through the provided recommendationsFor this purpose, various parameters
such as age, gender, profession are taken into account. Various algorithms have been employed for
recommendation systems in previous studies, such as K-Means and KNN. The KNN algorithm is a
supervised learning method that groups data with similar features. A portion of the data is used for
training, typically around 90%. The remaining 10% constitutes the test data. There are various
recommendation systems present in the literature. In this study, a new recommendation system was
designed using the Malatya centrality algorithm. During the design of the recommendation system,
work was conducted using movie data. A graph data structure was employed, where each node in the
graph represents a movie. Edge weights were determined based on the number of common features
between interconnected movies. By obtaining information about at least one movie the user has
previously watched, the Malatya centrality algorithm was used to identify the most similar movie, which
was then presented to the user as a recommendation.

Keywords : Expert Systems, Graph Theory, Recommendation Systems, Malatya centrality algorithm

1. Introduction

With the increasing use of social platforms and the internet in today's world, the need for
recommendation systems has also grown. For instance, let's consider a movie platform; the goal here is
to recommend movies that best match the user's preferences. This situation enables the user to use a
personalized movie platform. Increased user satisfaction leads to more platform usage, ultimately
allowing the provider to profit from this situation.

When examining the studies in the literature, it is observed that content-based filtering and
collaborative filtering methods have been employed. In the content-based filtering method,
recommendations are provided by suggesting movies similar to those the user has watched. In the
collaborative filtering method, a technique of matching similar users has been utilized. This matching
process takes into account user attributes such as occupation, gender, and age (Park, D. H., Kim, H. K.,
Choi, Y., and Kim, J. K., 2012). Recommendations can be given based on the user's similar attributes
or through feedback received from the user. This recommendation method can be employed by having
users rate their opinions. Consequently, the more positive the user's feedback, the better the quality of
the recommendations can be asserted (Schelter, S., Boden, C., and Markl, V., 2012). Deep learning has
also found its place in recommendation systems. In one of these studies, a Clothing Combination
Recommendation System was designed using deep learning (Kara B., Kalkan H., 2020). In one of the
previous studies on movie recommendation systems, using the MovieLens dataset, three distinct
recommendation systems were developed and their performances were compared (Bozkurt M. B., Aci
C. L., 2021). Movie recommendation systems employing the K-NN and K-Means algorithms are also
part of the conducted studies. The K-NN algorithm has been used to compute various parameters of
movies using Euclidean distance, and movies with the closest distances have been recommended to the
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user. Through the K-Means algorithm, recommendations have been presented to the user using
clustering methodology (Ahuja, R., Solanki, A., & Nayyar, A., 2019). News recommendation systems,
another application area of recommendation systems, have also been the subject of detailed scientific
articles (Ozgobek O., Erdur R. C.). Another popular use of recommendation systems has been scientific
studies. One of the challenges researchers face today is being able to access accurate and effective
publications related to their research topics. In a study, a recommendation system was developed to
suggest publications on research topics. The system was built upon the similarities and differences
among scientific studies (Deniz E., Oz V. K., Keser S., Okyay S., Kartal Y., 2021). Furthermore, in
today's context, recommendation systems have gained significant importance within e-commerce
platforms containing vast datasets of big data. Over time, these platforms have developed the need to
offer personalized services to users. Studies have also been conducted in this field utilizing
recommendation systems (Utku A., Akcayol M. A., 2018). In the academic realm, it's crucial to avoid
using sentences and methods from previous works, both in thesis research and academic article writing.
This requirement necessitates conducting extensive literature searches to determine if similar studies
exist, which can be time-consuming. To address this issue, in one of the studies conducted in the
literature, a recommendation system was developed using text mining to suggest journals (Kartal E.,
Emre 1. E., Ozen Z., 2018). In another field, namely the finance sector, where big data is extensively
used, providing accurate recommendations to customers is of great significance. In one of the studies,
hyperparameter optimization was performed with the aim of delivering effective outcomes to customers
(Pmar M., Okumus O., Turgut U. O., Kalipsiz O., Aktas M. S.). Recommendation systems have
provided solutions not only in online platforms like the internet but also in the real world for various
problems. For instance, in today's context, the negative impacts of global warming and climate change
on agriculture are evident. In one of the studies, a recommendation system was developed using sensors
to measure and analyze soil conditions, incorporating smart farming techniques to address these
challenges (Ozer B., Kus S., Yildiz O., 2022). In enhancing the success of recommendation systems,
thesis studies utilizing artificial intelligence have also been conducted. In one such study, the
performance of two algorithms (Naive Bayes - Complementary Naive Bayes) was compared, followed
by normalization. Subsequently, user-based recommendation systems were developed, and the
performance of predictions based on users' similar attributes was measured. Artificial neural networks
were then employed to further improve performance and enhance prediction accuracy (Seref B., 2021).
In one of the Al-based recommendation systems, a personalized platform was developed in tourism
marketing by analyzing users' characteristics and providing a customized experience accordingly (Ercan
F., 2020). In another study on movie recommendation systems, the IMDb dataset was used. By using
BiLSTM and GRU deep neural networks together, the ratings of the movies by the users were estimated.
Some of the features used in the data set included actors, director and movie genre (Tiirk V., Aydilek I.
B., 2021). In one of the proposal studies in e-commerce applications, suggestions were made by
considering parameters such as similar products, customer comments and ratings (Sahiner G., 2019). At
the IDAP congress, the similarity of authors' papers was determined using a social network similarity
method. The similarity ratios of authors working on similar topics were calculated using Euclidean,
Jaccard, and Cosine similarity methods, with Jaccard proving to be the most successful method among
them (Oztemiz, F. & Karci, A., 2020). In another study, for academic research purposes, articles closely
related to the research text were recommended based on keywords to find the most relevant articles in
the field. The user's past research was also taken into consideration before making recommendations (E.
Deniz, V. K. Oz, S. Bozkurt Keser, S. Okyay, and Y. Kartal, 2021).

In our mentioned study, the aim was to recommend movies that are most relevant to the user's
interests, focusing on movie platforms. Firstly, a graph data structure was designed, where nodes
represented movies and edge weights indicated the number of common features between connected
movies. Then, by considering at least one movie the user had previously watched, an examination was
conducted on movies that were most relevant to the user's interests. During the comparison, parameters
such as category, release year, duration, language, and city were taken into account. The movie with the
highest similarity among movies connected to the one the user watched was calculated using the Malatya
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centrality algorithm on the graph data structure, and a recommendation was made (Karci, A., Yakut, S.
& Oztemiz, F., 2022).

The continuation of the article consists of four sections: Method, Analysis and Conclusion. In the
"Proposed Method" section, the proposed method is discussed, presenting a flowchart and pseudo-codes.
The "Analysis" section exemplifies the proposed method and provides experimental results. In the
"Conclusion" section, the performance of the applied method and its comparison with other algorithms
are presented based on the analysis.

2. Proposed Method

A graph data structure was employed in the design of the recommendation system, with movie
information stored within this structure. Each node represented an individual movie, and the edge
weights indicated the level of similarity between movies. For example, in the following graph with two
nodes, if the edge weight is five, it signifies the count of shared attributes between the movies.

In this particular instance, the two movies share common attributes such as category, language, city,
point, and director. Therefore, the total count of shared attributes is five, resulting in an edge weight of
five.

S

Unigid: 1 Uniq id : 2
Movie Name : The Green Mile Movie Name : The Shawshank Redemption
Year; 1999 Year : 1994
3 A a Category: Drama |
Duration : 90 Duration : 142

anguage: English Language : English

ity: America City : America

oint: 9.2 Point : 9.2

irector : Frank Darabont Director : Frank Darabont

Lead Actor: Michael Clarke Duncan Lead Actor : 1im Robbins

Figure 1: Node and Edge Structure on the Graph

After constructing the graph data structure, we obtained information from the viewer about at least
one movie they have previously watched. We are aware that this movie exists on the same platform,
thus it exists within the graph data structure. By examining the neighboring edge weights of the movie
the viewer watched, the Malatya centrality algorithm was applied. The main goal here is to achieve
centrality in order to recommend the most similar movie. When assessing similarity, various parameters
of the movie were taken into account: year, category, duration, language, and city — a total of five
parameters. Centrality was calculated using the Malatya centrality algorithm with the following method.

(The edge weight of the movie the viewer Watched)
The edge weight of neighboring movies
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The pseudo code for the Malatya centrality algorithm is provided in Figure 2. (Karci, A. , Yakut, S. &
Oztemiz, F., 2022)

1. G:(V,E) // G graph

2. MalatyaCentralityMethod <- function (g){ /Malatya algorithm is defined

3. VertexList <- ¢(V(g)) / Throw vertex from graph to array

4. for (i in VertexList ) / Work as many vertexes in the array

5. Vdegree <- degree ( g,v = V(g)[i]) // Calculate the node degree of the
corresponding vertex

6. AdjacentDegree <- degree ( g,v = neighbors ( g,v = V(g)[i])) // Calculate the
node degree of the neighbors of the relevant node

7. Value <- Vdegree / AdjacentDegree // Degree of related node / degree of the
adjacent node

8. MalatyaCentrality Value <- print ( paste (V(g)[i], sum (Value)), digits = 3) // New
centrality value results

9. return ( MalatyaCentralityValue ) // Returns the maximum values of the graphs
10. }

Figure 2: Pseudo code of the Malatya centrality algorithm

The flow diagram related to the created recommendation system is provided in Figure 3.

{ START }
Get the movie
information the user
has previously
watched.

Is the movie the user
watched in the dataset?

Calculate the ratio of the
degree of the watched movie
to the degree of its neighbor
using the Malatya Centrality

algorithm.

Retrieve the neighbors of
the movie watched by the
user in the graph.

Explore the
neighbors of the
watched movie.

v
Fecommend the movie
with the minimum ratio to
the user.

No r
FINISH

Figure 3: Flow diagram of the proposed method.

Firstly, by taking a certain number of movies, a graph data structure was designed where each
node represents a movie, and the edge weight represents the number of common features with each
connected movie. The attributes of the movies such as title, release year, category, duration, language,
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and city were stored. Subsequently, to ensure high accuracy of recommendations, the user was prompted
to provide information about at least one movie they have watched in the past. Based on the attributes
of this movie, movies with the most similar features were suggested from the movies stored in the graph
data structure. Using the Malatya centrality algorithm, the most similar movie was recommended
considering the common attributes among the movies stored in the graph data structure.

In the developed recommendation system, the pseudocode shown in Figure 4 was utilized for
the implementation of the Malatya centrality algorithm.

START
Get movie information from user previously watched.
If the movie the user watched is in the dataset, go to step 4, otherwise go to step 8.
Find the movie the user watched in the graph and retrieve its neighbors in the
graph.

Iterate through the neighbors.

Calculate the ratio of the degree of the watched movie to the degree of its
neighbor using the Malatya Centrality algorithm.
Recommend the movie with the minimum ratio to the user.
FINISH.

PN W :PP’!\-’._“

Figure 4: Pseudo code for the application of the Malatya centrality algorithm in the Recommendation
System.

3. Analysis

The proposed algorithm suggests a novel approach to recommendation systems. By utilizing the
Malatya Algorithm, a graph was constructed for the sample data given in Figure 5. Various parameters
are employed to characterize and assess these movies. These parameters are used in defining the
connections and degrees within the created graph. Using the Malatya algorithm, centrality values for the
nodes in this graph were calculated. In this calculation, data for 10 example movies were used to create
a sample graph. Each of these movies corresponds to a node, and the number of common features
determines the edge weights. The data and parameters utilized in the experimental application are
provided in Figure 5.

#Movie Dataset

movies = [
{'"name': 'Moviel', "year': 2020, 'category': 'Action', 'duration': 120, 'language': 'Turkish', 'city': 'Turkey'},
{'name': 'Movie2', ‘'year': 2018, 'category': 'Drama', "duratio 105, 'language': 'English', 'city': 'America'l,
{"name': 'Movie3', "year': 2019, 'category': 'Comedy', 'duratio : 95, 'language': 'Turkish', 'city': 'Turkey'},
{'name': 'Movied', ‘'year': 2007, 'category': 'Drama', "duration': 110, 'language': 'English', 'city': 'America'l,
{"name': "Movie5', "year': 2020, 'category': 'Action', 'duration': 115, 'language': 'Turkish', 'city': 'Turkey'},
{"name': 'Movieg', "year': 2019, 'category': 'Comedy', 'duration': 100, 'language': 'Turkish', 'city': 'Turkey'},
{"name': 'Movie?7', "year': 1995, 'category': 'Comedy', 'duration': 135, 'language': 'Russian', 'city': 'Russia'},
{'name': 'Movie8', ‘'year': 2007, 'category': 'Drama', 'duration': 140, 'language': 'French', ‘city': 'Fransa'},
{"name': "Movied', "year': 1995, 'category': 'Comic Book', 'duration': 135, 'language': 'Turkish', 'city': 'Turkey'},
{'name': 'MovielO', 'year': 2007, ‘'category': 'Science Fiction', 'duration': 135, 'language': 'Turkish', 'city': 'Turkey'}

Figure 5: Parameters in which movies are stored in the recommendation system.

Let's take a look at the 10 example movies. Each of these movies corresponds to a node, and the number
of common features determines the edge weights. For instance, since Moviel and Movie5 share common
attributes such as release year, category, language, and city, the edge weight will be 4. Based on this,
the connections and edge weights between these nodes in the graph are provided in Table 1.

15



7th INTERNATIONAL ARTIFICIAL INTELLIGENCE & DATA PROCESSING SYMPOSIUM 07-08 SEP 2023, MALATYA

Table 1: Edge weights based on the number of common attributes among movies on the graph.

Related Movie 1 Related Movie 2 Edge weight
Moviel Movie3 2
Moviel Movie5 4
Moviel Movie6 2
Moviel Movie9 2
Moviel MovielO 2
Movie2 Movie4 3
Movie2 Movie8 1
Movie3 Movie5 2
Movie3 Movie6 4
Movie3 Movie7 1
Movie3 Movie9 2
Movie3 Moviel0O 2
Movie4 Movie8 1
Movie4 Moviel0O 1
Movie5 Movie6 2
Movie5 Movie9 2
Movie5 Moviel0O 2
Movie6 Movie7 1
Movie6 Movie9 2
Movie6 Moviel0 2
Movie7 Movie9 2
Movie7 Moviel0O 1
Movie8 Moviel0O 1
Movie9 Moviel0 3

When the user enters the movie they have previously watched as Moviel into the system, the
centrality values were calculated using the Malatya centrality algorithm as follows:

Movie3 : 0.17647058823529413
Movie5 : 0.16129032258064516
Movie6 : 0.17647058823529413
Movie9 : 0.17647058823529413
Moviel0 : 0.21052631578947367

While making the proposal, the movie with the minimum centrality rate is recommended. The reason
for this is that as the number of common features increases, the centrality ratio decreases. Moviel's

16



7th INTERNATIONAL ARTIFICIAL INTELLIGENCE & DATA PROCESSING SYMPOSIUM 07-08 SEP 2023, MALATYA

neighbor with the most common features is Movie5. And in the above example, it determined the most
similar movie as Movie5 and recommended it to the user.

In Figure 6, the relationships of the movies with each other can be seen in the diagram. Here, each
node represents a movie. The connections with each other show that they have at least 1 common feature.
For example, since Movie7 and Movie8 have no common features, they do not have any connection
with each other.

vie8

Movied

Movie?2

Figure 6: Formed graph structures

4. Conclusion

In this study, a recommendation system was developed using a Graph data structure that offers
personalized service to users and recommends the most similar movie based on the movie information
obtained from the user, utilizing the Malatya centrality algorithm. In the graph, each node represents a
movie, and edge weights denote the number of common features between similar movies. Analysis was
conducted based on attributes like release year, category, duration, language, and city of the movies, and
this set of parameters can be expanded.

With the use of Malatya centrality algorithm, the most similar movie to the movie that the user has
watched in the past was determined. While detecting the similarity, the ratio of the edge weight of the
node where the movie watched by the user is kept to the edge weight of the neighboring nodes was
calculated. Thus, like the K-NN algorithms, the similarity ratio was not calculated for all nodes, but only
the similarity ratio of the most central node to its neighbors. In this way, a more effective and
performance recommendation system was created.
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Abstract — This study aims to compare human and machine vision using fuzzy logic with YOLOV3
algorithm based on brightness and contrast values in the images. In order to determine detection
thresholds for the contrast and the brightness parameters, we conducted a survey including 50
participants. We also examined how these two parameters affect each other depending on the thresholds.
The thresholds are normalized, before being given as input to fuzzy logic. We also analyzed the effect
of the weight parameter, that represents the size of the object found in the image. In fact, weight affects
the sensitivity of the object in the image to the brightness and contrast parameters. We obtain a fuzzy
result by processing the brightness, contrast, and weight parameters with fuzzy logic. This result is
compared with the output from YOLOV3. In this way, human and machine vision are compared on the
same platform. Depending on this comparison, we observed that the human eye performs better in
capturing objects in extreme brightness and contrast conditions than the machine. We think that this
might be due to some extra information (e.g. experience) involved in human recognition.

Keywords: YOLOV3, Contrast, Brightness, Fuzzy Logic, Image Processing

1. Introduction

In this thesis, we investigated the visual differences between human (Peli, 1990) and machine vision
using the parameters of brightness (Firdausy et al., 2007) (Nilizadeh et al., 2022) and contrast (Park &
Kim, 2019) (Simone et al., 2012). Humans use an optical perception, while machines use a perception
based entirely on numbers. In order to bring these different types of perception into the same
environment, we show some digital images to humans and machines and ask them to interpret these
images, thus bringing these two different types of vision into the same environment. On this basis, by
considering contrast and brightness as parameters, we digitally set visual range boundaries and create
the same environment conditions for comparing human and machine vision. These measurements are
made and evaluated for high and low brightness or contrast (Tolat et al., 1991) levels of the image. We
use fuzzy logic (Zadeh, 1965) for human vision and YOLOV3 (Redmon & Farhadi, 2018) for machine
vision.

An object in an image has an area (number of pixels) relative to the image and we call this ratio the
weight (Kish, 1990). A higher weight means that the object features in the image are more robust to
changing brightness and contrast parameters. While humans have a range of vision based on brightness
and contrast, the camera performs image interpretation within a certain range of digital values held in
the pixel (Lyon, 2006) (He et al., 2001). Since we are working with multiple factors, when we process
human vision with values from a fuzzy logic questionnaire, we use human and machine vision in the
same environment. In the comparison, we think that the human has a better visual range than the machine
and the reason for this is that the human has more experience.

There are two important points where this work differs from other work in this field. First, we address
brightness and contrast with the machine learning algorithm: YOLOV3. With these two parameters, we
measure the impact of the machine on object recognition and discuss the relationship between the weight
of the object in the image and the brightness and contrast. Second, we combine fuzzy logic with image
processing in the field of object recognition for human vision. With a survey of fifty people, we establish
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certain visual thresholds in a digital image that are perceived by the human eye. At this point, we use
fuzzy logic to establish meaning between thresholds of different variables (brightness and contrast). We
determine threshold with YOLO (Redmon et al., 2016) algorithms. YOLO is trained based on CNN
(Yang & Guan, 2021), R-CNN (Chen et al., 2017) and FAST R-CNN (Cao et al., 2019) (Girshick, 2015).
The COCO dataset (Puri, 2019) was also used. So far, many people using YOLO have worked on the
object recognition problem. One of the most important parts of the solution we use in this problem is
fuzzy logic (Zadeh, 1999).

2. Methodology

2.1. Adjustment of Brightness and Contrast

1) We create trackbars (slide buttons) to control brightness and contrast. We need to set the range for these trackbars. For
brightness we create a range of 511 levels from -255 to 255. Again, for contrast we create a range of 255 levels between -127
and 127. Minus values are the minimum levels, zero is the original image and plus values are the maximum value for brightness
and contrast in the image. Figure 1 shows the block diagram of our approach, while Table 1 shows the equation (1)-(2) for
brightness and contrast adjustment (https://www.geeksforgeeks.org/).

YOLOV3

Confidence

Fuzzy
Logic

!

Fuzzy result

Brigthness
image =)

Contrast

2)

Figure 1 Fuzzy logic and YOLOV3 diagram with brightness and contrast adjustment

Table 1 Equation to adjust brightness and contrast.

Brange = 510 Crange = 254
Bpin = —255 Cmin = —127
Brax = 255 Cax = 127
Brigthness Contrast
_ (Badj - 0) * (Bmax - (Bmin )) (1) _ (Cadj - 0) * (Cmax - (Cmin )) (2)
(Brange - 0) + (_Bmin) (Crange - 0) + (_Cmin)
Bgqj brightness value from trackbar Cqqj Contrast value from trackbar
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2.2. Weighting Coefficient

Through equations (1) & (2), we obtain new contrast and brightness values and apply them to the image. We send these
values to the YOLOV3 algorithm. The algorithm recognizes an object in the image and draws a square around it. The ratio of
this square to the whole image gives us the weight and this is shown in Figure 2 with equations (3)(4)(5).

w =width
- object area = a*b 3
. image area = h *w (€))
h= height

) object area
weight = ——— (5)

object image area

image
Figure 2 Showing the weight ratio

2.3. Brightness and Contrast Calculation

Brightness is obtained by summing and averaging the values of each of the three channels (RGB) and shown with equation
(6). To find the standard deviation we first need the mean. Then we find the contrast using the standard deviation method. In
the paper (Zarie et al., 2019), the mean in equations (7) and the standard deviation in equation (8) are calculated.

_ R+G+B
brightness = B — (6)

1 M-1N-1
k=N z X(i.j) i=123.,M j=123,..N (7)

i=0 j=0

1 M—-1N-1
o= WZ) Z)[x(m — ] i=123.,M j=123,..N (8)
i=0 j=

2.4. Brightness and contrast normalization

We normalize equations (9) and (10) to remove the mismatch between contrast and brightness.

brightness
= %

new = 100 €))
Brange
Contrast
Crew = - * 100 (10)
range
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2.5. Determine the range of fuzzy input values.

The brightness and contrast thresholds of the images shown to humans are shown in Table 2.

Table 2 Survey results for brightness and contrast thresholds

Erd v v = = e w v = £
£ v, 5|ET i £ © ., S|ED 2
2f S,%|c8 3 2e £22%Zs 5
te §¥Lge pa ge §¥&c2 g8
R EEgpi 28 2 3 2 g €EEggl L8 2 3
e% Zs35E, 3 °3 Zzslog, %
28 Ztilzplige g2 Etiizyizss
v @molzg s 3 v & g 28 Umg 8 3le o= v 2 g
s EfEw—~— P clawmwolag TE g Ewm - gclowmy g g=
.:*;.;mg-_am.:m‘;.:Em _:ﬁrug:aq,_;ru:_: )
S EFo0 2T EL 23E 2Ss EFfo 8|2 EL 28¢£

1.image average 1.55 2.45 95.72 97.63 1. image average 2.39 4.10

2. image average 1.58 2.48 95.60 97.50 2. image average 2.30 4.01

3. image average 1.96 3.07 94.97 96.86 3. image average 2.76 4.45

4.image average 1.64 2.70 94.96 97.40 4.image average 2.32 4.09

5.image average 1.45 2.44 95.21 97.14 5. image average 243 3.94

6. image average 2.01 3.15 95.43 97.41 6. image average 2.32 4.12

7. image average 1.76 2.90 95.10 97.35 7.image average 2.34 4.05

8. image average 2.86 4.04 93.50 96.00 8. image average 3.36 5.17

9. image average 1.60 2.62 93.90, 9731 9. image average 2.48 3.86

10. image average 2.06 3.03 94.77 96.96 10. image average 2.74 4,20

General average 1.85 2.89 94.92 97.16 General average 2.54 4.20

Brightness Average for each step Contrast Average for each step

The meaningful equivalents of the lower limits for brightness and contrast are shown in Table 3.

Table 3 Visualization of verbal expressions fuzzy logic for lower (a) or upper (b) limits of brightness and lower
bounds (c) of contrast.

Normal

Normal High Mhigh

93.4 96,44 99.48

The adjusted range for each parameter for fuzzy logic is shown in Table 4 with start and end values
and the amount of increase.

Table 4 Adjusted Range For Each Parameter.

Start value End value Step
Brightness 0 101 1
Contrast 0 101 1
Weight 0 1,01 0,01
Fuzzy rate 0 1,01 0,01
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In this step, verbal expressions for the brightness, contrast, weight, and fuzzy ratio parameters need
to be created and the limits of these verbal expressions for determined. As can be seen in Table 5,
expressions and their limits were determined for each parameter. Expressions with 3 thresholds represent
triangular and expressions with 4 thresholds represent trapezoidal formation membership. According to
the rule list for these formations, it then generates the fuzzy result of each rule. Each fuzzy result is
obtained from the membership of the input parameters of the rule to which it belongs. These membership
values correspond to a rule in our rule list. This is done by calculating an overall result using the min

and max functions. The fuzzy logic rule list is also written in Table 6.

Table 5 Expressive Boundaries For Fuzzy Logic.

boundaries

parameter iexpression |1. Threshold{2. Threshold {3. Threshold {4. Threshold
Mlow 0 0 2.37
low 1.33 2.37 3.41

Brightness {normal 2.37 3.41 93.4 96.44
high 93.44 96.44 98.48
Mhigh 96.44 100 100
Mlow 0 0 3.38
low 1.7 2.38 5.06

Contrast  {normal 3.38 5.06 50 75
high 50 75 90 100
Mhigh 75 90 100 100
small 0 0 1.1

Weight medium 0 0.1 0.2
large 0.1 0.2 1 1
poor 0 0 0.25
bad 0 0.25 0.5

Fuzzy rate [average 0.25 0.5 0.75
good 0.5 0.75 1.01
perfect 0.75 1.01 1.01
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Table 6 Rule List

rule 1 IF ¢ brightness | 1S Mlow | THAN : fuzzy rate : IS | poor
rule 2 IF | brightness | 1S | Mhigh = THAN | fuzzy rate | IS | poor
rule 3 IF | contrast IS : Mlow | THAN ! fuzzy rate | IS . poor
rule 4 IF : contrast 15 ¢ Mhigh = THAN : fuzzy rate : 1S poor

rule 5 IF : brightness . IS | low AND : contrast IS low AND  weighted | 15 medium | THAN | fuzzy rate (IS | bad
rule 6 IF ¢ brightness | IS | low AND :contrast : IS normal : AND | weighted IS : medium : THAN | fuzzyrate : IS | average
rule 7 IF : brightness | IS | normal AND | contrast | 1S low AND  weighted IS : medium ; THAN | fuzzyrate ;IS | average
rule 8 IF : brightness | IS i normal . AND : contrast : IS high AND | weighted IS | large THAN | fuzzyrate ;1S  good
rule 9 IF : brightness | IS | normal | AND i contrast | IS normal i AND  weighted 15 small THAN | fuzzyrate ;15  perfect

rule 10 : IF : brightness : IS . normal | AND : contrast : 15 normal : AND : weighted 1S : medium : THAN | fuzzyrate . IS | perfect
rule 11 | IF | brightness | IS | normal | AND : contrast : IS normal : AND : weighted 1S large THAN  fuzzyrate 1S  perfect

rule 11 : IF : brightness . IS | normal | AND : contrast : 1S : Mhigh AND | weighted IS ¢ small THAN  fuzzy rate ;1S  bad
rule 13 IF : brightness IS | high AND : contrast IS low AND | weighted IS : medium | THAN | fuzzy rate : IS | bad
rule 14 | IF | brightness | IS | high AND :contrast : IS normal : AND : weighted | 15! medium | THAN | fuzzyrate |15 | average
rule 15 : IF : brightness | IS : high AND : contrast : IS high AND  weighted 15 : medium : THAN : fuzzy rate : IS | average

2.6. Limitation

We have two important limitations: First, the eye health of the participants and second, the ambient
brightness and screen type. Despite these important limitations, we were able to collect a significant
amount of data, both in terms of the number of participants and the number of images, and this amount
of data is sufficient to compensate for these limitations.

3. Results

We showed the ten images in the Figure 3 to the participants.

Figure 3 Images shown to participants and their order.

When Table 2 is examined, it can be seen that the average of each image is taken. According to the
average values, while the object is recognized as a human in the first image, the average is 1.55 at low
brightness. Again, with a brightness value of 97.63, people saw the object at the highest brightness in
the first image. Again, according to Table 2, when the visual range between the low mean luminance
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value of 2.86 and the high mean value of 96 is analyzed, the narrowest visual range belongs to the image
number 8.

Table 7 (a) the lowest brightness level at which an object can be selected in the image at the lowest
brightness level, (b) the brightness level at which an object at low brightness can be selected well with
its feature, (c) the brightness level at which an object at high brightness can be selected well with its
feature, (d) the brightness level at which an object at high brightness can be selected.

Table 7 Distribution of images shown to participants depending on brightness variables.
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Table 8 Distribution of images shown to participants depending on contrast variables. (a) the lowest contrast level at
which an object can be selected in the image at the lowest contrast level, (b) the contrast level at which a low contrast
object can be well selected with its feature.

min contrast apparent min contrast clear vision
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In Figure 4 we have the image back from the YOLOV3 algorithm. As can be seen in the figure,
YOLOV3 correctly predicted the person in the image 99.95% of the time.

Figure 5 shows the fuzzy logic result. As can be seen from the figure, the fuzzy logic vision
captured the objects with very high accuracy. According to this figure, the input of brightness and
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contrast values sends us back a result, which also has a fuzzy verbal meaning. Fuzzy logic uses
thresholds that are derived from the results of our survey. Therefore, since this value is taken from
people, it expresses the visual limits of human beings. In Figure 6, the fuzzy logic shows the best result,
'excellent'.

1 youovs - o x

0.8

poor
bad
average
good
perfect

Membership
o
[}
1

o
IS
L

T T T T |
0.0 . .4 0.6 0.8 1.0
fuzzv conf

Figure 5 Fuzzy result window of the unit image.

The above values are the results obtained without changing the brightness and contrast of an image.
Table 9 below shows the different brightness values under normal contrast and both YOLOV3 and fuzzy
logic. The inputs are recorded in the first row of results. The second row holds the original images. The
third row contains the YOLOV3 results. The last row contains the fuzzy logic results. There are five
columns in the same table. Each column has a different brightness level.

In Table 10, the contrast levels are varied while keeping the brightness constant. When we increase
the contrast, object recognition behaves normally for values between 0-50. After fifty, increasing the
contrast does not degrade the image much. In an image with maximum contrast, even if the image is
bad, if there is an object in the image, that object is recognized by the human. But we cannot say the
same for machine vision. Depending on the weight of the object and the appearance of its features, it is
slightly recognized by the machine.

Table 9 The effect of brightness under a specific contrast
Table 10 The effect of contrast under a specific brightness
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Brightness 50
Contrast 0
1-A Orginal image
1-B YOLOWV3 output
1-C Fuzzy output

Brightness 50
Contrast 3.14

2-A Orginal image
2-B YOLOW3 output
2-C Fuzzy output

Brightness 50
Contrast 4.72
3-A Orginal image

3-C Fuzzy output

3-B YOLOW3 output

Brightness 50
Contrast 75

4-A Orginal image
4-B YOLOWV3 output
4-C Fuzzy output

Brightness 50
Contrast

5-A Orginal image
5-B YOLOW3 output
5-C Fuzzy output

/

1-C

Brightness 0 Brightness 2.16 Brightness 2.94 Brightness 96.47 Brightness 99.02
Contrast 50 Contrast 50 Contrast 50

1-A Orginal image
1-B YOLOV3 output
1-C Fuzzy output

2-A Orginal image
2-B YOLOV3 output
2-C Fuzzy output

3-A Orginal image
3-B YOLOV3 output
3-C Fuzzy output

Contrast 50

4-A Orginal image
4-B YOLOV3 output
4-C Fuzzy output

Contrast 50

5-A Orginal image
5-B YOLOV3 output
5-C Fuzzy output

4. Conclusions

In a digital image, the amount of light emitted by each pixel directly affects the brightness of the image,
while contrast focuses on contrasting colors in the image. In our tests, low and high brightness and
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contrast have a direct impact on both human and machine vision. However, we found that the human
has better vision than the machine when considering low or high brightness and contrast values.

Although the weight parameter did not have a significant effect on human vision, it directly affected
both the recognition and classification ability of the machine. Especially in the fourth image, the
machine recognized an object with a lower weight than the others as a human only at a contrast of around
70 and classified it as a bird at other contrast levels. This is the most obvious effect of image weight on
machine recognition.

One of the important points of this study is that it gave us the opportunity to compare human and machine
vision in the same environment. The data from the questionnaires is a digitized version of human vision.
This data was fed into fuzzy logic to combine two different types of vision in the same environment.

For this reason, it was desired to calculate human vision with the help of a machine and make an
inference. Fuzzy logic was preferred for this. Fuzzy expressions are developed by means of fuzzy
thresholds and fuzzy results are produced based on them. In this method, we have seen that the fact that
the fuzzy set represents human opinion and that the comparison based on it has made an important
contribution to this problem. When each image is analyzed individually, it will be seen that the human
recognizes the object in the image better than the machine and also makes a much better classification.

If a constant environment is created in the surveys and screen and ambient light variables that directly
affect the participants can be controlled, much more stable data will be obtained for fuzzy logic. The
YOLOV3 algorithm makes object recognition prediction threshold when it exceeds 50%. As these
algorithms improve and the machine's visual threshold is improved, there will be a significant
improvement in the machine's visual range based on brightness and contrast. Although we are comparing
machine and human, Fuzzy logic can build a perfect bridge between human and machine. Therefore,
researchers interested in image processing can benefit from this field.

. contrast level under normal brightness
. brightness level undernornjlal contrast - i Tow ow Normal _Hih Nt Hieh
Min Low (Low Normal :High Max High 1Image Human |NaN Person Person Person Person
1|mage Human NaN Person Person Person NaN Machine {NaN NaN Person Person Person
Human [NaN Person Person Person Person
i 2 Image
Machine {NaN Person  Person  {Person |{NaN B e NaN NaN Parson Person Yoy
)| Human {NaN Person  Person  [Person |{NaN Human {NaN _ |Person Person Person Person
mage -
Machine {NaN Person Person :Person |NaN 31mage | rachine NN NaN Person Eersk"” (PtF) Person
ackpac
3Image Human NaN Person  Person |Person |NaN 41mage Human NaN Person Person Person Person
Machine {NaN Person  {Person  Person |NaN Machine NaN___NaN Bird Person Person
Human |NaN Person Person Person Person
Human {NaN Person  Person  [Person |{NaN 5 Image ,
41mage Machine | NaN Person Person Person Person
Machine {NaN Bird (F) Bird (F) Bird (F) NaN Human [NaN Person Person Person Person
5 Image Human {NaN  Person Person [Person |NaN Blmage | rochine NN NaN Eer?;” M cat cat
af|
Machine NaN Person Person  Person |NaN Human NaN Person Person Person Person
6Image Human iNaN Person  Person  Person |NaN 71Image NaN  iNaN Airplane(F) Bird (F) :Bird (F)
3 . Machine Person(T)  {Person(T) iPerson(T)
Machine [NaN Blrd(F) Person_NAN NaN Sunboard(F) {Sunboard(F) |Sunboard(F)
7 Image Human {NaN Person  [Person [Person |NaN Human iNaN  |Person Person Person Person
Machine iNaN  [NAN  Person NAN  |NaN BImage | 1achine NN NaN :er;""m EES?F") (F)  {Person(F)
a e
8 Image Human NaN Person Person Person NaN Human NaN Person Person Person Person
Machine iNaN NAN Person  INAN NaN NaN Umbrella (T) {Umbrella (T)|{Umbrella (T} {Umbrella
9 Image Person (T} {Person(T) iPerson(T) {(T]
Human {NaN Person  Person  Person |NaN %8 | Machine m m M m
9Image - Person (F) Person (T)
Machine iNaN Person  Person |Person {NaN Frisbee (F)
Human NaN Persan Person Person NaN Human NaN Person Person Person Person
10 Image - 10 Image Machine | NN Umbrella (F) {Umbrella (F) {Umbrella (F) {NaN
Machine iNaN Person  Person  Person |NaN Person(T) Person (T} |Person(T)
a b

Figure 6 Vision and Classification of Human and Machine at Different Brightness(a)/Contrast(b) Levels
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Kiralik Ev Sektoriinde Veriye Dayali Uriin Oneri Sistemi
Geligtirilmesi ve Uygulanmasi
Development and Application of Data-Driven Product
Recommendation System for House Rental Market
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Ozetce— Cok sayida kriterin bulundugu gayrimenkul sektoriinde karar vericiye en uygun miilkii
Oonermek karmasik bir karar verme siirecidir. Karar vericilerin tercihlerini gesitli sekillerde ifade
edebilecekleri, 6nem agirligi verebilecekleri veri glidiimlii sistemlere uygulamada rastlanilmamaktadir.
Mevcut sistemler genellikle basit sorgulama olanagi saglayan sistemlerdir. Emlak piyasasinda son
kullaniciya yonelik akilli 6neri sistemleri gelistirilmesine ihtiyag duyulmaktadir. Kullanici i¢in en
uygun kiralik evi arama siirecinde, kullanicinin her bir kritere verdigi Onem ve
yapilandirilmis/yapilandirilmamis bilgilerin analizi, sonuglarin kalitesini 6nemli 6l¢iide etkiler. Mevcut
calismada, Agirliklandirilmig Hiyerarsik Bulanik Aksiyomatik Tasarim (WFAD) yontemine dayanan
internet ortaminda c¢aligabilen kiralik ev Oneri sistemi gelistirilmistir. Gelistirilen sistemde
yapilandirilmamis kiralik ev tanimlama verilerinden anlamli bilgiler ¢ikarmak icin dogal dil isleme
(NLP) yontemleri kullanilmistir. Ayrica etkilesimli harita iceren bir web uygulamasi araciligiyla
kullanicidan tercih ettigi lokasyonlar1 tanimlamasina olanak saglanmistir. Alternatif kiralik evler igin
veriler web-scraping yontemi kullanilarak elde edilmis ve modelin etkinligini gostermek icin vaka
calismalari sunulmustur.

Anahtar Kelimeler: Bulanik Aksiyomatik Tasarim (WFAD), Oneri Sistemleri, Bilgi Cikarma, Web
Kazima

Abstract— Finding the most suitable property for the user is a complex problem in the real estate sector,
where there are many criteria to be considered in the decision-making process. Another problem is that
users are not always able to find systems where they can fully express their preferences.
Recommendation systems in the Real Estate Market are smart systems designed to solve this problem.
In the process of searching for the most suitable rental house for the user, the importance given to each
criterion by the user and the analysis of unstructured information, significantly affect the quality of the
results. In the present study, a house rental recommendation system has been developed by using the
Weighted Hierarchical Fuzzy Axiomatic Design (WFAD). Natural language processing (NLP) methods
are used to extract meaningful information from unstructured house description data. The requirements
are taken from the user through the developed web application, including an interactive map for
determining the important locations for the user. Data for alternative rental houses is obtained by using
the web-scraping method and several case studies are presented in order to exhibit the working of the
proposed rental house recommendation system.

Keywords: Fuzzy Axiomatic Design (WFAD), Recommendation Systems, Information Extraction, Web
scraping
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1.Introduction

Recommendation systems make the online product-finding process simpler and easier for the user.
A good product recommendation system should enable end users to express their needs in the best
possible way. While developing recommendation systems, various methods have been used by
researchers in order to best appeal to the user and make recommendations with high performance.
Gharahighehi et a (2021) categorized a total of 26 papers in the real estate sector into six general
methodological approaches, namely collaborative filtering (CF), content-based filtering (CB),
Knowledge-Based recommendation systems (KB), reinforcement learning (RL), multi-criteria decision
making (MCDM) and hybrid approach (HB). In addition to these methods, Viappiani et al. (20006)
presented a preference-based search to reveal user needs and an example-criticism approach to improve
these preferences.

The data received from the user during the recommendation process, may not always be structured.
In such cases, although the information is available, some alternatives may be overlooked in the product
recommendation process. The number of studies, in which such unstructured data are analyzed, is
scarcely few in the literature. In the proposed study, the big data of rental house alternatives is obtained
by web scraping method. By applying data analysis and information extraction methods on the big data,
meaningful information is obtained from the unstructured product description and product title. In the
determination of the rental house suggestion list, the weighted hierarchical fuzzy axiomatic design
(WFAD) approach is used, which is a good fit for complex multi-criteria decision-making (MCDM)
problems. Functional requirements such as the net/brut size, room number, monthly rental price, number
of floors, location, and heating are taken from the user by the developed UI and the user is expected to
give weights to each of these features.

The rest of this paper is arranged as follows: Section 2, covers an overview of the axiomatic design
methodology. Section 3, describes the web scraping technique that is used to obtain the data. Section 4,
presents a real-life application of a house rental recommendation system followed by the conclusions in
Section 5.

2. Overview of Axiomatic Design (AD) Methodology

AD methodology deals with the transformation of complex customer needs into functional
requirements (FRs) and design parameters (DPs) using a design matrix to represent the relationship
between the FRs and DPs. Axioms are defined as general principles which are obvious facts that cannot
be proven to be correct but do not have counter-examples (Suh, 1990). According to the main axioms,
each FR should be independent and the information content of the system should be minimized.

The AD method is assumed as the most suitable method for this study due to the characteristic of the
data (mixed data types with fuzzy and interval characteristics) that need to be handled in the multiple
criteria decision making process in recommending/searching for rental houses. According to the AD
methodology, a feasible design emerges when the design range and the system range overlaps and
produces a common range. Figure 1 and Figure 2 illustrate the design and system ranges under crisp and
fuzzy decision-making environments respectively (Subulan and Baykasoglu, 2021).

Probability Density

A

Design Range

— System Range
! “«——

!

—Pp|

: Common |
Range

» Functional Requirement

drt art

Figure 1. The design and system ranges under crisp decision-making environment
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Membership Functions
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Figure 2. The design and system ranges under fuzzy decision-making environment

When functional requirement (FR;) has a uniform probability density function, the probability of
achieving FR; can be calculated as follows:

p; = Common Range / System Range (1.1)

In accordance with the formula (1.1), the information content for any FR; can be expressed as:

I =log: (1/p;) orlog: (System Range / Common Range ) (1.2)

The developed system in this study, let the users to use both crisp, interval and fuzzy values while
determining their requirements and also allows giving weights to each of them. The weighted
information content values are calculated by using the equations presented in the study of Subulan and
Baykasoglu (2021), in which, the shortcomings of the classic AD methodology are modified in the way
that benefit type FRs and cost type FRs are also calculated. They mentioned that there may be
alternatives with a better performance which is out of the desired range and thus be overlooked in the
design. After total information content value is calculated for each alternative rental house in the dataset,
the information content values are ranked in an increasing order and presented to the user.

3. Web Scraping

Web scraping (WS) that is also called as web data extraction is a data engineering technique for
extracting information from websites with or without consent from the website owner. Specific data is
gathered from the web and stored in a database for later retrieval or analysis. The scraping process can
be done manually by a software user but is mostly done automatically by an implemented bot or web
crawler because of efficiency concerns. Khder (2021) discussed web scraping techniques and
approaches in detail in his study.

The most important thing to consider when web scraping is that the scraped data should be public
and should not be used for malicious purposes. Kratov and Silva (2018) have created a list of questions
that need to be addressed to make a Web Scraping project legal and ethical. Kratov et al. (2020),
presented a tutorial on the legality and Ethics of Web Scraping to help researchers to decrease the
likelihood of ethical and legal controversies in their work.

In the current study, in order to obtain the rental house data, a web scraper program is developed in
Python language by using the BeautifulSoup library. Using this library, firstly the HTML codes of the
pages are downloaded, then these codes are broken down and the necessary data is scraped.
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4. Application on the House Rental Recommendation System

In order to apply the WFAD methodology to a real-life example, a web application for rental house
recommendation, has been developed in Python language by using Streamlit and Folium libraries. The
data for rental house alternatives are collected via the web-scraping method and stored in Mongo Atlas
DB. The collected data has undergone data cleansing operation in order to make it ready for the
information extraction process (see Figure 3).

Mongo Rental House Data Information
DB Atlas Alternatives Cleansing Extraction
I
Functional RAEI?W I-:puse
Requirements amatives
o
A List the accepted
Normalization Calculate . . .
Weights Process " Weighted ICs —-—<a|ier‘r)1rad1;eosf|I|2:avs:|3|;dlng>

Figure 3. The application procedure of the WFAD Methodology

The functional requirements in the case study have a certain hierarchy within themselves, and this
hierarchy is depicted in Figure 4. The system is designed as the user can only assign weights to the
features in Criterion Level 1, and assign values and weights for the lower-level criteria.
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Figure 4. The criteria hierarchy of the case study

Functional requirements are taken from the user via the developed Ul as shown in Figure 5. The
system also allows the user to assign weights for each search criteria. In this way, the importance given
to each feature by the user is determined in a better way, and more meaningful results are aimed to be
obtained in the results. After the weights are obtained from the user, the normalized weights are
calculated by the system.
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The application gives the user the ability to select important locations on the map and assign weights
to each of these locations. Then the acceptable distance range is obtained from the user. The rental house
alternatives that are going to be recommended to the user, will be in this distance range to the selected
locations.

* 0
Add Loc

Clear Map

38.37738831573487

\ {zkent Lng

Q T 27.155842802021656
Buca Tooltip
i { 9 WORK
£ f/ Ataturk
iy g™  importance

Enter your search criteria for the rental house you are
looking for

Figure 5. Ul of the developed web application for house rental recommendation

Three case studies are performed in order to examine the system behavior when different location
data is entered by the user. In the first case study the user mentioned no choice for location. In the second
case study the user selects ‘Urban’ area in which the houses are near to the schools and hospitals. In the
third case, to be more specific, the user selects the important locations on a geographic map and enters
the acceptable distance ranges. Then the developed recommendation system calculates the overall
information content value of all features for any alternative rental house in the system. Finally, the rental
houses which are suitable for all the given requirements, are recommended to the user according to the
convenience rate, in other words the information content value.

5. Conclusions

In this study, a web based rental house recommendation system that makes use of the improved
extension of the weighted hierarchical FAD methodology of Subulan and Baykasoglu (2021) is
developed. Case studies have shown that the adopted FAD methodology fits well with the proposed
rental house recommendation system. The study is enriched by the information extraction methods so
that the rental house data is analyzed in a better way. As a result, the hidden an unstructured information
given for a candidate rental house is converted into valuable data. Additionally, the integrated
geographic map makes it available for the user to add important locations to the system to be used in the
filtering processes. Thus the system recommends to the user more accurate results that many other
recommendation system may ignore.
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Ozetce— Endiistriyel operasyonlarda, Endiistriyel kontrol Sistemleri (ICS) ve nesnelerin Interneti (IoT)
teknolojilerinin benimsenmesi artmaya devam ettik¢e, bu sistemleri kotii niyetli siber saldirilardan
korumak zorunlu hale gelmistir.

Bu makale, birgok endiistriyel kontrol sisteminin temel bilesenleri olan S7-300 Programlanabilir Mantik
Denetleyicilerine (PLC) izinsiz girisleri tespit etmek i¢in bal kiiplerinin kullanimina iligkin bir vaka
caligmas1 sunmaktadir. Honeypot tabanli izinsiz giris tespit mekanizmalariin etkinligini arastiriyor,
avantajlarin1 ve dezavantajlarini tartisiyor ve endiistriyel siber giivenlik baglaminda potansiyellerinden
yararlanmak igin etkili stratejiler oneriyoruz.

Anahtar Kelimeler : Balkiipii, endiistriyel siber giivenlik, S7-300 PLC, Siemens, loT.

Abstract— As the adoption of Industrial Control Systems (ICS) and Internet of Things (IoT)
technologies in industrial operations continues to increase, it has become imperative to protect these
systems from malicious cyber attacks.

This article presents a case study of using honeypots to detect intrusions into S7-300 Programmable
Logic Controllers (PLCs), which are key components of many industrial control systems. We explore
the effectiveness of Honeypot-based intrusion detection mechanisms, discuss their advantages and
disadvantages, and propose effective strategies to exploit their potential in the context of industrial
cybersecurity.

Keywords : Honeypot, Industiral siber security, S7-300 PLC, Siemens, 10T.

1.Giris

Endiistriyel Kontrol sistemleri, enerji liretiminden imalata, lojistikten altyapr yonetimine kadar
bircok endiistriyel operasyonlarin desteklenmesinde ve otomatiklestirmesinde ¢ok Snemli bir rol
oynamaktadir. Bu sistemlerde 6zellikle programlanabilir Mantik Denetleyiciler (PLC) makinelerin
bilesenidir.

Siemens S7-300 saglamlig1, esnekligi ve endiistri sektdrlerinde genis uygulanabilirligi ile taninan bir
PLC’dir. Diger bircok PLC c¢esitlerinde oldugu gibi S7-300 PLC’ler de endiistriyel siiregleri
dijitallestirmeyi ve ag olusturmay1 amaglayan ve Endiistri 4.0 girisimlerinin bir pargasi olarak diger
sistemlerle daha fazla birbiri ile iletisim kurabilir bir mekanizmay1 igerme potansiyeline sahip
olmaktadir. Bu birbirine baglanabilirlik, sistemlerde operasyonel verimliligi artirirken, veri
erigilebilirligi ve slire¢ otomasyonu agisindan kapsamli faydalar saglarken, siber tehditler i¢in potansiyel
saldin yiizeyini de genisletiyor. Sonug olarak, daha dnce yalitilmig olan bu sistemler siber saldirilara
kars1 daha savunmasiz hale gelmis ve bu da giivenlikleriyle ilgili endiseleri artirmistir.

Endiistriyel sistemlere yonelik siber saldirilar ciddi zararlar verme potansiyeline sahip olup, diger
siber tehditlerin aksine gercek diinyada oldukga fazla zararlara sebebiyet vermektedir. Basarili izinsiz
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girisler, makinelerin yetkisiz kontroliine, siireclerin manipiile edilmesine ve hatta kritik altyapinin
kapanmasina yol acabilmektedir. Bu olaylar, bu sistemlerin kontrol ettigi gercek diinyadaki fiziksel
stirecler gbz Oniline alindiginda, yalnizca 6nemli ekonomik kayiplara degil, ayn1 zamanda 6nemli
giivenlik risklerine de neden olabilmektedir.

Bu risklerin farkinda olarak, bu kritik sistemleri korumak icin siber giivenlik 6nlemlerinin
gelistirilmesine ve uygulanmasina artan bir odaklanma olmustur. Boyle bir 6nlem, potansiyel siber
izinsiz girisleri tespit etmek ve analiz etmek i¢in bal kiipii sistemlerinin kullanilmasidir. Temelde hedef
sistemleri taklit etmek, saldirganlar1 ¢cekmek ve gercek sistemlermis gibi onlarla etkilesime gegmek icin
tasarlanan tuzak sistemler olan bal kiipleri, stratejileri ve yontemleri hakkinda degerli bilgilerin
toplanmasina olanak tanimaktir.

S7 -300 PLC igin Gelistirilmis HoneyPot’lar:

Conpot , IEC 60870-5-104, Bina Otomasyonu ve Kontrol Agi (BACnet), Modbus, s7comm ve HTTP,
SNMP ve TFTP gibi diger protokoller dahil olmak iizere ¢esitli endiistriyel protokolleri destekleyen,
acik kaynakli, diisiik etkilesimli bir bal kiipiidiir. Conpot ve Conpot tabanli bal kiipii, arastirmacilar
tarafindan kullanilan en popiiler ICS aldatma uygulamalar1 arasindadir (Buza ve ark., 2014).

XPOT, programlar1 ¢alistirabilen, yazilim tabanli, yiiksek etkilesimli bir PLC bal kiiptidiir. Siemens S7-
300 serisi PLC'leri simiile eder ve saldirganin PLC programlarin1 derlemesine, yorumlamasina ve
XPOT'a yiiklemesine olanak tanir. XPOT, S7comm ve SNMP protokollerini destekler ve ilk yiiksek
etkilesimli PLC bal kiipiidiir. Yazilim tabanli oldugu icin ¢ok 6l¢eklenebilir ve biiyiik tuzak veya sensor
aglarina olanak saglar.

CryPLH: Siemens Simatic S7-300 PLC'yi simiile eden yiiksek etkilesimli ve sanal bir Smart-Grid ICS
bal kiipiidiir. Linux tabanli bir ana bilgisayarda ¢alisir ve HTTP(S)'yi simiile etmek i¢in MiniWeb HTTP
sunucularini simiile etmek igin bir Python betigini kullanir. CryPLH'nin etkilesim yetenegi, ICS
protokollerinin simiilasyonundan ICS ortamlarina dogru giderek artmaktadir (Zhang ve ark., 2022).

Bu calisma, S7-300 PLC'leri korumak icin bal kiiplerinin kullanimina odaklanmaktadir. Bu
denetleyiciler i¢in bal kiipii 6zellikli izinsiz giris tespitinin etkinligini arastirmayi, bu yaklagimin
faydalarin ve sinirlamalarii degerlendirmeyi ve endiistriyel siber giivenligi gelistirmek igin bu aracin
kullanilmasina yonelik i¢goriiler sunmay1 hedefliyoruz. Bu kesif, endiistriyel siber giivenlik alaninda
artan bilgi birikimine katkida bulunacak ve S7-300 PLC'ler gibi kritik endiistriyel kontrol sistemlerini
siber tehditlere karg1 korumak i¢in pratik dneriler saglayacaktir.

(Serbanescu ve ark., 2015) genel agda agiga ¢ikan endiistriyel ekipmanin saldirgan igin ¢ekiciligini
ve saldirganin davranigin biiyiik 6lgekte diisiik etkilesimli ICS bal kiipii ayarlayarak analiz etti.

(Buza ve ark., 2014), CryPLH adinda saldirganlar tarafindan Siemens s7-300 gibi goriilecek yiiksek
etkilesimli bir bal kiipii olusturarak PLC’den yararlanmaya calisan bir saldirganin gergeklestirdigi tim
eylemleri giinliige kaydetmislerdir. Ger¢ek cihazda bulunan tiim servisleri incelerek Linux tabanli bir
sanal makinaya entegre etmislerdir. Boylece daha sonra bu giinliik dosyalar1 analiz edilerek yeni hedefli
saldirilar ortaya ¢ikarmiglardir.

(Dodson ve ark., 2020), 120 kisilik bir agda 22 iilkede programlanabilir mantik denetleyicilerini taklit
eden yiiksek etkilesimli bal kiipleri tasarlayarak 80.000 etkilesimin ayrintili bir analizini yapmuis ve 13
aydan fazla siire yaptiklari ¢alismada 9 tanesinin bir endiistriyel protokolii kotii niyetli olarak
kullandigini tespit etmisglerdir.

(Yuo ve ark., 2021) ¢alismalarinda, yiiksek maliyet performansi saglamak icin yar1 sanal ve yari
fiziksel bir bal kiipii tasarimin1 ve uygulamasini desteklemek i¢in HoneyVP adli yeni bir bal kiipii
mimarisi 6nermis. ICS cihazlarina yonelik siber saldirilar1 farkli etkilesim seviyeleri agisindan analiz
etmis, daha sonra, bu saldirilarla basa ¢ikmak i¢in Honey VP mimarisini sanal bilesen, fiziksel bilesen,
ve koordinator olacak sekilde ii¢ temel bagimsiz ve isbirligine dayali bileseni acik¢a tanimlamislardir.
Onerdikleri mimariyi kullanmanin 6nceki bal kiipii ¢dziimleriyle karsilastirildiginda avantajlarim
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gbrmiis, Honey VP’ nin, uygun maliyetli bir ¢6ziim sunarak ICS bal kiiplerini daha ¢ekici hale getirerek
ve fiziksel etkilesimleri yakalamay1 miimkiin kildigin1 gostermislerdir.

2. Genel Bilgiler
2.1. Honeypot Etkin Saldir1 Tespiti:

Endiistriyel kontrol sistemine yonelik yogun olarak gerceklesen siber saldirlar, kritik ulusal altyap1
icin ciddi bir tehdit olusturmaktadir. Bal kiipii teknolojisi ile endiistriyel kontrol sistemi igin tespit ve
saldir1 verilerinin yakalanmasi, 6liimciil bir saldir1 gergeklesmeden once potansiyel saldirganlari ve
motivasyonlarini ortaya ¢ikaracak durum farkindaligi yetenegi sagladigi i¢in énemlidir (Xia0 ve ark.,
2017).

Bal kiipleri, saldirganlarin kullandig1 bir¢ok farkli yontem ve stratejiyi daha iyi anlamak icin kotii
amacli yazilim yiikii gibi gercek verileri toplamak i¢in oldukca degerli araclar oldugundan siber
giivenlik alaninda degerli savunma araclar1 olarak hizmet eder. Oziinde bal kiipleri, gercek sistemlerin
Ozelliklerini ve davraniglarini simiile etmek igin titizlikle tasarlanmis ve saldirganlar igin gergek
hedeflerle etkilesime girdikleri yanilsamasini yaratan tuzak sistemlerdir. Bir bal kiipiiniin birincil amaci,
bir gercek agi miimkiin oldugunca gercekci bir sekilde simiile etmektir, bu da iliretim sistemleri,
sunucular, hizmetler vb. dahil olmak tizere ¢esitli unsurlari igerir. Honeynetler, saldirganlar tarafindan
ele gecirilebilir sekilde tasarlanmistir ve en iyi sekilde, siber saldirganlar tarafindan kullanilan teknikler
ve araglar hakkinda bilgi toplamay1 hedeflemektedir.

—
-

—

Sekil 1. Ornek bir Honeypot taslag

Honeypotlar, islevsellikleri ve etkilesim diizeyleri agisindan farkli kategorilere ayrilmaktadirlar.
Islevsellik, honeypotun bir {iretim sisteminin pargasi olup olmadigini, belirli bir ag ya da cihaz icin
giivenlik ¢ozlimii olarak mm yoksa saldirganlart ¢ekip davramiglarimi analiz etme amaciyla m
tasarlandigini belirlemektedir. Etkilesim diizeyi, honeypotun hedef cihazi ne kadar gergekei bir sekilde
simiile ettigi ve saldirganin karsisindaki sistemin bir honeypot oldugunu fark etme olasiligini ifade
etmektedir. Etkilesim seviyeleri genellikle diisiik, orta ve yiiksek olmak {izere {ige ayrilmaktadir, fakat
bu kategorilerin net tanimlamalari bulunmamaktadir. Diisiik etkilesimli bir honeypot, giris ekranimi
simiile eden ancak daha karmasik cihaz davranislarini taklit etmeyen basit bir script olabilir. Ote yandan
yiiksek etkilesimli bir honeypot, gercek bir cihaz veya sistem olabilir ve saldirganin sistemdeki
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faaliyetlerinin ayrintilarini kaydetmek icin donatilmis olabilmektedir. Bal kiipti kavrami, saldiranlar
geciktirmeyi veya dikkatini dagitmay1 amaglayan basit tuzaklardan, saldirganlart gercek sistemlerin
davranmiglarim taklit ederek karmasik etkilesimlere sokabilen yiiksek diizeyde etkilesimli sistemlere
kadar cesitli bigimlerde gerceklestirilebilmektedir. Siemens S7-300 gibi Programlanabilir Mantik
Denetleyicilerini (PLC) koruma baglaminda bal kiipii, potansiyel saldirganlara gercek ve potansiyel
olarak savunmasiz bir PLC sistemi gibi goriinen simiile edilmis bir PLC ortami saglamaktadir. Saldiri
tespitinde bal kiiplerinin degeri, bal kiipii ile herhangi bir etkilesimin dogas1 geregi kotii niyetli olma
ihtimalinden kaynaklanmaktadir. Normal sartlar altinda, herhangi bir varligin tuzak sistemle etkilesime
girmesi i¢in mesru bir sebep olmamalidir. Bu nedenle, gézlemlenen tiim etkilesimler giivenli bir sekilde
stipheli veya kotii niyetli etkinlik olarak kategorize edilebilir, bu da mesru ve kotii niyetli eylemleri ayirt
etme sorununu basitlestirmektedir- diger bir¢ok izinsiz girig tespit yaklagiminda dnemli bir zorluktur.
Bir saldirgan bal kiipii ile etkilesime gectiginde, bal kiipli sistemi saldirganin IP adresi, kullanilan
teknikler ve gerceklestirdigi eylem dizileri gibi verileri yakalayarak etkinliklerini kaydeder. Bu bilgi,
potansiyel olarak yeni saldirt modellerini ve stratejilerini agiga ¢ikararak saldirganin yontemleri
hakkinda degerli bilgiler saglayabilir. Zamanla, toplanan veriler izinsiz giris tespit algoritmalarini
iyilestirmek, daha saglam savunma stratejileri gelistirmek ve potansiyel olarak gelecekteki saldirilar
tahmin etmek ve onlemek i¢in kullanilabilecek bir tehdit istihbarati havuzuna katkida bulunabilir.

Ancak, bal kiipii sisteminin korumak i¢in tasarlandigi orijinal sistemlerden izole kalmasini saglamak
cok dnemlidir. Uygun izolasyon ve giivenli tasarim olmadan, bir bal kiipii, bir saldirganin onu bir tuzak
olarak algilamasi ve gercek sistemlerle olan baglantilarindan yararlanmaya g¢aligmasi durumunda,
yanliglikla gercek sistemlere yonelik saldirilar i¢in bir firlatma rampasi islevi gorebilir. Genel olarak,
bal kiipii ozellikli izinsiz giris tespiti, bazi zorluklar ve riskler sunsa da, dogru bir sekilde
uygulandiginda, siber giivenlik cephaneliginde giiglii bir ara¢ olarak hizmet edebilir, potansiyel
tehditlerle etkilesimde bulunmak ve faaliyetlerine iligkin degerli iggdriiler elde etmek i¢in proaktif bir

yol saglayabilmektedir. Ayrica, potansiyel saldirilar1 gergek sistemlerden uzaklastirarak ve tehditlerin
erken tespitine izin vererek S7-300 gibi PLC'ler i¢in ek bir glivenlik katman1 sunmaktadir.

3. Metot ve Yontemler
3.1. Reconnaissance Saldirilari:

Sistemin ilk taramasini ve haritalanmasini icermektedir. Saldirganlar genellikle kullanimda olan
PLC'lerin tiiriini, iirtin yazilimu siiriimlerini ve ¢alistirtyor olabilecekleri agik baglanti noktalarini veya
hizmetleri belirlemeye ¢aligir. Toplanan bu bilgiler daha sonra daha hedefli ve potansiyel olarak yikici
saldirilart planlamak ve baglatmak i¢in kullanilir. Kesif saldirilarinin, 6zellikle Siemens S7 300 gibi
Programlanabilir Mantik Denetleyicileri (PLC) baglaminda nasil ¢calistig1 agiklanmistir:

PLC'leri Tanimlama: Bir saldirgan igin ilk adim, kullanilan PLC tiirlerini belirlemek olabilir. Bu, aga
bagli cihazlar belirlemek igin IP adresi taramasi ve nasil yanit verdiklerini gérmek i¢in cihazlara
paketler gondermek dahil olmak iizere ¢esitli tekniklerle yapilabilir.

Uretici Yazilinu Siiriimlerini Belirleme: Saldirgan, ne tiir PLC'lerin kullanimda oldugunu 6grendiginde,
bu PLC'lerde ¢alisan belirli iiretici yazilimi siirimlerini belirlemeye c¢alisabilir. Bu, cihazlarin daha
ayrintilt bir gsekilde incelenmesi veya belirli iiriin yazilimi siiriimlerine 6zgii belirli yanitlarin aranmasi
yoluyla yapilabilir. Uretici yazilimi siiriimiinii bilmek, saldirganlarin yararlanabilecekleri giivenlik
aciklarin belirlemelerine yardimci olur.

Acik Baglant1 Noktalar1 ve Hizmetler: Saldirganlar ayrica PLC'lerde agik baglanti noktalar1 ve ¢aligsan
hizmetler arar. Ac¢ik baglant1 noktalar1 aygita bir ag gecidi saglayabilirken, calisan hizmetler kotiiye
kullanilabilecek ek islevler saglayabilir. Bu, baglant1 noktas1 taramasi ve hizmet tespiti icin Nmap gibi
araglar kullanilarak gerceklestirilebilir.
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Ag Haritalama: Saldirganlar genellikle farkli cihazlar arasindaki baglantilar1 detaylandiran bir ag
haritasi olusturur. Bu, ag mimarisini anlamalarina ve potansiyel saldir1 noktalarini belirlemelerine
yardimci olabilir.

Giivenlik Acig1 Taramasi: Saldirganlar, toplanan bilgilere dayanarak, kullanilan sistemlerde,
hizmetlerde veya uygulamalarda bilinen giivenlik aciklarini taramak i¢in otomatik araclar kullanabilir.

Sosyal Miihendislik : Baz1 durumlarda, saldirganlar bilgi toplamak i¢in sosyal miihendislik tekniklerini
de kullanabilir. Bu, kimlik avi girisimlerini veya hassas bilgileri ifsa etmeleri i¢in kandirmak {izere
giivenilir bir kisi veya kurulus kisvesi altinda ¢alisanlarla dogrudan iletisim kurmayi icerebilir.

Tim bu adimlar, saldirganlarin daha sonra hedefli saldirilar1 planlamak ve baslatmak icgin
kullanabilecekleri sistemi ayrintili bir sekilde anlamalarina yardimei olur. Bu etkinliklerin bir¢ogunun
iyi bir ag izleme ve izinsiz giris tespit sistemleriyle tespit edilebilecegini ve dnlenebilecegini not etmek
onemlidir. Ayrica, diizenli giincellemeler ve yamalar, gereksiz portlarin kapatilmasi, erisimin
sinirlandirilmast ve personel egitimi, basarili kesif ve miiteakip saldirilarin nlenmesine yardimci
olabilir.

3.2. Hizmet Reddi (Denial of Service- DOS) Saldirilar::

Siemens S7-300 Programlanabilir Mantik Denetleyicileri (PLC), endiistriyel sistemlerde makine veya
prosesleri kontrol etmek igin yaygin olarak kullanilmaktadir. Aga bagl tiim cihazlar gibi, Hizmet Reddi
(DoS) saldirilar1 da dahil olmak iizere siber saldirilara karsi potansiyel olarak savunmasiz olabilirler. Bir
DoS saldirisi, bir makineyi, ag1 veya hizmeti, bir internet trafigi seline bogarak hedeflenen kullanicilar
icin kullanilamaz hale getirmeyi amaglamaktadir.

Bir S7-300 PLC'ye yapilan bir DoS saldirisi, potansiyel gergek diinya etkileri nedeniyle 6zellikle sorunlu
olabilir. Bir PLC, bir DoS saldiris1 nedeniyle ¢okerse, kontrol ettigi herhangi bir endiistriyel siireg
kesintiye ugrayarak potansiyel olarak onemli finansal kayiplara, fiziksel hasarlara ve hatta giivenlik
risklerine yol acabilir. Bir DoS saldiris1 gergeklestirmek igin bir saldirganin 6ncelikle PLC'nin belirli IP
adresini bilmesi gerekir. Ardindan, PLCnin gelen ag trafigini isleme yetenegini asir1 yiiklemek
amactyla, bu IP adresine ¢ok biiyiik miktarda veri gondermek icin bir tiir yazilim araci kullanilmaktadir.

Saldir1 birkag sekilde gergeklestirilebilir:

TCP/IP tabanh saldirilar : Bunlar, mevcut tiim bant genisligini tilketmek icin hedef makineyi rasgele,
ise yaramaz verilerle doyurmay1 ve mesru paketlerin hedeflerine ulagmasini engellemeyi igerir.

Uygulama katmani saldirilar1 : Bunlar, bir uygulamanin veya hizmetin belirli bir yoniiniin asir
yiiklenmesini igerir ve bant genisliginden ¢ok cihazin kaynaklarini tiiketmekle ilgilidir.

Protokol saldirilart : Bunlar, PLC'lerin siklikla kullandig1 Profibus, Profinet, Modbus vb. endiistriyel
iletisim protokolleri dahil olmak iizere protokoliin kendisindeki giivenlik agiklarindan yararlanir.

Biiyiitme saldirilart : Saldirgan, PLC tarafindan islendiginde sistemi asir1 yiikleyerek ¢ok daha biiyiik
miktarda trafik olusturan nispeten kiiciik bir trafik olusturur.

3.3. Zararh Komut Saldirilar1 (Malicious command Attacks):

Zararli komut saldirilar1 bir bilgisayar sistemine veya aga zararli komutlar gondererek hedeflenen
sistemi etkilemeye calisan bir siber saldir1 tiiriidiir. Bu tiir saldirilar, sistemdeki giivenlik agiklarindan
yararlanarak gerceklestirilebilir. Zararli komut saldirilari, genellikle kotii niyetli kisiler tarafindan
yapilir ve amaglar1 sunlar olabilir:

Yetkisiz erisim saglamak: Sistemdeki giivenlik agiklarini kullanarak saldirganlar, hedeflenen sistem
veya aga yetkisiz erisim elde etmeye calisir. Boylece, sistemi kontrol edebilir ve verilere, kullanici
hesaplarma veya diger kaynaklara erigebilmektedirler.

Veri ¢almak: Saldirganlar, sisteme sizdiktan sonra 6nemli bilgileri ¢almak i¢in komutlar1 kullanabilirler.
Bu veriler, kisisel bilgiler, finansal bilgiler, sirket sirlar1 veya diger hassas bilgiler olabilmektedir.
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Zarar vermek: Saldirganlar, sisteme zarar vermek i¢in zararli komutlar1 kullanabilirler. Bu, veri kaybina
neden olmak, sistemleri c¢okertmek veya hizmet kesintilerine yol a¢mak gibi sonuglara yol
acabilmektedir.

Sistemi istismar etmek: Saldirganlar, hedef sistemi kotii amaglar icin kullanmak icin kontrolii ele
gecirebilir. Bu tiir saldirilar genellikle botnet adi verilen kot amacli bir ag olusturmak igin
kullanilabilmektedir.

4. Metodoloji ve Vaka Calismalar:
4.1. Bal Kiipiiniin Yiiklenmesi ve Saldirilar:

Bu ¢alisma metodolojik olarak, bir bal kiipii gorevi gorecek S7-300 PLC cihazlarinin simiile edilmis bir
aginin tasarlanmasini ve gelistirilmesini icermektedir. Bu stirecte balkiipii gercek bir S7-300 PLC’lerin
islevselliklerini ve davraniglarini taklit edecek sekilde olmasi planlanmistir ve saldirganlara gercek S7-
300 cihazlarindan olusan bir ag gibi gériinen bir ortam olusturulmustur. Python kullanilarak sanal bir
sunucu olusturularak S7-300 davramslarinin taklit etmesi saglanmistir. Onerilen Balkiipii modeli Sekil
2’de gosterilmektedir.

WINDOWS 10 PRO 64 BiT

...............................

S7-300 : <
; SIEMENS S7-300

--------- HONEYPOT

REAL PLC

Sekil 2. Onerilen Honeypot Modeli

Tablo 1. Honeypot gelistirme Ozellikleri

Taklit Edilen ICS Bileseni Gelistirme Dili isletim Sistemi
SIEMENS S7-300 Python Windows 10 Pro

4.2. Vaka Cahsmalar:
Bu boliimde, saldir1 seneryolari icin istek betikleri olugturularak honeypot performansi izlenmistir.
4.1.1. Kesif Saldirilar1 Vaka Calismasi:

Pyhton Scapy kiitiiphanesi kullanilarak ARP istekleri ile ag analizi yapilmistir. Ag’da tanimli cihazlarin
IP taramas1 ve Mac adresi taramas1 yapilmustir.
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import scapy.all
from scapy.all import ARP, Ether, srp

target_ip = "192.168.1.15/24"

arp = ARP(pdst=target_ip)

ether = Ether(dst="ff:ff.ff:ff:ff:ff")

packet = ether/arp

result = srp(packet, timeout=3)[@]

clients = []

for sent, received in result:
clients.append({'ip': received.psrc, 'mac': received.hwsrc})

# print clients

print("Available Devices in the Network:")

print(“IP" + " "*18+"MAC")

Begin emission:
Finished sending 256 packets.

Received 260 packets, got 3 answers, remaining 253 packets
Available Devices in the Network:

: - o IP MAC
for client in clients: 192.163.1.1 8:6d:84:d:9e:00
, 5 . y . ods coitaio4:ieq:ve:
rint("{:16 ".format(client['ip'], client['mac’
RECEL ( [4e'], [ ) 192.168.1.15 b0:7d:64:de:ee:as
192.168.1.2 d0:03:df:65:4a:0c

Sekil 3. Kesif Saldiris1 Ag tarama Betigi

import socket

target_host = "192.168.1.15"
target_port = 182
recon_request_threshold = 1

s = socket.socket(socket.AF_INET, socket.SOCK_STREAM)

for i in range(recon_request_threshold + 1):
try:
s.connect({(target_host, target_port))
request = "GET / HTTP/1.1\r\nHost: {}\rin%wrin’'.format(target_host)
s.send({request.encode())
s.close()

Sekil 4. Kesif Saldiris1t TCP/Get istek Betigi

4.1.2. Dos Saldirilar1 Vaka Calismasi :

Bulunan IP adreslerine TCP/Get istegi gonderilerek cihazlarin varliginin tespit edilmesi amaglanmistir.
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import socket
dmport struct

def generate_read request{db, address):

requesi T B3N @@ N BN AL T W@ 2 W TN xB@ NI 2 W@ L W eBa N\ aa # Heoder
reguest b * hWooBd " # Number of items

regqusst + b" %12 " # Variable specification

requesi b " WvooBah=la” # Length of item

request struct.pack((”">H", db) # DE number

request struct . pack((">I", address = 8)[1:] # DB aoddress
print{f"Received response: {response.hex()}"™)

return request

+

+
T T

def main():
client = socket.socket(socket.AF_ THMET, socket.S0OCK STREAM)
client.connect{ ("192.168.1.15™", 1&Z2))

reguest = generate_read_request{(l1a, 28) # DRI, DED2O
client.send{request)
response = client.recw(la24)
print{f"Received response: {response.hex()}"™)
if nanmms == " main =

maingd )

Sekil 5. DOS Saldir istek Betigi

4.1.3. Zararh Komut Saldirilar1 Vaka Calismasi:

PLC iizerinde kullanici tarafinda okunmamasi gereken bir deger i¢in okuma talebi gonderilerek PLC’de
yogun bir ag trafigi olusturulmustur. Zararli komutlarin listesi mevcut endiistriyel agin 6zel 6zelliklerine
ve ihtiyaglarina baglidir. S7 protokoliinde komutlarin 6zel bir PDU tiirline karsilik gelen kodlar Tablo
2’deki gibidir.

Tablo 2. S7 PDU kodlari

PDU Numarasi Kodu

Setup communication

Read var

Write var

Read multiple vars

Write multiple vars

Download block, Download request
Upload block, Upload request
Download ended, Upload ended

OINO|N|DRWIN (-

Sistemdeki belirli bir siire¢ asla "Download block" veya "Upload block" komutlarini kullanmaz, bu
komutlarin kullanilmasi potansiyel olarak zararli bir islemi gostermektedir. Bu komutlarla siirece
miidahale edilmesi de honeypot a yapilan bir saldiriy1 temsil etmektedir.
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2823-@7-15 ©3:24:18,1%6 - INFO - S7-38@ honeypot started on 192.168.1.15:182
2023-07-15 ©3:24:25,845 - INFO - Connection from 192.168.1.15:51757

2023-87-15 ©3:24:25,846 - INFO - b"GET / HTTP/1.1%r\nHost: 192.168.1.15\r\nr\n’
2823-87-15 ©3:24:25,846 - INFO - Received data from 192.168.1.15:51757

20823-07-15 @3:24:25,847 - INFO - 1

2@823-07-15 ©3:24:34,871 - INFO - Connection from 192.168.1.15:51758

2023-87-15 @3:24:34,872 - INFO - b'GET / HTTP/1.1%r\nHost: 192.168.1.15\r\nr\n’
2823-@7-15 ©3:24:34,873 - INFO - Received data from 192.168.1.15:51758

20823-@7-15 @3:24:34,873 - INFO - 2

2823-87-15 ©3:24:42,919 - INFO - Connection from 192.168.1.15:51768

2023-87-15 ©3:24:42,928 - INFO - b"GET / HTTP/1.1%r\nHost: 192.168.1.15\r\nr\n’
20232-07-15 ©3:24:42,921 - INFO - Received data from 192.168.1.15:51760

2023-@7-15 @3:24:42,922 - INFO - 3

2@23-G7-15 @3:24:42,923 - WARNIMNG - Reconnaissance attack detected from 192.168.1.15:5176@
2023-87-15 @3:24:42,923 - WARNING - Received reconnaissance request: GET J HTTP/1.1
Host: 152.168.1.15

2023-87-15 17:13:89,353 - INFO - 57-388 honeypot started on 192.168.1.15:182

2023-87-15 17:13:13,875 - INFO - Connection from 192.168.1.15:54552

2823-87-15 17:13:13,876 - INFO - b'\x@3\x00\x08\x1f @2 \xf@\x302\x01 =08\ x82\x01\x12\n \x18%x88\n\x28\x0d \xad"
28232-87-15 17:13:13,876 - INFO - 1

2823-87-15 17:13:13,877 WARNING - DDos attack detected from 192.168.1.15:54552

2023-87-15 17:13:13,878 - WARNING - Anomaly detected: Multiple read requests from 192.168.1.15:54552

2@823-@7-25 15:59:11,659 - INFO - 2
2@23-87-25 15:59:11,659 - WARNING - Download block request Received Malicious command attack detected.

Sekil 6. Saldir1 Loglart

Sekil 6°da bal kiipli sistemlerinin, S7-300'n belirli giivenlik agiklarini kullanan daha karmasik
saldirilari, gesitli izinsiz girigleri etkili bir sekilde tespit edebildigini gostermektedir. Ek olarak bal kiipii,
saldirganlar tarafindan kullanilan ve gergek PLC sistemlerinin giivenligini artirmak i¢in kullanilabilecek
yontemler ve teknikler hakkinda 6nemli veriler toplayabilmektedir.

5. Sonug

Bu vaka calismasindan elde edilen bulgular, bal kiiplerinin S7-300 PLC'ler gibi endiistriyel kontrol
sistemlerinin giivenliginde degerli bir rol oynayabilecegini gostermektedir. Umut verici sonuglara
ragmen, saldir1 tespiti i¢in bal kiiplerinin kullanimi simirsiz degildir. Bu tiir stratejilerin farkinda olan
saldirganlar, kasith olarak bal kiiplerinden kagiabilir veya bunlar1 yaniltict bilgiler géndermek igin
kullanabilmektedir. Ayrica, bal kiiplerini gercek diinya sistemlerini yansitacak sekilde siirdiirmek ve
giincellemek, kaynak ac¢isindan yogun olabilmektedir.

Tek basina bir ¢6ziim olmamakla birlikte, diger siber giivenlik 6nlemleriyle birlikte kullanildiginda,
endiistriyel operasyonlarin genel giivenlik durusunu énemli dlgiide artirabilirler. HoneyPotlarin yapay
zeka ile desteklenmesi ileride ¢aligmay1 hedefledigimiz konular arasindadir.
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Ozetce— Fotovoltaik (FV) enerji en dnemli yenilenebilir enerji kaynaklarindan biridir. Fakat FV giiciin
degeri iklim ve mevsimsel faktorlerle birlikte degismektedir. Bu nedenle, iklimsel degisikliklerin
ongoriilemeyen davranisi, giic ¢ikisini etkiler ve sebekenin kararliligi, giivenilirligi ve isleyisi tizerinde
olumsuz bir etkiye neden olur. Bu nedenle, FV gii¢ ¢ikisinin dogru bir sekilde tahmin edilmesi 6nemli
bir gerekliliktir. Son yillarda gilines 1sinim ve gii¢ degerlerinin tahmin edilebilmesi igin yapay zeka
yontemlerinden siklikla yararlanilmaktadir. Yapay zekd yontemleri giines 1sinimi ve cevresel
parametreleri girdi degiskenleri olarak girdilerden 6grenme yoluyla girdi ve c¢ikti arasindaki
matematiksel iliskiyi kurmaya calisir. Bu calismada, FV giiciin hesaplanmasinda ana degisken olan
giines 1s1mim degerleri, derin makine Ogrenimi yontemi olan uzun kisa siireli bellek (LSTM) ve
regresyon algoritmalar1 olan Gradyan Arttirma (Gradien Boost-GB), Asir1 Agaclar (Extra Trees-ET),
Karar Agaci (Decision Tree-DT), Rastgele Orman (Random Forest-RF), K-Komsu (kNeighbour-kNR)
yontemleri ile gergeklestirilmistir. Yontemlerin hata degerleri korelasyon katsaysi (R?), mutlak
hatalarin ortalamasi (MAE) ve hatalarin karelerinin ortalamalar1 (MSE) parametreleri agisindan
karsilastirilmistir. LSTM yontemi GB, ET, DT, RF, kNR regresyon algoritmalarina gore hata hassasiyet
parametreleri agisindan en diigiik hata ile tahmin gergeklestiren yontem olmustur.
Anahtar Kelimeler : Fotovoltaik Giic, Tahmin, Makine Og’renmesi Algoritmalar

Abstract— Photovoltaic (PV) energy is one of the most important renewable energy sources. However,
the value of PV power changes with climate and seasonal factors. Therefore, the unpredictable behavior
of climatic changes has an adverse effect on the grid's stability, dependability, and efficiency. Therefore,
an accurate forecasting of PV output is an important requirement. In recent years, artificial intelligence
methods have been frequently used to predict solar radiation and power values. Artificial intelligence
methods try to establish the mathematical relationship between input and output by learning from inputs
and improving results by taking solar radiation and environmental parameters as input variables. In this
study, solar radiation values, which are the main variables in the calculation of solar energy, is
forecasted using long short-term memory (LSTM), which is a deep machine learning method, and
Gradient Boost (GB), Extra Trees (ET), Decision Tree (DT), Random Forest (RF), K-Neighbour (kNR)
methods which are regression algorithms. The forecasting accuracy of the methods were compared in
terms of correlation coefficient (R?), mean absolute error (MAE) and mean squares errors (MSE)
parameters. The LSTM method has been a method that performs with minimum error in terms of
accuracy parameters compare to GB, DT, ET, RF, kNR regression algorithms.

Keywords : Photovoltaic Power, Forecasting, Machine Learning Algorithms

1.Giris

Teknolojinin hizla ilerlemesi ve niifus yogunlugunun artmasi, enerjiye olan ihtiyaci ve talebi
artirmaktadir. Bunun yaninda, fosil yakitlar gibi yenilenemeyen enerji kaynaklarinin kullanimi, yalnizca
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onemli miktarda kirlilige neden olmakla kalmaz, ayn1 zamanda sinirli kaynaklarin titkenmesine de neden
olur. Bu nedenle, yenilenebilir enerji kaynaklarmin kullanimi1 diinya genelinde tesvik edilmektedir.
Akilli gii¢ sistemlerine yenilenebilir enerji entegrasyonunu amaglayan caligmalar literatiirde yogun
olarak yer almaktadir (Elkazaz et al., 2020; Piazza et al., 2021; Ullah et al., 2019). Yenilenebilir enerji
sistemleri, sebekenin her kademesine entegre edilebilir. Yenilenebilir enerji kaynaklar1 arasinda, FV
sistemler, gelecekte enerji talebini karsilamasi beklenen en 6nemli teknolojilerden biri olarak kabul
edilmektedir (Vandeventer et al., 2019). Diger taraftan, teknolojideki gelismeler FV sistemlerin
maliyetlerinin siirekli olarak diismesini saglamaktadir (Mahmoud, 2019). Uluslararast Enerji Ajansi'nin
tahminlerine gore FV sistemlerin kurulu kapasitesi, 2027 yilina kadar komiiriinkini gecerek en biiyiigii
enerji kaynagi olmasi ongoriilmektedir. Kiimiilatif glines enerjisi kapasitesi, neredeyse li¢ kat artarak
donem boyunca yaklagik 1500 GW biiylimesi beklenmektedir (IEA - International Energy Agency,
2022).

FV sistemlerin elektrik sebekesine entegrasyonu, gilines enerjisinin kesintili ve degisken dogasi
nedeniyle sebeke yonetimini ve iiretim/tiiketim dengesinin saglanmasini zorlastirir (Akhter et al., 2019).
Glines enerjisi liretiminin kontrol edilemeyen ¢ikis giicii nedeniyle, gerilim dalgalanmalari, gii¢ kalitesi
ve kararlilik sorunlari gibi baska sorunlari da neden olur (Voyant et al., 2017). Bu nedenle, giines enerjisi
sistemlerinin ¢ikis giiclinlin hassas bir sekilde tahmini, elektrik sebekesinin etkili bir sekilde ¢aligmasi
FV giiciin optimal yonetimi ve maliyetlerin diisiiriilmesi agisindan ¢ok onemlidir. Literatiirde, FV
sistemlerle ilgili dogru tahminler elde etmeyi amaclayan genis bir calisma yelpazesi bulunmaktadir
(Ahmed et al., 2020; Yu et al., 2020; Moreno et al., 2020). FV giiclinii tahmin etmek icin ¢esitli tahmin
yontemleri gelistirilmistir. FV gii¢ tretimini tahmin etmek i¢in kullanilan yontemler fiziksel,
istatistiksel, yapay zeka ve hibrit yontemler olmak iizere dort ana grupta toplanabilir (Mahmoud, 2019).
Bazi kaynaklarda Makine 6grenimi modelleri de istatistiksel yontemler altinda da degerlendirilmektedir
(Dogan & Cidem Dogan, 2022). Hibrit yontemler ise istatistik ve fiziksel ve yapay zeka yontemlerin
birlikte kullanilmasi ile elde edilen yontemlerdir.

Fiziksel yontemler, sayisal hava tahmin modeli, gokyiizli goriintii modeli ve uydu goriintiilleme veya
uzaktan algilama modeli olmak iizere ii¢ alt modelden olusur. Fiziksel yontemler, atmosferdeki giines
radyasyonunun fiziksel durumu ile dinamik hareketi arasindaki etkilesime dayanmaktadir (Akhter et al.,
2019). istatistiki yontemler, tarihsel zaman serisi verileri ile giines enerjisi ¢ikis1 arasinda bir haritalama
iligkisi kurmay1 amaglar. Yaygin olarak kullanilan istatistiksel yontemler, otoregresif (AR) modeli,
hareketli ortalama (MA) modelleri, otoregresif hareketli ortalama (ARMA) modeli ve duragan olmayan
zaman serisidir (Kumar et al., 2018). Genel olarak istatistiksel yontemler, fiziksel yontemlere gére daha
basit bir modelleme siirecine sahiptir (Wang et al., 2020). Yapay zeka yontemleri, FV panellerin ¢calisma
durumunu ve c¢evresel parametreleri girdi degiskenleri olarak alarak girdi ve ¢ikti arasindaki
matematiksel iliskiyi kurmaya calisir. Yaygin yapay zeka yontemleri arasinda yapay sinir aglari (ANN),
destek vektor makinesi (SVM), asir1 6grenme makinesi (ELM) ve derin 6grenme (DL) yer almaktadir
(Wang et al., 2020). Pek ¢cok makale, sinir aglar1 veya destek vektor regresyonu gibi metodolojileri FV
giic tahmininde kullanilsa da, regresyon yontemleri de FV gii¢c tahmininde kullanilmaktadir (Voyant et
al., 2017). (Persson et al., 2017) saatlik FV gii¢ iiretiminin tahmini i¢in GB, RF ve hibrid tahmin
yontemleri kullanilmistir. (Bae et al., 2017), bulut yapisi dahil olmak lizere ¢esitli meteorolojik
faktorlere dayanan giines 1siniminin bir saatlik ileri tahmini igin SVM’ye dayali giines tahmin semasi
onermektedir. (Benali et al., 2019) YSA kullanarak mevsimsel bir ¢calisma gerceklestirmistir ve ilkbahar
ve sonbaharda gilines 15mim tahmininin kis ve yaza gore daha az giivenilir oldugunu, ¢iinkii bu
donemlerde meteorolojik degiskenligin daha 6nemli oldugu belirmektedir. (Zhen et al., 2020) ayr1 ayri,
evrisim sinir aglart (CNN) ve LSTM'ye dayali uctan uca 1simnim haritalama modelleri gelistirmistir.

Bu calismada, Izmir’e ait 15 dakikalik araliklarla bir yilik meteorolojik veriler giines 151ma tahmini
icin kullanilmistir. Veriler, ilk asamada analiz edilerek 1s1ma ile korelasyon orani 0.5’in {istiinde olan
verileri girdi verisi olarak kullanilmigtir. Daha sonra makine 6grenmesi algoritmalar1 olan uzun kisa
siireli bellek (LSTM), Gradyan Arttirma (Gradien Boost-GB), Asir1 Agaclar (Extra Trees-ET), Karar
Agact (Decision Tree-DT), Rastgele Orman (Random Forest-RF), k-Komgu (kNR) yontemleri ile
gergeklestirilmistir. Elde edilen tahmin sonuglarinin basarist fakli hassasiyet 6lgiim parametreleri
kullanilarak karsilastirmali olarak degerlendirilmistir.
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2. Fotovoltaik (FV) Sistemler

Gilines enerjisi gibi yenilenebilir enerji kaynaklar1 ¢evre dostudur ve kolay erisilebilirdir. FV
sistemlerinin ¢ikis giicli biiyiikk Ol¢lide gilines 1smimi1 gibi hava kosullarina baghidir. FV ¢ikis giicii
(Bhamidi & Sivasubramani, 2020);

12
P, * ;0 0<I<]
FVn ICPISV cp
IZ
PFV_ FVn*I_’ cpSISIsv (1)
P.. ;o 1, <I<I

Burada Pry, FV tinitesinin nominal gii¢ ¢ikisidir. 1., genellikle 0,15 kW/m2'ye ayarlanan belirli bir
giines 1s1n1m1 noktasidir ve /i, genellikle 1 kW/m2'ye ayarlanan standart giines 1s1nim degeridir.

3. Uzun Kisa Siireli Bellek (LSTM)

Makine 6grenimi modelleri, egitim veri kiimesi tarafindan iyi egitildikten sonra, karar vericiler,
tahmin girdi verilerini iyi egitilmis modellere besleyerek tatmin edici tahmin ¢ikt1 degerleri elde edebilir.
Veri 0n isleme prosediirii, makine &greniminde onemli bir rol oynar ve makine Ogreniminin
performansini verimli bir sekilde artirabilir. Bilgi teknolojisinin donanim ve yazilim alanindaki hizh
gelisimi nedeniyle, makine Ogreniminin bir alt alan1 olan derin 6grenmeye son zamanlarda ilgi
artmaktadir (Moreno et al., 2020). LSTM de bir derin 6grenme yontemi olarak yenilemeli sinir aglarinin
bir alt dalidur.

LSTM, tarihsel bilgi bellegi 6zelligine sahiptir ve modelin uzun vadeli bagimliligini ortadan
kaldirmaktadir. Bu yontemde, etkili bilgi giincellenirken 6nemsiz bilginin unutulmasi ile gradyan
dagilimi sorunu LSTM ile ¢6ziilmektedir. LSTM'nin 6zyinelemeli bir gizleme katmani Sekil 7'deki gibi
giris kapisi, unutma kapist ve c¢ikis kapisi olmak {iizere ii¢ kapi tarafindan kontrol edilen bellek
modiiliinden olusur (Dogan & Cidem Dogan, 2022).

Sekil-1. LSTM yonteminin genel yapist

Giris kapisi, hangi bilginin hafizaya eklenip eklenmeyecegine karar verir. Yeni bilgi i¢in bir agirlik
olusturur ve bu agirligr sigmoid aktivasyon fonksiyonu (& ) ile 0 ile 1 arasina ¢eker. Denklem (2) degeri
onceki birim ¢ — /'de A;-; ¢ikisinin belirtir ve # zamaninda mevcut x; girisinin eklenmesiyle iiretilir. (Fan
et al., 2019; Rahman et al., 2018).

I, =a(wix[ht_1,xt]+bi) 2)

Unutma kapisi, mevcut hafizadan hangi bilginin silinecegine karar verir. Gegmis hafiza igin bir
agirlik olusturur ve bu agirligi sigmoid fonksiyonu ile ayarlar. Denklem (3) kullanilarak unutulacak
bilgiye karar verilir.

fo=o(w,x[h_,x]+b)) 3)
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Cikis kapist Denklem (4) ile alinan bilgiyi nasil kullanilacagina karar verir.

ox]4b,) )

o, =c(w,x[h
Ayni zamanda tanh katman tarafindan asagidakine benzer bir prosediirle c_t secim mesaj1 alinir;
c_t:tanh(wcx[htfl,xt]+bc) Q)

Hafiza Hiicresi, LSTM'in "hatira" olarak adlandirilan boliimiidiir ve uzun vadeli bagimliliklari korur.
Elde edilen hiicre durumu ¢, degerlerinin evrisimi Denklem (6)’da verilmistir.

c, = f,xc,, +I,xc, (6)

¢, , hiicre durumu igin yeni bir adaydir. Onceki hiicre durumu ¢, , , LSTM araciligtyla durum bilgisi

t-1°

olarak ¢alisan yeni hiicre durumuna c, giincellenir. w,, w, ve w, sirastyla girdi, unutma, ¢ikti ve
hiicre durumunun agirliklaridir. b, , b, ve b, sirasiyla giris, unutma ve ¢ikis gegerli hiicre durumunun

sapmalaridir.
4. Benzetim Calismasi

Bu ¢alismada, FV gii¢ ¢ikisinin hesaplamada kullanilan 1sinim degerlerinin LSTM ile birlikte GB,
ET, DT, RF ve kNR regresyon algoritmalari kullanilarak tahmin islemi ger¢eklestirilmistir. LSTM ve
regresyon algoritmalari ile elde edilen sonuglar birbirleri ile karsilagtirmali olarak sunulmustur. Caligma
icin Izmir’e ait meteorolojik veriler gercek veri seti olarak kullamlmistir (Solar-Radiation-Dataset).
Veri seti; sicaklik, direkt kiiresel 151m1m, ¢ig noktalari, direkt normal 1g1mim, kiiresel yatay 1s1nim, bagil
nem, solar zenit agisi, basing, riizgar hizi vs. gibi 19 farkli meteorolojik veriyi kapsamaktadir. Veri 1
Ocak Haziran 2019'dan 31 Aralik 2019'a kadar 15 dakikalik periyotlar halindedir. Oncelikle bu veriler
icerisinde 151ma ile ilgili olan alt1 adet veri seti 151ma degeri ile ¢ok yiiksek korelasyon sagladigi icin
simiilasyonlarda kullanilmamigtir. Bunlar digindaki veriler kullanilarak Sekil-2’deki gibi bir 1s1 haritasi
olusturulmustur.

Korelasyon 1s haritasi, veri kiimesindeki degiskenler arasindaki korelasyonlar1 gorsellestiren bir
matrisdir. Bu sayede, veri kiimesini daha iyi anlasilabilir ve gelecekteki analizler i¢cin dogru degiskenler
secilebilir. Korelasyon, -1 ile +1 arasinda degerler alir. Pozitif korelasyon, bir degisken artarken
digerinin de arttig1 durumda olusurken, negatif korelasyon, bir degisken artarken digerinin azaldig:
durumu ifade eder. 0 korelasyon ise iki degisken arasinda bir iliski olmadigini1 gosterir. Bu degerler 1s1
haritasinda renk skalasi kullanilarak gorsellestirilmistir. Bu ¢alismada GHI; yani kiiresel dikey 1s1ma ile
korelasyon orani 0.5’in iistiinde olan veriler algoritmaya giris verisi olarak kullanilmistir. Bu veriler ve
korelasyon degerleri Tablo-1’de verilmistir.
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Sekil-2. Veri setlerinin korelasyon 1s1 haritasi

-075

Tablo-1. Isinim ile korelasyon oran1 0.5’in {istiinde olan veriler setleri

Veri adi Korelasyon degeri
Sicaklik 0.571595
Bagil nesm 0.719513
Solar zenit agis1 0.815941
Toposentrik zenit agisi 0.602830
Tepe azimut agisi 0.506268

Kullanilan makine 6grenmesi algoritmalarinin tahmin performansimmi gozlemlemek i¢in burada
ortalama korelasyon katsayis1 (R?), ortalama mutlak hatasi (MAE) ve ortalama karekok hatast (MSE)
gibi li¢ kriter dikkate alinmmgtir. R* degeri, bagimli degiskenin varyantinin ne kadarinin bagimsiz
degiskenler tarafindan agiklandigini ifade eder. Elde edilen deger 1’e ne kadar yakinda modelin o kadar
iyi oldugu soylenir. MAE, regresyon analizinde ve tahmin modellerinin performansini degerlendirmek
i¢in kullanilan bir hata 6l¢iisiidiir. Bu 6lgii, gercek degerler ile tahmin edilen degerler arasindaki mutlak
farklarin ortalamasii hesaplar. MSE gercek degerler ile tahmin edilen degerler arasindaki farklarin
karelerinin ortalamasini hesaplar. MAE ve MSE'nin diisiik olmasi, modelin ger¢ek degerlerle tahminleri
arasinda diisiik hata oldugunu gosterir. MAE ve MSE'nin yiiksek olmasi, modelin gercek degerlerle
tahminleri arasinda daha biiyiik hatalar oldugunu ve modelin daha kotii bir performans sergiledigini

gosterir
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Sekil-3. GB, ET, DT, kNR RF ve LSTM ile 1s1ma tahmini sonuglari

1 Ocaktan 31 Araliga olan veriler egitim verisi olarak kullanilmis ve 31 Aralik i¢in 151n1m tahmini
gergeklestirilmistir. Sekil-3’de 2019 yilinin son giinii olan 31 Aralik tarihi i¢in LSTM ve regresyon
algoritmalari ile yapilan 1s1n1m tahminleri gercek veri ve birbirleri ile karsilagtirmali olarak sunulmustur.
LSTM algoritmasi gercek veriye ¢cok yakin bir sekilde giinliik 1s1n1m degerlerini elde ederken regresyon
algoritmalar1 ayn1 basariy1 gosterememistir.

Algoritmalarin tahmin hassasiyetleri R, MAE ve MSE hassasiyet degerleri olarak karsilastirmali
olarak Tablo-2’de verilmistir. Buna gére LSTM’in R? degeri 0.999 olarak gergeklesmis ve gergek veriye
¢ok yakin bir deger elde edilmistir. GB, ET, DT, kKNR, RF regresyon algoritmalarin1 R? degerleri ise
0.76-0.78 arasinda degigmektedir. LSTM yonteminde MAE hassasiyet degeri 2.014 iken, RF, 36.536
ile ikinci en iyi MAE degerine sahiptir. MSE agisindan LSTM yine 3.440 degeri ile acik ara en hassas
degeri elde ederken, MSE icin en biiyiik hata degeri 83.360 ile DT algoritmasina aittir.

Tablo-2. Algoritmalarin tahmin hata degerleri

Algoritmalar R? MAE MSE
GB 0.779 45.855 81.057
ET 0.773 43.638 82.147
DT 0.766 37.260 83.360
kNR 0.770 45.812 82.733
RF 0.824 36.536 72.353
LSTM 0.999 2.014 3.440

5. Sonug

Bu calismada meteorolojik veriler kullanilarak FV gii¢ hesaplanmasi i¢in kullanilan gilines 1s1n1im
degerleri tahmini gerceklestirilmistir. Giris verisi olarak 1simim ile alakali veriler géz Oniinde
bulundurulmamis diger meteorolojik veriler dikkate alinmustir. ilk &nce girdi verilerinin ¢ikis verisi
1sinim ile kolerasyon degerleri 1s1 haritasi ile belirlenmis ve kolerasyon degeri 0.5’in iizerinde olan
degerler girdi olarak kullanilmistir. Faydali verileri tutup faydasiz verileri silen, kisa ve uzun siireli
bellek prensibine gore ¢alisan LSTM yapay zeka algoritmasi ile birlikte GB, ET, DT, kNR, RF gibi
regresyon algoritmalart ile 1gmmim tahmini i¢in kullanilmig ve sonuglar karsilastirmali olarak
sunulmustur. Tahmin hata oranlar1 igin R%, MAE ve MSE degerleri agisindan en uygun degerler agik ara
LSTM tarafindan elde edilmistir. Bu durum LSTM yo6nteminin 151nim ve giines enerjisi tahmininde
regresyon algoritmalarina gore ¢cok daha basarili oldugunu gostermektedir.
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Abstract—This study proposes an infant cry classification (ICC) system using adaptive cepstral features
based on empirical mode decomposition (EMD). For this purpose, a publicly available dataset
containing a total of 457 data divided into five different categories are used. In the proposed approach,
mel-frequency cepstral coefficients and their derivatives, linear prediction coefficients, and linear
prediction cepstral coefficient parameters are obtained by the EMD. The synthetic data are produced by
applying the SMOTE technique to the feature sets and used in the training of the models. The features
are selected with the ReliefF algorithm and used with the support vector machine (SVM) algorithm.
Extensive results show that the proposed the adaptive cepstral features based on EMD and SVM-cubic
provide 99% accuracy, 98.8% F1-score and 0.985 Matthews correlation coefficient values for the ICC
system. It can be clearly said that the proposed approach is a computer-aided decision system that can
help parents and healthcare professionals.

Keywords : Infant cry classification, SMOTE algorithm, empirical mode decomposition, cepstral-
domain acoustic parameters, ReliefF’ algorithm, support vector machine

1. Introduction

The infant birth rate is increasing globally each year, and the World Health Organization reports
approximately 134 million births in 2023. Infants perform communication and emotion transfer actions
by cry (Chang et al., 2021). For first-time parents, taking care of newborn is quite difficult. Advice and
suggestions from experienced parents may be insufficient to overcome this difficulty in practice.
Although baby cry is audibly similar to each other, they contain differences in terms of physiological
formation. The parents who have had children before can overcome some difficulties with their
knowledge and experience. The distinctive and descriptive features obtained from baby cry signals
provide information about various health problems (Ozseven, 2023).

In recent years, research on baby cry has been the subject of numerous studies (Aggarwal et al., 2023;
Jietal., 2021; Kulkarni et al., 2021). Baby cry recognition and classification applications are carried out
using classical machine learning approaches consisting of pre-processing, feature extraction and
classification stages or deep learning algorithms using direct signals. Acoustic parameters are used
extensively for feature extraction in classical machine learning applications. Numerous studies use the
following acoustic parameters extensively: pitch period, formant, jitter, shimmer, mel-frequency
cepstral coefficients (MFCC), linear prediction coefficients (LPC) and linear prediction cepstral
coefficient (LPCC). The results of many studies have shown that the cepstral feature set is quite effective
among these acoustic parameters. In deep learning applications, mostly MFCC features, waveform of
the signal or spectrogram images are used. It has been observed that the feature set of MFCC and its
derivatives is used extensively in both acoustic and deep learning studies (Ji et al., 2021).

Many classifiers based on machine learning (ML) and deep learning (DL) are used to classify infant
cry sounds. The prominent ML algorithms are as follows: artificial neural network (Bashiri &
Hosseinkhani, 2020), probabilistic neural network (Hariharan et al., 2011), multi-layer perceptron
(AhmedAl-Azzawi, 2014), support vector machine (Ashwini et al., 2021), Gaussian mixture model
(Sharma et al., 2019) and k-nearest neighbors (Dewi et al., 2019). In addition, convolutional neural
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network (Xie et al., 2021) and deep neural network (Alishamol et al., 2020) algorithms are used. Infant
cry classification includes pre-processing, feature extraction, and classifier stages. Therefore, an
approach that is a combination of optimal methods should be adopted to achieve the best performance.

In this study, the adaptive cepstral parameters based on empirical mode decomposition (EMD) is
proposed as an alternative to the traditional cepstral feature extraction approach. To obtain the
classification model, the publicly available Donate a Cry Corpus dataset, which includes baby cry sound
data in five different categories, was used. MFCC and its derivatives, LPC and LPCC acoustic features
were extracted from the coefficients in the first five modes of the cry signals that were decomposed by
EMD. The highest distinctive features are obtained by ReliefF method. The selected features are used
with SVM classifier and models are evaluated with performance metrics.

The remainder of the study can be summarized as follows: In Section 2, the methodology of the
proposed approach is introduced. In Section 3, the results are presented and discussed. In Section 4, the
results are summarized and concluded.

2. Proposed Method

In this study, EMD-based cepstral features and machine learning are used to classify infant cry.
Figure 1 illustrates the proposed approach for classification of cry sounds categorized into five types.
The proposed approach consists of the following steps: (1) Acquire cry sound data from a publicly
available dataset. (2) Synthetic data are obtained by applying the SMOTE technique to the class-
imbalanced dataset. (3) The raw signals are decomposed by EMD and cepstral features are obtained
using IMFs in each mode. (4) The most effective features are selected by using the ReliefF feature
selection algorithm. (5) All features and selected feature sets are used with the support vector machine
classifier. (6) Models are evaluated with metrics to determine the highest classification performance.

g ..
Pre-processing %zsggangilgg: Feature Extraction
Infant Cry (z-score) P (Cepstral Features)
Dataset \ (IMFs)
¥
-
Synthetic Minority Over-sampling Technique
(SMOTE)
-
y belly pain
: . . burping
Feature Selection Machine Learning discomfort
(ReliefF) (SVM) hungry
tired

Figure 1. Block diagram of the proposed infant cry classification approach

2.1. Dataset

The baby cry acoustic sound data used in this study were obtained from the publicly available
Donate-A-Cry corpus dataset (https:/github.com/gveres/donateacry-corpus). The dataset includes
sounds recorded for approximately 7 seconds with 8 kHz sampling rate and 128 kbps bit resolution. In
the dataset, there are 457 signals from the categories of belly pain, burping, discomfort, hungry and
tired. The dataset is class-imbalanced as the number of baby cry sound signals varies between classes.
This class-imbalance creates a bias effect and severely affects classification performance. Therefore, the
Synthetic Minority Oversampling Technique (SMOTE) algorithm is used to improve the imbalance rate
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between classes (Wang et al., 2021). The SMOTE algorithm generates new samples by randomly
interpolating between many samples and their nearby samples. The distribution of baby crying sounds
in the original dataset and the artificial dataset created using the SMOTE algorithm according to classes
is given in Table 1. In this study, the amplitudes of the signals were normalized with the z-score method.

Table 1. Distribution of original baby cry dataset and SMOTE applied dataset

Original Data  Generated Data using SMOTE

Belly pain 16 256
Burping 8 64

Discomfort 27 351
Hungry 382 382
Tired 24 312

2.2. Empirical mode decomposition

The Hilbert-Huang transform (HHT) is a powerful method of signal analysis for decomposition non-
stationary signals (Huang, 2005). HHT combines empirical mode decomposition (EMD) with Hilbert
spectrum analysis techniques. EMD is widely used for decomposing time-varying signals such as
voice/speech, and it decomposes signals from high frequency to low frequency modes (Arslan &
Karhan, 2022). EMD employs the signal itself as the basis function in the decomposition process. The
coefficients in each mode of the EMD decomposition are referred to as intrinsic mode functions (IMFs).
An original x(t) signal is mathematically decomposed by EMD as follows:

k
x(t) = Z IMF,(t) + 13e() (1)
i=1

where k and r(t) represent the total mode number and the residual signal, respectively.

The stopping criterion (SD) for the sifting process that yields all IMFs can be defined as:

T
_ [IMF; 44 (t) — IMF;(2)|?
SDi = ; IMF;(t)? ()

Figure 2 shows waveforms and Hilbert spectrum of infant cry signals. The first five level IMFs of
the EMD are used to obtain the Hilbert spectrum of the signals. The Hilbert spectrums show that the
spectral components of the cry sounds are different based on the modes and these differences can be
used to distinguish the signals.

2.3. Feature extraction and selection

In voice processing applications, two techniques are usually prominent in acoustic information
extraction. These parametric methods are based on the resonance structure of the vocal tract and include
LPC, LPCC, and methods based on MFCC and their derivatives (Aggarwal et al., 2023; Zharif, 2015).
In obtaining the cepstral domain-based parameters from the sound signal, pre-processing, framing and
windowing operations are applied to the signals. Then, autocorrelation is carried out for LPC and LPCC
features, while MFCC features are subjected to the FFT, mel-scale filter bank, logarithm, and DFT
procedures, respectively (Chen et al., 2021; Fang et al., 2018; Ghoraani & Krishnan, 2011).

In this study, the EMD approach is used to decomposed infant cry signals into IMF modes.
Considering the modes obtained with EMD, the first 5 IMF levels were used to extract features from cry
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sound signals, since baby cry sounds contain different spectral components according to the modes. The
raw signals and IMFs in each mode are used to extract features.
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Figure 2. Infant cry signals and Hilbert spectrums

A feature vector of the MFCCs, its first and second derivatives (A-MFCC and AA-MFCCs), LPC
and LPCC is obtained from the signals and each IMFs. A total of 60 coefficients are obtained and the
classification of cry signal is performed using both coefficients and derivatives, and mode frequency
component differences. In obtaining the cepstral features within the scope of the study, 30 ms length
with 20 ms overlap was used for framing and Hamming function was preferred for windowing. The
features used in this study are given in Table 2.

Table 2. The features extracted from cry signals and their descriptions

Features Description Number of Features
MFCCs Mel-frequency cepstral coefs. 13
A-MFCCs First derivative of MFCCs. 12
AA-MFCCs Second derivative of MFCCs. 11
LPCs Linear prediction filter coeffs. 12
LPCCs Linear prediction cepstral coeffs. 12
Total Features 60

Feature selection is an approach that improves classification performance in machine learning. Using
the most distinctive features from the entire feature set will reduce both model complexity and execution
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time. Therefore, the ReliefF feature selection algorithm (Kira & Rendell, 1992) was used in this study.
The reduced selected feature set was obtained with the ReliefF algorithm using the 10 nearest neighbors.

2.4. Support vector machines

The SVM algorithm developed by (Vapnik, 1999) is based on a discriminative hyperplane principle.
The optimum hyperplane is selected to optimize the separation between data points on each side of a
plane in relation to the maximum margin. Support vectors are the data points that are most closely spaced
from each separating hyperplane. SVM methods employ kernel functions, which take data as input and
convert it into the necessary forms. The mathematical expressions of linear, quadratic and cubic kernel
functions are given in Table 3. Also, the C parameter and kernel scale are set to 10 and 1, respectively.

Table 3. Linear and polynomial (quadratic and cubic) kernel functions for SVM

Kernel Function Mathematical Expression

Linear Kernel k(xq,x5) = x1 "%,
Quadratic Poly. Kernel — k(x;,x,) = (x; - x, + 1)?
Cubic Poly. Kernel k(xy,x5) = (x1 - x5 + 1)3

2.5. Performance metrics

In this study, accuracy (Acc), Fl-score (F1), and Matthews correlation coefficient (MCC) metrics,
which are heavily preferred especially in class-imbalanced conditions, were used in the performance
evaluation of classification models. These metrics are calculated as follows (Chicco & Jurman, 2020):

TP+ TN

Accuracy (Acc) = TP +TN + FP + FN ®

F1 (F1) = 2P 4)
score ~2TP+ FN + FP

_ TP X TN — FP x FN
J(TP + FP)(TP + FN)(TN + FP)(TN + FN)

MCC

)

The four possible outcomes in the classification model evaluation are as follows: true positive (TP),
false negative (FN), true negative (TN), and false positive (FP). K-fold cross-validation (CV) technique
is employed in order to generate the best and most reliable classification model. In this study, 5-fold CV
was preferred for classification models.

3. Results and Discussion
The adaptive cepstral features and the SVM algorithm were used to apply a classification method for
infant cry sounds. In this approach, the first five-level IMFs were chosen from the modes that have been

generated by the decomposition of baby cry signals into by EMD. Then, using these IMFs for each
mode, the cepstral domain-based acoustic features such as MFCC, A-MFCC, AA-MFCC, LPC and
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LPCC were extracted. In proposed approach, a feature vector with a total number of 5x60 (1x60 per
level) is obtained for each sound signal. ReliefF feature selection algorithm was applied to all features
and a reduced selected feature set was obtained. All feature and selected feature sets were used with the
SVM algorithm. The resulting model performances were evaluated with accuracy, F1 score, and MCC
metrics, and Table 4 gives the results.

Table 4. Performance comparison of classification models for all features and selected features by
ReliefF algorithm

Features/Algorithm Perf. of all features Perf. of selected features
Acc (%) F1(%) MCC  Acc(%) F1 (%) MCC
Conventional Features/SVM Linear 67.5 63.7 0.557 727 72.3 0.653
Conventional Features/SVM Quadratic  91.0 90.8 0.887 94.1 93.7 0.922
Conventional Features/SVM Cubic 92.0 90.7 0.891 94.5 93.9 0.926
Mode #1 Features/SVM Linear 70.5 67.6 0.603  76.0 75.7 0.694
Mode #1 Features/SVM Quadratic 92.1 91.0 0.893 927 92.0 0.907
Mode #1 Features/SVM Cubic 92.2 91.4 0.898  93.0 92.3 0.910
Mode #2 Features/SVM Linear 70.4 64.9 0.584 741 73.3 0.666
Mode #2 Features/SVM Quadratic 91.3 90.3 0.885 933 92.7 0.914
Mode #2 Features/SVM Cubic 91.5 90.8 0.890 92.7 91.8 0.903
Mode #3 Features/SVM Linear 71.5 68.3 0.618 76.0 74.8 0.688
Mode #3 Features/SVM Quadratic 90.8 91.1 0.889 933 93.4 0.918
Mode #3 Features/SVM Cubic 91.0 90.5 0.886 93.0 92.8 0.913
Mode #4 Features/SVM Linear 70.1 67.9 0.605 739 72.8 0.661
Mode #4 Features/SVM Quadratic 88.9 89.8 0.870  90.2 90.4 0.879
Mode #4 Features/SVM Cubic 90.0 90.4 0.880 91.6 91.1 0.892
Mode #5 Features/SVM Linear 66.1 63.1 0.551 73.0 71.9 0.651
Mode #5 Features/SVM Quadratic 89.7 89.5 0.873  90.8 90.7 0.886
Mode #5 Features/SVM Cubic 90.5 89.9 0.879 914 90.3 0.885
All Modes Features/SVM Linear 88.9 88.4 0.856 91.4 91.8 0.901
All Modes Features/SVM Quadratic 94.7 94.8 0.937 96.4 96.6 0.957
All Modes Features/SVM Cubic 96.1 95.8 0.949  99.0 98.8 0.985

The results show that the selected feature set obtained by the RelifF algorithm provides a higher
performance than the conditions in which all features are used. It is concluded that the cepstral features
extracted from all modes of EMD provide high classification performance. In addition, the cubic kernel
function in the SVM algorithm provided more effective results than linear and quadratic functions. In
the condition of using the SVM-cubic algorithm, 94.4% accuracy, 93.9% F1-score and 0.926 MCC
values were obtained for the cepstral features obtained from the raw signal, while 99% accuracy, 98.8%
F1-score and 0.985 MCC values were obtained for the cepstral features extracted from all modes.

The confusion matrix of classification models obtained by cepstral features extracted from the raw
signals and IMFs provided by EMD is shown in Figure 3. In the confusion matrix for the raw signal
cepstral features shown in Figure 3a, accuracy rates of 100%, 92.2%, 100%, 82.7%, and 98.7% were
obtained for the classes of belly pain, burping, discomfort, hungry, and tired, respectively. Similarly,
accuracy rates of 100% for belly pain, 95.3% for burping, 100% for discomfort, 97.1% for hungry, and
100% for tired were observed for the cepstral features obtained from EMD modes, as shown in Figure
3b. Extensive results showed that the EMD approach improved the classification of burping, hungry,
and tired categories compared to traditional cepstral-domain approaches.

This study was compared with approaches in the literature using the same dataset, and the
performances are summarized in Table 5. The results showed that increasing the numbers of data with
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the SMOTE technique and using it in the training of the models contributed to the performance
improvements and contributions. In addition, acoustic parameters such as formants, spectral features,
MFCC, LPC, and LPCC directly from raw signals provide limited performance. In another study, the
highest accuracy rate of 95.2% was obtained by scalogram and Resnet-18 CNN.
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Figure 3. The confusion matrices of infant cry classification a) for conventional cepstral features b) for
cepstral features based on EMD

Table 5. Performance comparison of the proposed approach with other studies

Author/Year Features/Input Algorithm Accuracy (%)
(Sharma et al., 2019) Frequency, Entropy, and Spectral GMM 81.3

(Kulkarni et al., 2021) MFCC, GFCC, and ZCR RF 84

(Ozseven, 2023) F1, F2, F3, MFCC, and LPCC SVM 87.9
(Ozseven, 2023) Scalogram ResNet-18  95.2

This study MFCC, LPC and LPCC SVM 94.5

This study MFCC, LPC and LPCC based on EMD SVM 99.0

4. Conclusion

In this study, a cepstral feature vector obtained by EMD-based decomposition is proposed as an
alternative to traditional cepstral-domain features for the classification of infant cry sounds. The SMOTE
technique was applied to the class-imbalanced original dataset with a small number of data and a
synthetic dataset with a high number of data was obtained. MFCC and its derivatives, LPC and LPCC
features extracted using the IMFs in the first five modes obtained by EMD were used with the SVM
algorithm. The results showed that the cepstral features obtained from all modes provide higher
performance than the traditional cepstral features extracted from the raw signal. It has been observed
that the proposed approach classifies burping, hungry and tired classes with higher accuracy than the
traditional approach. Thus, a computer-assisted infant cry classification system was designed that could
help inexperienced parents.
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Ozetce— Minimum Vertex Cover (MVC) problemi, cizge teorisi alaninda énemli bir optimizasyon
problemidir. Verilen bir grafin en az sayida diiglim igeren bir diigiim kiimesini bulmay1 amaglar. Bu
diigiim kiimesi, grafin tim kenarlarin1 kapsayan diigiimleri icermektedir. MVC problemi birgok
uygulama alaninda énemli bir rol oynar. Ornegin, ag tasarimu, iletisim aglar1, bilgisayar aglar1 ve sosyal
aglar gibi alanlarda kullanilir. Bir agdaki diigiimlerin minimum sayida kapsama alanina sahip olmasi,
agin verimliligini artirirken, enerji tiikketimini azaltir ve kaynaklarin daha etkin bir sekilde
kullanilmasina olanak saglar. Bu calismada, inénii Universitesi yerleskesindeki biitiin bina ve tesislerin
birbirleri ile haberlesmesi i¢in konumlandirilmasi gereken kablosuz erisim noktalarinin en az sayida
kullanilmasi hedeflenmektedir. Kablosuz erisim noktalarinin kampiis i¢erisinde konumlandirmalar1 igin
daha 6nce bu alanda ve bu 6zgiin kampiis aginda kullanilmamig olan Malatya Vertex Cover yontemi
kullanilacaktir. Yontemin birgok graf tiirlinde basarili sonuglar verdigi literatiirdeki arastirmalar
sonucunda tespit edilmistir. Calismada tiniversite yerleskesindeki biitlin binalar Google Earth araciligi
ile isaretlenerek bir ¢izge oriintiisii olusturulmasi saglanmistir. Isaretlenen her bir bina ¢izgenin bir
diigiimiinii ifade etmektedir. R programlama dili ile ¢izge modellenecektir. Bir sonraki agamada ise
hangi digiimlerin segilecegine Malatya Vertex Cover algoritmasi karar verecektir. Bu analize gore
yerleskedeki tiim tesislere optimal sayida kablosuz erisim noktasi ile konumlandirilacaktir. Bu sayede
en az sayida kablosuz erisim noktasi kullanilacak olup maaliyet konusunda daha avantajli bir senaryo
ortaya gikacaktir.

Anahtar Kelimeler: Minimum Vertex Cover, Kablosuz Sensor Aglar, Cizge Teorisi, Malatya Vertex
Cover

Abstract— The Minimum Vertex Cover (MVC) problem is an important optimization problem in graph
theory. It aims to find a node set that contains the least number of nodes in a given graph. This node set
contains nodes covering all the edges of the graph. The MV C problem plays an important role in many
application areas. For example, it is used in areas such as network design, communication networks,
computer networks and social networks. Having a minimum number of nodes in a network increases
the efficiency of the network, reduces energy consumption and allows more efficient use of resources.
In this study, it is aimed to use the minimum number of wireless access points that need to be located
for all buildings and facilities in the indnii University campus to communicate with each other. Malatya
Vertex Cover method, which has not been used before in this area and in this unique campus network,
will be used for positioning wireless access points within the campus. It has been determined as a result
of the studies in the literature that the method gives successful results in many graph types. In the study,
all the buildings in the university campus were marked via Google Earth and a graph pattern was
created. Each marked building represents a node of the graph. The graph will be modeled with the R
programming language. In the next stage, Malatya Vertex Cover algorithm will decide which nodes
will be selected. According to this analysis, all facilities on the campus will be located with an optimal
number of wireless access points. In this way, the least number of wireless access points will be used
and a more cost-effective scenario will emerge.
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1.Giris

Kablosuz sensor aglar1 (WSN), belirli bir cografi bolgede bir ag i¢inde gruplanarak olusan kii¢tik, kendi
kendini organize eden, otonom olarak calisabilen ve genellikle telsiz ile haberlesen akilli sensor
cihazlaridir. Kullanim sekilleri ve amaglarindan kaynaklanan farkliliklara ragmen, bu cihazlarin ortak
0zelligi kaynaklarinin sinirh olmasidir. Temel olarak, bu sinirh 6zellikler kiiciik fiziksel boyutlar, kii¢iik
giic kaynaklari, kisa radyo menzili, kiiciik bellek kapasitesi, agin diger parcalar1 hakkinda bilgi eksikligi
ve iletisim becerilerinin basitligi seklinde 6zetlenebilir [1]. Cizgeler ise matematik ve bilgi sistemlerinde
yaygin olarak kullanilan bir veri yapist modelidir.[2] Optimizasyon problemlerinden birgogu ¢izgeler
ile modellenebilir. Minimum Tepe Ortiisii Problemi (MVC), cizge teorisinin kilit sorunlarindan biri
olup, bir ¢izgenin tiim kenarlarinin en az diigiim sayisiyla ne kadar iyi ortiilebileceginin belirlenmesi
problemidir. Minimum Tepe Ortiisii Problemi bir optimizasyon problemi oldugundan, bu problemi
¢ozmek icin birgok algoritma ve yaklasim onerilmistir. Bu ¢alismalardan bazilari;

Kablosuz iletim, veri iletisimi ve radyo paketlerinin aktarimi yoluyla saglandigi i¢in veri manipiilasyonu
gibi cesitli saldirilara agiktir. Bu soruna karsi bir 6nlem radyo paketlerini fiziksel olarak yakalayabilen
ve denetleyebilen giivenli noktalar konuslandirarak baglantilar1 izlemektir. Cizge teorisi Kablosuz
Sensor Aglarindaki gesitli problemleri ¢dzmek igin kritik bir rol oynamaktadir Minimum Tepe Ortiisii
Problemi Kablosuz Sensor Aglari i¢in dénemli bir yapidir ve Minimum Tepe Ortiisii sayesinde secilen
diigiimler giivenli noktalar (monitdrler) olarak ayarlandiginda baglantilar1 izlemek ig¢in miikemmel
uyum saglar [3].

Minimum Tepe Ortiisii Problemi icin gelistirilmis Feromon Diizeltme Stratejisine Sahip Bir Karinca
Kolonisi Optimizasyon Algoritmasi da bir bagka ¢alisma olarak karsimiza ¢ikmaktadir. Bu ¢aligsmada,
siipheli unsurlar1 hari¢ tutarak optimize ¢ézlim ile bir feromon diizeltme sezgisel stratejisi Onerilmistir.
Elemanlar, onlar1 en iyi ¢oziimiin olasi iiyeleri yapmayan bazi istenmeyen Ozelliklere sahiplerse
siiphelidirler. Bu ayristirma ile yerel yakinsamada karincalarin erken tuzaga diismesini dnleyerek saf
karinca kolonisi optimizasyon algoritmasini gelistirmek amaclanmistir [4].

Kablosuz Sensér Aglarinda iletisim Probleminin Tepe Ortiisii Olarak Modellenmesi: iletisim problemi,
bir hizmet alanina yerlestirilen sensor cihazlarinin minimum kiimesini segmektir, boylece tiim hizmet
alanina minimum sensdr kiimesi tarafindan erigilebilir. Minimum sensoér kiimesini bulmak bir tepe
noktast Ortiisii problemi olarak modellenir; burada tepe noktas: ortiisii kiimesi, tiim sensorlerin sinirl
iletisim menzilini ve pil émriinii g6z 6niinde bulundurarak sensorler arasindaki iletisimi ¢ok atlamali bir
sekilde kolaylagtirir [5].

Her bireyi bir nokta olarak kabul edelim. Eger iki birey birbirini taniyor ise, bu iki noktay1 bir kirmizi
hat ile birlestirelim. Ancak eger iki birey birbirini tanimiyorsa, bu iki noktayr bir mavi hat ile
birlestirelim. Sonug olarak, birbirleriyle ya kirmizi ya da mavi hat ile baglanmis olan sinirsiz sayida
nokta elde edilmistir. Bu noktalar icerisinde, yalnizca ayni renkte hatlarla (tamami kirmizi veya tamami
mavi) baglanmig olan sinirsiz sayida nokta bulabiliriz. Bu fikir, bu ¢aligmanin temelini olusturmustur

[6].

Minimum Agirlik Tepe Ortiisii Problemi igin Gelistirilmis Feromon Diizeltme Stratejisine Sahip Bir
Karinca Kolonisi Optimizasyon Algoritmasi. Bu ¢alismada, siipheli unsurlar1 hari¢ tutmak i¢in en iyi
bulunan ¢6ziim hakkindaki bilgileri kullanan bir feromon diizeltme sezgisel stratejisi Onerilmistir.
Elemanlar, onlar1 en iyi ¢dziimiin olasi iiyeleri yapmayan bazi istenmeyen Ozelliklere sahiplerse
siiphelidirler. Bu ayristirma ile yerel yakinsamada karincalarin erken tuzaga diismesini onleyerek saf
karinca kolonisi optimizasyon algoritmasini gelistirmek amaglanmistir [7].

Minimum Vertex Cover i¢in Yeni Bir Yerel Arama: Bu ¢alismada, Minimum Vertex Cover problemi
i¢in yeni bir yerel arama algoritmasi olan Edge Weighting Local Search (EWLS) tanitilmaktadir. EWLS'
nin kilit noktasi, minimum kdse Ortiistiniin boyutu {izerinde siki bir iist sinir saglayan bir kdse kiimesi
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bulmaktir. Bu amagla EWLS, yerel optimumlarda takilip kaldiginda kenar agirliklarini giincelleyen bir
kenar agirliklandirma semasi kullanan yinelemeli bir yerel arama prosediirii kullanir [8].

Kuantum Tavlayict Uzerinde Biiyilk Minimum Kose Ortiisii Problemlerinin Coziimii: Kuantum
tavlayicilar, donanima gomiilebildikleri takdirde bu tiir NP-zor problemlerin optimum ¢oztimiinii
bulabilirler. Ancak bu donanim kisitlarindan dolay1 pek miimkiin degildir. Bu yontemde, minimum kdse
oOrtiisti problemi i¢in bir ayrigtirma algoritmasi sunulmaktadir: Algoritma, olusturulan alt problemler
tavlayiciya gomiillip ¢oziilebilene kadar rastgele bir problemi 6zyinelemeli olarak boler [9].

Bu calismada, Kablosuz Sensér Aglarindan minimum sayida kullamlarak Inénii Universitesi
yerleskesindeki tiim binalar arasinda bir network baglantisi olusturulmasi i¢in cihaz kurulumlarinin
hangi binalarda olmasi gerektiginin tespiti hedeflenmistir. Tasarlanmis kampiis ag1 ¢izge olarak
modellenmis ve 6zgilin bir veri seti olusturulmustur. Problemin ¢6ziimii i¢in literatiire yeni eklenmis
olan Malatya Vertex Cover algoritmasi tercih edilmistir. Malatya Vertex Cover algoritmasinin iki
onemli asamasi bulunmaktadir. Diiglim merkezlik degeri hesaplanmasi ve ortii diigtimleri se¢imidir.
Merkezilik degerinin hesaplanmasi Malatya Centrality algoritmasi ile yapilmaktadir. Algoritma
¢izgedeki her bir diigiimiin komsu diigiimlerin derecelerine oranlarinin toplamidan olusmaktadir. ikinci
adim, tepe noktasi oOrtiisii i¢in bir diiglim se¢im problemidir. Cizgedeki diigiimlerden Malatya Merkezilik
Degeri en biiyiik olan diigiim segilir ve ¢6ziim kiimesine eklenir. Ilgili tepe noktas1 ve kenarlar cizge
iizerinden kaldirilir. Bu asamalar iteratif olarak devam eder. Islem tamamlandiginda Minimum Tepe
Ortiisii Problemi i¢in ¢dziimii olusturan gerekli diigiim kiimesi belirlenmis olur [10].

Yontem daha Once 6zel ve kiigiik yapay c¢izgeler lizerinde test edilmistir. Gergeklestirilen analizler
neticesinde, Kablosuz Sensor Aglarinin hangi konumlara kurulacagi bilgisi tespit edilmistir. Bu sayede
her binada Kablosuz Sensor Ag1 kurmak yerine minimum sayida bina i¢in kurulum yapilarak kampiis
igerisindeki tiim binalar arasinda network olusturulmustur.

2. Materyal ve Metot

Bu ¢alismada Indnii Universitesi yerleskesindeki biitiin binalarin bir ¢izge modeli olusturulmustur.
Bunun igin gorsel tarafta Google Earth programi kullanilirken arka planda igraph kiitliphanesi ile sayisal
olarak network tasarlanmistir. Modellenen ¢izge {izerinde Malatya Vertex Cover algoritmasi
uygulanmaktadir. Algoritma R programla dili ile kodlanmigtir. Yontemlerin uygulanmasi sonrasinda
elde edilen vertex cover iiyeleri binalarmin sensor networklerin kurulumlari i¢in uygun lokasyonlari
ifade etmektedir. Sonuglar kapsamli sekilde analiz edilecek ihtiyac halince yontemlere ek gelistirmeler
yapilacak veya cizge aginin modellemesi yenilenecektir. Tasarlanan yerleske cizgesi ve kullanilan
algoritmalarin gergek saha verilerine ilk defa uygulanmasi ¢alismay1 6zgiin kilan iki dnemli etmendir.
Sekil 1 ‘de verilerimiz Google Earth ile elde edilen model goriilmektedir. Bu modelde her bina i¢in 75m
yari ¢apinda daireler ile isaretlenmistir. 75m lik mesafe binalara konumlandirilacak olan kablosuz
cihazlarin kapsama alanini ifade etmektedir. Bu model olusturulduktan sonra R programlama dili ile bu
model bir veri yapisi olan ¢izgeye aktarilmstir.
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Sekil 1. Google Earth iizerinde olusturulan model

Sekil 2°de ise kapsama alan1 kesisen diiglimlerin ve bagintilarinin olusturuldugu ¢izge gosterilmistir.

(@]
Adalet

o]

Q iIBF 1
Egitim C Hukuk

lletisivabanc Diller

Yurt A Q.
o Q o Fen Edebiyat &

e o
o Qutu;lzhane iIBE_Z | SQ R
Mgghibe Yurt A Persone Daingy bzel Sanai@y
, Chilgi slem Qe Sand@r B
Mevhibe Yﬂﬁglrma Lab Bekiord o) 5itfrﬁiﬂzel Sanatlar C
Q 1ip2 O Q ziraat Bankas: Egitim A o Spor Bilimleri Fakultesi
Tip1 vurt Mogariogdvasima Lab@® Q Yemekhane Q
(@] Guvenlik Ogrenci 5§38 o © Botanik Kafe
Tip3 (@] Ogrenci Isleri A

Tip4 Dis ot Mihendislik A
o Ed?bi o
. ) yat D ; -

(@) Saghk Hizmetleri @ l‘."luhendlslﬂ@ i
Saghk A Fen Edeblat Ehiyat pnaie
d Y Q pighendisiik D
o} o) Miihendibk F

- - ;i . Muohendislik E
Saghk B Q Ogrenci Merkezi
Crzacilik A q (@]
Eczacilik B |'|ahiyalf"g'yat A

Sekil 2. Kampiisdeki binalarin ¢izgesel hali

2.1. Malatya Vertex Cover Algoritmasi

Vertex-cover problemi, herhangi bir grafikteki diiglimleri kullanarak grafikteki tiim kenarlarin
kapsanabilir olup olmadigimi gostermektir. Birgok gergek diinya problemi VC problemleri olarak ifade
edilebilir. Koridorlara ayni kattaki tiim odalar1 géren kameralar yerlestirmek veya tekrarlayan DNA
dizilerini tespit etmek bu problem i¢in 6rnek uygulamalardir. VC problemi i¢in olasi ¢oziimler, gercek

diinya problemleri i¢in de ¢oziimler sunmaktadir [11].

Minimum Vertex Cover (MVC) problemi, graf teorisi alaninda énemli bir optimizasyon problemidir.
Verilen bir grafin en az sayida diigiim i¢eren bir diigiim kiimesini bulmay1 amaglar. Bu diigiim kiimesi,
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grafin tiim kenarlarini kapsayan diigiimleri icermektedir. MVC problemi birgok uygulama alaninda
onemli bir rol oynar. Ornegin, ag tasarimy, iletisim aglari, bilgisayar aglar1 ve sosyal aglar gibi alanlarda
kullanilir. Bir agdaki diigiimlerin minimum sayida kapsama alanina sahip olmasi, agin verimliligini
artirirken, enerji tiiketimini azaltir ve kaynaklarin daha etkin bir sekilde kullanilmasina olanak saglar.

1 o @
O " 1 [
[ ] _ Q : > -@
W - @ . - . O © o @)
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Sekil 3. Malatya Vertex Cover Algoritmasinin Asamalari [10]

Cizge teorisi ve ag analizi gibi bir dizi disiplinde merkezilik 6nemli bir konsepttir. Merkezilik,
diigiimlerin ¢izgedeki konumlarina dayali olarak numaralandirilmasini ve siralanmasini igerir [12].
Cogu uygulamada hedef, ¢izge veya agdaki en etkin diigimiin tespitidir. Merkez diigiim veya
diigiimlerin belirlenmesi igin bir dizi algoritma sunulmustur. Ancak diigiimiin baglantilari, ¢izgedeki
belirlenmis diigiim ile aynidir. Bunlar, merkeziyetini dl¢iimiinde 6nemli parametrelerdir. Bu yaklasim,
genellikle Derece Merkeziligi olarak bilinir ve PageRank gibi bir¢cok yaygin algoritmanin temelini
olusturur. [13]

Malatya algoritmasi, merkezilik degerini Malatya merkezilik degeri olarak tanimlar ve bu degerin
hesaplanmasinda diiglim baglantilar1 kullanilir. Bir diigiimiin Malatya merkezilik degeri, diiglimiin
derecesi ve komsu diigiimlerin dereceleri ile hesaplanir. Malatya merkezilik degerinin belirlenmesinde,
diigiimiin degeri yani sira komsu diiglimlerin dereceleri de belirleyici faktordiir. Malatya Vertex Cover
algoritmasinin sdzde kodu Algoritma 1'de verilmistir.

Algoritma 1. Malatya Vertex Cover algoritmasinin matematiksel gésterimi[10]

Minimum Vertex-Cover Algorithm
Input: Adjacency matrix of Gis Aand G = (V, E) // G graph
Output: V.CV, V. is a set of nodes and it is a solution for vertex-cover problem
1. VO
2. While E#J do
3. i1, ..., |V]|
d(w;)
4 ) = ZvyeN(v) d(v)
5. Ve=V.U{max(y(v))}
6 V=V-{vi}, and E=E-V(v;,v;)eE
7 Output=V.
3. Uygulama

Sekil 4’te ise Malatya Vertex Cover algoritmasi uygulandiktan sonra ¢izgeden elde ettigimiz diigiimler
gosterilmistir. Calismanin basinda 53 bina isaretlenmis ve nodelar olusturulmustur. Bu nodelar arasinda
toplam 77 adet kenar belirlenmistir. Algoritmamz ¢izgeye uyguladiktan sonra sadece 32 adet diigiimle
bu 6zgiin ag1 tamamini kapsamig olduk. Bu 32 diigiim Sekil 4 ‘de turuncu renk ile belirlenmistir.
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Sekil 4. Algoritma sonras filtrelenmis ¢izge

Tablo 1.’de tiim ag1 kapsayabilen diigiimler belirtilmistir. Bu se¢ilen diigiimlerde routerlarimizi
konumlandirarak tliniversite yerleskesinde kesintisiz bir hat saglanmaktadir.

Tablo 1. Kampiis network’de secilen lokasyonlar

Guzel Sanatlar A Muhendislik C Fen Edebiyat B Mihendislik D Tip 3

Yabanci Diller Egitim A Guvenlik Kitliphane Dis

Saglik B Hukuk Glizel Sanatlar C | iiBF 2 Miihendislik A
Bilgi islem Arastirma LabB | Mevhibe Yurt B Yurt A Ogrenci Merkezi
Miihendislik F Botanik Kafe iletisim Gulizel Sanatlar B | iiBF 1

Ogrenci isleri A Personel Daire Fen Edebiyat D Yurt B Eczacilhk A

Tip 2 ilahiyat A

4. Sonug ve Tartisma

Bu calismada indnii Universitesi kampiisiindeki binalar arasinda kablosuz sensér aglart ile bir
baglanti olusturulmasi ve minimum sayida cihaz kullanarak bunun gercgeklestirilmesi
hedeflenmistir. Problemin ¢6ziimii i¢in literatiire yeni kazandirilmis Malatya Vertex Cover
algoritmasi kullanilmistir. Tasarlanan kampiis ¢izgesi calismay1 6zgiin kilan 6nemli bir veri
setidir. Ayrica literatiire yeni kazandirilan Malatya Vertex Cover (MVC) algoritmasi ilk defa
bir gergek diinya probleminin ¢éziimii i¢in kullanilmistir. MVC ‘den elde edilen sonuglara
dayanarak, algoritmanin baska grafik problemlerine uygulanabilirligi de degerlendirilmistir.
Son analizler sonucunda, yerleskedeki tiim tesislere optimum sayida kablosuz erisim noktasi
konumlandirilmistir. Bu sayede en az sayida kablosuz erisim noktasi kullanilmig, maliyet ve
enerji tilketimi agisindan daha avantajli bir senaryo olusturmustur.

Ilerleyen siireclerde ¢alismanin genisletilerek algoritmanin ulasim ag1 gibi baska cizge
problemlerine de uygulanabilirligi arastirilacaktir.
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Ozetce— Calisan memnuniyeti ve operasyonel verimlilik, bu sistemin farkli alanlarda ele aldig iki
onemli husustur. Vardiya ¢izelgeleme, birden fazla kisitlama ve tercih igeren karmasik bir gorevdir ve
bu da akilli ¢oziimler bulmayr gerekli kilar. Onerilen sistemimiz kisit programlamanin teorik
kavramlarina dayanmaktadir. Karmasik ¢izelgeleme kisitlarini etkili bir sekilde ele almasiyla bilinen
cok yonlil bir agik kaynak paketi olan Google'in OR-Tools kiitiiphanesini uyguluyoruz. Sistem, aracilar
arasinda vardiya dagilimini optimize ederek personel cizelgeleme problemine odaklanmaktadir. Bu
sistem, her bir vardiyanin uygun bir sekilde doldurulmasimi saglarken, temsilci mevcudiyeti ve
dinlenme siireleri gibi zor kisitlamalar1 da yonetmektedir. Sistem, girdi olarak temsilciler hakkinda
bilgi, vardiya dagilimi meta verileri ve gecmis atama verilerini iceren bir Excel dosyast alir. Cikti,
gelecekte kullanilmak tizere bir Excel dosyasina geri yazilan ve bdylece hata ve sorun olasiligini azaltan
optimize edilmis bir programdir. Ayrica sistem, gelecekteki atamalari etkileyen ve operasyonel
verimliligi artiran temsilci atamalarinin tarihsel bir kaydini tutar. Bu makale, Google OR-Tools
kullanarak pratik uygulamaya odaklanarak, kisit programlama kullanarak vardiya yonetiminin
optimizasyonunu kapsamli bir sekilde agiklamayir amaglamaktadir. Bu arastirma, kisit programlama
¢oziimlerini pratik bir gergek diinya sorununa uyguladigi ve bu araglarin kurumsal bir ortamdaki
potansiyelini sergiledigi i¢in benzersizdir.

Anahtar Kelimeler : Calisan planlamasi, Program optimizasyonu, Kisitlama programlamasi, Google
OR-Tools.

Abstract— Employee satisfaction and operational efficiency are two crucial aspects that this system
addresses in different domains. Shift scheduling is a complex task with multiple constraints and
preferences, which makes it necessary to find intelligent solutions. Our proposed system is based on the
theoretical concepts of constraint programming. We implement Google's OR-Tools library, a versatile
open-source suite known for effectively handling intricate scheduling constraints. The system focuses
on the problem of personnel scheduling by optimizing shift distribution among agents. This system
ensures that each shift is appropriately staffed while managing hard constraints like agent availability
and rest periods. The system receives an Excel file containing information on agents, shift distribution
metadata, and historical assignment data as its input. The output is an optimized schedule that is written
back into an Excel file for future use, thereby reducing the possibility of errors and issues. Moreover,
the system maintains a historical record of agent assignments, which affects future assignments and
improves operational efficiency. This paper aims to comprehensively explain the optimization of shift
management using constraint programming, with a specific focus on practical implementation using
Google OR-Tools. This research is unique because it applies constraint programming solutions to a
practical real-world issue, showcasing the potential of these tools in a corporate environment.

Keywords : Employee scheduling, Schedule optimization, Constraint programming, Google OR-
Tools.
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1. Introduction

Effective shift management is crucial for both operational success and employee satisfaction in
today's business landscape. Shift scheduling can be challenging due to its various constraints and
preferences. This study examines the use of constraint programming - specifically Google OR-Tools -
to enhance shift management efficiency. Google OR-Tools is an open-source software suite recognized
for its robust capabilities in tackling intricate scheduling problems. In addition to its various
programming tasks, Google OR-Tools provides a complete library of algorithms and tools for shift
management.

Google OR-Tools have been effectively used in various sectors—from employee scheduling in
multi-shift organizations to manufacturing process scheduling. In particular, these tools have been
utilized in the healthcare sector to optimize nurse scheduling, a task that is known for its complexity.
This paper explores the practical application of these tools in shift management, demonstrating how they
have the potential to improve operational efficiency and employee satisfaction.

This paper proposes a system that utilizes Google OR-Tools to create an automated shift
scheduling system. The system optimizes the assignment of shifts to a group of agents while adhering
to a set of constraints, ensuring that each shift is adequately staffed. The system receives an Excel file
containing agent information, shift distribution metadata, historical assignment data, and the schedule
from the previous week. It utilizes Google's Constraint Programming solver from the OR-Tools library
to find a feasible or optimal solution based on these constraints. The optimized schedule is subsequently
recorded in a new Excel file for future scheduling.

Constraint programming is a widely used technique in various sectors, especially in the area of
staff scheduling. For example, Kanet et al. (2004) define constraint programming as a systematic
approach for formulating and solving discrete variable constraint satisfaction or constrained
optimization problems. In our project, we adopt this definition, which involves the application of
constraint programming to resolve the shift scheduling problem.

In healthcare, constraint programming has been utilized to tackle staff scheduling issues.
Bourdais et al. (2003) introduced a constraint programming model and search strategy to formulate and
resolve these problems. The deployment of constraint programming in healthcare, with the aim of
optimizing shift scheduling, aligns with our project's objective, though applied in a different domain.

Triska and Musliu (2011) detailed another research work on CP-Rota, a novel constraint
programming technique employed in rotating workforce scheduling. An application is currently under
development at their institute to solve complex scheduling problems. This aligns with our project's
approach of utilizing constraint programming to solve the problem of shift scheduling,.

In addition, constraint programming has been applied in the context of inbound call centers.
Tiirker and Demiriz's (2018) study focuses on shift scheduling and rostering problems in the context of
inbound call centers. They compare their constraint programming approach with existing models.

These literature examples illustrate how constraint programming can effectively and flexibly
solve complex scheduling problems in various sectors. The goal of our project is to leverage this
versatility and effectiveness to develop an automated shift scheduling system. Our project aims to
showcase the practical application of constraint programming in a real-world environment, by providing
a solution to the complex problem of shift allocation. This contributes to the ongoing efforts for
enhancing operational efficiency and employee satisfaction in various sectors through intelligent
scheduling.

This paper has four main sections. Section 2 provides a comprehensive Literature Review
delving into the existing literature on constraint programming and its diverse applications. Next, we
present the Methodology section which provides a detailed description of the project methodology,
including the application design. Section four is an experimental study where we describe our
experimental setup and analyze the results. In conclusion, we summarize our findings and discuss the
potential avenues for future research in the Conclusion and Future Works section.

71



7th INTERNATIONAL ARTIFICIAL INTELLIGENCE & DATA PROCESSING SYMPOSIUM 07-08 SEP 2023, MALATYA

2. Literature Review

The use of constraint programming in shift scheduling has been a topic of interest in multiple
research studies. This section provides a literature review of the most relevant works on the utilization
of Google OR-Tools in this field.

The research conducted by Van den Bergh et al. (2013) provides an in-depth analysis of issues
and solution approaches related to personnel scheduling. The authors emphasize the complexity of these
matters, often characterized by the need to reconcile a variety of constraints and preferences.
Additionally, they discuss the use of constraint programming as a resolution strategy, highlighting its
versatility and effectiveness in managing complex constraints. Tiirker and Demiriz (2018) aim to
optimize shift schedules and rostering for call centers that have peak demands in short timeframes by
utilizing overlapping shift systems. The article suggests utilizing an integer programming model for shift
scheduling and both integer and constraint programming models for rostering. These models are tested
on real data, demonstrating better efficiency, with the constraint programming model for the rostering
problem showing superior computational performance.

Burke et al. (2004) highlight the importance of efficient nurse rostering in healthcare, which is
a complicated task. Optimizing nurse rostering can enhance workforce contentment and effectiveness.
The article provides an interdisciplinary review of existing solutions, from operations research to
artificial intelligence. It concludes by emphasizing the need to address specific challenges in future nurse
rostering research. Mladenovic et al. (2004) put forward a novel methodology to dynamically reschedule
train trips. They consider it as a special case of the job shop scheduling problem and employ a constraint
programming approach to solve it. The methodology introduces three heuristic categories - separation,
bound, and search - for efficient time management. The authors validate the method by using a prototype
of train rescheduling software, indicating its potential usefulness in operational railway control. In a
separate study, Harjunkoski et al. (2000) introduce two approaches that integrate mixed integer
programming (MIP) and constraint logic programming (CLP) to handle the combinatorial complexity
of large discrete optimization problems. The authors demonstrate these methods through job-shop
scheduling and trim-loss problems and compare them with direct MIP and CLP problem solutions.
Russell and Urban (2006) consider a two-phase constraint programming approach to schedule sports
competitions across multiple neutral venues. The method achieves optimal solutions for up to sixteen
teams and near-optimal solutions for up to thirty teams. The results indicate its favorable performance
when compared to an integer goal programming approach.

Zeballos et al. (2010) proposed an integrated constraint programming model to solve intricate
issues in flexible manufacturing systems, such as tool allocation, machine loading, part routing, and
scheduling. The high computational performance and effective solutions of this model are due to the
unique use of two sets of two-index variables that simplify manufacturing activities and indirectly
represent tool needs. As a result, the dimensionality is reduced, and tool copies are excluded. Topaloglu
and Ozkarahan (2011) developed a mixed-integer programming model to optimize the scheduling of
residents' duty hours, considering both the Accreditation Council for Graduate Medical Education
(ACGME) regulations and residency program demands. A subsequent column generation model was
tested with real hospital data. It uses both a master problem for individual schedules and an auxiliary
problem for feasible schedules, achieving high-quality schedules within seconds.

The authors conducted an extensive review and observed that although there is a significant
amount of research on optimizing shift scheduling using constraint programming and other techniques,
none of the existing research directly correlates the use of Google OR-Tools with shift scheduling. The
gap in the literature presents an opportunity for further exploration and study. Google OR-Tools, with
its powerful solvers and accessibility, offers a promising avenue for applying constraint programming
to shift scheduling. However, the lack of direct application in existing literature suggests that there may
be unexplored challenges or opportunities in this specific area of application.
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In conclusion, the literature review has shown the wide application of constraint programming
and other optimization techniques to solve complex scheduling problems across various sectors. These
techniques have shown their versatility and effectiveness in various studies, including call center
scheduling, nurse rostering, train trip rescheduling, sports competition scheduling, and manufacturing
systems. However, the direct use of Google OR-Tools in shift scheduling has not been thoroughly
explored in the literature. The study aims to demonstrate the practical use of Google OR-Tools in
developing an automated shift scheduling system, thus filling this gap. The study's findings will
contribute to the current knowledge of shift scheduling and provide a basis for future research in this
field.

3. Methodology

In this study, we utilize Google's OR-Tools, a powerful suite of operations research software,
to implement and solve our constraint programming model. OR-Tools is an open-source software suite
that provides a wide array of powerful algorithms for combinatorial optimization problems. The core of
this suite is its support for constraint programming, which is a declarative method for defining
combinatorial problems in terms of constraints that must be satisfied by the solution.

Constraint programming is particularly well-suited for solving complex scheduling, routing, and
allocation problems, where the solution space is large and the constraints are intricate. Google's OR-
Tools provide a robust and efficient constraint solver that can handle these types of problems. The solver
uses a variety of techniques, including constraint propagation and domain reduction, to prune the search
space and find optimal solutions more efficiently. It also supports a range of global constraints and
decision strategies, which can be used to further guide the search process.

Figure 1 illustrates the basic operation of the search algorithm in OR-Tools, which consists of
the following steps:

1. Initially, the search algorithm assigns variables, which are usually empty.

Then, the algorithm selects a variable and an untested value for that variable. The selection
of the variable and value can be influenced by a search strategy.

3. Afterward, the algorithm tries to assign the chosen value to the chosen variable. When the
assignment results in a conflict, that is, when a constraint violation occurs, the algorithm
backtracks and makes an attempt with a different value.

4. Ifthe assignment does not result in a conflict, the algorithm continues the search recursively
with the new assignment.

5. The search ends when all variables are assigned and all constraints are satisfied, or when all
possible assignments have been attempted, and none of them satisfy all constraints.
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Define variables
Initialize variable domains
Initialize constraint store

Propagate constraints

Solution
found?

Inconsistency All branches
proven? fathomed?

Figure 1. A general algorithm for solving constraint satisfaction problems (CSPs) (Kanet et al., 2004,
47-3).

Constraint programming provides a constraint-independent method to generate initial solutions
via tree-based search with constraint propagation. This method can locate feasible first solutions that
can later be enhanced via local search. Local search is an iterative heuristic method that improves a
solution via small modifications. By combining complete and local search, we can utilize local search
to find good solutions and then establish an upper bound on the cost function for proving optimality
through complete search. Alternatively, we can run local and complete searches in parallel, exchanging
the upper bound from local search to complete search and the solutions found in each direction. Elite
solutions can be used in local search, for example, to provide good starting points for strategic restarting.
The combination of tree-based and local searches can be a powerful optimization approach since it
enables flexibility in generating and improving initial solutions.

OR-Tools solve combinatorial optimization problems, such as routing, scheduling, and vehicle
routing problems, among others. The CP-SAT solver, which forms a part of Google's OR-Tools, solves
problems for the Constraint Programming model. The algorithmic design and behavior of the CP-SAT
solver are important to understand; here are some important points:

e Modeling with Boolean Variables: At the core, the CP-SAT solver models the problem as
a Boolean Satisfiability Problem (SAT). This includes transforming integer variables and
constraints into a set of Boolean variables and constraints. This is usually done by a process
known as "domain encoding" or "integer encoding" where each possible value of an integer
variable can be represented as a unique Boolean variable.

o Presolve Phase: During this phase, the solver tries to simplify the model and reduce the
search space. This could include domain reduction, constraint simplification, and constraint
expansion.

e Constraint Propagation: During the search process, the solver continuously applies the
constraints to reduce the domains of the variables. This is known as "constraint
propagation". It's one of the most important techniques used in CP solvers to efficiently
prune the search space.

e Explanations/Conflict Resolution: Whenever the solver determines that a certain
assignment of variables violates a constraint, it creates an "explanation”" for that conflict.
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These explanations are used to prune the search tree and avoid exploring similar infeasible
solutions in the future.

e Search Strategies: CP-SAT solver uses various search strategies, including default search,
fixed search, pseudo cost branching (inspired by Mixed Integer Programming solvers), and
Large Neighborhood Search (LNS).

o Multithreading: CP-SAT solver also supports multithreading. It runs several workers in
parallel, each with a different set of parameters.

e Handling Large Domains and Complex Constraints: For certain types of constraints or
large domains, special techniques are used. For example, for "all different" constraints, it's
common to treat them as a set of boolean variables with a sum equal to one to encode the
domain constraints. Also, for constraints like the "circuit" or scheduling constraints, specific
propagation techniques are used.

OR-Tools is implemented in C++, with interfaces in Python, Java, and .NET, making it
accessible to a wide range of users. In this study, we utilized the Python interface to define and solve
our model. The OR-Tools solver enables us to define our problem in a high-level, declarative manner,
without needing to concern ourselves with the underlying search algorithms. Once defined, the solver
locates the optimal solution, allowing the focus to remain on the problem, rather than the solution
process itself.

3.1. Application Design

Our study aimed to develop an effective shift scheduling tool for the Wingie Enuygun Group
call center. The tool was designed to optimize the distribution of shifts among agents, guaranteeing the
call center's constant adequate staffing while also taking into account agents' preferences and historical
working patterns. Implementation of the tool was performed by developing a web application using
Flask, a Python-based web framework.

The application consists of two primary components. The first component handles user
interactions, such as uploading and downloading files. Users are able to upload a file containing
information about the present shift distribution and agent roster. Subsequently, the application produces
an optimized shift schedule that can be downloaded in the same format as the initial file.

The optimization process for shift scheduling is performed in the second component of the
application. The component utilizes an optimization suite to generate a shift schedule that optimizes
available data. The optimization process takes various constraints into account, including the
requirement that agents work precisely five days per week and rest for at least 11.5 hours between shifts.
The tool also considers agents' previous working schedules to generate a shift schedule that closely
aligns with their preferred working hours.

A random search algorithm is employed in the shift scheduling tool to optimize the schedule for
agents. The algorithm explores the solution space iteratively by introducing random changes to the
current solution in order to find a new one. The exploration continues until a solution is found that
satisfies all constraints, has the lowest possible cost, or until a specified time limit is reached.

The tool incorporates a logging functionality that documents the specifics of every file upload
request and the outcomes of the shift scheduling procedure. The inclusion of this feature is valuable for
the purposes of resolving issues and comprehending how the tool is utilized.

In summary, our methodology comprised creating a web-based shift scheduling tool that
implements an optimization algorithm to produce an optimal shift schedule founded on input data and
different constraints. The design of the tool is focused on user-friendliness and efficiency, rendering it
a valuable asset for the management of shifts within a call center environment.

4. Experimental Study

To evaluate the effectiveness of our shift scheduling tool, we conducted an experiment where
the tool was utilized to generate a new weekly shift schedule for the call center of Wingie Enuygun
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Group. The aim of the experiment was to monitor the duration taken to generate the new schedule and
compare it with the duration taken using the previous manual approach.

For the experiment, the input data was an Excel file (as in Table 1) comprising the current shift
distribution and agent information. The file was uploaded to the tool, which employed its optimization
algorithm to produce a new shift schedule that fulfilled all constraints and requirements. We documented
the duration taken to generate this schedule.

Tablo 1. This is a hypothetical example of the preferred shift distribution among various groups of
agents. The table displays the essential metadata for the distribution of shifts throughout the week.

Group Day Shift 1 Shift 2 Shift 3 Shift 4
Group 1 Monday 3 2 2 9
Group 1 Tuesday 2 2 2 9
Group 1 Wednesday 2 2 2 8
Group 1 Thursday 2 1 2 9
Group 1 Friday 2 1 2 9
Group 1 Saturday 3 1 2 8
Group 1 Sunday 3 1 2 8

The role of the CP-SAT solver is crucial in the context of our experiment. This is illustrated in
Table 1. The solver is designed to align as closely as possible with the metadata and strive for finding
the optimal solution. Yet, due to the multitude of constraints and the number of available agents, finding
an optimal solution within the allotted time may not always be possible. The solver outputs the most
feasible solution it can find in such cases. This emphasizes the importance of metadata creation in the
process. The metadata provides a framework that guides the solver in generating the most efficient shift
schedule. Thus, creating metadata carefully and strategically is critical to effective shift scheduling.

4.1.1. Experimental Setup

To ensure reproducibility and comparability, it is necessary to note the system specifications on
which the shift scheduling tool was executed. The tool was run on a system containing a 13th Generation
Intel(R) Core(TM) 19-13900HX processor, featuring 32 cores, and operating at a base frequency of 2.20
GHz.

The system's processing power on which the tool is executed is likely to affect its performance.
Thus, for future work aiming to reproduce our results or compare the performance of other shift
scheduling tools, considering the system's specifications is recommended.

4.1.2. Experimental Results

In the initial stages of our experiment, we adjusted multiple parameters within the *CpSolver
class’ through careful calibration. These parameters, specifically ‘parameters.max_time in seconds’,
‘parameters.num_search workers', and ‘parameters.cp_model probing level’, were identified as
having the potential to influence the performance of our shift scheduling tool. In various trials, we
adjusted the "parameters.max time in seconds’ parameter which sets the time limit for the solver in an
attempt to balance solution quality and computation time. Likewise, we adjusted the
‘parameters.num_search_workers parameter’, which regulates the number of workers used in the search.
Our observations showed that raising the number of workers notably increased the speed of finding
solutions, especially on multi-core machines. Finally, we adjusted the
‘parameters.cp_model probing level’ parameter, which controls the level of probing conducted by the
solver. We observed that higher levels of probing can enhance solution efficiency, but it also increases
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computation time. The insights from these initial experiments were crucial in optimizing the
performance of our shift scheduling tool.

After these initial trials, we proceeded to the main phase of our experiment. The results indicated
a substantial improvement in the time taken to generate a shift schedule compared to the previous manual
method. In the past, creating a schedule that met all constraints and requirements took more than 5 hours
of manual effort. The process required a deep understanding of the agents' shift requirements and
preferences and involved a significant amount of trial and error. By using our shift scheduling tool, the
time it takes to produce a new schedule has been reduced to under a minute. This has resulted in a
performance improvement of more than 300%. The drastic reduction in time is attributable to the
efficiency of the tool's optimization algorithm, which can rapidly explore the solution space and locate
a schedule that meets all constraints.

Apart from saving time, the tool is associated with other benefits. The tool eradicates the
possibility of human error in the scheduling process, ensuring that the generated schedule adheres as
closely as possible to the agents' preferred working hours. Additionally, the tool offers a consistent and
repeatable process for shift scheduling, which can be conveniently modified to adapt to changes in shift
requirements or agent preferences.

To conclude, our shift scheduling tool represents a significant improvement over the previous
manual method of shift scheduling. The tool not only significantly reduces the time required to generate
a new schedule but also offers a more reliable and flexible process for shift scheduling.

5. Conclusion and Future Works

This study has demonstrated the practical application of Google's OR tools in the development
of an automated shift scheduling system. Within a call center, the system, based on constraint
programming, significantly improved operational efficiency and employee satisfaction. The tool not
only reduces generating time of a new schedule but also provides a more trustworthy and adaptable
process for shift scheduling. It removes the possibility of human error in scheduling and guarantees that
the generated schedule meets the agent's demands for preferred working hours.

The usage of OR-Tools by Google has addressed an area that has not been focused on in
academic research, and it has shown the potential of these tools in a business environment. The
adaptability and efficiency of constraint programming have been showcased, solving intricate
scheduling complications in various industries. This has added to the continuous endeavor to boost
operational efficiency and employee satisfaction by implementing intelligent scheduling techniques.

There are many potential areas for future research. Exploring other optimization algorithms in
the OR-Tools suite is an interesting topic to consider. Other solvers, such as the linear solver or the
routing solver, could also be used to solve shift scheduling problems, although the CP-SAT solver was
utilized in this study. Furthermore, incorporating machine learning techniques to predict future shift
requirements based on historical data could enhance the tool, improving the accuracy and efficiency of
the scheduling process.

This tool could also be applied in other sectors, such as healthcare, manufacturing, or retail,
where shift scheduling is also a critical aspect of operations. Additionally, an intriguing expansion to
this research could be the inclusion of functionality that assesses the preferred working shifts of the
agents. This inclusion may require the procurement of data on the agents' shift preferences and the
integration of this data into the scheduling process. Implementing this modification would not only
enhance the satisfaction of the agents but, in addition, could potentially improve productivity and
efficiency in the call center.
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Abstract—
Today, as the prevalence of web applications and services increases, so does their vulnerability to cyber-
attacks. Web Application Firewalls are effective tools for protecting web applications, but they may not
be able to keep up with the pace of innovation. While rules-based approaches are suitable tools for
detecting known threats, they can generate large numbers of false positives and must be complemented
with other security measures to detect new threats. This article explores the potential of machine
learning-assisted anomaly detection as an alternative. Using a dataset of 1.6 million HTTP requests of
real-time Medianova CDN traffic and CSIC 2010, this study aims to optimize WAF performance to both
detect new attack threats and reduce the false positive rate. Machine learning models combined with
NLP techniques are used to detect malicious HTTP requests in real-time weblogs. The result
demonstrates that Logistic Regression has the best result for Medianova dataset, and Naive Bayes has
the best result for CSIC 2010 dataset in terms of accuracy. It promises a more secure and efficient web
ecosystem.

Keywords: Web Application Firewalls, Intrusion Detection Systems, Logistic Regression, Machine
Learning.

1.Introduction

With the increase in internet usage, there is a corresponding rise in both the number and the variety
of web applications and web services (Statista, 2021). As a result of this surge, web applications and
services are becoming attractive targets for cyber attackers. Therefore, preventing web attacks is one of
the most important issues. Although Web Application Firewall (WAF) products are quite advanced
today, there are still attacks that bypass WAFs.

Rule-based approaches continue to be actively employed for the detection and mitigation of
malicious Hyper Text Transfer Protocol (HTTP) requests aimed at applications. While these methods
are typically effective in blocking simple and known attacks, they may prove inadequate to prevent
emerging attacks. Moreover, such approaches may classify benign HTTP requests as malicious
mistakenly, leading to the generation of false positives (Follini, 2016). The operation or logic of some
applications might appear suspicious, capable of potentially triggering a WAF rule. However, this arises
from the fact that the applications are designed in such a way to serve a specific purpose. To overcome
these limitations, the adoption of anomaly detection strategies can be implemented.

In previous studies, anomaly detection for HTTP traffic has been performed using statistical analysis
(Denning, 1987; Smaha, 1988; Ye et al., 2002). However, this approach has limitations, as not all
behaviours can be expressed using statistical models. Anomaly detection, harnessing the power of
machine learning, has emerged as a powerful tool for identifying deviations from established norms. A
survey in Chandola et al., (2009) outlines anomaly detection techniques that have been developed for
many different applications. In anomaly detection approaches, the specific use of machine learning for
network intrusion detection is crucial to detect new attacks and reduce the rate of false positives arising
from rule-based WAF applications. This can be achieved only through the training of machine learning
models with normal requests and the subsequent detection of anomalous requests.
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HTTP traffic data is typically characterized by hundreds or thousands of features (Cai et al., 2018;
Cui et al., 2018). However, among these features, some may be irrelevant and redundant features that
can increase the complexity of the anomaly detection process and reduce its effectiveness. Feature
selection is an important task for filtering HTTP traffic in WAFs. Effective feature selection can greatly
improve the performance of WAFs. By reducing the number of features, WAFs can process traffic more
quickly and efficiently. This can lead to improved detection accuracy and reduced system resources.

The rest of the paper is organized as follows: A brief review of related works that shows the previous
and recent studies for web-based attack detection systems is presented in Section 2. In Section 3, the
methodology encompasses discussions on the utilized dataset definitions, data pre-processing steps, the
machine learning models used, experimental results, and comparisons. Finally, in Section 4, the obtained
results are summarized.

2. Related Work

Anomaly-based detection is a crucial approach for Intrusion Detection Systems (IDSs) for preventing
malicious requests. Feature selection and extraction are the crucial parts that reduce the complexity of
the problem and increase the anomaly detection performance of the models (Nguyen et al., 2011; Gupta
and Singh, 2017; Li et al., 2018; Li et al., 2020). There are studies in which NLP-based techniques are
applied, beyond the traditional statistical feature selection and extraction methods (Torrano-Gimenez et
al., 2011; Khreich et al., 2017; Pal and Chowdary, 2018; Vartouni et al., 2018; Zhang et al., 2019). In
this work (Liu et al., 2020), they analyse and use feature selection methods and classify the HTTP
request with the Support Vector Machine (SVM) algorithm. The study revealed that the model obtained
using the the Spanish National Research Council (CSIC) 2010 data set detected the attacks with a high
accuracy score.

Machine learning methods are one of the most noteworthy techniques for detecting anomalies. These
methods provide algorithms that require training to be able to solve a problem. It also includes various
techniques for solving many different classification and regression problems. Machine learning
algorithms offer powerful methods for handling both supervised and unsupervised datasets. In intrusion
detection systems, this approach can continually improve as new data is introduced. Therefore, machine
learning algorithms for log-based anomaly detection have been proposed recently to fill the deficiency
of rule-based systems (Meng et al., 2019; Zhang et al., 2019; Filt et al., 2021; Mandagondi, 2021).

Hoang (2021) proposed a decision tree-based machine learning model and the TF-IDF (Term-
Frequency - Inverse Document Frequency) method to turn each row into a vector. The proposed model
focused on web server logs that contain the HTTP requests and classified these logs into two categories:
Attacked and Normal. As a result of the work, the model was able to detect common attack types like
SQL injection (SQLi) and Cross-site Scripting (XSS). Duy et al., (2019) performed anomaly detection
work by exploiting the attributes of user behaviour in HTTP requests. Their methodology involves the
usage of both TF-IDF and common feature extraction approaches paired with a random forest algorithm.
Notably, TF-IDF surpassed the common feature approach by achieving 4% better results.

In addition to these studies, more recent works have been performed in the literature. Shaheed et al.
(2022) developed a web application firewall (WAF) that utilizes machine learning and feature
engineering to enhance security against malicious traffic, focusing on HTTP requests, a methodology
similar to our work. Further, Toprak et al., (2022) use deep learning to identify malicious requests. This
study was combined with two layers. They parsed online HTTP requests and extracted their features
with a pre-processing module. The Deep Neural Network (DNN) was trained to recognize and flag
malicious requests. Compared to traditional techniques, using deep learning in this context sometimes
offers improved accuracy and efficiency in detecting malicious activities.
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3. Method

Rapid and precise identification of malicious requests is paramount to shield systems from substantial
risks. In this research, our emphasis is on classifying incoming requests into 'normal' or 'attack’
categories. We employ a variety of machine learning algorithms, including Logistic Regression, Naive
Bayes, Decision Tree, and Random Forest. These models were meticulously trained and evaluated using
data pre-processing techniques like Natural Language Processing (NLP). The data utilized for this study
consists of real-time HTTP requests from Medianova Content Delivery Network (CDN) traffic and
CSIC 2010.

Our methodology, presented in Figure 1, depicts both the training and real-time anomaly detection
processes side by side. On the left of the figure, the training process shows the progression from "HTTP
request storage" to "data pre-processing”, and finally to "Training". This includes our systematic
approach to preparing and pre-processing data before it is fed into our algorithms for learning.

On the right side of Figure 1, the anomaly detection process is showcased. It starts with "real-time
network traffic", proceeds with "feature extraction" and then goes through the "anomaly detection score"
stage using trained machine learning models, then results in "classification". The endpoint of this
pipeline is the classification of traffic as either "abnormal" or "normal".

HTTP Request

Storage

Figure 1. The Flowchart of Training and Anomaly Detection Processes

3.1. Data

The dataset utilized in this study was derived from real-time Medianova CDN traffic and consists of
over 1.6 million HTTP requests. This extensive and diverse data source serves as a crucial foundation
for developing effective mechanisms to detect web application attacks. The richness of the dataset
enables the machine learning models to adapt to real-world attack vectors, and meticulous attention has
been given to addressing class imbalance issues, ensuring fair and reliable outcomes. By leveraging this
dataset, the trained machine learning models demonstrate their capability to successfully safeguard web
applications, offering a robust solution to security challenges. A second dataset, CSIC 2010, was also
employed in this study. It contains over 25,000 malicious requests and 36,000 benign requests, and was
artificially generated using a semi-automatic tool by CSIC.

3.2. Data Pre-processing

To apply machine learning techniques for classifying abnormal or normal behaviour in web traffic,
it is crucial to build labelled datasets for training. Pre-processing plays a vital role in preparing the
collected dataset to be used effectively for training the machine learning models. In this step, we handle
raw HTTP requests containing various headers and data fields. Given the complex and multifaceted
nature of these requests, it is imperative to simplify data for efficient processing. We used a pre-
processing module to reduce the complexity inherent in raw HTTP requests. Common header names,
which are considered not necessary for the context of our study, were not considered, and headers such
as "Method", "X-Forwarded-For", "URI", "Host", "Content-Length" and "User-Agent" were chosen.
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In Figure 2, we illustrate the methodical sequence of data pre-processing steps vital for refining raw
textual content and paving the way for more effective integration of NLP (Natural Language Processing)
techniques. To commence, text data is uniformly transformed to lowercase to ensure uniformity and
extraneous gaps are eliminated correspondingly. Moreover, HTML tags and punctuation marks are
excluded from the text content. After this, superfluous components, including numerical figures and
punctuation symbols, are filtered out. The software then employs a predetermined inventory to weed out
frequent yet semantically inconsequential 'stop words' (such as 'and', 'however', 'whether"). This action
significantly bolsters the calibre of subsequent textual analysis. The subsequent process of
lemmatization ensues, whereby words are simplified to their elemental structures, culminating in a
consistent representation of identical words formulated with diverse inflections. These pre-processing
steps collectively simplify the text, reducing complexity and making it consistent, thus creating a strong
base for in-depth analysis.

7 Data Pre-Processing N

Text Cleaning and Formatting

1 |
| |
1 |
| |
1 |
|
! Data Feature Convert to Remove Remove Remove Eliminate Stopword Word
! Collection Selection Lowercase HTML Punctuations Numbers Unnecessary Removal Lemmatization !
| Tags ‘Whitespaces |
| |
| |
| |
| |

Figure 2. Flowchart of the sequential data pre-processing steps

In order to apply supervised machine learning techniques, the collected data needs to be labelled.
This involves classifying each data instance into one of two classes: "abnormal” or "normal" behaviour.
Experts or manual inspection might be required for accurate labelling.

Once the data is cleaned and labelled, the next step is to extract relevant features from each request
in the dataset. Feature extraction is crucial as it transforms raw data into a format suitable for the machine
learning model. In this step, we used the TF-IDF (Term Frequency-Inverse Document Frequency)
vectorizer. Figure 3 shows a simple example of our data pre-processing steps. This approach ensures
that our models are trained on data that encapsulates the core of HTTP requests while being free of the
noise and redundancy typically found in raw requests. The pre-processed dataset is then divided into a
training set (70%) and a test set (30%). The machine learning model is trained with the training dataset
and evaluated on the test dataset to ensure its ability to generalize well to unseen data.

Raw Requost mi-cata format
Method: Get Filtered (vactors)
IX-Forwarded-Proto: https ®
Method: Get
X-MNRequest-ID 156
a56175c05dd0gc7m0as2re051g24ibn 76 X-Forwarded-Proto: htips 99
User-Agent: Mozilla User-Agent: Mozilla 57
. ‘ After preprocess 120
URI: /medias/S-iz- uri: /medias/S-iz- wops
le-png/context=bWfghaAGDSTEasT56s e.png/context=bWighaAGDSTEasT56s 56
Host: www.example.com Host: www.example.com get hitps mozilla medias size png 2
contextbwfghaagdsteasts www example com txt
L [ *lhtml en jessionid ¢ eaab efd text html i 5
Content-Length: 122 Content-Length: 122 htrl en jessionid f ¢ eaab efd text html image gi
image jpeg p gzip 87
Content-Type: txt/html Content-Type: txt/htmi 12
|Accept-Language: en /Accept-Language: en 2
Cookie: JSESSIONID=1F195C297800EAA8482B75EF Cookie: JSESSIONID=1F195C297800EAAB482B75EF 87
Accept: text/html, imagef/gif, image/jpeg, *;p=.2
|Accept: text/html, image/gif, imagefjpeg, *;p=.2 °
/Accept-Encoding: gzip 2

|Accept-Encoding: gzip
243

172

Connection: Close

Figure 3. The workflow of data pre-processing: Transitioning to machine learning compatible formats
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3.3. Models

In this study, we use four different machine learning models that are effective in binary classifier
systems to perform WAFs anomaly detection Kumari et al., (2017). Below, we describe the key models
used in the system and the corresponding methodologies. The first model utilized is Logistic Regression,
a popular linear classifier ideal for binary classification tasks. In this work, using TF-IDF vectors as
input features, the Logistic Regression model accurately predicts the probability that HTTP requests
will be classified as malicious (1) or legitimate (0). It processes the relationship between the categorical
dependent variable and one or more independent variables by estimating probabilities using a logistic
function Hosmer et. al., (2013). The second model included in this study is the Naive Bayes (NB) model,
a powerful probabilistic classifier based on Bayes' theorem, chosen for its effectiveness in computing
probabilities where feature independence is a reasonable assumption Zhang (2004). It computes the
probability that a data point belongs to a specific class with the assumption that all features in the data
point are independent of each other. This assumption makes it particularly suitable for our classification
task, where feature independence can be considered a reasonable approach. Next, The Random Forest
model, an ensemble method using multiple decision trees, was chosen for this study due to its ability to
produce accurate predictions by combining weak learners Cutler et. Al., (2012). Utilizing the bagging
technique, it trains decision trees with different bootstrap samples, handling both numeric and
categorical data. The capacity of this model to process both numerical and categorical data, combined
with the ensemble approach, makes it a viable choice for WAF anomaly detection. Finally, we utilized
the Decision Tree model for the classification of the HTTP request as normal or abnormal. This model,
which has a flowchart-like structure, provides simple interpretability, and is especially used to break
down complex decision-making processes into simpler steps Myles et al., (2004).

3.4. Experimental Results

The experiments for this study were conducted on a machine equipped with an AMD Opteron(tm)
Processor 6386 SE CPU @ 2.79GHz, 64 CPUs, and 62GB of RAM.

Algorithm: Web Based Anomaly Detection

Input:

RR={ry,r,7q,..., 1}

RR denotes Real-time HTTP Requests; 7y, is the number of HTTP request.
ML={Logistic Regression, Naive Bayes, Decision Tree, Random Forest};

Output:

Routput: {Accuracy, Precision, Recall, F1 — Score};

1: Begin

N

|| = preprocessing (ry)

3: Initialize an empty set TFIDF _vectors, Labels;
4: while each term in |1y, | do

5: TF = CalculateTermFrequency(|r|)

6: IDF = CalculateInverseDocumentFrequency(|r |, RR);
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7.

8:

9: end

TFIDF_vector = TF * IDF;

Label = ClassifyRequest(TFIDF_vector);

10: Initialize Training and Test dataset {X_train, y_train, X_test,y_pred}

11: Training data: (X _train, y_train), X train: TF-IDF vectors, y_train: labels

12: for each ML in ML deo:

13:

14:

15: end

TrainML(X_train, y_train);

y_pred=ML(X test);

16: Calculate Training Results: Royeput

17: End

Algorithm processes real-time HTTP requests and then calculates vectors of the text contents in each
request via TF-IDF. Then it prepares the training and test data. Training data (X_train, Y_Train) contains
TF-IDF vectors and labels. Then, training is carried out using 4 different machine learning algorithms
that we prefer to use in the study. After the training is completed, label prediction is made using these
trained models on the test data.

Table 1. Training Results of Machine Learning Algorithms

Study Method Dataset Accuracy
Hoang (2021) TF-IDF and decision tree HTTP Param 98.5
Duy et al., (2019) ?orezzd n-gram and random CSIC 2010 995
Isiker et al., (2022) | Character n-gram and linear CSIC 2010 99.5
support vector machines
TF-IDF and Logistic
Regression 90.8
TF-IDF and Naive Bayes CSIC 2010 93.0
TF-IDF and Decision Tree 89.8
TF-IDF and Random Forest 89.9
Proposed Model
TF-IDF and Logistic 99 6
Regression )
TF-IDF and Naive Bayes Our Dataset 94.7
TF-IDF and Decision Tree 98.1
TF-IDF and Random Forest 92.3
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The comparison between our proposed model and existing studies in the literature is summarized in
Table 1, highlighting several important insights. While previous studies such as Hoang (2021), Duy et
al., (2019), and Isiker et al. (2022) have achieved high accuracies ranging from 98.5% to 99.53% on
various datasets, our approach demonstrates competitive and even superior performance in certain cases.
Specifically, on the CSIC 2010 dataset, our method achieved accuracies ranging from 0.90 to 0.91,
which are slightly below the results reported in literature. However, on our dataset, the proposed model
reached an impressive accuracy of up to 0.99 using TF-IDF and Logistic Regression, showcasing a
significant advancement in the performance over the specific data domain.

Our study's contribution to the literature lies in the utilization of real-time CDN traffic, representing
a dataset with diverse and unique user behaviours. Despite the complexity and variability inherent in
such a real-world dataset, our proposed model has demonstrated highly competitive accuracies. This not
only underscores the robustness and adaptability of our approach but also positions our work as a
promising advancement in the field of web application security, offering insights and methodologies
that can be leveraged across different data domains and real-world scenarios.

4. Conclusion

As the complexity and variety of web threats evolve, security tools such as rule-based WAFs face
the rapid pace of these evolving threats. Aiming to address these challenges, our work highlights the
integration of machine learning techniques, particularly anomaly detection, into WAF systems to
improve threat detection capabilities.

Data pre-processing steps were applied both Medianova CDN traffic and CSIC 2010 datasets and
machine learning models were trained and tested. We have demonstrated the efficiencies of various
classifiers such as Logistic Regression, Naive Bayes, Decision Tree, and Random Forest. Especially
Logistic Regression was the model that gave the most impressive results with Medianova dataset and
Naive Bayes for CSIC 2010 dataset with respect to accuracy score for anomaly detection. In addition,
Naive Bayes, and Decision Tree models also performed as effectively as Logistic Regression.
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Abstract— Optimality of neural network architecture according to training datasets is a main concern
for data-driven modeling of real-world systems. This study presents a differential evolution (DE) based
data-driven optimal architecture artificial neural network (ANN) model design scheme for the heating
load prediction from building features. For neuroevolution of ANN architecture, we implemented a
multi-objective function that considers the sum of mean absolute error (MAE) performances for training
and test datasets. An advantage of using absolute error instead of sum square error, absolute-value norm
is closely related with the L1-regularization that is preferred to suppress weight of less significant
parameters in the model. Thus, we investigated effects of the MAE based objectives on the model
complexity and optimal neural architecture search for a given dataset. Effectiveness of the proposed
optimal ANN models is demonstrated in the heating load estimation problem of residential buildings
and compared with results of other methods.

Keywords : neuroevolution, optimal architecture, artificial neural network, energy, building.

1.Introduction

Data-driven modeling has been widely preferred to identify a mathematical model for computational
representation of real-world system responses, and it enables prediction or simulation of the modeled
system behavior. Over two decades, artificial neural networks have been a widely used for the black-
box modeling in many engineering applications such as hydroinformatics (Solomatine et al.,2009),
energy (Ertugrul, 2016; Chou et al.,, 2014), process control (Hou et al., 2013; Alimohammadi et al.,.
2020, Medi et al.,2021) etc. Today’s intelligent system paradigms, which aim to achieve optimal and
adaptive system responses, are shaping around the data-driven modeling of real-world systems.

In data-driven modeling, determination of ANN model architecture is an important problem, and if
the model architecture, namely model complexity, is not optimal, this drawback may easily lead to
underfitting or overfitting problems in the training stage (Gavrilov et al., 2018). Therefore, the optimal
architecture ANN design becomes an essential topic to maintain practical performance of ANN models
in real-world applications. Moreover, autonomous and intelligent systems require self-design of neural
architectures according to the nature of data. At this point, neuroevolution can be an effective solution
to deal with overfitting and underfitting problems in artificial neural network training tasks, and
evolutionary optimization methods are implemented to address optimal architecture design problems
(Benardos et al. 2007).

The optimal training performance depends on a suitable neural architecture selection for a given
training dataset (Baker et al.., 2016; Kandasamyet al., 2018). Selection of a suitable neural network
architecture involves determination of the number of hidden layers and the neuron counts at each hidden
layer. When this process is carried out manually, it is very time consuming and requires expertise on
dataset and neural networks. To deal with this issue, Benardos et al. addressed optimization of ANN
architecture according to mean absolute relative error of training and test dataset and considered neural
complexity objectives (Benardos et al. 2007). Then, Carvalho et al. and Anochi et al. have developed
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multi-objective functions for the self-tuning ANN models, and this function focused on minimizing sum
of square errors (sse = Z (v, =»,,)" ), total neuron numbers in the neural network and the training epoch

counts. These selected objectives consider reducing neural network complexity and improving
computational efficiency in the training process. Simsek et al. implemented and modified their
objectives to utilize popular metaheuristics in optimal architecture ANN design problems for several
real-world applications (Simsek et al., et. 2022; Simsek et al., et. 2023).

In this study, we implemented Simsek et al.’s optimal architecture ANN design procedure for data-
driven optimal architecture model design for the residential heating load prediction problem. To address
overfitting and underfitting problems, we suggested a multi-objective function with mean absolute error
(MAE, mae = Z‘ Y, —,.|) performance of training and test datasets. Thus, properties associated with

the absolute-value norm are utilized to simplify the objective function in neural architecture
optimization. Modeling performance of the optimal ANN model is investigated in the heating load
prediction of building according to 8 building features, and results are compared with other methods
that were used to model generation from the energy efficiency dataset. Two main contributions of this
study can be highlighted as follows:

(i) Data-driven neuroevolution of deep neural networks is demonstrated by adapting a differential
evolution algorithm (Storn et al., 1997, Qin et al. 2009) according to Simsek et al.’s neural architecture
optimization procedure (Simsek et al., et. 2022; Simsek et al., et. 2023), and effects of MAE based
objective function on neural architecture optimization is studied. Benefits of absolute-value norm based
objectives for ANN architecture optimization is discussed.

(i1) The differential evolutionary optimal architecture ANN modeling is implemented for optimal data-
driven modeling of the energy efficiency dataset, and the heating load estimation performance of the
optimal architecture deep ANN model is reported and compared with performance of other models in
literature.

2. Methodology
2.1. Preliminary Works and Problem Statement:

This section briefly explains the metaheuristic based ANN architecture optimization scheme that was
implemented by Simsek et al. Figure 1 shows details and adaptation of this scheme for the solution of
heating load prediction problems. Modified blocks are indicated by blue asterisk (*).

Heating Load Training Dataset

Integerization

Backpropagation 3 ANN Model <—  and Neural <— DE Algorithm

Algorithm

W H, Repair H =

Sum of MAEs of Training fobj
and Test Datasets

&

Figure 1. Some details of metaheuristic based ANN architecture optimization scheme (Simsek et al., et.
2022; Simsek et al., et. 2023) and modifications on the scheme for heating load prediction problem
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This scheme performs the backpropagation algorithm for parameter based learning of ANN model
and metaheuristic architecture optimization to manage structural learning of ANN from the dataset.
Candidate solution vectors ( /1) of the DE algorithm is decoded into a valid architecture description (

H, ), and the vector /, is used to define architecture of ANN model. To obtain a valid architecture

description, a number of processes is carried out on the H vector: Firstly, the H vector turns into a
integer value vector by rounding the elements to the nearest integer number (Integerization process) and
then zero value elements in the A vector are removed (Neural repair process) to avoid neural
disconnection between the hidden layers (Simsek et al., et. 2022; Simsek et al., et. 2023). The model,

which is described by means of the vector /, , is trained and tested several times by using the

backpropagation algorithm. To select the best model, a minimum value policy (argmin{f,,.(i)}) is

preferred to deal with uncertainty of backpropagation training (Simsek et al., et. 2022). Accordingly,
Jos; value of the best model is sent to the DE algorithm and this value is used for differential evolution

of the architecture description vector /H to reach better solutions.

To optimize the neural architecture, Simsek et al. implemented the multi-objective function (_foby,
), which has been progressively developed in works of Carvalho et al. and Anochi et al.

% (pl X SS€train + Pr X Ssegen)
P+ P,

2
fobj, = Cl[gneu] sz(epockS]+1 , (1)

where p1 and p2 are coefficients to adjust weights of the square error sum (Z (y, - y,m)2 ) term for

the training set (sse,,,,) and square error sum term for the test dataset (sse,,, ) in the optimization

train

process. Ci and C> are coefficients to adjust weights of total neuron counts (&

neu

) and total training
epoch counts (epoch).

In the current study, we investigate the effects of the objective function, which is the weighted sum of
MAE of training and test sets, on the neural architecture design. Therefore, the following simplified

objective function ( fobj,) is used for the architecture optimization of ANNS:
Jobj, =y, x maeuwain+ y, X maegen, )

where y1 and y2 are coefficients that are used to adjust weights of the mean absolute error term for

training dataset (mae,

ain) and the mean absolute error term for test dataset (/mae,,, ). Through the
optimization process, an advantage of using absolute error in the objective function can be
computational properties associated with the absolute-value norm. The absolute-value norm has been
used in L1-regularization in order to suppress less important parameters in optimization processes, and
this property can be helpful for self-tuning the ANN model complexity during the optimization process.

For this reason, we simplified objective function structure and removed parameters that have been used

to govern neuron counts (&, ) and epoch number in equation (1). In a previous work, Benardos et al.

used the mean absolute relative error objectives (Benardos et al. 2007), however they didn’t investigate
the mean absolute error to manage the neural architecture complexity for heating load prediction
problem.

3. Numerical Experiments
3.1. Energy Efficiency Dataset and Configuration of Optimal Architecture ANN Designs

Energy efficiency data set have been collected by Tsana et al. 2012 for heating or cooling load
estimation from 8 different features of residential buildings (Tsanas et al., 2012). These features are the
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relative compactness ( x, ), the surface area ( x, ), the wall area ( x, ), the roof area ( x, ), the overall height
of building (x5 ), the orientation of building ( x4 ), the glazing area (x,) and glazing area distribution (

xg ). Using these building features, the goal of this regression problem is to obtain a heating load

prediction model and a cooling load prediction model. By using these models, one can design energy
efficient buildings that can optimize energy consumption for heating and cooling of the designed houses.
In the literature, several machine learning methods have been implemented to solve this modeling
problem (Al-Rakhami et al., 2019). In the current study, to simplify our analysis and limit the length of
this paper, we worked on the heating load data to predict the heating load of buildings based on those
eight features. Depending on these features, the ANN model output ( y,, ) can be expressed in the form

of
Voun = F (X1, X5, X5, X, X5, X, X7, Xg) 3)

We used 8 features from 614 buildings in the energy efficiency dataset. Randomly selected 430 data
instances were used for the training set and 92 data instances were used as the validation set for the
backpropagation algorithm. The 92 data instances were allocated for test data at each run and they were
also used for test data in objective functions. Parameters of the objective function (Eq. (1)) were

configured to p, =1, p, =0.1, Ci=1 and C2 =0.1. (The model output for the objective function
with equation (1) is denoted by y, ) Parameters of the second objective function (equation (2)) were
configured to y, =1 and y, =1. (The model output for the objective function with equation (2) is
denoted by y, , ) Maximum number of hidden layers is set to 5 layers, and maximum neuron numbers

in the hidden layers limited to 30 neurons. That is why, the parameter number of the DE vector is set to
5 and the range of each parameter is set to 30 for the DE algorithm (Storn et al., 1997, Qin et al. 2009).

It is useful to see an example decoding of a DE solution vector to neural network architecture (Simsek
et al, et. 2022; Simsek et al., et. 2023). For instance, a given valid architecture description
H,=[24 12 5 16 7] implies that the neural architecture has 5 hidden layers: The first hidden layer

has 24 neurons, the second hidden layer has 12 neurons, the third hidden layer has 5 neurons, the fourth
hidden layer has 16 neurons and the fifth one has 7 neurons. The output layer is fixed in the regression
model and it has one neuron with a linear activation function to fit the output data that can take values
from a large interval of real numbers. The input layer has 8 inputs corresponding to 8 building features
from the dataset. Matlab fitnet() function was used to configure the ANN model according to the valid

candidate architecture description /{, that comes from the DE algorithm. For the training, the

Levenberg-Marquardt backpropagation algorithm was implemented in the objective function of the
differential evolution algorithm. The repeated training numbers are 3 to calculate mean absolute errors
according to three independent ANN training tasks, and we employ the minimum value policy, which
selects the best performance trained ANN model that presents a minimum value of the objective
function.

3.2. Numerical Results and Discussions

Table 1 and 2 show the root mean square (RMSE) performances for training and test datasets,
respectively. Table 3 and 4 show the mean absolute error (MAE) performances for training and test
datasets. The data-driven neuroevolution algorithm was performed three times for each objective
functions fobj, (Eq.1) and fobj, (Eq.2). One can see in these tables that the optimal architecture ANN
model by using equation (1) can yield lower RMSE and MAE for the training dataset; however the
RMSE and the MAE for the test dataset can be higher than those of optimal architecture ANN model by
using equation (2). This is a possible indication of an overfitting problem and less generalization. On
the other hand, we observed in a few tests that ANN models according to equation (1) may yield low
performance models. These results indicate to us that the performance of modeling with equation (2)
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can be more consistent (robust) than the performance of the modeling with equation (1). Lower standard
deviation of performance data for equation (2) also supports this observation. Figure 2 also reveals the
performance variability of the model in the case of using equation (1). A reason for this performance
variability in modeling performance of equation (1) may be that the complex structure of equation (1)
can further complicate the parameter search space for metaheuristic optimization algorithms, and this
factor may reduce performance consistency in the repeated training and testing case. Also, more
hyperparameters (user-defined constants) in equation (1) may require finer tuning to maintain modeling
consistency. As a consequence, we concluded that simplification of the objective function and use of
absolute value metrics can contribute to the modeling consistency in neural architecture optimization.

Table 1. RMSE performances for training set

Average RMSE Minimum RMSE | Maximum RMSE | Standard Deviation
Equation (1) 1.023 0.142 2.776 1.518
Equation (2) 0.171 0.146 0.182 0.021
Table 2. RMSE performances for test set
Average RMSE Minimum RMSE | Maximum RMSE | Standard Deviation
Equation (1) 1.373 0.457 3.138 1.528
Equation (2) 0.409 0.357 0.511 0.088
Table 3. MAE performances for the training set
Average MAE Minimum MAE Maximum MAE | Standard Deviation
Equation (1) 0.703 0.081 1.893 1.030
Equation (2) 0.121 0.108 0.127 0.011
Table 4. MAE performances for the test set
Average MAE Minimum MAE Maximum MAE | Standard Deviation
Equation (1) 0.957 0.310 2.192 1.070
Equation (2) 0.277 0.271 0.288 0.009
3.5 T 25 T
(a) — === ANN (Training, Eq.2) (b) —=—=ANN (Training, Eq.2)
ANN (Testing, Eq.2) ANN (Testing, Eq.2)
3 ANN (Training, Eq.1) ANN (Training, Eq.1)
ANN (Testing, Eq.1) 2 ANN (Testing, Eq.1) —
25 / —
Py 1.5
.y / o /
2 / g

0.5

I— —-fe-

1.5 2
Test No

25 3

Figure 2. RMSE and MAE performances for three repeated training and test phases
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We selected the best models that presented the lowest RMSE and MAE for training and test datasets
according to performance data in Figure 2. Figure 3 shows convergence of objective functions and fitting
of model estimates to the datasets. Decrease of the objective function validates evolution of deep neural
network architecture during the differential evolution optimization in Figure 3(a) and (b). Fitting of

predictions of the ANN models to the real heating load data is significant for the training dataset (Figure
3(c) and (d)) and the test dataset (Figure 3 (e) and (f)).
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Figure 3. (a) and (b) show convergence of objective functions during differential evolution of neural
architecture; (c) and (d) show the fitting of head load estimations to training data; (e) and (f) show the

fitting of head load estimations to test data. (Left hand side figures is for equation (1) and right hand
side figures is for equation (2))
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The best neural architecture descriptions are given at Table 5. According to these architecture
descriptions, one can observe that the best models did not use all of the allowed 5 hidden layers. They
used two layers according to the objective function equation (2) and three layers according to the
objective function equation (1). Even though there is not any objective to reduce neuron counts in
equation (2), it can yield a lower complexity model with two hidden layers. This result can be an
indication for the parameter suppression effect of the MAE and supports the expectation of inherent
model complexity reduction effect via MAE based objectives. Also, these findings indicate that ANN
based modeling of this dataset may not need a deeper neural network, and results of optimization process
suggested two or three layers for improved modeling performance in this study. This result comes out
of a discussion whether a deep neural network is always necessary for ANN modeling of every datasets.
According to our findings, the optimal architecture, which can improve the modeling performance, can
be accessible via the neural architecture optimization, and determination of optimal neural architecture
can be performed according to model complexity requirements of datasets. This property is referred to
as data-driven optimization of neural architecture, namely the data-driven neuroevolution. Table 6
compares performances of the best optimal architecture ANN models with those of other published
works. The best ANN model according to the equation (2) can produce better results than the majority
of other state-of-art methods in the table.

Table 5. Valid architecture descriptions ( /1, ) of the best ANN models from repeated neuroevolution

Objective Hidden Layers

Functions | 1™ layer 2" layer | 3" layer | 4™ layer 5™ layer
Equation 1 23 16 8 - -
Equation 2 9 21 - - -

Table 6. Performances of the best optimal architecture ANN models and performance data from other
published works (Al-Rakhami et al., 2019)

Related Works Methods MAE | RMSE | MAPE(%) | R*-score
Tsanas et al.(2012) Random Forest 0.51 - 2.2 -
Cheng et al. (2014) Ensemble Model 0.34 | 0.46 - 0.998
Chou, et al. (2014) Ensemble Model 0.23 | 0.35 1.1 0.999
Castelli et al. (2015) Genetic Program 0.38 - 0.43 -
Duarte et al. (2017) Random Forest 0.315| 0.22 1.4 0.998
Goliatt et al. (2018) Gaussian Process 0.25 | 0.38 1.3 0.999
Al-Rakhami et al.(2019) | Extreme Gradient Boosting | 0.17 | 0.26 0.91 0.999
According to equation (1) | Optimal architecture ANN 0.31 0.45 1.4 0.997
According to equation (2) | Optimal architecture ANN 0.27 | 0.35 1.3 0.998

3. Conclusions

This study illustrated an application of differential evolutionary optimal architecture deep neural
network design approach for prediction of heating load in buildings according to eight building features.
We modified the multi-objective function by using MAE error instead of the sum of square errors (SSE).
This modification aims to investigate the effects of two modifications on the neural architecture
optimization problem: (i) simplification of multiobjective function in order to facilitate search of
metaheuristic methods, (ii) the parameter suppressing effect of absolute value norm to reduce
complexity of the resulting ANN models.

Our numerical experiments on the energy efficiency dataset reveal that deep neural networks may
not be a necessity for high performance solutions of regression problems. An optimal neural architecture,
which deals with overfitting and underfitting problems, can be found by using data-driven
neuroevolution methods. Optimization of neural architecture to improve learning performance of ANNs
is known as structural learning (Cortes et al.,2017). To this end, this study investigated a differential
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evolutionary neuroevolution mechanism, and performance of the suggested neuroevolution method was
demonstrated in comparison with the performance of other methods that have been published for the
solution of heating load prediction problem. Results indicate that differential evolutionary optimal
classical neural network models can present an acceptable prediction performance compared to
performances of other state-of-art methods. The data-driven neuroevolution and benefiting from
structural learning play a role in these results.
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