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INTRODUCTION  

 

Dear Distinguished Delegate, 

 

The second edition of the International Conference on Advances and Innovations in Engineering (ICAIE) 

was held between 21-23 September 2023 at Fērat University Faculty of Engineering, Elazēĵ. 

 

International Conference on Advances and Innovations in Engineering is an international scientific forum 

of distinguished scholars engaged in scientific, engineering and technological research, dedicated to the 

furtherance of science, engineering and technology. The academic research conference since its inception 

is at the cutting edge of international nonprofit scientific, engineering and technological progress to 

promoting excellence in science. 

 

The conference plays an influential role in science and promotes developments in science, engineering and 

technology in a wide range of ways. The conference aims to foster research in the area of science and 

technology and its impact to mainstream human activities. Specifically, it serves as a venue for discussions 

and exchange of ideas in current issues in science and technology. 

 

All full paper and abstract submissions to the conference are peer reviewed and refereed and evaluated 

based on originality, research content and correctness, relevance to contributions, and readability. In this 

content the full paper and abstract submissions are chosen based on technical merit, interest, applicability 

and how well they fit a coherent and balanced technical program. The accepted papers after rigorous peer 

reviewing process have been published in the refereed international conference proceedings 

 

 

                                                                                                    

Chair of ICAIE Committee 

                                                                                                                          Prof. Ebru AKPINAR 
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Abstract 

 

In this study, a compilation and analysis of Physical Unclonable Functions (PUFs) are presented. PUFs play an important role 

in various applications in the field of information security, such as secure key generation and identity authentication. PUFs 

provide a unique set of features based on physical properties that are primarily used as hardware components. Particularly, due 

to their ability to generate unique output bits specific to the physical hardware they operate on and their unclonability, PUFs are 

frequently used in authentication mechanisms that employ cryptographic protocols. The study addresses different PUF 

architectures based on various design principles, their implementation forms, security vulnerabilities, and advantages against 

advanced cryptographic attacks. In addition to fundamental design paradigms, the study also provides explanatory information 

about the cryptographic purposes and statistical verification methods of PUFs. The aim of the study is to contribute to the 

development of protocols aimed at enhancing electronic design security by focusing on the current status of PUF technologies 

and their future potential in terms of information security. Furthermore, we believe that understanding the potential of PUF 

technologies will guide security researchers and application developers. In light of technological advancements, PUF 

technologies will play a significant role in the development of effective cryptographic solutions against advanced attacks, both 

in terms of quantity and effectiveness, for information security. 

 

Keywords: cryptographic protocols, electronic design security, information security, physical unclonable functions (PUFs) 

 

1. Introduction  

 

In today's world, a significant and crucial portion of information is constituted by messages and data transmitted over 

publicly accessible digital networks. The transfer of these data, which are central to communication, via these 

networks brings forth the necessity of ensuring their absolute protection due to potential security issues that may arise 

during transmission. Cryptographic methods, employed to ensure the security of communication between recipients 

and senders, play a significant role in information security [1].  

 

Modern cryptographic protocols can be implemented on various integrated circuit devices such as Field-

Programmable Gate Arrays (FPGAs), Application-Specific Integrated Circuits (ASICs), Digital Signal Processors 

(DSPs), and others. While these protocols provide a secure computation enclave and easy implementation 

capabilities, the security of integrated circuits has become a significant issue due to high information security 

requirements. Authentication, identification, and key generation are crucial security risks associated with integrated 

devices. Therefore, the confidentiality of a stored key on an integrated circuit, without proper protection, does not 

ensure an adequate level of cryptographic security against attackers. Moreover, ensuring the security of a key 

throughout the usage lifespan of an integrated circuit is not trivial without specialized protection. For instance, even 

if a key stored in non-volatile memory (NVM) without specialized protection is physically assigned to a unique key 

entity, it remains vulnerable to copying. The continuous presence of such critical information within the system 

occasionally creates security vulnerabilities. Furthermore, the generation and distribution of keys are also highly 
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critical for system security. Hence, for device security, processes such as authentication and key generation should 

encompass the creation and identification of unique IDs for embedded devices [1-2].  

 

Due to their advantages such as resistance to physical attacks, low cost, and resistance to cloning, PUFs have emerged 

as a prominent alternative security approach. PUFs can be utilized for generating secure identification information 

by producing environment-specific values and being inherently non-copyable. Unlike keys, PUFs are not assigned 

from an external source; instead, they are intrinsic to the PUF itself. During production, PUFs can generate unique 

identification information by utilizing actual random variations present on the device. While these variations, which 

are attempted to be minimized during the production of integrated circuits, might be measurable, creating a physical 

copy of them remains infeasible. This is because it is considered impossible to fully control micro and nano-scale 

manufacturing variations. Easily obtainable yet difficult to predict, this identification information also represents a 

unique signature or biometric data akin to a fingerprint of the integrated device. By utilizing these functions capable 

of generating hardware-specific outputs, robust authorization protocols can be established, potentially providing 

solutions to the challenges of key generation and storage [3].  

 

Due to the distinctive physical characteristics of circuits, it is impossible for the device-specific identification 

information generated by a PUF to belong to a different IC or to be reproduced by an attacker. The PUFs produce 

output responses by receiving challenge inputs in the form of (challenge-response), as illustrated in Fig. 1. Thus, 

during the characterization of these functions, challenge-response are used together. The challenge is typically an 

externally applied stimulus to the circuit, while the response is the corresponding device-specific identification 

information generated in reaction to this stimulus [2-4].   

 
Figure 1. Functional description of PUFs 

 

PUFs are utilized in various domains requiring security, such as intellectual property protection (IP), authentication, 

chip tracking, personal data and private communication security, Radio Frequency Identification (RFID) technology, 

and the Internet of Things (IoT). In the literature, numerous PUF architectures have been proposed for these purposes, 

employing different design paradigms. 

 

Singh et al. [5] proposed a novel PUF design using a three-input arbiter-based approach. Initially, they designed a 

priority arbiter using a simple arbiter, two 2:1 multiplexers, and an exclusive-OR (XOR) gate. Through their 

conducted tests and the application of error correction techniques, they demonstrated achieving ρππϷ reliability and 

τωȢφσϷ uniqueness. In another study, Wisiol and Pirnay [6] revealed that XOR Arbiter PUFs with an even number 

of arbiter chains exhibit inherently biased responses, even when all arbiter chains are perfectly unbiased. Siddhanti 

et al. [7] employed arbiter PUFs for runtime secure key generation. They implemented their design on an Artix-7 

FPGA and measured a reliability level of ωςϷ using error correction mechanisms. Hazari et al. [8] analyzed the 

vulnerability of the XOR Random Output PUF (ROPUF) to machine learning attacks. They examined the XOR-

Inverter ROPUF trained with different machine learning models using the Challenge-Response Pairs (CRPs) data. 

According to their analysis, Artificial Neural Network models were able to train on XOR-inverter based PUF CRPs 

with nearly ωωϷ training accuracy and predict around φωȢτρϷ of the CRPs. Alsulami and Niamat [9] conducted a 

performance analysis of an AND-Inverter based RO-PUF. They determined that a 3-stage AND-Inverter RO-PUF 

exhibited higher uniqueness τχȢυϷ and ideal bit mismatch υπϷ rates. On the other hand, a 7-stage AND-Inverter 

RO-PUF achieved the best homogeneity υπȢπχϷ and ideal bit mismatch υπϷ values. Chauhan et al. [10] introduced 

a study involving a RO-PUF-based Random Number Generator (RNG) design named C-RO-PUF. Their proposed 

C-RO-PUF design comprises a cascaded RO-PUF design using Linear Feedback Shift Register (LFSR). They 

demonstrated that the suggested C-RO-PUF design exhibits reliability-enhancing features by increasing the number 
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of CRPs. In their study, Aung et al. [11] investigated the use of Static Random Access Memory (SRAM) PUFs for 

the security of IoT devices. Using the data remanence method, they derived a 128-bit SRAM PUF from initially 512-

bit SRAM values. They measured an error rate of σẗχχρπ  and a stability rate of  ωωȢωψϷ for the derived SRAM 

PUF. Shifman et al. [12] have proposed a more reliable SRAM PUF in their study. This suggested PUF was 

manufactured using the TSMC φυὲά process and is more reliable compared to previous-generation SRAM PUFs. 

In these PUF arrays, a new pre-selection test was conducted, demonstrating its effectiveness in eliminating all 

unstable cells ςπςυϷȢ Silverio et al. [13] presented a low-cost and semi-compact 128-bit key encryption optical 

system by combining a PUF identifier used in optical authentication with the use of an organic-inorganic hybrid 

structure. They utilized identity verification decisions based on Hamming distances to determine threshold values for 

optimal decryption and highlighted it as a promising approach for secure and robust encryption systems. Lee et al. 

[14] proposed optical authentication for spin-orbit torque (SOT) devices. They emphasized the potential of SOT 

devices for secure key generation due to their durability and high repeatability. They presented a simple optical 

method based on magneto-optical Kerr effect to authenticate the suggested SOT PUF device, and calculated its 

reliability as ωχȢψ ρȢπσϷ. 
 

In this review informative insights and evaluations regarding the types of  PUFs and their application methods on 

reconfigurable integrated circuits such as FPGAs and ASICs. Within this study, elucidation is given to the 

fundamental randomness processes of each PUF architecture, as well as their design methodologies, cryptographic 

purposes including key management, authentication, and design security. Furthermore, acomparative analysis is 

presented, covering both the cryptographic utility purposes and potential vulnerabilities, along with possible attack 

and defense strategies related to these weaknesses. The primary objective of this study is to establish a foundational 

comprehension of essential concepts and principles concerning PUF design for the readers, aiming to facilitate their 

understanding. This aspect will also assist readers in accurately comprehending future academic endeavors and 

potential contributions in the field of PUF, thereby fostering a more comprehensive understanding of the literature. 

 

The remaining sections of the study are organized as follows: The second section provides explanatory information 

about typical PUF architectures and their application areas. In the third section, the cryptographic purposes of PUFs 

are addressed. The fourth section delves into attack and defense strategies concerning PUFs, along with security 

risks. Concluding with the summary of the study, the final section encapsulates the outcomes while also incorporating 

prospects for future research endeavors. 

 

2. Typical PUF Methodologies and Basic Areas of Usage  

 

PUFs, hardware-based security mechanisms used in applications such as secure identity authentication and key 

generation. This technology relies on the unique characteristics of the physical world to enable differentiation 

between any two objects, forming an irreproducible and non-replicable foundation. PUFs operate by creating a 

"challenging question" based on these distinctive features. Each PUF instance generates an output value derived from 

the unique attributes of a physical object, which is exclusive to that object alone. This output value reflects a statistical 

aspect of the physical object's specific attribute, making it impossible for any other object to produce the same output. 

Similarity between PUF responses is measured by Hamming Distance (HD). The Hamming distance is used to 

quantify the similarity between PUF responses. For two binary vectors of equal length, the HD  is calculated as the 

number of changes needed to transform one vector into the other. The calculation involves performing XOR operation 

on the bits of the vectors: 

 

╗╓◊ȟ○ В ◊╫ṥ○╫╝
╫           ( 1 ) 

 

where in this context όὦ represents the ὦ  bit of vector ό. 

PUFs can come in various types based on design principles and physical attributes. For instance, among the physical 

attributes, there can be electrical, optical, or magnetic characteristics. These attributes ensure that each object 

possesses a unique PUF instance. The primary purpose of PUFs is to provide reliable identity authentication and 

secure key generation by producing distinct output values. PUFs mitigate the risk of security vulnerabilities by 

preventing counterfeit identities and copied keys. Furthermore, they serve as a decentralized identity verification 

method, ensuring secure communication and data transfer. 
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The equation representing the basic operation of an Arbiter PUF is as follows: 

 

╡ █╒             ( 2 ) 

Here: 

Ὑ, represents the output of the PUF (response).  

The function Ὢ illustrates the internal operation of the Arbiter PUF. This function represents the comparison of 

external bit paths determined by the input challenge ὅ . 

2.1. Ring Oscillator Based PUF (RO-PUF)  

 

RO-PUF is a silicon PUF that generates a response based on the frequencies of digital ring oscillators on the chip. 

As the precise frequency of such oscillators is significantly affected by process variations, their exact measurement 

will contain unpredictable and device-specific information. The initial concept of ROPUF was proposed by Gassend 

and colleagues [15], and it relies on a single reconfigurable oscillator foundation. 

 

An RO-PUF consists of a series of ring oscillators, each composed of a single number of inverters, forming a closed 

loop. The oscillation frequency of the RO is approximately calculated as follows: 

 

█╡╞ ẗ▪stages ẗⱲ╘╝╥            ( 3 ) 

 

Here, ὲstages  represents the number of stages in the RO, and †  is the nominal time delay of each inverter. The total 

delay in an RO loop should also include the delays caused by the paths connecting the active devices to each other. 

Therefore, two ROs with the same number of stages and the same configuration should have the same characteristic 

frequency. However, the variability in the production processes of Complementary Metal-Oxide-Semiconductor 

(CMOS) integrated circuits leads each RO to have a unique operating frequency. This enables the individual 

identification of different instances of the circuit. Typically, an inverter in the chain is replaced with a not-AND 

(NAND) gate to enable or disable the oscillation [16]. The RO structure in an RO-PUF is depicted in Fig. 2. 

 

 
Figure 2. Structure of one RO in an RO-PUF 

2.2. Arbiter PUF    

 

Arbiter PUF were initially introduced in the articles [17-18]. These functions consist of Ὧ stages, such as multiplexers 

for instance. Two electrical signals compete simultaneously and in parallel through these stages. Precise paths are 

determined by Ὧ external bits ὦȣȢὦ applied to the stages, where the Ὥ  bit is applied to the stage. After the final 

stage, a memory cell called an "arbiter element" determines whether the upper or lower signal arrived first and 

produces a corresponding output of zero or one. The external bits are generally considered as the challenge ὅ of this 

PUF, so ὅ  ὦȣȢὦ, and the output of the arbiter element is interpreted as the response. The Arbiter PUF structure 

is depicted in Fig. 3. 
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Figure 3. Arbiter PUF 

 

2.3. Static Random Access Memory (SRAM) PUF 

 

As the name suggests, the stable structure of two consecutive inverters is utilized to increase the trip point difference, 

with an equal probability of logical states ᴂρᴂ or ᴂπᴂȢ Previous SRAM PUFs used the power-up state of φὝ SRAM 

cells, while some recent works added specialized pull-up/pull-down transistors to allow multiple evaluations of cells 

without the need to toggle the entire supply for each evaluation. An example of such an implementation is shown in 

Fig. 4. Prior to evaluation, when the ᴂὉὲᴂ signal is low, the internal nodes are held at ᴂὕᴂ and ᴂὕὄᴂ at the ὠὨὨ level, 

preventing the cell's access transistor from conducting. Once 'Ὁὲ' is activated, the access transistor becomes 

conductive, and ᴂὕᴂ Ⱦ ᴂὕὄᴂ begins to discharge towards ὠὨὨȾς. The mismatch-induced trip point difference between 

the two inverters is amplified by a positive feedback loop, causing the cell to approach a state where one internal 

node is ᴂπᴂ and the other is ᴂρᴂ [19]. The SRAM-based PUF cell is illustrated in Fig. 4. 

 

 
Figure 4. SRAM-based PUF cell 

2.4. Optical PUF 

 

A precursor to PUFs based on utilizing unclonable physical irregularities is referred to as the Unique Object (UNO). 

During the Cold War era, for instance, a thin layer of light-reflecting particles was sprayed onto the surface of nuclear 

weapons, forming a structure where particles were randomly distributed. Consequently, the interference pattern that 

emerges after illumination becomes unique and unpredictable based on the viewing angle. Among the earliest known 

PUFs, the optical PUF stands out as a physically one-way function. The goal here was to create a one-way function 

using physical methods rather than number theory. Particularly, when illuminated at a specific angle, a complex 

interference-based two-dimensional dot pattern is generated within a heterogeneous transparent plastic token, and 

this pattern is recorded using a high-capacity device camera. In Fig. 5a, a photography of the PUF token is shown 

with its respective sample holder that was idealized to block most of the external light sources, having only a small 

orifice for the laser to illuminate the sample. Moreover, in Fig. 5b, an example image of the speckle produced is 

shown where it is noticeable the granular profile of the pattern [13], [2]. 
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Figure 5.  Photography of a) organic-inorganic hybrid, and its respective sample holder, used as a PUF device and b) the speckle 

pattern produced upon the laser incidence on the token. 

   

Cryptographic Applications of PUFs 

 

PUFs play a significant role in cryptographic protocols within the field of information security. The unique attributes 

of PUFs can be harnessed for secure identity authentication, key generation, and other cryptographic applications. In 

this section, the cryptographic purposes of PUFs will be discussed in detail. 

3.1. Secure Key Generation 

When used for secure key generation, the output values derived from the unique attributes of each object in PUFs 

can serve as strong and unpredictable cryptographic keys. This simplifies key management systems and prevents the 

physical copying of keys. Unlike traditional key generation methods, where keys might be generated algorithmically 

or stored centrally, PUFs harness the individual characteristics of each device. This uniqueness greatly enhances 

security, as it renders keys virtually impossible to predict or replicate. 

3.2. Identity  Verification and Authorization  

PUFs are employed in identity verification mechanisms, enabling users to securely prove their identities by utilizing 

the unique attributes of their physical objects. This helps prevent the use of counterfeit identities and unauthorized 

access attempts. In the realm of identity verification and authorization, PUFs present a stark contrast to traditional 

methods. While conventional approaches often rely on passwords, PINs, or knowledge-based authentication, PUFs 

harness the inherent physical uniqueness of electronic components to provide a new level of security. Traditional 

methods are susceptible to various attacks, including brute force, password cracking, and phishing, while PUFs 

bolster security, making it exceptionally challenging for attackers to impersonate legitimate users. PUFs strengthen 

Two-Factor Authentication (2FA) with hardware tokens, increasing the effectiveness of online account protection. 

Furthermore, they play a pivotal role in decentralized identity systems, empowering users with self-sovereign, 

privacy-preserving identities while reducing the dependence on centralized authorities. 

3.3. Usage in Cryptographic Protocols 

 

PUFs can be utilized to enhance the security of cryptographic protocols. In the realm of cryptographic protocols, 

PUFs have emerged as a versatile and robust tool with numerous applications. These innovative devices find 

application in various critical aspects of cryptographic security, including key generation, where PUFs leverage the 

unique physical characteristics of individual chips or hardware to generate cryptographic keys that are inherently 

resistant to cloning or replication. PUFs also play a pivotal role in authentication by providing a secure means to 

verify the authenticity of devices or users, ensuring that only authorized entities gain access. Additionally, PUFs 

contribute significantly to data encryption, enhancing the security of data by generating and managing encryption 

keys in a manner that is highly resistant to tampering or unauthorized access. Thereby bolstering the overall security 

of cryptographic protocols in a wide range of applications. 

 

When employed in cryptographic protocols, PUF technology can enhance hardware-based security. Thanks to their 

unique and unclonable attributes, PUFs can effectively contribute to areas such as key management, identity 

verification, and secure communication. Table 1 demonstrates how PUF technology can be integrated into various 

cryptographic protocols and the security domains in which it can be utilized. 
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Table 1. Integration of cryptographic protocols with PUFs 
Cryptographic Protocol PUF Integration Purpose and Usage Areas Security Contribution  

Key Generation 
Powerful key generation from 

PUF 
Encryption, Authentication Key Security 

Authentication PUF-based authentication 

Secure Sessions over the 

Internet, Physical Access 

Control 

Identity Security, Authorization 

Data Encryption 
Encryption key generation with 

PUF 
Data Security, Privacy Data Encryption Security 

Message Verification 
Digital signature verification 

with PUF 
Data Integrity, Authorization 

Message Integrity and 

Authentication 

Token Based Security 
PUF-based secure 

authentication 

Multi -Factor Authentication, 

Data Access Control 
Identity and Data Security 

Distributed Key Management 
Secure Key Distribution with 

PUF 
Multi -Device Key Sharing Key Security and Distribution 

PUF Security and Defense Against Attacks 

 

The PUF stands out as a significant component of modern information security. PUF is a security mechanism based 

on generating random and unique keys through the measurement of unique physical attributes in electronic devices. 

Thanks to these distinctive characteristics, PUFs are utilized in a range of applications, from device authentication to 

encryption key generation. However, it's crucial to remember that PUFs are inherently sensitive and require defense 

against various attacks. PUF security aims to prevent attackers from modeling, emulating, or manipulating PUF 

responses. In this context, different strategies and defense approaches have been developed to enhance security. 

 

Table 2 summarizes some important works in PUF security and defense against attacks. These works include 

innovative methods developed to enhance PUF security and resist various attack types. The information in the table 

reflects a broad spectrum of research in PUF security, aiding our understanding of advancements in this field. 

This table presents only a snapshot of PUF security and defense against attacks research. In the future, the 

development of new strategies and defense mechanisms in the battle between more complex and robust PUF 

technologies and more sophisticated attack methods will continue to be a crucial step in the field of information 

security. 

 
Table 2. PUF security and defense against attacks studies 

Title of Study Purpose Type of PUF Used Attack Types Defense Approaches Results 

Efficient Transfer 

Learning on Modeling 

Physical Unclonable 

Functions [20] 

Transfer learning 

in modeling attacks 

on physical 

unclonable 

functions (PUFs) 

Arbiter PUF 

Modeling attacks 

machine learning 

model 

Transfer learning 

techniques 

The study 

demonstrates the 

effectiveness of 

transfer learning in 

modeling attacks on 

PUFs 

Physical Unclonable 

Functions-based Linear 

Encryption against Code 

Reuse Attacks [21] 

Defend against 

code reuse attacks 

(CRA) 

Silicon physical 

unclonable 

functions (PUF) 

Code reuse attacks 

(CRA) 

PUF-based key 

generation and 

management with an 

XOR-based lightweight 

linear encryption 

architecture (LEA) 

Protection against 

malicious code 

injection type attacks 

with low hardware 

and increased uptime 

Defending against model 

extraction attacks with 

physical unclonable 

function [22] 

To protect DNN 

models from being 

stolen by attackers 

Arbiter PUF 

Black-box model 

extraction attacks, 

Known plaintext 

attacks 

Training a 

corresponding PUF 

model at the service 

provider side 

Attacker's ability to 

extract an effective 

model is limited 

On the Effectiveness of 

the Remanence Decay 

Side-Channel to Clone 

Memory-Based PUFs 

[23] 

Introducing fault 

injection via 

remanence decay 

for memory-based 

PUFs non-invasive 

exploitation. 

Memory-based 

PUFs 

Differential 

template attacks on 

PUF-enabled 

cryptographic 

devices, 

Data remanence 

experiment-based 

attacks. 

Controlling the 

remanence decay in the 

SRAM. 

Using accurate 

equipment for precise 

control of remanence 

decay. 

Showing attack 

feasibility via 

experimental 

validation; noting 

setup limitations, 

proposing 

performance-

enhancing 

improvements. 

Initial tamper tests of 

novel tamper-indicating 

optical physical 

unclonable functions 

[24] 

To test the tamper-

indicating ability 

of Optical PUFs 

Optical physical 

unclonable 

functions 

Mechanical, 

thermal, and 

chemical attacks 

Wavefront-shaping 

controlled reflection 

The material/method 

showed robust 

tamper-indicating 

ability. 
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4. Conclusions 

 

PUFs play a significant role in fields such as reliable identity authentication, key generation, and hardware security, 

with expectations for further growth and development in the future. The future potential of PUF technology is quite 

exciting, offering various possibilities in different areas. Some of these areas include the IoT, Biometric and Medical 

Applications, Data Security and Encryption, and Application and Hardware Security. This review and analysis on 

PUFs have addressed the role of PUF technology in critical areas like secure identity authentication, key generation, 

and hardware security. PUFs have the potential to provide reliability and security by utilizing the unique attributes 

of physical objects. 

 

In today's world, the constantly increasing threats and attacks in information security require stronger and more 

effective security solutions. PUFs play a crucial role in addressing this gap across various application areas. The use 

of PUF technology in secure key generation, identity verification, electronic design security, and many other fields 

enables the creation of more robust and reliable systems from a security standpoint. The significance of PUF 

technology lies in addressing fundamental security concerns like reliability, authenticity, and protection against 

counterfeiting. PUFs are particularly important in critical areas such as secure data transmission, identity 

authentication, and hardware security in today's rapidly evolving digital age. 

 

In conclusion, the potential and future role of PUF technology are promising. The aim of this study is to explain the 

fundamental principles of PUF technology, its design architectures, cryptographic application areas, and security 

potential, while raising awareness in this field. Expanding the reliability and application areas of PUF technology 

will be a crucial step in providing more effective and robust solutions against future security challenges. 
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Abstract 

 

Increasing use of social and digital media and facilitating data sharing make it very easy to access users' voices, videos and images. 

Deepfake technology is a technology used to produce fake images or sounds from real images or sounds with deep learning and artificial 

intelligence techniques. Deepfake technology can produce fake videos or images by learning from large amounts of data with artificial 

neural networks. Today, it is used in the entertainment, games and film industry, but it is also used in situations such as creating 

malicious fake news and discrediting individuals. In order not to encounter these situations in the literature, studies have been carried 

out to detect deepfake images and videos. In this study, real and fake images were collected manually from different datasets or videos 

with a comprehensive literature search, labeling was performed, and a data set was made by applying the necessary preprocessing steps. 

With the created data set, YOLO technology, which can detect objects in images quickly and with high accuracy by using Convolutional 

Neural Networks, is used. Contrary to traditional detection methods, a training was conducted with the YOLOv3 version, which can 

handle all operations as a single regression problem by calculating class probabilities, and the modeling process was explained. In order 

to validate the designed model, the performance of the model was tested using different images. As a result of the tests, a model that 

can detect fake images produced with deepfake technology with an accuracy rate of 95% was obtained. 

 

Keywords: convolutional neural networks, deepfake image detection, deep learning, yolov3 

 

1. Introduction  

 

Today, the increase in the use of the internet environment and the increase in the use of social media and digital 

media by the users have made it very simple to access the personal information, videos and images of the users in 

these environments. As a result, the opportunity to use these images has become quite easy by gaining access to the 

personal images of government officials, business people, celebrities and many others. Deepfakes are a widely used 

technology for fabricating fake content from real images and sounds using deep learning techniques. It is frequently 

used in the process of changing human faces using deep learning techniques. Deepfake images are created from 

artificial neural networks that can learn with large amounts of data. Deepfake images produced using deepfake 

technology allow a new image to be created as a result of using a person's face on another body. Deepfakes are fake 

media content created using artificial intelligence to make fake news agendas, fake agendas in the policy area, or 

personal attacks. If deepfakes are used for malicious purposes, they can damage the reputation of individuals by 

sabotaging personal data security. Since there is no law to ban deepfakes today, detection of deepfakes is an important 

element in separating and securing real images and fake image data. Convolutional Neural Networks have started to 

be preferred especially in studies on facial manipulation in deepfake images. Karras et al proposed a Contested 

generative network model called StyleGAN to generate images of faces that never existed before [1]. In yet another 
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study, Zhu et al. proposed a GAN-based face swapping method based on a generative adversarial network called 

CycleGAN [2]. Choi et al. have proposed a technique called StarGAN that can be used to change some characteristics 

of a face such as hair or skin color, gender, age, wearing glasses, and so on[3]. Thies et al. used a productive 

competitor network-based technique called Face2Face to manipulate facial expressions of people in images [4]. With 

the widespread use of creating such fake images and the large-scale development of deepfake technology, the 

methods used to detect images created using this technology have also begun to be developed. For the detection of 

deepfake images, models were trained using datasets and with the created models, certain signs and anomalies were 

tried to be detected in order to distinguish fake images from real images. Deepfake Detection technology is used to 

detect fake images or videos. Deepfake Detection is the process of identifying deepfake content developed for use in 

detecting fake or modified media content using deep learning techniques and artificial intelligence. There are different 

studies in the literature on the detection of deepfake images. An open source online platform that can integrate 

Deepfake detection methods called DeepFake-o-meter has been created by Yuezun Li et al.[5]. Users using this 

platform choose one of the methods that can upload any video that meets the requirement of not exceeding 50 Mb 

file size and use it based on the advanced Inception modules, which is one of the deepfake detection methods offered 

by the system. These methods are MesoInception4 [6], FWA [7], VA-MLP, Xception-c23, ClassNSeg [8], Capsule 

[9], DSP-FWA, CNNDetection [10] Upconv [11], WM, Selim methods. After the uploaded video passes through 

Docker containers, the faces in the video are extracted. After the received images go through various preprocessing 

steps, it is indicated whether the face is fake or not. Sara Concas et al. aimed to design a deepfake detector that is 

resistant to background and image size variability, which can properly detect images that have been resized and 

compressed [12]. While performing this operation, firstly OpenForensics dataset [13] divided the input data into 8x8 

blocks and processed them with Discrete Cosine Transform. When they tested the CNN architecture they designed, 

they achieved 99.2% accuracy. Ashifur Rahman et al. have trained a Convolutional neural network that detects 

deepfakes in low-resolution and short-term video data in the Kaggle Deepfake Detection Challenge (DFDC) and 

Face Forensics++ datasets [14]. As a result of the training, they obtained an accuracy value of 94.93% in detecting 

fake videos for the DFDC dataset, while they obtained an accuracy value of 93.2% for the FaceForensics++ Dataset. 

Shan Jia et al. created a new dataset from DeepFakes with different models at the top. In this set, they created five 

valid categories for Deepfake videos using Facewap[20] software and Autoencoder models with examples in encoder, 

decoder, middleware and input data. Over 70% accuracy got in identifying high quality Deepfakes by designing 

DMA-STA, a simple and effective Deepfakes model no-hold method based on spatial and temporal attention, and 

evaluated on the DFDM dataset[16]. In these study, a model training was carried out, which is used to determine 

whether your deepfake viewing is real or fake. 

 

A deep learning and deepfake image detection 

 

In the literature, different deep learning methods have been used for detecting deepfake images and videos within the 

scope of these studies. Deep learning is a subset of machine learning that uses classification operations and learning 

methods to represent data in specific formats. The basis of deep learning is based on creating a model capable of 

predicting outputs using artificial intelligence with a data set as input. While classifying with deep learning, the 

preprocessing steps significantly strengthen the inputs and irrelevant variations are suppressed significantly [18]. 

Convolutional Neural Network (CNN), Recurrent Neural Network (RNN), Deep Belief Network, Deep Boltzmann 

Machine and Deep Auto-Encoder techniques are used in deep learning. Convolutional Neural Networks have 

achieved great success in areas such as image processing, object detection, face recognition, and video analysis [19]. 

It is a neural network that contains one or more convolutional layers, subsampling layers and standard multi-layers 

in Convolutional Neural Networks. Although neural networks are not a new technology, they are based on 

Alexnet[20] and Imagenet[21] technologies used in the classification of large-scale data. In the working principle of 

Convolutional Neural Networks, there is a structure consisting of layers that can automatically extract and represent 

the complex features of the data. YOLO is a technology for taking the entire image at once and estimating the 

bounding box coordinates and class probabilities. The training process of YOLO technology ensures that it has a 

better generalization ability in general, as it is created using a large dataset. In addition, it can achieve better results 

as it offers users the opportunity to use various data augmentation techniques. In this study, YOLOv3 technology 

using Convolutional Neural Networks was used. YOLOv3 consists of 106 layers in total[22]. The YOLOv3 

architecture consists of 3 different layers. This architecture is shown in Figure 1. 



 

12 

 

 
 

Figure 1. Architecture of YOLOv3 [22] 

 

YOLOv3, three different estimation scales are used when estimating. The detection layer is used to detect feature 

maps of three different dimensions, consisting of 32, 16, and 8 steps, respectively. The deepfake images included in 

the dataset used in the study were resized to 416 x 416. In order to train the model quickly and with high accuracy, 

the training process was carried out using YOLOv3 technology. 

 

2. Proposed Method 

 

Deepfake is a technology that uses a person's face to be mounted on another person's body to obtain a different image. 

Internet users first encountered the images produced by this technology in 2017. The first studies to produce 

deepfakes occurred in 2014 by training the Artificial Neural Networks (GAN) with very large data sets. Deepfakes, 

a type of artificial media that uses artificial intelligence to transform a person's image into a manipulated photo or 

video, can make people appear to be saying or doing things they're not actually doing. Research reports state that the 

images, sounds or videos produced with this technology can be used to facilitate crime in the coming years. Within 

the scope of preventing these events from occurring, a study was carried out to detect the images produced by 

deepfake in this study. The original images of the people and the fake images produced with deepfake technology 

from these original images were collected manually and turned into a dataset. The generated dataset is divided into 

training, validation and test data. The validation data was used to measure the accuracy of the model, while the test 

data was used to test the model after the model was created. The operations performed are shown in the block diagram 

in Figure 2. 

 

 
 

Figure 2. Model training block diagram 
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In the block diagram in Figure 2, the process of manually displaying the dataset to create, image creation, 

preprocessing and model development is given step by step in the block diagram. 

Dataset creation and preprocessing 

 

Real and fake images produced with deepfake technology, different from the images or videos on the internet, were 

collected manually in image format. The collected images were then labeled using the bounding box labeling method. 

In order to enrich the collected images before transfer, automatic orientation process was applied to the existing 

images. The input format of all image data was resized to 416x416 to make it ready for the training process using 

YOLOv3. Then, 10 degrees rotation and 25% brightness adjustment were made on the images for better recognition 

of each image. After the performed operations, the number of images of the data set was updated to 44100. The 

clustered datasets are divided into 70% training data, 10% validation data and 20% test data. 

 

Modeling 

 

The results we obtained to show the accuracy of the created data set are included in this section. In order to get better 

results in the studies, the Graphics Processing Unit (GPU), which can create clear graphics using the processing 

resources, and the Google Colaboratory technology, which provides cloud environment support that provides a 

virtual storage, were used. CUDA (Compute Unified Device Architecture) technology produced by NVIDIA 

company is established in Jupyter Notebook created in Colab environment. While creating the data set, labeling 

operations were carried out with the bounding box method and Roboflow technology was used for these operations. 

In order to use the YOLOv3 technology, which can perform object detection using Convolutional Neural Networks 

(CNN) with the created data set, a Jupyter Notebook was created in the Colaboratory cloud environment created by 

the Google company, and the necessary code blocks, parameter values, technologies and files were transferred to the 

cloud environment and the training process was started. 

 

3. Experimental Results 
 

The accuracy of the model trained with the created data set is explained in this section. The studies were carried out 

in the Google Colaboratory environment, which was created by the Google company, which provides GPU and cloud 

storage to the users. Images included in the data set to be used for model training were labeled with the bounding box 

method using Roboflow technology. The Training Charts obtained after applying the necessary preprocessing steps 

to the created data set are shown in Figure 3. 

 

 
 

Figure 3.  Training graphs loss values  
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The train values in the graph in Figure 3 represent the measurements of the values of the training set, while the val 

values represent the measurements of the values of the validation set. The box_loss value focuses on the measure of 

the loss rate that will occur after the application of the bounding box technique used in labeling operations. Low 

values in the graph indicate that the model has improved to generalize and the data set is better labeled. The cls_los 

value shows the measure of the loss rate resulting from the classification. The decrease in the value in the graph 

indicates that a better classification is done. 

 

 
 

Figure 4. Training graphs metrics values 

 

The precision value in Figure 4 shows the precision values in the given prediction of the model, while the recall value 

shows the current performance of the system. The value of mAP_0.5 in the other graph indicates the average 

sensibility value, and the value of mAP_0.5:0.95 indicates the average precision. From the results in the graph, it is 

seen that the modeling process was successful and a good data set was created. 

 

Experiment study and results analysis 

 

In order to carry out the model training process, firstly, the necessary codes were written in the code block created in 

Jupyter Notebook, and Darknet technology was put into use and cloned to the cloud environment was carried out. 

Darknet technology is used to print the detection rate of the images entered into the model to be used in the detection 

of deepfake images. After the Darknet technology has been cloned, the CUDA technology offered by NVIDIA, which 

we will use to perform the training, has been uploaded to the cloud. 
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Figure 5. Model architecture 

 

As seen in Figure 5, first of all, real and fake images were collected manually and turned into a data set. The necessary 

model files and the parameters in the files were prepared and the data set was entered into the YOLOv3 model for 

training. After the training was carried out with YOLOv3 technology, the required directory was changed and the 

weight values obtained as a result of the training were entered into the Backup file opened by entering the Google 

Drive account. According to the weight values obtained, the deep learning average loss value was obtained as 0.1552, 

different images were entered into the model, and as a result of evaluating the deepfake probability, results above 

95% were obtained. 

 

 
 

Figure 6. The rates of detection of whether a few of the images in the dataset are fake or real. 

 

Figure 6 shows the accuracy percentages obtained as a result of determining the probability of the image being fake 

or real by entering the images in the dataset containing deepfake and real images into the model. In order to obtain 

these values, necessary information was given to the model from the Backup file in which the weight values obtained 
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as a result of using YOLOv3 technology were recorded, and these ratios were printed with Darknet 53 technology. 

The results show that the images in the dataset were detected with high accuracy. 

Rates obtained in deep learning studies on deepfake images and videos 

 

Many studies have been carried out in the literature using different data sets for the detection of deepfake images and 

videos. In this article, a table was created showing the accuracy rates obtained from studies using deep learning 

techniques and the accuracy rates obtained from other studies in the literature. Comparison Results With Studies In 

The Literature are shown below. 

 
Table 1. Comparison results with studies in the literature 

 

Referance Dataset  Methods applied to the images used in the model Accuracy 

Rates 

   [12] 
OpenForensics The images were compressed by dividing into 8x8 blocks and 

training was carried out. 

            

99.20% 

   [14] Kaggle Deepfake Detection 

Challenge 

Model training was performed using low-resolution video 

image data. 

            

94.93% 

[14] Face Forensics++ Model training was performed using low-resolution video 

image data. 

     

93.20% 

 This 

Study 

Mixed dataset created by the 

authors 

Model training was carried out with real and fake image 

data by performing resizing and automatic orientation. 

     

95.00% 

 

In the first study in Table 1 the authors aimed to design a deepfake detector that is resistant to background and image 

size variability by properly detecting resized and compressed images. While performing this process, they first took 

the images in the OpenForensics data set as input data and divided them into 8x8 blocks. The obtained outputs were 

processed with the Discrete Cosine Transform. When they tested the CNN architecture they designed, they achieved 

99.2% accuracy. In the second study in the table, the authors have trained a Convolutional Neural Network that 

detects deep fakes in low-resolution and short-duration video data found in the Kaggle Deepfake Detection Challenge 

(DFDC) and Face Forensics++ datasets. As a result of the training they performed, they obtained an accuracy value 

of 94.93% for the DFDC dataset, while an accuracy value of 93.2% for the FaceForensics++ Dataset in detecting 

fake videos. Finally, in this study, a data set was created by bringing together real images of people from different 

videos and data sets on the internet and fake images obtained from these images using deepfake technology. Using 

the YOLOv3 technology working with the Convolutional Neural Network (CNN) with the created data set, a model 

was created that can detect whether the images are fake or real. This model, which was created as a result of the 

studies, was found to be 95% successful. 

 

4. Results 
 

The ease of sharing personal images on the Internet and the increase in digitalization have greatly increased the 

opportunity for people to access their images. With the increase of these images, it is also used maliciously to 

manipulate the photos or videos of famous individuals, to create and spread fake news content, and to defame or 

blackmail politicians or government officials. For these reasons, deepfake images have become a growing concern 

today. In order to prevent these situations, the techniques developed for the detection and identification of deepfake 

images are also gaining importance. Although deepfake technology is an area with potential risks, it is possible to 

reduce these risks with the development of detection and prevention methods. In this study, a method has been 

developed to detect deepfake images. First, a dataset was created and images created with different deepfake 

techniques were added to this dataset. Then, a model is trained to detect deepfake images with YOLOV3 technology, 

which uses Convolutional Neural Networks (CNN), one of the deep learning methods. The model obtained as a result 

of the training was used to evaluate the possibility of deepfake in new images. As a result of model training and 

evaluation, more than 95% successful results were obtained. This shows that it is an effective method for detecting 

deepfake images. However, as deepfake techniques are constantly evolving, it is of great importance to maintain a 

continuous effort to update the model and recognize new deepfake methods. In future studies, it is aimed to enlarge 

the data set and to get better results by integrating new technologies into our model. In this context, different deepfake 

images will be collected manually and added to the dataset in order to enlarge the dataset. Then, as a result of training 
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the expanded data set in different versions of YOLO technology, the rates obtained in these versions will be 

compared. As a result of the studies, the YOLO version that gives the best result will be selected and it will be 

provided to help the researchers who will work in this field. 
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Abstract 
One of the main areas of study in computer vision for surveillance is crowd analysis. Numerous tasks are involved, such as crowd 

density estimate and person counting, crowd tracking, and crowd behavior detection. Many present methods of detection, 

tracking, and activity recognition, which are only relevant to sparse scenes, do not perform well in crowded settings due to the 

enormous number of individuals gathered there with frequent and strong occlusions. The total number of people in crowded 

activities or places such as concerts, celebrations, commemorations, political rallies or demonstrations, sports events, public 

transportation stations, shopping malls are desired to be estimated due to security and other various reasons. It can be said for a 

case that whether the approximate number of people in a crowded demonstration on the streets is known, it can be determined 

how many security guards and security vehicles should be on duty, which roads should be closed, and what kind of traffic 

arrangement should be made within the scope of the security measures to be taken. Within the scope of this paper, the estimated 

density of people in a crowded environment is desired to be obtained by means of cameras, cameras, mobile phones. For this 

purpose, deep learning models namely AlexNet and ResNet are the convolutional neural network architectures used in in this 

study for image classification and estimation. The results show that images with the features of different angle, color depth, 

resolution and size can be processed and classified successfully with high accuracy. 

 

Keywords: crowd counting, crowd analysis, people density, deep learning, image processing 

 

1. Introduction  
 

It is crucial to estimate the total number and density of people in crowded activities such as concerts, celebrations, 

commemorations, political rallies or demonstrations, sports events, public transportation stations, shopping malls for 

various reasons. Among these reasons; video surveillance, public safety, city planning and planning for the future 

activities are the most countable. For example; if the approximate number of people in a crowded demonstration on 

the streets is known, it can be determined how many security guards and security vehicles should be on duty, which 

roads should be closed, and what kind of traffic arrangement should be made within the scope of the security measures 

to be taken. Ensuring safety and security in environments with high human density is one of the priority issues. It is 

important to know the approximate number of people in order to take adequate precautions and make arrangements. 

In addition to this, benefits will be provided to the crowd gathered at the exit of an event, such as preventing them 

from waiting for a long time by sending a sufficient number of transportation vehicles such as buses and taxis, and 

taking action by the responsible persons to create new areas in case the space reserved for the people gathered in an 

open area for an event is not sufficient. This study will allow the knowledge of people in such places by using deep 

learning aided classification methods. 

The two main categories of crowd counting techniques are supervised and unsupervised. In supervised crowd 

counting, the input data is predetermined and labeled, and the machine's objective function (hidden model) 

determination is all that is done. Before the objective function is established in unsupervised crowd counting, the 

machine is used to categorize and label the raw data [1]. Additionally, there are four categories of supervised crowd 

counting: detection, density estimation, and CNN. Clustering by counting is included in the unsupervised category. 
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The recognition structure, which used a sliding window as a sensor to identify and count the number of individuals 

at the scene, was the subject of a lot of the early research. Sensing-based methods train object detectors to locate and 

count each individual in the crowd by determining where they are in relation to one another [2]. Monolithic and part-

based detection-based techniques are the two categories. The classifier in the monolithic approach is trained for every 

body part. For specific bodily parts, a classifier is created using the part-based technique [3]. In order to count the 

crowd, common features are derived from crowd photos, however their recognition performance is constrained in 

densely populated settings. Part-based approaches are employed to count pedestrians in order to circumvent this issue 

by detecting particular body parts, such as the head or shoulders [4]. While fragment-based techniques are used to 

make object detection in scenarios with high crowd density easier, they are less effective in situations with extremely 

high crowd densities or noisy background images. The researchers suggested using regression-based approaches to 

count objects in order to get around this problem. After completing regression between picture characteristics and 

crowd size, the regression-based technique predicts the number of features [2]. Separating the image or video is 

against the rules when counting by regression. Through a general analysis of crowd behavior, it calculates the number 

of crowds. Regression modeling and low-level feature extraction are the two components used. Edges, textures, and 

gradient characteristics are examples of low-level information that is encoded using the responsibilities of the two 

components. Then, within the context of surveillance videos, these features are applied and carried out. In order to 

continue to enhance the mapping between the actual and estimated crowd sizes, the linear regression model is 

constructed with the realization of the features [5]. Utilizing observed data to estimate a probability density function 

that is not observable is known as counting by density estimation. By combining the use of spatial data with the 

density estimate strategy, this technique has made it possible to solve the congestion and clutter problem [1]. While 

earlier methods dealt with diffraction and scene grouping satisfactorily, the majority of them regressive from 

spherical characteristics to direct object counts, discarding any spatial information that might have been there. In 

contrast, later research adopted a linear mapping between local patch features and associated density maps in order 

to add spatial information into the learning process. As a result, the challenging work of locating and recognizing 

individual instances of object was avoided, and a novel method for estimating image density was developed [6]. This 

method's integral over every image region provides the number of objects in that region. Cluster counting is a 

different method of counting. According to the presumption that visual characteristics and particular ranges of motion 

are homogeneous, counting by clustering divides similar features into various categories [1]. Image clustering is 

defined by input picture clustering, also referred to as image segmentation, which transforms the image into a 

meaningful format and makes it simpler to analyze by segmenting the digital image into a set of pixels or a series 

also referred to as super-pixels [7]. 

 

Recent studies have placed a greater emphasis on deep learning approaches, particularly CNN-based algorithms 

because of their performance and resilience, as opposed to earlier studies that concentrated on heuristic models, such 

as detection, regression, and clustering-based methods. Results indicate that while CNN models are more effective 

in packed datasets, heuristic models perform better in sparse datasets [8]. Today, Convolutional Neural Networks 

(CNN), a special kind of multi-layer perceptron (MLP), are frequently utilized because they produce the best results 

in the field of computer vision. CNN was developed by mimicking the human visual system. They are employed in 

the solving of prediction issues, object recognition, categorization, tracking, and semantic parsing in natural language 

processing [9]. The fundamental idea is to scan the content from left to right or top to bottom in order to grasp the 

many properties of the examined image, and then to combine the different local features scanned to classify. The 

convolutional layer, the pooling layer, and the fully connected layer are the three layers that make up a CNN [8]. The 

convolutional layer's main function is to apply filters to identify features in the input image and produce several 

feature maps to aid in identifying or classifying it. A linear function ReLU activation is used to convert the negative 

pixel values in the feature map to zero values after each convolution process. The output feature map produced by 

the convolution is sent to the pooling layer. The objective is to create a specific function, such as max pooling, to 

reduce complexity for more layers. To produce the final classification result, every neuron in the previous layer is 

connected to every neuron in the following layer in the completely connected layer. 

In this study, the crowd density classification is applied to crowd-oriented images by using AlexNet and ResNet-50 

deep learning models. Also, by applying learning-rate optimization the training and validation loss are minimized for 

the current dataset. 
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2. Dataset Description 
 

In this study, a randomized dataset containing 4 classes is generated by authors or using online search portals and 

image repositories. Some crowd images are obtained by means of Google-images are some are obtained by online 

datasets [10], [11]. These generated crowd dataset images have different sizes, resolutions and color depths and were 

used in this state without any normalization process. The classes are named as CL1, CL2, CL3 and CL4 for 

corresponding people density of maximum, above-medium, below-medium and minimum, respectively. This dataset 

contains 160 training, 40 validation and 40 test images. Some random images for each class are given in Figure 1. 

 

(a)                                                                                 (b)

(c)                                                                                 (d)  
 

Figure 1. Exemplary dataset images for each class. (a) CL1, (b) CL2, (c) CL3, (d) CL4 

 

3. Deep Learning Algorithms and Methods 

 

In this study, the CNNs are employed and used to achieve successful classification for crowd image density. A general 

CNN architecture is given in Figure 2. 

 

 
 

Figure 2. A general CNN architecture [6] 

 

Deep learning-based classification techniques, AlexNet and ResNet-50 architectures are used. In this paper, it is 

aimed to successfully solve the categorization issue of crowded images by using these CNNs. Due to its originality 

at the time, it was first introduced, AlexNet is one of the most popular models and a significant milestone in visual 

recognition tasks of CNNs in image classification studies. Eight layers total in this model, five of which are 

convolutional and three of which are fully connected [12]. The most significant architectural characteristics that set 

AlexNet apart from other CNNs are its overlapping pooling and Rectified Linear Unit (ReLU) non-linearity. AlexNet 

is also a highly quick CNN to train compared to other well-known CNNs. The ReLU function, which offers an 
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advantage over tanh in terms of training speed, is used by AlexNet in place of the tanh function, which was the 

industry standard at the time. The input data of AlexNet is chosen as 227Ĭ227 pixels RGB image. 

Also, another deep learning model, ResNet-50 architecture is used. Various ResNet models are proposed in 2015 

[13], implementing the concept of residual learning into CNNs. The most significant and distinctive aspects of ResNet 

architecture are the use of skip-connections and residual learning model for CNNs to discard the vanishing gradient 

problem. The ResNet-50 input is used as RGB image data with 224Ĭ224 pixels for training and classification. The 

complexity of ResNet-50 architecture is higher than AlexNet. 

 

4. Results and Discussion 

 

The findings of the suggested deep learning algorithms are presented and discussed in this section. Python 3.10.1 and 

Tensorflow 2.10.1, Keras 2.10.0 were used for all analyses in this study, on a WindowsÈ 11 computer with an IntelÈ 

Core (TM) i7-10700F processor running at 2.90 GHz, 32.0 GB of RAM, and GeForce RTX 3080 GPU. The deep 

learning parameters, batch size and maximum epoch are chosen as 16 and 400, respectively. 

In this study, image data augmentation is also applied to training images by using the ImageDataGenerator class of 

Keras. The augmentation parameters are chosen as given in Table 1. 

 
Table 2. Image data augmentation parameters 

 

Parameter Value  Parameter Value 

rotation_range 30  width_shift_range 0.2 

horizontal_flip True  height_shift_range 0.2 

vertical_flip True  brightness_range [0.4, 1.5] 

zoom_range 0.5  shear_range 0.2 

 

At the end of the both CNNs, a classification layer containing softmax activation function is also added. The learning 

rate is chosen between 1Ĭ10-2 and 1Ĭ10-6. At first, the training is performed for those minimum and maximum 

learning rate limits before obtaining the best value. By using the step size of 1Ĭ10-3, the optimal learning rate for the 

current dataset is obtained. An example training and validation for ResNet-50 model for minimum and maximum 

learning rate values are given in Figure 3. 

 

(a) (b)
 

 
Figure 3. Training and validation accuracy for ResNet-50 model. (a) Learning rate of 1Ĭ10-2, (b) Learning rate of 1Ĭ10-6 

 

By training the ResNet-50 model with the optimization of learning rate, the training and validation accuracy is 

obtained as seen in Figure 4 for learning rate 3Ĭ10-5. The confusion matrix regarding to test accuracy is also given in 

Figure 5. It can be seen from the graphics that the training reaches up to 97.50% while validation and test accuracies 

are 60% and 62.50%.  
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Figure 4. Training and validation accuracy for optimal learning rate of 3Ĭ10-5 for ResNet-50 model. 
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Figure 5. Confusion matrix for test dataset for ResNet-50 model. 

 

After evaluating the performance of the ResNet-50 model, AlexNet model is taken into consideration and simulations 

are applied. The AlexNet training and validation process graphics are given in Figure 6 while the confusion matrix 

of test image classification is given in Figure 7. By the figures, it can be concluded that AlexNet model converges to 

82.50% accuracy for training and 52.50% accuracy for validation. In addition, 72.50% accuracy for the test image 

dataset is also obtained. 

 

 
 

Figure 6. Training and validation accuracy for optimal learning rate of 2.1Ĭ10-4 for AlexNet model. 
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Figure 7. Confusion matrix for test dataset for AlexNet model 

 

 

5. Results 
 

In this paper, crowd images with various quality, color-depth, size, and zoom attributes are successfully identified by 

applying deep learning algorithms in conjunction with the best learning rate settings. In this study, feature extraction, 

selection, and classification are carried out using the well-known deep-learning algorithms ResNet-50 and AlexNet. 

The ResNet-50 and AlexNet training, test and validation accuracies very close to each other but also the validation 

and test performances are much lower than training performance. Validation and test performances for the models 

are resulted in 62.50% and 72.50% for ResNet-50 and AlexNet respectively which are acceptable but improvable. 

The main reason for having considerably lower performance of validation and test is having various crowd images 

in the dataset with no image pre-processing. In order to increase the accuracy performance of the models, 

hyperparameter optimization or image pre-processing may be applied in future papers and researches. 

 

6. Acknowledgements 
 

This study is financially supported by Mersin University, Department of Scientific Research Projects with project 

number BAP-2023-1-TP2-4874. 

 

7. References 
 

[1] Ilyas N, Shahzad A, Kim K. ñConvolutional-neural network-based image crowd counting: review, 

categorization, analysis, and performance evaluationò. Sensors, 20(1), 43, 2020. 

[2] Khan A, Kadir KA, Shah JA, Albattah W, Saeed M, Nasir H, Noor M N, Khel M H. ñA deep learning approach 

for crowd counting in highly congested sceneò. Computers, Materials & Continua, 73(3), 5825-5844, 2022. 

[3] Patwal A, Diwakar M, Tripathi W, Singh P. ñCrowd counting analysis using deep learning: a critical reviewò. 

Procedia Computer Science, 218, 2448-2458, 2023. 

[4] Ilyas N, Ahmad Z, Lee B, Kim K. ñAn effective modular approach for crowd counting in an image using 

convolutional neural networksò. Scientific Reports, 12, 5795, 2022. 

[5] Chrysler A, Gunarso R, Puteri T, Hendric S. ñA literature review of crowd-counting system on convolutional 

neural networkò. International Conference on Biospheric Harmony Advanced Research, Jakarta, 

Indonesia,729, 23ï24 June 2020. 

[6] Rafik G, Akhloufi MA, Shahbazi M. ñAdvances in convolution neural networks based crowd counting and 

density estimationò. Big Data and Cognitive Computing, 5(4), 50, 2021. 

[7] Jeevitha S, Rajeswari R. ñA review of crowd counting techniquesò. International Journal of Research and 

Analytical Reviews, 5(3), 1343-1348, 2018. 

[8] Hassen KBA, Machadi JJM, Tavares JMRS. ñConvolutional neural networks and heuristic methods for crowd 

counting: a systematic reviewò. Sensors, 22(14), 5286, 2022. 



 

25 

 

[9] Kēzrak MA, Bolat B. ñDerin ºĵrenme ile kalabalēk analizi ¿zerine detaylē bir araĸtērmaò. Biliĸim Teknolojileri 

Dergisi, 11(3), 263-286, 2018. 

[10] Kaggle. ñShanghaiTech Crowd Datasetò. https://www.kaggle.com/datasets/tthien/shanghaitech  (20.08.2023). 

[11] University of Central Florida. ñUCF-QNRF - A Large Crowd Counting Data Setò. 

https://www.crcv.ucf.edu/data/ucf-qnrf/  (20.08.2023). 

[12] Krizhevsky A, Sutskever I, Hinton GE. ñImageNet classification with deep convolutional neural networksò. 
Advances in Neural Information Processing Systems Conference, Nevada, USA, 3ï8 December 2012. 

[13] He K, Zhang X, Ren S, Sun J. ñDeep residual learning for image recognitionò. IEEE Conference on Computer 
Vision and Pattern Recognition, Las Vegas, USA, 27ï30 June 2016. 

https://www.kaggle.com/datasets/tthien/shanghaitech
https://www.crcv.ucf.edu/data/ucf-qnrf/


 
 
 
 

 

 
 

 
           International Conference on Advances and  
                           Innovations in Engineering 

 

 

 

 

 

Tuba ķANLI 1 , Orhan YAMAN 2, Mehmet KARAK¥SE 3 
1,2Department of Digital Forensics Engineering, Fērat University, Elazig, Turkey 

3Department of Computer Engineering, Fērat University, Elazig, Turkey 
1222144109@firat.edu.tr, 2orhanyaman@firat.edu.tr, 3mkarakose@firat.edu.tr 

 
1(ORCID: 0009-0002-8636-1386), 2(ORCID: 0000-0001-9623-2284),3(ORCID: 0000-0002-3276-3788) 

 

Abstract 

Today, quantum computers are still in development and are an area actively studied by researchers. Although quantum computers 

have high potential, there are significant technical difficulties and obstacles to achieving practical applications. Many research 

labs and companies are working on increasing the number of qubits, solving stability problems, and improving error correction 

techniques, and scalability. These efforts aim at advances such as the development of more stable and reliable qubits, the 

discovery of more precise control and reading techniques, and the design of more advanced algorithms. This study aims to 

establish a connection between quantum computers and classical computers. To achieve this, research and work have employed 

a Karnaugh-based approach. Karnaugh maps serve as highly useful tools in the analysis of complex logic circuits. Depending on 

one's needs and design requirements, different logic functions can be analyzed and simplified using Karnaugh maps. In this 

study, the Karnaugh map-based method is utilized to obtain the Boolean function from the state table of the Quantum circuit 

generated from the RCViewer+ synthesis tool. Subsequently, the obtained function is transformed into a combinational logic 

circuit. As a result, an optimal combinational circuit corresponding to the quantum circuit can be obtained.  

 
Keywords: Quantum Circuits, Karnaugh Method , Quantum, Combinational Logic Circuit. 

 

1. Introduction   
 

Quantum computers are potentially revolutionary devices that offer a different computing paradigm from traditional 

computers [1]. These computers, based on quantum mechanics, have the potential to perform some calculations faster 

and more effectively than classical computers cannot. Quantum computers are made up of basic units called quantum 

bits or "qubits" [2]. Qubits have the ability to be the same in both 0 and 1 states, thanks to a phenomenon called 

superposition, unlike ordinary bits that can only take a value of 0 or 1. The state of superposition grants quantum 

computers the capability to concurrently process vast amounts of information in parallel. The most remarkable aspect 

of quantum computers is their potential to achieve a substantial speedup in solving certain computational problems 

by leveraging phenomena such as quantum parallelism and quantum entanglement [3]. In particular, quantum 

computers can have a significant impact on solving complex mathematical problems such as factorization. This can 

have significant consequences for deciphering and breaking cryptographic systems. But, quantum computer 

development and deployment still face significant technical challenges. Stability, fault tolerance, data readability, 

and scalability of qubits are still areas of study and improvement. In addition, the development of algorithms, 

software, and hardware tools for the widespread use of quantum computers is an important step. In short, quantum 

computers are devices that offer different computing power and potential than traditional computers, but still need 

development and have significant technical challenges. Their potential has the potential to make a huge impact in 

areas such as cryptography, optimizing, and molecular modeling. However, further research and development is 

required for quantum computers to become widespread.  
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 Literature Summary  

 
In recent years, existing studies and articles in the literature related to quantum technology, in general, have also been 

seen in research on topics such as cost calculation, fault tolerance[4], and quantum optimization. In addition, there 

are many studies on reversible logic [5]. Reversible logic is a vital topic today and has applications as diverse as low-

power CMOS, quantum computing, nanotechnology, cryptography, optical computing, DNA computing, digital 

signal processing (DSP), quantum dot cellular automata, communications, and computer graphics. There are many 

studies in the literature related to these application areas. Gaur et al. [6] compared the operating costs of quantum 

gates in their study. Thus, they contributed to future studies on the operating cost of common doors. In addition, 3*3 

MCT and MCF gates are also explained and used in this study [6]. Roy et al. [7] presented an implementation of a 

reversible ALU (Arithmetic Logic Unit). This application demonstrates a reversible ALU that uses the MRI 

(Modified Reversible Gate) gate and the HNG (Hybrid Nanometric Gate) gate to generate six logical computations 

[7]. In Rather et al. [8], a low quantum cost 4Ĭ4 reversible gate TKG (Assembly of Reversible Gates) was presented, 

and then a 4-bit reversible multiplier was designed. In the proposed study, a new 4Ĭ4 reversible gate, TKG, is 

proposed. TKG was used in both designs. Her work has made a significant contribution to trade [8]. Anwar et al. [9], 

proposed a new 4*4 reversible RR (Reed-Muller) gate. The reduced latency and quantum cost of a reversible 

universal shift register using a gate was calculated. The proposed design was functionally tested and verified  [9]. 

Garipelli et al. [10], introduced basic reversible logic gates that can perform more complex operations using reversible 

circuits designed for more complex systems [10]. Mia et al. [11], some reversible logic gates that can carry out more 

complex operations using data and quantum computers in the design of more complex systems with reversible circuits 

have been studied. The article shows data on reversible gates that help design complex circuits [11]. Thakral et al. 

[12], discussed the proposed new reversible logic gates and their quantum implementation using the RCViewer+ 

tool. The methods used were seen as Toffoli Networking Methodology, Quick Guide for RCViewer/RCViewer+ 

Tool, and Quantum Implementation of Reversible Logic Gates [12]. The continuation of the literature summary is 

presented in Table 1 in tabular form. 

 
Table 1. Historical development and results of studies in the literature on the synthesis of quantum reversible circuits 

Scientific Study Year Dataset Method  Result Synthesis Tool 

Nagamani et 

al.[13] 

2015 Vedic math techniques 

Toffoli, Peres and 

Fredkin gates 

4x4 Urdhva Tiryakbhayam 

Multiplier design 

QC: 143 

CL(Ancilla): 32 

GO:28 

UD:34ŭ 

TRLIC: 240 

RCViewer+ Decompose 

Circuit Tool 

Misra et 

al.[14] 

 

2017 QCA field in 

nanoelectronics 

QCADesigner 

DC gate 

QC:%25 

GC:%66 

GO%50 

RCviewer + 

Sultana et 

al.[15] 

2017 16 units 4 variable gates Toffoli mapping 

Reversible Comparison 

Ort QC:24,5 

Ort GC:9,25 

Ort TG:23,25 

 

RCViewer+ 

Misra et 

al.[16] 

2018 CNOT, NOT, CV  

 

R-CQCA 

Flipflops 

BCD 

QC: %36,66 

R-

CQCA:%65.49 

RCVeiwer+ 

Thakral et 

al.[17] 

2018 Fredkin gate Quantum Application of Fredkin 

Gate 

QC: 7 

GC: 7 

TG: 7 

RCViewer+ 

**T -depth: Depth of gate is a measure of how many 'layers' of t-gate are executed in parallel, t-number: total number of t-gates in the quantum circuit, Qubit 

cost: Qubit Cost is Total Qubits Required to Design the Quantum. DFT: Design for Several Testability Using the Method of Converting a Standard Circuit to 
Its Testable Form, QCA: Quantum Dot Cellular Automaton, GC: Gate Count, QC: Quantum Cost, UD: Unit Delay, LC: Logical Computing, GO: Garbage 

Output, CI: Fixed Input, QCA: Binary Decoder, Low-Cost Module, BEDesigner: 1D Codec with Binary Low Cost, BEDesigner: 1DQD, BG-2: Binary Gray, 

GB-2: Gray Binary, NG-R1: New Gate = New Gate, R = Reversible, TG: Two-Qubit Gate Number, R-CQCA: Reversible Conservative Quantum Cellular 
Automaton   
 

Motivation  
 

Generally, combinational logic circuits are used for conventional computers and electronic devices. Quantum 

circuits, on the other hand, play an important role as a potential technology of the future in the fields of quantum 
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information processing and computation. Classical circuits focus on providing deterministic and error-free results. 

Quantum circuits, on the other hand, enable parallel operations and potentially faster and more efficient computations 

using quantum properties such as superposition and aliasing. There are still significant technical challenges to the 

development, and deployment of quantum circuits. At the same time, there isn't much study and research on the 

connection between classical circuits and quantum circuits. This situation provided motivation for the proposed 

study.  

 

Combinational Logic Circuits  
 

Combinational logic circuits are electronic circuits that combine electronic components to perform a specific logical 

operation. Computers, cell phones, televisions, digital clocks, and many other electronic devices contain logic 

circuits. Logic circuits perform logical operations based on two basic logical values (true and false, often denoted as 

"1" and "0"). These operations can be expressed using layers of boolean algebra principles and basic expenditure 

operations (such as and, or, not). Combinational logic circuits are built with a combination of basic structures known 

as connectors. Logical elements produce results on behaviors, uses, and outputs applied to inputs "Example logical 

elements encompass gates (such as AND, OR, XOR), flip-flops, multiplexers, and decoders.[18] The design and 

analysis of combinational logic circuits constitute a vital subject in electronic engineering and computer science. 

Advanced combinational logic circuits are tailored to fulfill diverse requirements like high performance, low power 

consumption, and optimized functionality. These circuits serve as the fundamental building blocks for processors, 

memory units, buses, and other intricate digital systems."  

 

2. Material  
In the study, the RCViewer+ simulator and Karnaugh map were used. The Karnaugh map is preferred because it 

offers significant advantages in the design of smaller and simpler logic circuits. In addition, the study of the 

combinatorial logic circuit equivalent of the quantum circuit also provides the connection between them by using the 

truth table. 

 

Rcviewer+ Synthesis Tool  
 

RCViewer is a simple application software written in C++.TFC format [12]. An explanation of the array indexes 

given in Table 2 indicates what the codes and indexes in the ñ.tfcò file given in Figure 1 mean. It is also used in the 

design of reversible circuits and parameter extraction [19]. 

 

 
 

Figure 1. Example TFC File 

The '.tfc' format in Figure 1 is explained below. 

"A, B, C, D": Shows the list of all variables in the network. 

".v A, B, C, D": Shows the list of input variables in the network. 

".i A, B, C, D": Shows the list of output variables in the network. 

".o A, B, C, D": Input constant in the network 

BEGIN: Indicates the network start of the gateway. 

In the lines after BEGIN, the doors are arranged according to the prescribed format. 
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END: Indicates the network end of the gateway. 

In electronics and computer science, "gates" are basic elements used for information processing and performing logic 

operations in digital logic circuits. These gates produce outputs by applying certain logical operations relative to the 

inputs. Conventional digital logic gates are used in classical circuits while quantum gates are used in quantum circuits. 

The ".tfc" format of the gates in quantum circuits is shown in Table 2.  

 
Table 2. Display of doors in ñ.tfcò format [12] 

GATE TFC Format 

NOT gate TOF(ū;a) t1 a 

Cnot gate TOF(a;b) t2 a,b 

CCNOT gate TOF(a,b;c) t3 a,b,c 

SWAP gate FRE(ū;a,c) F2 a,b 

FREDKĶN gate FRE(a;b,c) F3 a,b,c 

V Gate  ὠ 
V+ Gate  ὠ  

 

Karnaugh Map-Based Method 
 

Karnaugh Map is a tool used to simplify boolean algebra and design logic circuits [20]. It is named after the American 

mathematician Maurice Karnaugh. The K-map consists of cells arranged in a grid and representing combinations of 

boolean variables. The purpose of the Karnaugh Map is to express a boolean function in a simpler form. It optimizes 

the design of the combinatorial logic circuit. These maps visually represent the "1" and "0" values of the boolean 

functions. It makes it easy to find a simplified expression by grouping similar combinations. Using K-maps, boolean 

equations can be found in logic tables or circuit diagrams. Karnaugh maps are generally used for the analysis of 

functions with 2, 3 or 4 inputs. It uses a quadrilateral map for a two-input function, an octagonal map for a three-

input function, and a hexadecimal map for a four-input function. Each cell is associated with neighboring cells on 

the map. A simpler expression is obtained by combining similar neighboring cells.  

The basic usage steps of Karnaugh Map are: 

 

I. The truth table of the boolean function is created. 

II. The size of the Karnaugh Map is determined (2x2, 4x4, etc.), this size depends on the number of variables. 

IV. By grouping the "1" cells in the map, their cells are combined to obtain a simplified expression. 

V. The simplified expression is expressed in boolean algebra notation that represents the original boolean function.  

 

Examples of Some Commonly Used Basic Logic Gates in the Karnaugh Map  
 

The examples in Figure 2 show how some logic functions with different input numbers are represented by Karnaugh 

maps. These are just a few examples, and larger Karnaugh maps can be used for functions with more inputs. 
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NOT Function (1 input): 

A | Exit 

0 |   1 

1 |   0 

NOR Function (2 

inputs): 

A\B | 0 | 1 

-----|---|--- 

  0  | 1 | 0 

  1  | 0 | 0 

AND Function (2 inputs): 

A\B | 0 | 1 

-----|---|--- 

  0  | 0 | 0 

  1  | 0 | 1 

3-input AND 

Function: 

A\B\C | 00 | 01 | 11 | 10 

------|----|----|----|---- 

  0   |  0 |  0 |  0 |  0 

  1   |  0 |  1 |  1 |  1 

OR Function (2 inputs): 

A\B | 0 | 1 

-----|---|--- 

  0  | 0 | 1 

  1  | 1 | 1 

3-input OR Function: 

A\B\C | 00 | 01 | 11 | 10 

------|----|----|----|---- 

  0   |  0 |  1 |  1 |  1 

  1   |  1 |  1 |  1 |  1 

 

 

XOR Function (2 inputs): 

 

A\B | 0 | 1 

-----|---|--- 

  0  | 0 | 1 

  1  | 1 | 0 

 

3-input XOR 

Function: 

A\B\C | 00 | 01 | 11 | 10 

------|----|----|----|---- 

  0   |  0 |  1 |  1 |  0 

  1   |  1 |  0 |  0 |  1 

NAND Function (2 inputs): 

A\B | 0 | 1 

-----|---|--- 

  0  | 1 | 1 

  1  | 1 | 0 

4-input NAND 

Function: 

A\B\C | 00 | 01 | 11 | 10 

------|----|----|----|---- 

  0   |  0 |  1 |  1 |  0 

  1   |  1 |  0 |  0 |  1 

 
Figure 2. Karnaugh map representation of logic functions 

 

3. Proposed Method 

 

In the study, the proposed method consists of three steps, these are quantum, Karnaugh-Map, and classical circuit 

steps. The block diagram of the proposed method is shown in Figure 3. Later in this section, these steps are explained 

in detail. 

 

D0= AΩBΩCΩ + AΩBΩD +  AΩCΩD +  ACDΩ + ABDΩ + ABC

ó.tfcô file
Quantum Circuit

Truth Table

Combinational Logic Circuit

Logical Boolean Expression

Grouping

Quantum Step

Karnaugh-Map Step

Combinationaĸl Logic Circuit step

Map layout Map

  
 

Figure 3. Block diagram of the proposed method 
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Quantum Step 
 

Quantum circuit design involves arranging and controlling logic gates (quantum gates), which are used to make 

quantum computers work and solve certain computational problems. Quantum circuits differ from conventional 

computer circuits in that quantum gates represent gates with properties unique to quantum mechanics, rather than 

classical logic gates, and are designed using a variety of synthesis tools. In the quantum step of the study, a sample 

".tfc" file is created, as can be seen in Figure 4, and the ".tfc" file is run with the RCViewer+ Tool installed on 

classical computers and converted into a quantum circuit. The truth table of the Quantum circuit consisting of four 

inputs, four outputs, and seven gates is 

taken.  
ó.tfcô file Quantum Circuit Truth Table

 
 

Figure 4. The result of the quantum circuit design and truth table of the sample ñ.tfcò file 

Karnaugh-Map Step 

 
In the Karnaugh step, as seen in Figure 5, the Karnaugh-Map-based method is applied to the truth table obtained in 

the quantum step. In practice, one of the 4-input A, B, C, and D variables, D output, whose value is equal to 1, is 

taken and written in place of D0. A hexadecimal map is then used for a four-input function. Each cell is associated 

with neighboring cells in the map, and a simpler expression is obtained by combining similar neighboring cells. The 

map layout is created by replacing the values corresponding to the bits.  

Truth Table

Map

Map Layout

 
 

Figure 5. Using karnaugh-Map from the sample state table 
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Combinational Logic Circuit Step 

A hexadecimal map is then used for a four-input function. Each cell is associated with neighboring cells in the map, 

and a simpler expression is obtained by combining similar neighboring cells. The map layout is created by replacing 

the values corresponding to the bits. 

Grouping

Logical Boolean Expression

Combinational Logic Circuit

 
  

Figure 6. Classical circuit generation from the resulting logical expression 

 

4. Conclusion  

Because quantum circuits are built on a different paradigm than combinatorial logic circuits, they should not be 

applied directly, like the traditional Karnaugh map. The design and optimization of quantum circuits are carried out 

with special algorithms and techniques that take into account the properties of quantum mechanics. However, as can 

be understood from the explanations and studies, the Karnaugh map provides advantages such as simplifying the 

operation structures, reducing the delay times and facilitating the debugging process. The connection of quantum 

circuits with combinational logic circuits has been tested. It has also been found that it can be used to quickly analyze 

complex logic functions with a large number of inputs and outputs. It is foreseen that the use and development of this 

method in the future will contribute to the study. The Karnaugh map is a viable and effective method only for a 

certain number of entries (2, 3, or 4 entries). Other techniques and methods may need to be used for logical 

expressions with more inputs. 
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Abstract 

Artificial intelligence, machine learning, and deep learning all significantly affect our daily lives. These technologies 

are utilized in a variety of fields, including voice assistants, social media, health, and internet search engines. 

Computers with high computing speed are required for these technologies. The speed of today's classical computers 

is insufficient for these processes. Quantum computing has made it possible to reach high processing power. In this 

situation, converting classical computer algorithms to quantum computing algorithms is a difficult task. This study 

proposes an approach based on deep learning and natural language processing. The proposed approach transforms 

classical code into quantum coding. The proposed approach involves developing a neural network. The dataset 

contains C code as classical code, and TFC code as quantum code. The preprocessing of the dataset included 

operations like normalization, tokenization, and vectorization. The proposed approach used the preprocessed dataset 

to train the neural network. The proposed approach is evaluated as accuracy rate and loss value. As a result of this 

evaluations, the proposed approach has been verified. 

 
Keywords: Quantum computing, Natural Language Processing, Deep Learning 

 

1. Introduction  

 

Information technologies play a significant role in our lives as a result of the modern world's rapid technological 

growth, and their use gradually becomes essential. A variety of industries, including computer vision, satellite 

imaging, health, the Internet of Things, text and speech analysis, have begun to adopt emerging deep learning 

technology[1]. With the increase in studies in these areas, more powerful equipment is needed. When studies in this 

field are desired to be done with classical computers, time and energy costs are high. In this context, researchers have 

sought alternative solutions. They turned to software solutions, but these solutions were also insufficient. On the 

hardware side, reaching the upper limits of Moore's Law limits developments. According to Moore's Law, a 

microprocessor's transistor count will double every two years. This law is no longer valid[2ï4]. Solutions consisting 

of classical computers and methods are insufficient. The development of quantum computers and quantum computing 

in the laboratory environment has been a ray of hope for the field of artificial intelligence. Quantum computers have 

some advantages as well as some disadvantages. The most important of these disadvantages is that there is not enough 

quantum algorithm to run classical algorithms on a quantum computer[2,5]. However many researchers try to use the 

advantages of quantum computing for different problems[6ï9]. 

 

In this study, quantum circuits are built from a high-level language using deep learning methods. From these 

algorithms, long short-term memory architecture, which is an improved version of the recurrent neural network 

(RNN), which provides high efficiency in the field of natural language processing, has been utilized[10,11]. Long 

short-term memory has the benefit of having a gate that determines whether or not its network data is important. The 
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Google Colab platform was utilized to speed up model training for the application, which was written in the Python 

programming language. The platform enables the use of T4 GPUs with several cores for tensor processing. 

Tensorflow library, which is frequently used in artificial intelligence, machine learning, and deep learning, is used. 

The LSTM structure and layers that we will employ in the neural network are produced with the aid of the TensorFlow 

library. It has been vectorized so that the computer can process and interpret commands more quickly.[12]. This 

increases the accuracy of the predictions by clustering the vectorially nearest values together. 

 

The C programming language code given as a source to the application is initially preprocessed. The preprocessed 

dataset is then vectorized and tokenized. The neural network can take this data set as input. The vectorially generated 

output values from the neural network are used to create a TFC data file that represents Toffoli-Fredkin gates. This 

generated data is the quantum circuit equivalent of the source C language program. This method allows for the 

conversion of some classical computer algorithms into quantum circuits. As a result, a solution is offered for 

applications like artificial intelligence that need high speed. 

 

There are studies like source code generation and word/sentence prediction. Text-based studies include automatic 

code completion and source code generation using deep learning techniques. In one of them[13], a method using 

abstract syntax tree (AST) and deep learning is proposed. LSTM and Multiple Layer Perceptron networks were used 

in the experiments and their comparison with other methods was discussed. Source code is produced with the method 

used. The method produces efficient results for compiled languages such as C++ and Java. In this study, the Multi-

Layer Perceptron's accuracy is 90.1%, whereas that of the LSTM-created neural network is 90.3%. Automatic text 

production using the LSTM model is covered in another work in the literature[14]. The text, which is given as free 

from punctuation marks, is processed and a new text related to this text content is produced.  The accuracy rate of 

the produced texts as a result of the training is 80%. 

 

2. Background 

 

2.1. Quantum Computing 

 

In the early 1900s, studies were started in the field of quantum mechanics. In quantum mechanics, photons and 

subatomic particles can represent two different states called superpositions[15,16]. They maintain their superposition 

state as long as no observation is made. The best-known example of this situation is Schrºdinger's Cat experiment. 

The cat is in a box with a bottle of poison and radioactive material. Like photons and subatomic particles, the cat 

inside the box is both dead and alive until observed. When we adapt this situation to the computer structure, unlike 

classical computers, quantum computers can store both 0 and 1 values in superposition at the same time. The storage 

units here are called qubits. Qubits represent the processing capacity of a quantum computer. While current classical 

computers have 64-bit processing power, this capacity can reach 2000 qubits levels in quantum computers. Today's 

studies show that quantum computers with more qubit numbers are being produced[17,18]. 

 

The biggest advantage of quantum computers is that they complete the sequential operation of classical computers 

in a single unit of time in parallel. This saves a great deal of time. The disadvantage is the requirement for a 

temperature-controlled laboratory environment. To get accurate results, the system temperature should be kept at 0 

Kelvin (-273.15 ÁC)[5] . Since it is difficult to keep the system at absolute 0 temperature, incorrect measurements 

occur in the operations. Therefore, algorithms are run more than once in quantum computers and the average of these 

values is accepted as the result. Quantum computers are much more advantageous than today's general-purpose 

computers and supercomputers in terms of time and energy. Although access to quantum computers is limited today, 

there are many simulators available to researchers. Quantum simulators such as Qiskit, Ocean, Q#, and CIRQ are 

currently used for quantum programming[19ï21]. Quantum circuit equivalents of high-level languages here can be 

defined with quantum scripts such as OpenQASM, cQASM, Quil, and Blackbird. Quantum computing programs are 

currently operated through these simulators. Access to physical quantum computers operating in the laboratory 

environment is provided by the cloud services of IBM and Microsoft. 

 

 

 



 
 
 
 
 

36 

 

2.2. Natural Language Processing with Deep Learning 

 

Natural language processing is a method for the creation and analysis of spoken and machine languages. The first 

concrete studies in the field of NLP were made by ARPA in the 1960s. As a result of these studies, the Harpy system 

was established with a dictionary of 1000 words. The Harpy system successfully understood up to 90% of the spoken 

language Then, MIT created a chat program called Eliza that can respond with advice in the role of a psychotherapist. 

The answers given by the application were insufficient in terms of meaning. This and similar studies work on a rule-

based. The computer makes predictions by making inferences with predefined rules. In cases where languages 

change, these rules need to be changed and this is a difficult process to manage. By the 2000s, machine learning and 

deep learning methods began to develop. These methods achieved high performance in text processing areas. Deep 

learning and machine learning methods are used in research on natural language processing. In deep learning, 

recurrent neural networks (RNN) and long short-term memory (LSTM) algorithms are generally used. Recurrent 

neural networks are often used in text processing.  

 

LSTM has been developed for situations where RNN is insufficient. It also stores state values in its memory and uses 

state values in its predictions. LSTM can make high-performance predictions in multi-class classification 

applications. LSTM consists of input, output, forget gate, c and h states. The feature that distinguishes it from other 

networks is that it has a forget gate in its structure. Forget Gate is responsible for deciding whether the data in the 

network will be forgotten or not. An example LSTM structure is shown in Fig. 1. 

 

 
Figure 1. LSTM Architecture 

 

3. The Proposed Approach 

 

The proposed approach contains a system for converting classical computer code to quantum computer code. This 

method transforms C programming language codes into TFC codes. The proposed method first preprocesses the C 

code before submitting it to a neural network. The Seq2Seq model was used as the neural network. The LSTM neural 

network, the decoding unit, and the tokenization and vectorization of the data from the data set are all included in 

this model. The TFC code of the C code is created by decoding the neural network's output. The block diagram of 

the proposed approach is given in Fig. 2. 

 

 
Figure 2. The block diagram of the proposed approach 
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There are different codes in each line of the data set file used for training this system. The number of rows here 

indicates the amount of data we have. For the data set to take up less memory on the computer and be processed 

faster, the data is preprocessed to digitize. The preprocessing steps of the data consist of the following three stages. 

 

Standardization. <START> and <STOP> tags are added to indicate the start and end of the commands in the dataset. 

In command expressions, a space is used to separate the operator and operand. All data is split with spaces and each 

expression is processed separately. 

 
Tokenization. It is the stage of creating a special numeric value equivalent for each of the expressions in the data set 

and storing it in an array. In this approach, the computer will be able to process quickly with numeric values instead 

of textual expressions. 

 

Vectorization. The deep learning algorithm we will use in the application cannot directly process tokenized 

categorical data. This data must be converted into digitized vectors for the algorithm to process it. In this stage, the 

data from the tokenization stage is converted into binary vectors with the One Hot Encoding method. 

 

The proposed approach, it is aimed to transform high-level programming language commands into quantum circuits 

by utilizing natural language processing and deep learning algorithms The Tensorflow library was used to build a 

neural network. Two inputs, two LSTMs, and a dense layer make up the neural network that has been formed. The 

first input layer encodes the input data and the second input layer is responsible for decoding the input data. The 

incoming data is compared to the data already recorded in the LSTM layer's memory before being passed on as input 

to the following layer. The dense layer is equipped with a softmax activation function, which provides high 

performance in multi-class classification operations. In this way, probabilistic values reach the output of the network 

and estimates are made accordingly. The architecture of the neural network is given in Fig. 3. 

 

 
Figure 3. The architecture of the neural network 

 

The neural network's dense layer outputs can include both probabilistically negative and positive values. It is ensured 

that all outputs fall between the range of 0 and 1 and that their sum is 1, by using the softmax activation function. 

Decoding is used together with these probability values and the LSTM state data. Starting from the <START> tag, 

until it encounters the <STOP> tag, all expressions in between are decoded. TFC commands are produced as output 

from the decoded statements. 

 

4. Experiments and Results 

 

The proposed approach uses deep learning to create neural networks with two inputs, two LSTM, and one dense 

layer. If the batch size is increased because of the experiments, the model starts to overfit and produces incorrect 

results. Increasing the epoch value increases the training time, but the accuracy increases linearly with the epoch 
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value. The epoch value is chosen as high as possible within the hardware resources. For the neural network model to 

produce the most efficient results, the optimum parameter values were determined by experiments. The most 

successful training results were obtained with the optimum parameter values in Table 2. 

 
Table 2. Parameters 

Parameter Name Parameter Value 

Optimizer Adam 

Loss Function Categorical Cross Entropy 

Activation Function Softmax 

Learning Rate 0,001 

Epoch 100 

Batch Size 25 

Shuffle True 

 

Adam and RMSProp are widely used algorithms in applications for natural language processing. RMSProp and Adam 

algorithms were tried as optimization functions in the training process. The Adam algorithm was more successful 

than the RMSProp algorithm. The success rate is negatively affected by decreasing the learning rate. The Softmax 

function, which provides high efficiency in multi-class classification, is used in the application[22]. As a result, the 

output vectors have values between 0 and 1, and the total of all values is equal to 1. The Shuffle parameter is among 

the most crucial parameters, along with the activation function. Higher accuracy is achieved when the shuffle 

parameter is true. Instead of using datasets for the training, we used realistic data that we created ourselves. This 

dataset consists of C codes and TFC codes. A part of this dataset is given in Fig. 3. 

 

 

 
Figure 4. A part of the dataset 

 

 
Figure 5. Accuracy rate and loss value of the proposed approach during training 
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The results of the experiments, 80% of the source data being training and 20% testing, are as in Fig. 5. This figure 

shows the change in the accuracy rate and loss value of the training made with 100 epoch values of the neural network 

and 25 batch sizes. While the accuracy rate does not exceed 50% in the first 30 epoch iterations, the accuracy rate 

exceeds 90% after reaching the 80th iteration. The batch size has not been increased to avoid overfitting the model. 

The training result accuracy rate was 96.9%. 

 

5. Conclusions 

 

In this study, an approach is proposed to create quantum circuits for quantum computers, which have much faster 

computational power than classical computers. Thanks to the proposed approach, it is predicted that it will accelerate 

the development of studies in the fields of artificial intelligence, machine learning, and deep learning. In order to 

create quantum circuits used in quantum computers, LSTM neural network architecture is used. The neural network 

is trained with categorical cross-entropy loss function, Adam optimization algorithm, 25 batch size, and 100 epoch 

iterations. Real data were produced for the training of the neural network and the trainings were made with these 

data. Successful results have been obtained in the training. Considering successful and unsuccessful results, the 

analysis of the effective factors was made. A success rate of 96.9% was achieved with optimum parameters. After 

these success rates, it is thought that there will be a shift from computers with high hardware costs to quantum 

computers. Thanks to this study, classical algorithms will be adapted to quantum computing.  
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Abstract 

Quantum circuits are the foundation of quantum computers and quantum technologies. These circuits are created using quantum 

systems called quantum bits (qubits). Qubits are in a complex state that can take both a 0 and a 1 state at the same time, unlike 

the bits used by traditional computers. This provides features such as the ability of quantum circuits to perform parallel processing 

and solve some computational problems faster. There are many types of faults in quantum circuits. It is important to detect faults 

so that the quantum circuits to be developed can produce accurate results. In this study, a method using a truth table is proposed 

to detect possible faults that may occur in quantum circuits. The truth table is obtained from the '.tfc' files used in the creation of 

quantum circuits. The obtained truth table is compared with the output of the quantum circuit. 

 

Keywords: Quantum Circuits, Fault Detection, Quantum Computing, Truth Table. 

 

1. Introduction  

 

Quantum computers are a revolutionary technology that has the potential to have computational speeds unmatched 

by conventional computers. The basis of this technology is the design and use of circuits called quantum circuits. 

Quantum circuits are created using complex quantum systems and are the basis of quantum computers and other 

quantum technologies. However, it is very important to ensure and test the accuracy of these circuits. The truth table 

of quantum circuits is a table that shows the results of all the input combinations of a quantum circuit. This table 

shows the correct output for each combination of inputs and is used to test the functionality of the quantum circuit 

and check its accuracy. To construct the truth table, first, all combinations of the input states of the quantum circuitry 

are listed Then the output is calculated for each combination of inputs, and the results are added to the table. The 

table is used to test the functionality of the quantum circuit. And it can be used to check accuracy. Creating a truth 

table in quantum circuits ensures the circuit works properly. This table can also detect faults within the quantum 

circuitry and for development purposes. 

  

Tools Used in Quantum Applications 

 

Å Qiskit: It is a library developed by IBM Quantum that enables quantum calculations with Python. Qiskit is a 

common tool used to build and simulate quantum circuits and generate truth tables. With Qiskit, the functionality of 

quantum circuits can be tested and the results analyzed. 

Å Cirq:  It is a quantum programming framework developed by Google and a tool for the creation and analysis of 

quantum circuits with Python. Cirq can be used to generate truth tables when simulating quantum circuits. 

Å PyQuil: It is a library developed by Rigetti Computing that enables the creation and control of quantum circuits in 

Python language. PyQuil can be used as a tool to create and analyze truth tables of quantum circuits. 
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Å Q# Language: It is a quantum programming language developed by Microsoft. This language, which is integrated 

with Python, can be used for the creation and simulation of quantum circuits and the creation of truth tables. 

Å Quantum Inspire: It is a cloud-based quantum computing platform developed by QuTech. It comes with Python 

integration and can be used for the creation and simulation of quantum circuits and the creation of truth tables. 

Widespread use of the Python programming language in the quantum computing community has led to the 

development of various tools for constructing truth tables in quantum circuits. Tools such as Qiskit, Cirq, PyQuil, 

Q# Language, and Quantum Inspire are common tools used for the creation and analysis of truth tables of quantum 

circuits. These devices have powerful capabilities for performing quantum computations and modeling quantum 

circuits. 

Related Studies 

 

Quantum computing is a very exciting field with the potential to exceed the limitations of traditional computers. 

Quantum circuits form the basic building blocks of quantum computers and are circuits where quantum gates perform 

various calculations by manipulating the states of qubits. Truth tables are important for analyzing the functionality 

and performance of quantum circuits. 

Detection and isolation of faults is an extremely critical step in the physical realization of quantum circuits. The field 

of quantum computing, another interesting topic, is also developing rapidly. Today, there is a shortage of 

professionals with deep computer and physics knowledge who can meet the needs of companies developing and 

researching quantum technologies. 

This article focuses on extensive studies of faults in quantum circuits. The studies in the literature on truth tables used 

to evaluate the functionality of quantum circuits are examined. The literature review includes some of the theoretical 

information and studies from past years to the present on quantum fault tolerance and quantum computing. 

Rahaman et al.[1] focused on fault diagnosis in reversible circuits under the missing gate fault model. Under this 

model, they presented a new fault detection technique in a combination circuit with missing gate faults [1]. 

Barends et al.[2]  present a quantum-related study by showing a set of universal logic gates in superconducting 

multiqubit processors. They stated that the average one-qubit gate accuracy reached 99.92% and the two-qubit gate 

accuracy reached 99.4% [2]. Lin et al.[3] By introducing a tool called physical design sensitive fault-tolerant quantum 

circuit synthesis (PAQCS), they offer a 30.1% reduced overhead in converting logic circuits to physical circuits 

compared to previous work [3]. Bera [4] showed that the behavior of faulty quantum circuits under the single fault 

assumption can be fully characterized by faulty gates and corresponding fault patterns [4]. Orts et al.[5] analyzed 

state-of-the-art reversible adders for quantum computing and classified them using metrics comparing their strengths 

and weaknesses [5]. Bocharov et al.[6] showed that they developed a simpler and more general method for reversibly 

synthesizing probabilistic quantum circuits [6]. Cai et al.[7] examined the recent development of bosonic codes and 

discussed the opportunities of bosonic codes in fault-tolerant quantum computation and other quantum applications  

[7]. Chen et al.[8] investigated the previously uncontrollable quantum circuits by proving the conditions for the two 

circuits to be partially equivalent, and developing algorithms based on this condition [8]. Gurl et al.[9]stated that 

decision diagrams are a promising data structure in quantum circuit simulation and they have found a successful 

application [9]. Wang et al.[10] focused on a new image encryption algorithm and showed that the truth table is based 

on the new chaos and spread values  [10]. Mirizadeh et al.[11]  used the FHAS algorithm by designing fault-tolerant 

reversible half and full adders/subtractors [11]. Singh et al.[12]implemented quantum circuits in Python in different 

test scenarios faster using Qiskit [12]. Swathi et al.[13] made applications focusing on various reversible logic Gates 

[13]. Yetis et al.[14] developed a new algorithm for optimal circuit generation and focused on image data  [14]. 

Karmakar et al.[15] proposed a fault-tolerant logic gate-based RO PUF [15]. Golestan et al.[16]  discussed the use of 

quantum computing in power systems and summarized recent developments [16]. Sharma et al.[17] continued their 

studies by focusing on various issues [17]. Kissinger et al. [18] proposed a method that aims to reduce the number of 

non-Clifford gates in fault-tolerant quantum computations [18]. Bar et al. [19] aimed to overcome the limited qubit 

number barrier by using a variational quantum circuit (VQC) [19]. 
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Motivation  

 

Quantum circuits serve as the fundamental components of quantum computers, and quantum gates and circuits are 

designed to achieve specific quantum operations. The truth table is a tabular representation that maps input 

evaluations to corresponding output states, commonly used in classical computers to depict logical operations. 

In the literature concerning reversible quantum circuits, it becomes evident that understanding the count of inputs, 

outputs, and gates is crucial for optimizing quantum circuits. An identified gap in the literature pertains to the 

automatic determination of inputs, outputs, and gate quantities within quantum circuits. This existing gap within the 

literature constitutes the principal motivation for our study. The motivation to detect the truth table in quantum 

circuits is important for quantum computers to become more complex and scalable. Under this motivation, 

determining truth tables of quantum circuits can help evaluate factors such as fault tolerance, side effects, and 

efficiency of quantum gates and circuits. Thus, it can guide the development process to enable quantum computers 

to produce more reliable and accurate results. 

 

2. Types of Faults in Quantum Circuits 

 

Quantum circuits are constructed using single-qubit and multi-qubit quantum gates. Circuit failures can arise during 

the creation of quantum circuits. There are various reasons for circuit faults, including issues within the system, faults 

in system components, and disruptions from the external environment. There are types of faults that permanently or 

temporarily affect the capabilities of a circuit for a long or limited time. Failure models that may occur in quantum 

circuits have been examined in five types in the literature. These fault types are shown in Figure 1. 

 

Fault models

Stuck-at
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fault
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Figure 1. Failure models in quantum circuits[20] 

 

As depicted in Figure 1, quantum circuits can experience failures such as Stuck-at, Bridging, Missing gate, Cell, and 

Cross-Point faults. These failures can have an impact on the results of quantum circuits. Figure 2 illustrates the 

instances of Stuck-at, Bridging, Missing gate, Cell, and Cross-Point failures.  

 

 



 
 
 
 
 

44 

 

a

b

0

cin

g1

s

c

g2

Stuck-at-1

Stuck-at-0  

a=1

b=1

0

Cin=0

g1

s

c

g2

Fault site wired AND/ OR

 

a) b) 

a

b

0

cin

g1

s

c

g2

Single missing gate fault

 

a

b

0

cin

g1

s

c

g2

Multiple missing gate fault

 
c) d) 

a=1

b=1

0

Cin=0

g1

s

c

g2

Occurrence of a single cell fault

1

0/ 1

0

0

0/ 1

 

a

b

0

cin

g1

s

c

g2

Single appearance cross-point fault

 
e) f) 

Figure 2. Fault types of quantum circuits[20]  a) The stuck-at fault model b) The bridging fault model c) The single missing gate 

fault model d) The multiple missing gate fault model e) The single-cell fault model f ) The single appearance cross-point fault 

model 

 

3. Material Method 
 

The initial phase involves the generation of sample quantum circuits. During the construction of these circuits, a 

MATLAB program was employed, leading to the development of a specialized software package. Within this 

software package, ".tfc" files are generated. Subsequently, the necessary modifications were made to these ".tfc" 

files, resulting in the transformation of these files into quantum circuits. This transformation was accomplished 

utilizing the "RCViewer+" quantum simulation tool. The purpose of creating these data sets is to extract the state 

table of these circuits and to compare the state table we want with the state table of the faulty circuit to determine 

whether there is an fault in this circuit. The truth table was obtained after the quantum circuit converted from the 

ñ.tfcò file was passed through matrix multiplication. Next, the truth table was extracted using the "RCViewer+" 

quantum simulator from the previously generated ".tfc" file. The acquired truth tables will be subjected to a 

comparative analysis. An illustrative representation of the approach introduced in this research is provided in Figure 

3. 
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Figure 3. Graphical summary of the proposed method for the detection of the quantum circuit and input number 

Data Set 

 

In this study, the primary objective is to assemble a dataset using quantum simulators that are implemented on 

conventional computers. The dataset will then be subjected to image processing techniques and harnessed by deep 

learning models to identify various elements within the circuits, including inputs, outputs, gates, and circuit 

components. By acquiring the state tables of the scrutinized quantum circuits, it becomes feasible to detect any faults 

present within these circuits. The approach employed to determine the output of a provided input in the quantum 

circuit is elucidated in Figure 4. 

 

 
Figure 4. The equation used to construct the truth table of the quantum circuit 

 

The process of generating the truth table then involves calculating all combinations of the inputs of the quantum 

circuit and determining the output for each combination. These results can then be collected in a table. 

It presents the complete array of input state combinations alongside the associated circuit outputs for each state. 

These outputs have been pre-determined for every possible input combination. This computation is achieved by 

performing matrix multiplications of gates that are deployed within the qubits of the circuit, corresponding to each 

distinct input state. The truth table that emerges from this process is depicted in Figure 5. 
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Figure 5. The truth table obtained as a result of matrix multiplication 

 

4. Experimental Results 
 

In this research, the creation of the dataset involved the generation of ".tfc" files through the MATLAB program. 

These generated ".tfc" files were subsequently imported into the "RCViewer+" program, and the resulting quantum 

circuits were saved in ".bmp" format. The truth tables of the recorded quantum circuits were created by the 

ñRCViewer+ò generation and compared with the truth tables we created with the ñ.tfcò code. These two states 

recorded the same result for life in the table. The fact that the two-state tables are the same shows that there is no 

fault in the circuit. 
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Figure 6. Comparison of truth tables created by two different methods 

 

The accuracy of quantum circuits holds paramount importance in the success of quantum computing, as faults can 

rapidly accumulate and undermine the integrity of computation results. To evaluate the performance of quantum 

circuits, truth tables are employed. These truth tables facilitate the assessment of quantum circuits by juxtaposing 

their outputs against the anticipated outputs. Such tables offer insights into the precision of individual quantum gates 

as well as the overall accuracy of the entire circuit. Accurate truth tables play a pivotal role in the design of efficient 

quantum circuits, enabling researchers to pinpoint and rectify faults within the circuitry. Consequently, the generation 

of precise truth tables stands as a crucial and indispensable phase in the advancement of quantum computing 

technology. 

Experimental results obtained in the process of constructing the truth table of quantum circuits are used to test the 

functionality of quantum circuits and check their accuracy. These results show that the output is calculated correctly 

for all combinations of the input states of the quantum circuit.  

Experimental results are constantly studied and improved to improve the accuracy of quantum circuits and to be able 

to solve more complex problems. These studies will help quantum computers and quantum technologies become 

more widespread. 

 

5. Conclusions 
 

In this study, the complete array of input states for the quantum circuit is generated through the utilization of the TFC 

library. Subsequently, by computing the output value for each distinct combination, a comprehensive truth table is 
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formulated. This procedure aids in comprehensively documenting the behavior of the quantum circuit across all 

potential input scenarios. 

Truth tables have a wide variety of potential applications in quantum computing. It can be used to optimize the design 

of quantum circuits, identify and correct faults in quantum hardware, and evaluate the performance of quantum 

algorithms. Additionally, accurate truth tables can be used to compare the performance of different quantum 

computers and simulators, allowing researchers to compare their results and identify areas for improvement.  

Experimental results have shown that the generated truth table accurately reflects the functionality of the quantum 

circuit. This method could be valuable for testing quantum circuits and checking their accuracy. 

This endeavor establishes an initial foundation for constructing truth tables for quantum circuits. Subsequent efforts 

could potentially enhance and fine-tune this methodology, or even explore alternative approaches tailored for more 

extensive and more intricate quantum circuits. The realm of truth table creation within quantum computing holds 

numerous uncharted avenues for future investigation and innovation. These opportunities extend to research and 

development, offering prospects for devising novel techniques to generate comprehensive truth tables. 
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Abstract 

 
Deep learning methods, capable of finding solutions to a wide range of problems and widely applicable in almost every field due 

to the increasing computing power, have become the popular technology of today. Global companies are increasing their 

investments in this direction, leading to the emergence of numerous new start-up companies. Similar developments are also 

evident in the field of quantum computers and quantum computing. While the birth of physical quantum computers is still 

relatively new, it is predicted that quantum computing will revolutionize health, finance, cybersecurity sectors, and various 

complex computational problems. In recent literature research, significant attention has been given to the intersection of these 

fields, with a focus on the development of quantum neural network models and the interest in quantum algorithms for increasing 

efficiency in machine learning. This study demonstrates the current state of artificial intelligence fields such as artificial neural 

networks, deep learning, machine learning, in conjunction with quantum computing technology, and showcases the achievements 

attained. The studies are presented by conducting domain-specific analyses, showcasing their position and financial magnitude 

in the industry. The success of quantum neural networks in recent literature studies has been mentioned. 
 
Keywords: quantum computing, artificial neural networks, quantum neural network, artificial intelligence  

 

1. Introduction  

 

The concept of Artificial Neural Network (ANN) has emerged as a result of mimicking the neuron structure of the 

human brain. Artificial neural networks are systems composed of components resembling neurons that have the 

capacity to encode, store, and use information for various tasks. Over time, quantum computing has made fascinating 

progress, and these efforts have had a significant impact on its faster operation. Additionally, when compared to 

classical computation, quantum computing possesses a much stronger potential. The advancement of quantum 

computing offers unprecedented opportunities to overcome problems that traditional computers cannot solve. For 

example, Shor [1] is a quantum algorithm used to rapidly find the factors of large numbers. This algorithm can 

factorize numbers that would take years to compute using classical methods, in a short period of time. Moreover, the 

Grover algorithm [2] is a quantum search algorithm used to quickly locate a specific target in a database. It has 

demonstrated superior performance compared to classical computations. 

 

Classical Artificial Neural Networks (Classical ANN) require more computational resources and time to perform 

certain complex tasks. On the other hand, Quantum Neural Networks (QNN) can leverage the advantages of quantum 

computation to solve more complex problems faster and more effectively. The concept of quantum neural network 

computation was first proposed by Kak [3] in 1995 and later studied in detail. In 1995, Menneer and Narayanan [4] 

suggested Quantum-inspired Neural Networks (QINN), and this topic was extensively addressed in Menneer's [5] 

doctoral thesis. Narayanan and Menneer [6] demonstrated through experimental and simulation methods that 

quantum ANNs are more powerful and efficient compared to traditional ANNs. In 2003, Kouda and his team [7] 

introduced the Qubit Neural Network model, which is based on qubits. Additionally, Figure 1 provides the number 
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of published articles and total citations containing the term 'Quantum Neural Networks' over the years, reflecting 

both the quantitative and qualitative dimensions of research on this term. 

 

 

 
 

Figure 1. Published articles and total citation count containing 'Quantum Neural Networks'. 

 

It has been suggested that both classical and quantum components could be utilized for the more effective functioning 

of quantum neural networks. In 2014, Schuld and his team [8] proposed a Quantum Neural Network (QNN) model 

that combines the unique characteristics of quantum computation with those of neural network computation. In this 

study, they presented a systematic approach to enhance the QNN model by examining various methods, thereby 

providing a more organized perspective on QNN research. Schuld and his team [8] proposed several requirements 

for the creation of a meaningful QNN model. These requirements are listed below: 

¶ The initial state of the quantum system can encode any binary sequence of length N. For instance, it should 

be able to represent a binary sequence like 001101. This implies that QNN possesses a form of memory 

capability and enables the representation of input data.  

¶ QNN can reflect one or more fundamental neural computation mechanisms. These mechanisms encompass 

the operating principles of neural networks (attractive dynamics, synaptic connections, integration and firing, 

training rules, the structure of a neural network). 

¶ It is based on quantum effects such as evolution, superposition, entanglement, interference and is fully 

compatible with quantum theory. 

 

¶ Below are listed some advantages of quantum neural networks compared to classical artificial neural 

networks: 

¶ Evaluating multiple different possibilities simultaneously through the properties of superposition and 

entanglement [9].  

¶ Better analysis of specific molecular structures and properties [10].  

¶ Faster and more effective results in optimization problems [10].  

¶ Achieving high performance with fewer hidden neurons [9].  

¶ Faster learning ability compared to traditionals [11].  

¶ High processing speed [12]. 

¶ Superposition provides an exponential storage advantage to the quantum network [13]. 

 

With the presence of these features, scientists are showing intense interest in advancing quantum neural networks. 

The future potential of quantum neural networks is highly expansive, making the subject exceptionally compelling. 
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2. Current State of Quantum Neural Networks 

 

Quantum neural networks are a unique model created by combining the fundamental structure of traditional artificial 

neural networks with principles of quantum mechanics. In this section, we will take a closer look at how quantum 

neural networks operate and delve into the topic in more detail by examining some existing models. 

 

2.1. Basic principles of quantum neural networks 

 

Artificial neural networks (ANNs) emulate the biological neural system for information processing [14]. ANNs 

employ artificial neurons to process input data and generate outputs, adjusting inter-neuron weights through learning. 

They excel at recognizing intricate data patterns. In the standard three-layer configuration (input, hidden, and output 

layers), external data is initially processed by the input layer [15,16]. Hidden layers meticulously process inputs, 

aiding in extracting high-level features, and the output layer derives results from processed data, showcasing the 

learning potential of ANNs. 

 

Quantum Neural Networks (QNNs) combine classical ANN traits with quantum mechanics' properties, resulting in 

an intriguing model [10], [17], [18]. QNNs represent artificial neurons as quantum circuits housing parameters of 

quantum gates. Quantum effects govern inter-neuron connections, enhancing learning and computation. 

 

QNNs synergize the advantages of quantum computing with the processing prowess of artificial neural networks, 

establishing a potent computational paradigm. Notably, QNNs transcend classical ANNs' limitations, particularly in 

processing extensive datasets or solving complex problems [17]. This transformative potential in addressing 

conventional ANN constraints distinguishes QNNs as a pivotal innovation. 

 

2.2. Quantum neural network models 

 

2.2.1. Quantum Multi-Layer Perceptron (M-P) neural network 

 

The Quantum M-P neural network is an extended version of the traditional M-P (Multi-Layer Perceptron) artificial 

neural networks, incorporating principles of quantum mechanics. Zhou and Ding [19] aimed to enhance the 

performance of classical neural networks by developing this model to utilize quantum computing capabilities. The 

Quantum M-P neural network aims to process data using the concept of quantum linear superiority and incorporates 

principles of quantum computation. 

 

In traditional M-P neural networks, each processing unit calculates the output by multiplying the input and weight 

values and then applies an activation function. The output of a neuron depends on the weighted sum of inputs and a 

predetermined threshold. If the threshold is exceeded, the neuron gets activated and produces an output [20]. This 

activation function is often referred to as a function that provides the nonlinear structure of the neural network. 

 

The Quantum M-P Neural Network introduces a new approach to the learning and processing capabilities of neural 

networks by incorporating quantum mechanics into traditional neural network computations. By leveraging the 

advantages of quantum computing, this model has the potential to offer better performance, especially for complex 

data processing and learning tasks. 

 

2.2.2. Variational Quantum Circuit Neural Networks (VQ-DQN) 
 

The VQ-DQN model is a noteworthy subject among recent advanced-level researches. This model has been addressed 

in the study by [13], and it has been demonstrated to provide an effective approach for the most advanced quantum 

processors in recent times. In this context, it is crucial to closely examine the fundamental structure and operating 

principle of the model. The mentioned VQ-DQN model incorporates the circuit model shown in Figure 2.  
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Figure 2. VQ-DQN model architecture [13]. 

 

This circuit model integrates the quantum processor and classical computer, aiming to harmonize quantum 

advantages with classical robustness. Figure 2's circuit model involves quantum gates and parameterized adjustments. 

Parameterized quantum gates, like Rz(ɗ) with ɗ, enhance model flexibility. The classical computer processes inputs, 

adapting them for the quantum circuit format, yielding the desired output. Parameters in the quantum circuit are 

updated based on the loss function outcome versus target output. This generates new input sets for improved results, 

iterated until desired accuracy is met. This model robustly merges quantum and classical computation strengths. 

 

2.2.3. Hybrid Quantum Neural Network (HQNN) 

 

A Hybrid Quantum Neural Network (HQNN) is a vital advancement in this new era, offering advantages, especially 

with Noisy Intermediate-Scale Quantum (NISQ) devices. This model integrates classical and quantum computing 

seamlessly. Despite NISQ limitations, these devices hold promise, leveraging complex quantum system traits for 

quantum advantage. 

 

An artificial intelligence model, the Hybrid Quantum Neural Network (HQNN), involves the integration of classical 

and quantum devices. The fundamental structure of HQNNs is built upon a processing logic consisting of five steps. 

The first step involves preprocessing the input data and preparing its features. Subsequently, the input is transformed 

into quantum form through data encoding. In the third step, the quantum circuit is parameterized and undergoes 

unitary evolution. Quantum measurements are performed in the fourth step to obtain quantum state information. The 

final step involves the classical processing of the obtained quantum state [21]. The overall structure of HQNNs 

demonstrates the effective combination of quantum and classical computation. Particularly, unlike classical artificial 

neural networks, the importance of preserving nonlinear features is emphasized in HQNNs. To achieve this goal, 

classical neuron layers can be used in the output processing stage. 

 

A Hybrid Quantum Neural Network (HQNN) stands as a noteworthy development in this emerging era, showcasing 

several benefits, especially in the context of Noisy Intermediate-Scale Quantum (NISQ) devices. This approach 

seamlessly merges classical and quantum computing. Despite the inherent constraints of the NISQ era, these devices 

retain substantial promise, making notable strides in unlocking quantum advantages through the utilization of 

intricate quantum system attributes. 

 

2.2.4. Qubit Neural Network 

 

Matsui and colleagues [22] have proposed a Qubit neuron structure that showcases quantum learning capabilities. 

This original Qubit neuron model demonstrates the ability to effectively overcome challenges like data compression. 

They put forth a suggestion for a Qubit neural network that governs the interactions between neurons according to 

quantum rules [6]. This Qubit neuron structure has paved the way for the emergence of a layered, new quantum 

feedforward neural network structure, as described by Kouda and colleagues [20]. 

Jeswal and his team [12] explain that a qubit neural network constitutes a multi-layered structure composed of 

quantum bit neurons. In his own study, Jeswal demonstrates a general model of a quantum neuron, drawing upon 

Kouda's previous research [7]. The qubit neuron model is given in Figure 3.  
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Figure 3. Qubit neuron model [7]. 

 

Kouda and his team [6], through an analysis of simulation results based on the qubit neuron structure, observed that 

the qubit model is significantly more effective in learning problems compared to the traditional model. Additionally, 

as mentioned in the study [12], the learning capability of the qubit neural network was examined using the 4-bit parity 

control problem. As a result, the qubit model exhibited superior performance. In this context, the multi-layered qubit 

neural network proposed by Matsui and colleagues [23] has been integrated into a neural network composed of qubit 

neurons to test pattern recognition and similar problems within the neural network. 

 

Figure 4 summarizes the advantages and disadvantages of the described quantum neural network models. Each model 

has been developed using quantum mechanics properties in different ways and has various application domains. The 

advantages and disadvantages listed in the table reflect the factors that should be considered when choosing these 

models. The performance of the models will be influenced by application requirements and the proper utilization of 

quantum technology. Therefore, it's important to carefully examine the table when determining which model is more 

suitable for a given situation. 

 

 
 

Figure 4. Advantages and disadvantages of quantum neural network models. 

 

3. Literature Research and Applications 

 

In this section of our paper, we aim to provide readers with insights into the usage areas and applicability of QNNs 

by discussing current literature research and applications we previously mentioned. 

In the article [24], the authors proposed a hybrid application aiming to recognize handwritten characters by adding a 

quantum convolutional layer to a model based on convolutional neural networks (CNN). This model processes input 

data through the quantum convolutional layer to generate feature maps. The quantum convolutional filter operates 

on spatially local subregions of the images. Subsequently, these subregions are encoded into quantum states, passed 
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through a random quantum circuit and subjected to a decoding process. In the experiment, both the convolutional 

neural network model and the proposed quantum convolutional model were used. When the size of the training 

dataset was smaller, the proposed quantum model outperformed the classical CNN model; however, as the dataset 

size increased, the accuracy difference between them decreased. 

 

In the article [25], a new model called Hybrid Quantum Convolutional Neural Network (HQCNN) is proposed and 

utilized for the classification of symmetry-protected topological (SPT) phase data. This paper aims to expedite the 

training process by combining a traditional fully connected network with a quantum filter. The quantum filter extracts 

features from the data using quantum convolution (QConv) and quantum pooling (QPool) layers, followed by the 

activation of a fully connected neural network. The HQCNN model with 4 quantum filters exhibited superior 

performance compared to other models with 1, 2, 3 and 5 filter, achieving a classification accuracy of 99.22% on test 

data. The results demonstrate that the combination of quantum filters and traditional neural networks is an effective 

approach in the task of SPT phase classification. 

In the article [26], the Parallel Self-Organizing Neural Network (PSONN) architecture presents an approach using 

errors guided by fuzzy measures and incorporating quantum integrators for backpropagation. The Quantum Version 

of Parallel Self-Organizing Neural Network (QVPSONN) architecture performs processing in multiple stages for 

denoising color images and extracting pure color objects. Initially, color images are divided into segments, which are 

then sent to QMLSONN (Quantum Multi-Layer Self-Organizing Neural Network) for parallel processing. During 

this process, the QVPSONN architecture adjusts weights using the quantum backpropagation algorithm to rectify 

errors in the object extraction process. The experiment was conducted on both synthetic and real-world images, 

revealing that QVPSONN outperforms PSONN in terms of image extraction quality and processing time. 

 

In the article [27], a QNN and Quantum Generative Adversarial Networks (QGAN) were developed for binary image 

classification. The proposed QNN model, designed specifically for binary classification, so dataset has been created 

by selecting only the digits 0 and 6 from the MNIST handwritten digit dataset. Subsequently, the QGAN model was 

utilized to generate new data samples based on examples from the original dataset, thereby augmenting the dataset. 

To adhere to the qubit limits in the model, the dimensionality reduction method Principal Component Analysis (PCA) 

was employed. The proposed quantum neural network (QNN) model in the article was designed using the 

TensorFlow Quantum library. It's mentioned that the proposed QNN model consists of four dense layers, which are 

organized in the following sequence: 
Á The data size is reduced. 
Á Data is transformed into quantum information using the Projected Quantum Kernel Feature (PQK) technique. 
Á The transformed data serves as input to each layer of the model. 
Á Throughout the training of the QNN model, hyperparameters are optimized, and training is conducted. 

[25]   

The model trained with 12,000 image data points and it was tested using 2,000 data points. Test results were compared 

with a Fully Connected Neural Network (FNN), and the proposed QNN model achieved higher performance than the 

FNN model. The QNN model attained an accuracy rate of 98.6%, precision of 98.5%, sensitivity of 98.8%, and 

specificity of 98.5%. 

 

In the article [28], a Hybrid Quantum Neural Network (HQNN) is proposed for predicting the response of drugs in 

cancer cells, which combines graph convolutional, convolutional, and fully connected layers. The application uses 

the GDSC dataset, the largest database containing information on cancer cell line susceptibility to drugs and genetic 

relationships. When tested on a reduced dataset consisting of 5000 training and 1000 testing drug/cell line pairs 

provided by the dataset, the quantum model outperformed the classical model. 

 

The article [29] explores the feasibility of using the QNN algorithm for breast cancer diagnosis. The QNN model 

employed the actual breast cancer dataset and achieved success in training and data recognition. When compared to 

classical Convolutional Neural Networks (CCNN) for mammogram image diagnosis, our study showcases the 

advantage of QNN in providing higher accuracy in a shorter training time. From this examination, it can be concluded 

that the commercial utilization of real quantum computers would be a powerful tool for detecting breast cancer 

rapidly and with high accuracy. 
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In the article [30], an experimental application of quantum neural networks for recognizing and analyzing facial 

patterns is presented. Using Principal Component Analysis (PCA), the most significant features of facial patterns 

from the LFW facial dataset were extracted. The extracted data was then used to train QNN, and the system was 

tested using programs developed in the Matlab language. When the system was tested using faces of 5 different 

individuals, it achieved a Total Classification Accuracy (TCA) of 89%. 

 

In the article [31], a hybrid approach combining classical Convolutional Neural Networks (CNN) and QNN is used 

to detect amplitude shift keying cyber-attacks in a Controller Area Network (CAN) dataset. The dataset was generated 

by subjecting CAN data recorded from a KIA Soul vehicle to amplitude shift keying attacks. In the experimental 

phase, CAN data was first transformed into feature maps using a classical neural network (CNN), and these maps 

were further transformed into quantum data using quantum encoding. The transformed data was then used for attack 

detection with a QNN. This QNN is a customized quantum classification model to detect attack using quantum data. 

The hybrid system was compared with a standalone quantum neural network (QNN) and a Long Short-Term Memory 

Neural Network (LSTM NN). The models were developed using the TensorFlow Quantum library and tested on the 

provided Cirq simulator in the same library. The hybrid QNN, standalone QNN, and LSTM NN achieved accuracy 

rates of 93.9%, 62.0%, and 87.8%, respectively, with using their respective test datasets. The experimental results 

demonstrated that the hybrid network was more efficient in detecting complex cyber attack patterns. Finally, it was 

concluded that the hybrid quantum neural network could be extended to detect other types of cyber-attacks as well. 

 

Figure 5 depicts the success probabilities of the quantum neural network method proposed in some of the described 

articles and the compared classical methods. Success rates obtained from [24] with 3500 training images and 1500 

test images, success rates obtained from [26] for real-world images exposed to noise with the same ratios, accuracy 

rates achieved through standard performance metrics on 12,000 handwritten images trained and 2000 test images in 

[27], a performance rate difference of 15% calculated based on the mean squared error function in [28], and the 

success rates of the proposed hybrid quantum neural network and the LSTM neural network in [31] are sequentially 

displayed. 

 
 

Figure 5. Comparison of proposed quantum methods and classical methods. 

 

4. Conclusion 

 

This research has demonstrated that quantum neural networks yield impressive results, particularly in data analytics 

and classification tasks, compared to classical neural networks. These networks stand out for their ability to uncover 

complex relationships and patterns that traditional methods might struggle to solve. Thanks to the computational 

power of quantum systems, they can achieve higher accuracy rates even in cases of data insufficiency or complexity. 

Furthermore, quantum neural networks draw attention with their enhanced data processing and modeling capacities. 

 

The conducted studies are gaining popularity and it has been observed that the performance of quantum neural 

networks can be further enhanced, also their application can be extended to various types of problems. Although 

concrete applications on quantum computers are not currently feasible, many experimental results hold great promise 

for the future. 
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Abstract 

Deformations in retinal vessels inform us about dangerous conditions such as glaucoma, macular degeneration, and ophthalmic 

diseases. Manual segmentation of retinal vessels from fundus images is challenging for board-certified physicians. Deep 

learning-based automatic segmentation methods have recently succeeded in segmenting organs and vessels. This study 

emphasizes a fully automatic deep learning-based retinal blood vessel segmentation method to help specialist physicians. The 

most crucial innovation in the proposed architecture is applying the hybrid convolution technique. The model based on the Unet 

architecture uses standard convolution and Depthwise separable convolution together. This way, the number of parameters has 

been reduced significantly. In addition, the depth-wise separable convolution enables the proposed architecture to focus on high-

level features along the channel and depth. The proposed architecture achieved a 99.6% dice score in the DRIVE dataset. This 

obtained score showed that the proposed model is very robust. 

 

Keywords: Unet, depthwise separable convolution, layer-based hybrid convolution, retinal vessel segmentation  

 

1. Introduction  

 

The Fundus camera is used to view the fundus region formed by the inner and posterior surface of the eye. Diseases 

such as glaucoma, macular degeneration, arteriosclerosis, and other ophthalmologic disorders can be detected in the 

images obtained from the fundus camera[1]. The fundus camera allows a view of the blood vessels in the eye, optic 

disc and pit, fovea, and other elements such as the retina [2]. Thanks to fundus images, it allows the diagnosis of 

ophthalmological and ocular diseases. However, manually segmenting vessels and observing differences in vessels 

in fundus images is time-consuming and challenging [3], [4]. In addition, diagnostic differences that vary among 

physicians are another problem. In addition, diagnostic differences that vary among physicians are another problem. 

Due to the difficulties of manual segmentation from fundus images, examinations with computer-aided technologies 

have become increasingly important in recent years. Deep learning (DL) architectures with convolutional neural 

networks (CNN) layers trained using effective data processing techniques have started to show superior performance 

as computer-aided diagnostic methods in recent years [5]. The emergence of the U-Net architecture in organ 

segmentation has revolutionized deep learning-based biomedical image analysis [6]. The contributions of this study, 

which was obtained by making various modifications to the U-Net architecture, to the literature are as follows: 

 

¶ The computational cost is considerably reduced by using depthwise separable convolution in the 

convolutional layers of the U-Net architecture. 

 

¶ Thanks to the depthwise separable convolution, the network gives more importance to the high-level features 

in the image, both channel and spatial, for more precise segmentation of vessels in retinal blood vessel 

images. 

Figure 1 shows some image examples and basic facts from the DRIVE dataset. 
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Figure 1. Examples from the DRIVE dataset 

 

2. Related works 

 

Many researchers have focused on U-shaped and V-shaped DL networks. Among these researchers, Gu et al. 

proposed a bottom-up and top-down deep-controlled CNN network in the method they named BTS-DSN [7]. Arsalan 

et al. proposed the PLRS-Net architecture, which reduces pooling time and preserves feature maps of blood vessels 

by using residual blocks without a pooling layer. In addition, thanks to the inter-spatial information, the loss is rapidly 

reduced, and convergence becomes faster [8]. The attention module U-Net with stepped residual blocks (CRAUNet) 

proposed by Dong et al. uses a DropBlock module added to the residual blocks to prevent overfitting. Thus, low and 

high-level features are equalized to highlight the boundaries of the segmentation region [9]. Wang et al. proposed a 

context-sensitive network (CA-Net) with multiple expanded convolutions at different rates to obtain contextual 

information at a multi-scale [10]. As detailed by Hussain et al., dilated convolutions U-Net (DilU-Net) is a CNN 

architecture that upsamples by combining high-level features from different decoders [11]. Lin et al. proposed the 

Stimulus-Guided Adaptive Transformer Network (SGAT-Net), which includes inductive bias and self-attention 

mechanisms for retinal blood vessel segmentation. This architecture proposes an approach that captures details in the 

image with a residual block encoder[12].  

 

3. Methodology 
 

This section gives information about the data set used for training and testing, the architectural structure of the 

proposed methodology, the loss function, and the performance metric used. 

 

3.1. Preparing the dataset 
 

 

DRIVE dataset consisting of fundus images was used in the training and testing stages of the proposed method [13]. 

The DRIVE dataset consists of 40 color fundus images, 33 of which are non-diabetic and 7 of which are diabetic. 

The dataset contains 20 training and 20 test images. The original images in the DRIVE dataset are in TIF format with 

565 x 584 pixels dimensions. The ground truth images are 565 x 584 and in GIF format. The images in the dataset 

and their basic facts were first converted to PNG, a high-quality image format. The training data was increased to 

810 by applying various data augmentation methods such as random crop, flip vertical, flip horizontal, flip left-right, 

random zoom, and random rotate(Ñ90o) to the images converted to PNG format. Some images obtained after the data 

augmentation techniques applied to the data set are shown in Figure 2. 
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 Figure 2. Sample training set images obtained from data augmentation methods  

3.2. Details of the Proposed Architectures 
 

The architectural structure of the proposed methodology is shown in Figure 3. It is obtained by replacing the second 

layers in the binary standard convolution blocks in the Unet architecture with the depthwise separable convolution 

layer. 2 x 2 filters were used in the standard convolution layers, shown in orange in both the encoder and decoder 

blocks. In the depthwise separable convolution layers, 3 x 3 filters for depthwise convolution and 1 x 1 filters for 

pointwise convolution were used. Unlike the standard convolution, thanks to the depthwise separable convolution, 

high-value features in the images are monitored spatially and in channel size, resulting in better network performance. 

In addition, the computational cost is significantly reduced, and a solution is brought to the hardware limitations. 

Besides, the proposed architecture uses ADAM as the optimization algorithm and ReLU as the activation function 

[14]. 

 

 
 

Figure 3. The proposed architectural structure 
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3.3. The Dice Loss Function 
 

The cost calculated for the backpropagation of the proposed architecture is based on the Dice Loss(DL) function. 

Dice loss and its derivatives (hybrid loss functions) are among the most used loss functions in segmentation in the 

literature. Dice loss is obtained by subtracting the Dice Similarity Coefficient (DSC) from 1. In DSC, TP stands for 

True Positives, FP stands for False Positives, and FN stands for False Negatives. DSC and DL mathematical 

expressions are shown in Eq. 1 and Eq. 2. 

 

DSC =  (2*TP)/(2*TP+FP+FN)                                                    (1) 

 

Dice Loss=1-DSC                                                                   (2) 

 

 

3.4. Performance metric 
 

For the performance measurement of the proposed architecture, DSC, which is one of the most used coefficients in 

the proposed methodologies for segmentation in the literature, was used. The mathematical expression of DSC is 

shown in Eq. 1. 

 

4. Experimental results and discussion 

 

4.1. Modelôs implementation details 
 

ADAM optimization algorithm was used to optimize the parameters of the proposed model, and the learning rate was 

chosen as 0.0001 after experimental studies. The proposed model has been trained and tested using the NVIDIA 

GTX_1080_TI graphics card and Anaconda ecosystem with Pytorch cuda library version 1.13.1. The DRIVE dataset 

is fed into the proposed architecture with dimensions of 565 x 584 and 3 channels. In addition, the mini batch_size 

was chosen as 2. 

 

4.2. Ablation studies 
 

The proposed model was first tested with an architecture from 16 channels to 512 channels. Then, the encoder started 

with 32 channels and ended with 512. However, the most ideal result was obtained with the model from 64 channels 

to 512 channels. Table 1 shows ablation studies for 25 epochs. In addition, since the input channels of the proposed 

model are 64 and the batch_size is set to two or higher, Cuda offers sharing with the help of a ram accelerator, so the 

training was relatively slow. Thatôs why it set the batc_size to 1. Besides, the training result was very low when both 

convolutional layers in the convolutional blocks had depthwise separable convolutions. 

 
Table 1. Ablation studies for 25 epochs 

Architecture 
Number of starting 

channels 

Training 

DSC(%) 

Validation 

DSC(%) 

Test 

DSC(%) 
Epoch 

Unet with Layer-based hybrid 

convolution 
16 93 93.3 94 

25 

Unet with Layer-based hybrid 

convolution 
32 95 95.6 96 

Unet with Layer-based hybrid 

convolution 
64 99.9 99.4 99 

Unet with Layer-based hybrid 

convolution 
128 97 97.4 98 
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4.3. Performance analysis on the DRIVE dataset 
 

The training and test DSC performance values of the proposed model in comparison with the basic Unet model are 

shown in Table 2. As can be seen from Table 2, it is seen that the proposed model is a robust model with a test 

performance of 99.6% in both parameter and performance measurement results. 

 

Table 2. Comparative performance results 

Architectures Methods Parameters(M) 
Training 

DSC(%) 

Validation 

DSC(%) 

Test 

DSC(%) 

Epoch 

Baseline Unet 
Fundus 

images 
7.7 99.7 99.4 99 

25 
Unet with Layer-based hybrid 

convolution 

Fundus 

images 
5.1 99.9 99.8 99.6 

 

 

In Figure 4, the prediction and ground realities of the proposed model are shown comparatively. It is seen that the 

estimated values in the qualitative analyses are almost the same as the ground truth images. 

 

 
 

Figure 4. Qualitative analysis of images predicted by Unet with Layer-based hybrid convolution method 

 

 

The proposed model is a robust model. However, when the number of parameters in the model decreases, it is seen 

that the model tends to fail in the training test stages. Layer-based hybrid convolution can be used to reduce 

computational costs in very high parameter and complex models. 

 

5. Conclusion 
 

To the best of our knowledge, this study performed a layer-based hybrid convolution for the first time. The proposed 

methodology performs standard convolution in the first layer in each convolutional block and depthwise separable 

convolution in the second layer. Depthwise separable convolution has enabled the number of parameters to be 

significantly reduced. Reducing the number of parameters in complex models is essential due to computational 

limitations. More importantly, it provides better feature extraction as it listens to layers both in channel depth 

dimension and spatially. However, the depthwise separable convolution performance in architectures with low 

parameters gradually decreases. A new computational approach is considered in future studies, including graph 

structures distinct from convolution. 

 

6. References 
 

[1] Azzopardi G, Strisciuglio N, Vento M, Petkov N. ñTrainable COSFIRE filters for vessel delineation with 

application to retinal imagesò. Medical Image Analysis, vol. 19, no. 1, pp. 46ï57, 2015, [PubMed] 

[CrossRef] [Google Scholar]. 



 
 
 
 
 

64 

 

[2] Nguyen U T V, Bhuiyan A, Park L A F, Ramamohanarao K. ñAn effective retinal blood vessel segmentation 

meth od using multi-scale line detectionò. Pattern Recognition, vol. 46, no. 3, pp. 703ï715, 2013, 

[CrossRef] [Google Scholar]. 

[3] Bandara A M R R, Giragama P. W. G. R. M. P. B. ñA retinal image enhancement technique for blood vessel 

segmentation algorithmò. in Proceedings of the 2017 IEEE international conference on industrial and 

information systems (ICIIS), pp. 1ï5, IEEE, Peradeniya, Sri Lanka, 2017 December. 

[4] Dharmawan D A, Li D, Ng B. P., Rahardja S. ñA new hybrid algorithm for retinal vessels segmentation on 

fundus imagesò. IEEE Access, vol. 7, pp. 41885ï41896, 2019. 

[5] Ayhan M S, K¿hlewein L, Aliyeva G, Inhoffen W, Ziemssen F, Berens P. ñExpert-validated estimation of 

diagnostic uncertainty for deep neural networks in diabetic retinopathy detectionò. Med. Image Anal. 64, 

101724, 2020. 

[6] Ronneberger O, Fischer P, Brox T.ñU-net: Convolutional networks for biomedical image segmentation ò. In: 

International Conference on Medical Image Computing and Computer-Assisted Intervention. Springer, pp. 

234ï241, 2015. 

[7] Guo S, Wang K, Kang H, Zhang Y, Gao Y, Li T. ñBTS-DSN: Deeply supervised neural network with short 

connections for retinal vessel segmentationò. Int. J. Med. Inform. 126, 105ï113, 2019. 

[8] Arsalan M, Haider A, Lee Y W, Park K R. ñDetecting retinal vasculature as a key biomarker for deep 

learning-based intelligent screening and analysis of diabetic and hypertensive retinopathyò. Expert Syst. 

Appl. 200, 117009, 2022. 

[9] Dong F, Wu D, Guo C, Zhang S, Yang B, Gong X. ñCRAUNet: A cascaded residual attention U-net for 

retinal vessel segmentationò. Comput. Biol. Med. 105651, 2022. 

[10] Wang X, Li Z, Huang Y, Jiao Y. ñMultimodal medical image segmentation using multi-scale  

context-aware networkò. Neurocomputing 486, 135ï146, 2022. 

[11] Hussain S, Guo F, Li W, Shen Z. ñDilUnet: A U-net-based architecture for blood vessels  

segmentationò. Comput. Methods Programs Biomed. 218, 106732, 2022. 

[12] Lin J, Huang X, Zhou H, Wang Y, Zhang Q. ñStimulus-guided adaptive transformer   

network for retinal blood vessel segmentation in fundus imagesò. Medical Image Analysis,Volume 89,  

2023,102929,ISSN 1361-8415,https://doi.org/10.1016/j.media.2023.102929. 

[13] Staal J, Abr¨moff M D, Niemeijer M, Viergever M A, Van Ginneken B. ñRidge-based  

vessel segmentation in color images of the retinaò. IEEE Trans. Med. Imaging 23 (4), 501ï509, 2004. 

[14] Ba J, Kingma DP. ñAdam: a method for stochastic optimizationò. in: International Conference on  

Learning Representations (ICLR), pp.1ï11, 2015. 

 

 

 

 

 



 
 
 
 
 

 

 
 

 
           International Conference on Advances and  
                           Innovations in Engineering 

 

 

 

 

 

Hasan YETĶķ1, Mehmet KARAK¥SE 2 
1,2Department of Computer Engineering, Engineering Faculty, Fērat University, Elazēĵ, T¿rkiye. 

1h.yetis@firat.edu.tr, 2mkarakose@firat.edu.tr 

 
1(ORCID: 0000-0001-7608-3293), 2(ORCID: 0000-0002-3276-3788) 

 

Abstract 

Quantum and reversible circuits may need to be represented in different ways depending on their intended use. Different formats 

are used to represent these circuits in different environments. Researchers in the field of applied quantum computing may need 

different forms of quantum circuits, and they perform this conversion manually. In this study, a tool is developed to automatically 

convert quantum circuits kept in tfc format to OpenQASM and Quirk environments to facilitate researchers working in the field 

of applied quantum computing. With the developed tool, it is aimed to make the process, which is performed manually in an 

error-prone and time-consuming manner, quick and without errors. The tool, which is coded in the Python environment, includes 

two main modules. These are the tfc2OpenQASM and tfc2Quirk modules. The modules take the tfc file path as input, and check 

the compatibility of the gates used in the tfc file with the environment to which it will be converted. If appropriate the conversion 

is performed by rule-based, and the output is the converted format. We hope that the developed tool will provide convenience to 

researchers working in the field of applied quantum computing. 

 
Keywords: applied quantum computing, machine readable form, OpenQASM, Quirk, reversible circuits, tfc 

 

1. Introduction  

 

Reversible circuits are circuits that produce the same result when a series of operators repeat in reverse order [1]. The 

circuits used in quantum computing must be reversible circuits, so the gates used to create the circuit must be 

reversible gates. For example, the NCT (NOT, CNOT, and Toffoli) gate cluster consists of reversible gates [2]. When 

a NCT gate is applied twice, the original input is obtained as a result of the reverse of reverse. Today, quantum 

computers can operate gates of only 1 or 2 qubits. However, the Toffoli gate can be operated thanks to a set of gates 

that consists of one or two qubits [3]. In theoretical reversible logic, multi-qubit notations can be used as a practical 

representation, although they cannot be operated by real quantum computers. MCT notations (Multi-Controlled 

Toffoli) are examples of these notations. There are (n-1) control qubits and 1 target qubit in n qubit MCT notations. 

For MCT notations, if all control qubits satisfy the condition, NOT operation is applied to the target qubit. MCT 

notations basically have the ability to express NOT, CNOT, and Toffoli gates. The NOT gate can be expressed as a 

1-qubit MCT, the CNOT gate as a 2-qubit MCT, and the Toffoli gate as a 3-qubit MCT. The symbol t is used to 

represent MCT notations in a reversible circuit expressed in machine readable format (.tfc) [4]. In this format, the 

NOT gate is denoted by t1, the CNOT gate t2, and the Toffoli gate t3. A general MCT gate of n qubits is denoted by 

tn. The expressions after the symbol tn represent qubits and the last qubit is often used as the target qubit. The NOT, 

CNOT, Toffoli and MCT gates/notations used in this study are given in Table 1. 
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Table 1. Essential quantum gates used in this study [5] 

Gate 

Name 
Symbol Mission 

Pauli-X 

(NOT) 
 

Take the inverse of the qubit 

Controlled 

Not 

(CNOT) 

  

Take the inverse of the target qubit only if the 

control qubit is 1 

Toffoli  

(CCNOT) 

 

Take the inverse of the target qubit only if the 

control qubits are 1 

Multi 

Controlled 

Toffoli  

(MCT) 

...

 

Take the inverse of the target qubit only if the 

control qubits are satisfied the condition. If it has 

only 2 control qubits, the gate is called Toffoli. 

 

The reversible gates are not limited to NOT, CNOT, Toffoli, and MCT [6]. However, only MCT based quantum 

gates that can be expressed with tfc files are included in the study. Tfc files are preferred in the representation of 

reversible circuits because they are easy to express and understand theoretically. There are many example reversible 

circuits stored in tfc format on the RevLib web site [7]. However, they need to be converted to a suitable format in 

order to run them in a simulation environment or on physical computers. Researchers working in the field of quantum 

computing have to perform this conversion manually. OpenQASM is another representation used for quantum 

circuits [8]. Quantum circuits can be modeled with this language in services offered by service providers such as 

IBM [9]. Modeled quantum circuits can be run on simulation or physical quantum computers. On the other hand, the 

Quirk simulator developed by Algassert offers a practical use in real time and is a popular simulation environment 

preferred by researchers in this field [10]. 

 

In summary, quantum circuits can be expressed in different ways (formats). Tfc, real, OpenQASM, Quirk are among 

the different forms of representation. Reversible circuits represented in tfc format can be opened through applications 

such as RCViewer+, and quantum circuits can be compared and optimized [11]. In addition, files in .tfc format can 

be converted to .real format with RCViewer+. However, tfc files may need to be converted to OpenQASM language 

to run on simulator or real backends. Or these circuits may need to be converted for real-time simulation in Quirk 

environment. In this study, a tool has been developed to convert tfc files to OpenQASM and Quirk formats in order 

to save time for researchers in this conversion process. 

 

2. Tfc, OpenQASM, and Quirk Formats 

 

This section describes the tfc, OpenQASM and Quirk formats used to represent quantum circuits in different 

environments. Machine readable format (tfc, real) is used for practical storage of reversible circuits. Operations such 

as viewing, plotting and optimizing reversible circuits expressed in machine readable format can be performed with 

the application named RCViewer+ [12], [13]. This application supports conversion between tfc and real formats. On 

the other hand, OpenQASM is the generally used representation for quantum circuits. Apart from these, there is a 

URL syntax rule for displaying quantum circuits in the Quirk environment. Researchers studying in the field of 

quantum computing may need to make tfc files suitable for OpenQASM and Quirk [14]. 

   

Tfc files are a format created for storing reversible logic circuits. According to this format, the features that tfc files 

should have are given below [13]: 

All variables must be specified with ó.vô, and ó,ô should be used between variables (.v a,b,c) 

Variables that take input should be expressed with .i (.i a,b). These variables must be defined also in ó.vô before. 
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Output variables should be expressed with .o (.o b,c). These variables must be defined also in ó.vô before. If output 

is not specified, the inputs are used as output. 

Quantum notations are written between the BEGIN and END tags. There must be at least one notation between the 

tags. 

The # symbol is used for comment lines. 
 

In tfc files, NOT, CNOT, Toffoli and MCT gates/notations can be represented respectively as "t1 a;", "t2 a,b;", "t3 

a,b,c;", and "tn a,b,én". The tfc format representation of the sample quantum circuit including NOT, CNOT and 

Toffoli gates is given in Fig. 1.a. Diagram of the quantum circuit after opening with RCViewer+ is given in Fig. 2.b. 

 

 
                                        (a)                                                                           (b) 

Figure 1. Example quantum circuit representation in tfc format (a) tfc file format, (b) RCViewer+ screenshot 

 

Operations such as circuit cost calculation on reversible circuits presented in this format can be practically performed 

with RCViewer+. Calculating the circuit cost is important to measure the efficiency of algorithms in quantum 

computing. Usually, quantum circuits are stored in RevLib with this cost value [7]. The cost metrics calculated by 

the RCViewer+ of the quantum circuit given in Fig. 1 is given in Table 2. With this application, it is possible to 

perform simple optimization operations such as simplification of sequential gates. 

 

Table 2. Cost metrics by RCViewer+ for the quantum circuit in Fig.1 

Number of input/outputs 3 

Gate Count 5 

Quantum Cost 11 

Two-qubit cost model: 

   Number of two-qubit gates 12 

   Number of one-qubit gates 1 

 

For the most general universal representation of quantum circuits, QASM is used. Quantum circuits expressed in the 

OpenQASM language can be run in environments such as IBMQ Experience [15]. In the OpenQASM language, 

NOT, CNOT and Toffoli gates are supported among the gates given in Table 1. It has been stated that quantum 

computers can operate 1 or 2 qubit gates, and the Toffoli gate is operated using an equivalent gate set of 1 and 2 

qubits [3]. Although the representation of MCT notations is possible with Toffoli gates, disadvantages such as the 

use of extra qubits may arise [16]. In the OPENQASM language, qubit and classical bit numbers must be defined 

first. In OpenQASM, NOT is expressed as "x q[t];", CNOT is expressed as "cx q[c], q[t];" Toffoli is expressed as 

"ccx q[c1], q[c2], q[t]", where t is the target and c,c1,c2 are control qubits. The example quantum circuit given in 

Fig.1 and its OpenQASM version are given in the Fig. 2. 
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(a)                                                                    (b) 

Figure 2. Representation of the example circuit in Fig. 1 with OpenQASM language, a) OpenQASM language, b) IBMQ 

Experience screenshot 

 

In the code written in the OpenQASM language, first definitions are made and the library is included in the project. 

The numbers of quantum bits (qubits) and classical bits are defined with qreq and creg words respectively. Classical 

bits are used for reading outcomes, and collapsed qubits are stored in classical bits. It is noted that the first qubits are 

the control qubits and the last qubit is the target qubit for the gate operations. 

Quirk, on the other hand, is a real-time simulation environment that enables the simulation of quantum circuits. It 

offers practical use for circuit corrections as the effects of added and removed gates are observed instantly in the 

Quirk environment. Quirk is a web-based simulator and the screenshot of the quantum circuit created in this 

environment is given in Fig. 3. For the representation of the circuit in the figure, the following expression should be 

added to the Quirk url address: #circuit={"cols":[["X"],["Å","X"],["Å","Å","X"],["X","Å"],["Å","X","Å"]]}. In the quirk 

format, each substring in the cols array represents the columns in the quantum circuit, that is, the gates at the same 

tn runtime. The screenshot of this expression created by the Quirk simulator environment is given in Fig. 3. As it is 

shown in the figure there are 5 gates executed in 5 different tn runtimes. In this way, NOT statements are denoted by 

ñXò and control statements by ñÅò symbol. Thus, a generalized structure is obtained for the representation of MCT 

notations. Thus, a generalized structure is obtained for the representation of MCT notations, including NOT, CNOT, 

and Toffoli gates. [ñXò] in the given expression actually corresponds to [ñXò,1,1]. In Quirk Simulator, qubits not 

used are shown as 1. The absence of a control qubit means that a NOT gate must be applied to the first qubit. When 

looking at the last column the expression ["Å","X","Å"] shows. Here, it is understood that the first and third qubits are 

the control qubits and the second is the target qubits. Therefore, this gate refers to the Toffoli. 

 

 
Figure 3. Quirk screenshot for the expression ["X"],["Å","X"],["Å","Å","X"],["X","Å"],["Å","X","Å"] 

 

3. The Developed Tool 
 

In this study, conversion of a reversible circuit stored in tfc format are carried out to express it in OpenQASM and 

Quirk. OpenQASM is a quantum circuit representation language also used by IBM Quantum Experience. Quantum 

circuits modeled in this language can be simulated or run on real quantum backends. On the other hand, Quirk is a 

web-based practical simulator, which allows to create circuits in line with the parameters coming from the url. 

Information about tfc, OpenQASM and Quirk formats is given in the previous section. The tfc version of the quantum 

circuit that sums two 2-qubit inputs and overwrites the output on the 2nd input is given in Fig. 4.a. The RCViewer+ 

screenshot of the circuit is given in Fig. 4.b. 
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                                        (a)                                                                          (b) 
Figure 4. 2-qubit adder representation, a) tfc format, b) RCViewer+ screenshot 

 

In order to convert tfc files to OpenQASM or Quirk environment, it is necessary to open the file and read the input-

output number and qubit tags. In order to extract the necessary information from the tfc files, the line starting with .v 

should be read and the tags here should be stored in an array. The elements in the array represent qubits, and the qubit 

order will be used instead of the label in the transformed circuit. In order to provide input-output flexibility in the 

developed tool, the restrictions imposed on these have not been taken into account. After reading the number of 

qubits and tags, appropriate meta information is generated if necessary. Then the lines written between BEGIN and 

END are read step by step. At this stage, it is necessary to ignore the blank lines. The conversion of the gates written 

between BEGIN and END should be provided appropriately. This step differs depending on the OpenQASM or Quirk 

environment. Since MCT notations are not supported in OpenQASM, the module will fail if there are gates other 

than NOT, CNOT and Toffoli. The pseudo code for converting tfc files to OpenQASM is given in Table 3. 

 
Table 3. Pseudo code for converting tfc to OpenQASM 

1- Read the tfc file  

2- qubit_labels[] = split the line which starts with ñ.vò to obtain qubit labels 

3- Print OpenQASM metadata 

4- tLine = read the lines from BEGIN to END:  

      4.1 ï If tLine == óô than go to step 4. 

      4.2. ï If the gate in the tLine has a gate different from ótô than alert and go to step 5. 

      4.3. ï Read the qubit labels in the tLine  

             4.3.1. ï If qubit number == 1: than apply x gate to corresponding qubit order in qubit_labels 

             4.3.2. ï Else if qubit number == 2: than apply cx gate to corresponding qubits 

             4.3.3. ï Else if qubit number == 3: than apply ccx gate to corresponding qubits 

             4.4.4. ï Else: Error and go to step 5.  

5- End 

 

Since the tfc and OpenQASM structures are similar to each other, as can be seen in Table 3, a practical conversion 

can be made as x if t1, cx if t2, and ccx if t3. The Python code of the method whose pseudo code is given in the table 

is given in Appendix A. After the 2-qubit adder tfc file given in Fig.4 is given as input to the module, the OpenQASM 

output in Fig. 5 is obtained. OpenQASM output is shown with a red rectangle in Fig 5.b. In order to change the inputs 

of this circuit, the NOT operation is applied to the qubits q[1] and q[3]. Since the inputs q[3]q[2] and q[1][0] are 10, 

the output of q[4]q[3]q[2] is 100. 
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                                         (a)                                                                               (b) 
Figure 5. Converted OpenQASM format of Fig.4, a) OpenQASM format, b) IBMQ Experience screenshot 

 

The conversion process for the Quirk simulator is a bit more complicated. As explained in the previous section, 

circuits in Quirk are not expressed by gates applied to rows, but by gates applied to columns at runtime tn. Therefore, 

in order to perform this conversion, it is necessary to write the relevant sign in the order of the qubit in which the 

gate is applied by using the nested for loop. There are three possibilities here. First, the gate is not connected to the 

qubit, which in this case is expressed as 1. Secondly, the gate connects to the qubit, but this connection is not the last 

connection, in this case it will be the control qubit, denoted by "Å". Finally, if the gate connects with the qubit and the 

qubit is located in the last element of the gate, the qubit is the target and is represented by the "X" sign. The tfc to 

Quirk pseudo code is given in Table 4. The Python code of the pseudo code given in the table is available in Appendix 

B. 
 

Table 4. Pseudo code for converting tfc to Quirk 

1- Read the tfc file  

2- qubit_labels[] = split the line which starts with ñ.vò to obtain qubit labels 

3- tLine = read the lines from BEGIN to END:  

      3.1 ï If tLine == óô than go to step 3. 

      3.2. ï If the gate in the tLine has a gate different from ótô than alert and go to step 5. 

      3.3. ï For each qubit label (q1) in the tLine: 

              3.3.1 ï For each qubit label (q2) in the qubit_labels[]: 

   3.3.1.1. If q1!=q2: than add 1 to URL 

                          3.3.1.1. If q1==q2 and q1 is not the last element: than add "Å" to URL 

                          3.3.1.2. If q1==q2 and q1 is the last element: than add "X" to URL                      

4- End 
 

The tfc file of the 2-qubit adder example in Fig. 4 is given as an input to the module. The output of the module is 

given below: 

https://algassert.com/quirk#circuit={%22cols%22:[[1,"Å",1,"X",1],[1,"Å",1,1,"X"],["Å","X","Å",1,1],[1,"Å",1,"Å","X"]

,[1,"Å",1,"X",1],["Å","X","Å",1,1],["Å",1,"X",1,1],[1,"Å",1,"X",1]]}  

The Quirk simulator screenshot generated by this output is shown in the red rectangle in Fig. 6. On this output circuit, 

the NOT gate is applied to the 2nd and 4th qubits from the top. Therefore, as in the previous OpenQASM example, 

the ba and dc inputs are set to 10. In this case, the edc output is expected to be 100. The url expression specified for 

each column has been added to the figure. In this figure, it is seen that "X" is used for target qubits and "Å" (it is 

shown by ñ*ò in figure) is used for control qubits from top to bottom order. 

https://algassert.com/quirk#circuit={%22cols%22:[[1,"•",1,"X",1],[1,"•",1,1,"X"],["•","X","•",1,1],[1,"•",1,"•","X"],[1,"•",1,"X",1],["•","X","•",1,1],["•",1,"X",1,1],[1,"•",1,"X",1]]}
https://algassert.com/quirk#circuit={%22cols%22:[[1,"•",1,"X",1],[1,"•",1,1,"X"],["•","X","•",1,1],[1,"•",1,"•","X"],[1,"•",1,"X",1],["•","X","•",1,1],["•",1,"X",1,1],[1,"•",1,"X",1]]}
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Figure 6. Quirk Simulator screenshot 

 

4. Conclusion 
 

In the field of applied quantum computing, researchers may need to represent quantum circuits in different 

environments. Since quantum circuits are stored in different formats in different environments, the conversion 

process is carried out manually by the researchers. Automating these time-consuming and error-prone works is 

important in terms of preventing time loss and minimizing errors. 

In this study, it is aimed to transfer reversible circuits stored with tfc files to OpenQASM and Quirk. Quantum circuits 

containing NCT (Not, CNOT and Toffoli) gates can be converted to OpenQASM code from the tfc files thanks to 

the developed tool. Since generalized MCT gates include NCT gates, they can be expressed in Quirk simulator. As a 

result, the developed tool has the ability to transfer quantum circuits containing MCT gates to Quirk simulator. The 

developed tools are coded in the Python language and presented in the appendixes. It is hoped that the developed tool 

will provide practicality for researchers in this field. 
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Appendix A 

 
import re 

[1] def tfc2OpenQASM (filename): 

    f = open(filename, "r") 

    tfcfile = f.read() 

 

    #Reading qubit layers and numbers 

    variablesLine = re.search(r'\.v.*', tfcfile).group() 

    variables = variablesLine.split(" ")[1].split(",") 

    qubit_number = len(variables) 

 

    strOut = "OPENQASM  2.0;\ninclude \"qelib1.inc\";\n" 

    strOut += "qreg q["+str(qubit_number)+"];\n" 

    strOut += "creg c["+str(qubit_number)+"];\n" 

 

    #Reading the lines after the BEGIN tag 

    tfcCodeBlock = tfcfile.split("BEGIN\n")[1] 

    tfcCodeLines = tfcCodeBlock.split("\n") 

    for i in range(len(tfcCodeLines)-1): 

        if(tfcCodeLines[i] == "" or tfcCodeLines[i] ==  "END"): 

            continue 

        gateAndQubits = tfcCodeLines[i].split(" ") 

        if(gateAndQubits[0][0] != "t"): 

            strOut = "Unsupported Operator" 

            break 

        qubits = gateAndQubits[1].split(",") 

        if(len(qubits)==1): 

            strOut += "x q["+ str(variables.index(qubits[0])) + "];\n" 

        elif(len(qubits)==2): 

            strOut += "cx q["+ str(variables.index(qubits[0])) + "], q["+ str((variables.index(qubits[1]))) + "];\n" 

        elif(len(qubits)==3): 

            strOut += "ccx q["+ str((variables.index(qubits[0]))) + "], q["+ str((variables.index(qubits[1]))) + "], q["+ 

str((variables.index(qubits[2]))) + "];\n" 

        else: 

            strOut = "Only Toffoli and lower gates are supported in OPENQASM " 

            break 

   print(strOut[:-1]) 
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Appendix B 
import re 

[1] def tfc2Quirk(filename): 

    f = open(filename, "r") 

    tfcfile = f.read() 

 

    #Reading qubit layers and numbers 

    variablesLine = re.search(r'\.v.*', tfcfile).group() 

    variables = variablesLine.split(" ")[1].split(",") 

    qubit_number = len(variables) 

     

    #Reading the lines after the BEGIN tag 

    tfcCodeBlock = tfcfile.split("BEGIN\n")[1] 

    tfcCodeLines = tfcCodeBlock.split("\n") 

 

    strUrl="https://algassert.com/quirk#circuit={%22cols%22:["; 

    for k in range(len(tfcCodeLines)-1): 

        if(tfcCodeLines[k] == "" or tfcCodeLines[k] ==  "END"): 

            continue 

        gateAndQubits = tfcCodeLines[k].split(" ") 

        if gateAndQubits[0][0] != 't': 

            strUrl = "Unsupported Operator" 

            break 

        qubits = gateAndQubits[1].split(",") 

        strUrl = strUrl + "[" 

        for i in range(qubit_number): 

            urlChar = '1' 

            for j in range(len(qubits)): 

                if variables[i] == qubits[j]: 

                    urlChar = '"Å"' 

                    if j == len(qubits)-1: 

                        urlChar = '"X"' 

                    break 

            strUrl+= urlChar+',' 

        strUrl = strUrl[:-1]+ "],"  

    if strUrl != "Unsupported Operator":    

        strUrl = strUrl[:-1] + "]}"  

    print(strUrl) 
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Abstract 

Supply chains play a crucial role in health, as in many other sectors. Supply chains are used also to deliver medicines to patients, 

like all products used in the field of health. It is important that the drug is supplied from the warehouses as soon as possible so 

that patients can buy drugs from components such as clinics, pharmacies, hospitals, nursing homes. In this study, permutation-

based genetic algorithms are used to reach drugs from warehouses to distribution channels such as clinics, pharmacies, hospitals 

and nursing homes in the shortest way. The solutions are arranged to be supplied drugs from the closest warehouses to distribution 

centers in different locations. As a result of the experiments, it is seen that approximately between 17-22% more efficient process 

is obtained compared to random distribution. 

 
Keywords: Supply chain management, Genetic algorithms, Medical drug warehouses. 

 

 

1. Introduction  

 

With the increase in the human population, many basic needs such as clothing, nutrition and shelter have entered into 

a constantly evolving cycle. In order for this cycle flow to progress smoothly, different needs and concepts have 

emerged. The cycle flow basically aims to satisfy the product reaching the end user in terms of high efficiency and 

speed performances. At this point, the supply chain process, which goes through until the product reaches the end 

user, should be carried out smoothly. Supply chain management systems ensure that the product is delivered to the 

end user in the fastest and most efficient way. One of the sectors where supply chain management is most necessary 

is the health sector. Procurement and storage of medical supplies or drugs is of great importance for healthcare 

institutions serving patients such as hospitals, clinics, and pharmacies. The health sector is one of the sectors where 

innovations are frequently experienced in order to reveal different health problems depending on the human 

population and to meet the demand for health needs. 

 

Supply chains are expressed as the whole of the stages that a product starts with the raw material supplier and reaches 

the end user [1]ï[3]. The health sector supply chain is the whole of the processes from the manufacturer to the end 

user, including activities such as design, research and development, planning, purchasing, delivery and storage [4]. 

The purpose of these activities is to prevent the disruption of the process and to ensure high efficiency. In order to 

eliminate the problem of product supply in sectors that are in a flow, the products obtained through supply chains 

must be preserved and stored under appropriate conditions. In this case, the need for supply warehouses for products 

arises. For example, with the flow of the health sector, products such as medical electronic devices, hygiene products, 

medical supplies, drugs are used. These products are kept in medical warehouses under appropriate conditions in 

order not to waste time on procurement as needed. As in every sector, accuracy in demand forecasts is seen as the 

basis of efficiency in the health sector supply chain. Because demand forecast accuracy is directly effective in stages 

such as raw material supply for the product to be produced, production planning, inventory management, and 
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determination of financial targets. Especially companies producing pharmaceuticals need to make better demand 

forecasts. Any mismatch between supply and demand can adversely affect patients. Experiencing this situation in the 

drugs that chronic patients should use continuously can cause loss of life as well as permanent damage to the patient 

[5].  

The supply chain is of great importance in the healthcare industry. Thanks to the supply chain, the supply of medical 

supplies that are consumed and needed in the health sector, which is in a loop, is provided quickly. The importance 

and urgency of drugs and materials needed by patients is one of the factors that explain the importance of this supply 

chain. Moreover, by analyzing the consumption rates, medical supplies, whose current amount is at critical levels, 

can be procured in excess of the need and stored in medical warehouses [6], [7].  

 

The distribution network of the healthcare industry pharmaceutical supply chain is shown in Figure 1. In Figure 1, 

where the drug distribution network is visualized, the formulations developed by the research and development team 

are combined with the raw materials, resulting in drug manufacturing. After manufacturing, the packaged drugs are 

sent to global warehouses via global carriers. Medicines brought to local warehouses through local carriers are 

delivered to patients if they are obtained from hospitals, pharmacies, nursing homes and clinics [5], [8]ï[15]. 

 

 
Figure 1. Drug Distribution Network [5]ï[13]. 

 

2. Genetic Algorithms  

 

Genetic algorithm is a type of heuristic algorithm inspired by natural events. It is preferred for solving optimization 

problems. Another reason for preference is that the genetic algorithm can be applied to more than one problem and 

has a multi-solution structure [16].  The main purpose of the genetic algorithm is to protect the strongest individuals 

in the population and to discard the weakest individuals. In the genetic algorithm, it is aimed to create new generations 

and increase the population in a quality way with the transfer of similar genes in the remaining strong individuals 

[17]. A genetic algorithm is a computational, population-based search technique that finds exact or optimal optimized 

solutions for the survival of the fittest and fittest [17]ï[19].The genetic algorithm aims to provide the best possible 

solution as quickly as possible [20]. In order to do this, it allows the discovery and development of multiple potential 

solutions at the same time. Genetic algorithm aims to produce better children by sharing certain gene traits from two 

existing parents and inheriting them genetically [21].  

 

Genetic algorithms are based on the logic of combining the genetic inheritance of two parents and certain gene traits 

to create new individuals who inherit the good traits of the parents. In order to change the genes in the reproduction 

of new individuals, a structure expressed as a genetic operation is needed. Selection, crossover and mutation are 

commonly used genetic operators. By using genetic operators such as selected chromosomes, crossover and mutation, 
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new offspring are created. With the help of the crossover operator, the good characteristics of the two parents selected 

from the current population are used to create an offspring. 

The mutation operator motivates the gene's potential to generate new genetic information. The aim is to derive a 

different knowledge from the existing knowledge. Thus, the optimum solution area is expanded and the probability 

of finding a more suitable solution increases. The reproduction steps continue, being passed down from generation 

to generation, until the desired solution or maximum evaluation is reached. The termination of the genetic algorithm 

is usually accomplished by meeting the termination criteria. 

 

3. The Proposed Method 
 

In the study, the distribution is optimized according to the nearest drug warehouses and the nodes where the drugs 

will be distributed. Considering the problem as a ranking problem, it can be compared to the traveling salesman 

problem. First, the nodes to the warehouses are clustered according to their proximity. These sub nodes are then 

efficiently visited using permutation-based genetic algorithm. According to permutation-based coding, all nodes are 

arranged in a non-repeatable manner to form chromosome structures. The visual of the proposed approach is given 

in Figure 2. 

 

 
Figure 2. The proposed approach 
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In genetic algorithms in the Figure 2, the crossover operation can be performed as single-point, double-point and 

multi-point, similar to general genetic algorithms. An example of a double-point crossover is given in the Figure 3. 

In Figure 3.b, it is seen that unsuitable chromosomes occur as a result of crossing two individuals. Because, in Figure 

3.b, nodes 1 and 5 are located twice on the first chromosome. As a solution, when we see repeated values in these 

chromosomes, it is necessary to replace the first unused node with the repeating node. 

 

1 5 7 2 3 6 4 8

6 4 8 1 2 5 3 7

 
(a) 

1 5 7 1 2 5 4 8

6 4 8 2 3 6 3 7

 
(b) 

1 5 7 3 2 6 4 8

6 4 8 2 1 5 3 7

 
(c) 

Figure 3. Double-point crossover example in permutation-based genetic algorithms  

a) determination of crossover points, b) performing the crossover, c) Optimizing the chromosome 

 

In permutation-based genetic algorithms, mutation operation is usually performed by swap operation. In swap 

mutation, the contents of two genes are replaced with each other. Swap mutation example is given in Figure 4. 

 

1 5 7 2 3 6 4 8

1 5 6 2 3 7 4 8

swap mutation

 
Figure 4. Example of swap mutation 

 

4. Expreimental Results 
 

In order to test the problem, 5 warehouses and 40 nodes that need to distribute drugs are created synthetically. The 

nodes created represent components such as hospitals, pharmacies, clinics and nursing homes where drugs will be 

delivered to the patient. In the problem, it is assumed that the drugs needed by the nodes are available in all 

warehouses. For more complex cases, it can be taken into account that some drugs are not available in some 

warehouses or they are available in insufficient numbers. The locations of the synthetically created warehouses and 

nodes are given in Figure 5. In the figure, red circles represent nodes, and black diamonds represent warehouses. 
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Figure 5. Locations of nodes and warehouses synthetically created 

 

The following steps were followed to solve the problem: 

1- Group nodes by nearest warehouse 

2- Calculate optimum routes with the help of Genetic Algorithm within the group 

The optimum routes obtained as a result of the studies are shown in Figure 6. Here, the locations of the warehouses 

are also randomly generated, and determining the locations of the warehouses according to the nodes may be the 

subject of another research. 

 

 

 
Figure 6. Experimental results 

 

In order to show the effect of the study, the nodes grouped according to the nearest warehouse then they were 

randomly sorted by brute force algorithm. The results of process, which was run 100 times and 1000 times, are given 

in Table 1. 

 

Table 1. Min, max and avg distances of randomly generated routes for 100 and 1000 runs 

Nodes Random 100 Execution Random 1000 Execution Optimized 

 Min Max Avg Min Max Avg  

Red 1.7632 2.9924 2.4281 1.7476 3.0633 2.4314 1.2222 

Green 1.0250 2.0712 1.5266 1.0090 2.0712 1.5844 1.0052 

Turquoise 1.8654 3.0810 2.5110 1.6436 3.2885 2.5079 1.1110 

Blue 1.1283 1.9099 1.5513 0.9589 2.0378 1.5618 0.9158 

Purple 1.0402 1.3194 1.1897 1.0402 1.3194 1.1824 1.0402 

TOTAL 6.8221 11.3739 9.2067 6.3993 11.7802 9.2679 5.2944 
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As a result of running 100 times, the costs of all nodes were found to be 6.8221 in total. As a result of running 1000 

times, this cost decreased to 6.3993. As a result of the optimization performed with the proposed method, the total 

cost is 5.2944. When these results are evaluated, it is seen that the proposed method provides approximately 22% 

according to the situation repeated 100 times and approximately 17% compared to the situation repeated 1000 times. 

 

5. Conclusion 
 

The flow steps of distribution systems are of great importance for supply chains. It is more important that the supplies 

in the medical fields arrive quickly and without any problems. In addition to medical supplies, it is vital that medicines 

reach patients as soon as possible. In this study, the process between warehouses that play an active role in the drug 

supply process to patients and components such as clinic, pharmacy, hospital, nursing home has been optimized. 

First, the closest warehouses to these components were determined. It is assumed that all required drugs are available 

in all warehouses. Then, the order of the components that must be visited by each warehouse is optimized with the 

help of genetic algorithms. As a result of the studies, it is seen that a more efficient process is obtained by 17-22%. 
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Abstract 
After the spread by digital communication like email, message and online meeting applications, automatic summarizing of the 

dialogues or conversations become more important. In this study we focused on abstractive dialogue summarization by 

transformers. Researchers and engineers solves different nlp problems by transformers with high performance. But training a 

transformer with high accuracy requires large data set and hardware which have high compute capability. So, many researchers 

and engineers prefer to use pre-trained transformers like BART, T5, GPT etc. and fine tune these pre-trained models for a specific 

task. There are so many pre-trained transformers trained for summarization on the online platforms. We fine-tuned four most 

popular of these pre-trained transformers (BART, T5, LED, BlenderBot) for dialogue summarization task and compare their 

performance by different criterions. Dialogsum dataset was used for the fine tuning operations. In the training phase we obtained 

lowest loss value from fine tuning of the BART (0.72). BART also has obtained highest ROUGE-1, ROUGE-2 and ROUGE-L 

scores from the experiments. BlenderBot model has lowest ROUGE scores. T5 model has minimum trainable parameters and 

BlenderBot model has maximum trainable parameters. When the summaries produced by fine tuned models are examined, it is 

seen that all models generate meaningful, accurate and highly successful summaries from the dialogue texts. 

Keywords: Abstractive Summarization, Deep Learning, Dialog Summarization, Fine Tuning, Transformers 

 

1. Introduction  

 

Summarization applications are a very important area for natural language processing. There are summarization 

applications with two different perspectives, namely Abstractive and Extractive summarization. In extractive 

summarization approaches, the obtained summary text consists of the sentences in the original text. Statistical or 

unsupervised techniques are generally used in extractive summarization applications [1]. In abstractive 

summarization applications, sentences that are not in the original text are usually produced by a neural architecture. 

In this study, Transformer neural architectures, which are frequently used in natural language processing and achieve 

high results, were used to summarize dialogue texts. Transformers are a kind of encoder ï decoder neural architecture. 

With the special structures such as self-attention and positional embedding in it, Seq2Seq is much more capable than 

classical encoder - decoders in solving problems. However, Transformers, especially used in text applications of 

natural language processing, need a lot of training data and hardware with high computational ability and memory. 

Companies such as OpenAI, Facebook, HuggingFace have developed high-performance Transformers by processing 

very large data on hardware with high computing capability and memory in order to implement certain natural 

language processing applications and presented them to users on online platforms. Researchers and engineers who 

want to implement specific natural language processing applications perform fine-tuning by applying a new training 

process in these pre-trained Transformers. In this study, we fine-tuned some pre-trained Transformers that perform 

abstractive text summarization and compared each model obtained according to some criteria in the performance and 

training stages. Before the detailed explanation of the proposed method, it is important to give the existing dialogue 

summarization approaches [2-14] in the literature in this section to understand the importance of the subject and the 

current methods used. 

One study focused on summarizing patient-doctor dialogues using the mT5 pre-trained Transformer neural 

architecture [2]. The main purpose of choosing the mT5 model in the study is due to the fact that the model used can 
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support different languages. Because the language of the dataset used is Chinese (Outpatient dataset). The 

performance of the proposed method was evaluated with R-1, R-2, R-L (ROUGE metric), BLEU and BERTS metrics. 

The performance of the proposed method was determined as 0.2085 with the R-1 metric. In another study, a neural 

approach was developed for abstractive summarization of meeting recordings [3]. In the study, an Encoder ï Decoder 

architecture was developed in which BiLSTM layers and attention mechanisms are used. The proposed method was 

evaluated with the metrics R-1, R-2, R-3 and R-L. The R-1 performance of the proposed method was determined as 

0.6834 and the R-L performance as 0.4993. In another study, a neural network approach with Transformer 

architecture was developed for the dialog summarization problem [4]. The Transformer architecture used in the 

developed method is BART. The proposed method was evaluated with the ROUGE metric as in previous studies and 

obtained 0.4786 R-1, 0.2564 R-2 and 0.4473 R-L performances. Another study focused on the dialogue 

summarization with a neural architecture in the Encoder ï Decoder structure [5]. The model developed in the study 

performs sequence tagging and dialog summarization processes together. The proposed method was evaluated with 

ROUGE and BERT metrics, and SamSum was used as the data set. The encoder ï decoder architecture used is the 

BART neural architecture. The proposed method yielded 0.43 R-1, 0.189 R-2 and 0.42 R-L scores. In another study, 

a transformer-based method was developed in which hierarchical relations were determined in the word and 

expression coding phase, focusing on the inadequacy of classical summarization methods in terms of distinguishing 

personal pronouns [6]. In the proposed method, the SamSum data set was used for training and the ROUGE metric 

was used to evaluate the proposed method. As a result, 0.4733 R-1, 0.2266 R-2 and 0.3967 R-L scores were obtained. 

In another study, an extractive summarization method was developed for customer relations dialogues [7]. In the 

study, some predefined questions and key points were determined in the dialogue, and the summarization problem 

was transformed into a machine's reading comprehension problem with a distance control mechanism. The proposed 

method was evaluated with the ROUGE metric. The R-1 score was calculated as 0.4827, the R-2 score as 0.2985, 

and the R-L score as 0.4828. In another study, he developed a BART-based transformer architecture by making use 

of local and global relations in the dialogue to overcome the disadvantages of classical summarization methods in 

personal pronoun matching [9]. In the proposed method, SamSum data set was used and evaluation was performed 

with the ROUGE metric (R-1:51.42, R-2:25.18, R-L:50.25). In a study, an abstractive dialog summarization method 

was developed by using transformers with ALBERT and BART pre-training [10]. The proposed method yielded 

0.501 R-1, .0.2664 R-2 and 0.4622 R-L scores. In another study, the summaries of the news dialogues were extracted 

using a method based on the interests of the users by using the reader profiles [11]. In the proposed method, BERT 

architecture was used to obtain sentence features. The R-1 rating of the proposed method was determined as 0.863. 

In one study, summarizing the dialogs found on developer platforms such as GitHub was performed by fine-tuning 

the T5 model [13]. The proposed method was evaluated with a score of 0.5209 R-1, 0.4061 R-2 and 0.5152 R-3.   

 

2. Proposed Approach 

In this study, performance analysis was performed by performing fine tuning of pre-trained Transformer architectures 

to perform the dialog summarization process. Neural perspective methods are generally used for abstractive 

summarization. Training Seq2Seq architectures focused on natural language processing requires a lot of data, 

computation and memory costs. Therefore, researchers and engineers can perform fine tuning on pre-trained 

transformers with a smaller data set to solve specific problems. In this study, we performed a fine tune operation 

using the DialogSum dataset of four different Transformer architectures with abstractive summarization capability. 

The block diagram of the proposed method is given in Figure 1. When Figure 1 is examined, the data set is first 

subjected to the preprocessing step. Preprocessed training data is used for retraining pretrained Transformers from 

the HuggingFace hub for fine tuning. The resulting FineTuned Transformer is again saved to the HuggingFace Hub 

for later use. During the inference and evaluation phase, the preprocessed test texts are sent to the fine-tuned 

Transformer for summary. The outputs of the Transformer are evaluated with the ROUGE metric. For a better 

understanding of the proposed method, it is useful to explain each step in detail. 

 

A. Data Preprocessing 

 

In the preprocessing step; 

.  

¶ Dialogue texts that do not meet the maximum length criteria are excluded from the dataset. 

¶ In the dialogue performed by #Person1 and #Person2 in the raw dialogue text, message tagging of each 

person is performed. 
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¶ All text is converted to lowercase letters. 

¶ All punctuation marks and special symbols are deleted. 

¶ Å Abbreviated expressions such as "I'm, You've" are replaced with their original expressions, 

¶ Padding is performed so that all dialog texts are of equal length. 

 

 
 

 
 

 

Figure 1. Block diagram of the Proposed Approach. Figure 2. Block diagram of the Transformers [15]. 

 

 

B. Transformers and Fine Tuning 

 

Problems such as question ï answering, summarizing belonging to natural language processing are called Seq2Seq. 

For the solution of Seq2Seq problems, neural architectures expressed as encoder ï decoder are used. The aim here is 

to obtain sequential results by encoding the features obtained from the input data on the Encoder side of the neural 

architecture and sending these coded features to the Decoder side. In Seq2Seq problems whose input and output are 

text, firstly the text is tokenized on a word-by-word basis. Each of these tokens obtained is expressed with an index 

value and fed to the neural network in a one-hot encoded sequence format of this vocabulary size. Following the one-

hot expression of the words, the process of making the text understandable by the neural network is completed by 

using the Embedding weights obtained at the time of or before the training. Seq2Seq problems with long sequence 

size cause a big disadvantage, especially in Encoder ï Decoder architectures where RNN layers are used. Mechanisms 

called Attention have been developed to solve this problem. There are Attention and Positional Encoding mechanisms 

in the Encoder and Decoder layers separately in Transformers [15]. In addition, any recurrent or convolutional 

network structure is not included in the Transformers. It performs its operations with fully Attention mechanism 

learning. In the Attention mechanisms used here, the handled element in the text is expressed with Query, the other 

elements in the text are Key, and the relationship between Query and Key is expressed with value. If a single key, 

query and value triplet is used in the Attention operation, that is, a single relation calculation operation is performed, 

this structure in the Transformer is called self attention. In the Attention mechanism, if the value is calculated from 

more than one key and query, that is, if the Attention operation is performed with more than one head, this is called 

Multi -head attention. Since there are no repetitive and convolutional layers in transformers, the words belonging to 

the sequence do not have a concept of order. With Postional Encoding, this problem has been solved by adding 

additional spatial information to word embeddings. A block diagram expressing the structure of the Transformer is 

given in Figure 2 [15]. 

The performance of the Transformer structure in Seq2Seq problems and the more parallelizability of the training 

process have caused many different problems to be handled with Transformers. In addition, many pretrained 

transformers in different architectures can be accessed. Transfer learning is a frequently used approach in solution 
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proposals using deep learning, even before the use of Transformers. Especially for solving problems where training 

data is scarce, transfer learning is a very effective method to maximize training performance. In Object Detection 

models (LeNet, VGG, etc.) developed by companies such as Google for computer vision problems, pre-trained CNN 

layers that extract features from the image are used in networks trained to detect different objects, while structures 

such as pre-trained embedding layer can be used in Natural Language Processing applications. In Transformers, on 

the other hand, the Transformer architectures developed by different companies and research institutions are obtained, 

and fine-tuning operations are performed with a low number of training data and small training iteration numbers 

(epoch) of the problem addressed. In this study, four different trained Transformer structures (BART, T5, LED, 

BlenderBot) that were previously trained for text summarization were used for the dialog summarization process. 

Detailed information about these architectures used is given in the Experimental Results section. 

 

C. Inference and Evaluation 

 

The models obtained after the fine-tuning of the pre-trained Transformers were recorded on the HuggingFace Hub. 

Fine-tuned models are recovered through the HuggingFace Hub to extract summaries from the original dialogue 

texts. Then, the output summaries obtained using the section of the data set reserved for testing are subjected to 

ROUGE evaluation. The ROUGE metric, the result text and the target summary text in the data set, have features 

such as the total number of common words (ROUGE-1), the number of n sequential common word groups (ROUGE-

N), and the sequential maximum number of common word groups (ROUGE-L). uses a relative comparison method. 

Since the ROUGE metric is widely used in Seq2Seq-oriented studies in the literature, the evaluation of the results 

was performed with ROUGE. 

 

3. Experimental Results 

In this study, four different Pretrained Transformers (BART, LED, BlenderBot, T5) DialogSum [16] were fine-tuned 

to perform abstractive dialog summarization. All Pre-Trained models used were obtained from the HuggingFace 

platform. Training and inference processes were carried out by using the Python library called Transformer, 

developed by HuggingFace, and the Tensorflow library. All training and inference processes were carried out on 

Google's GPU-supported Colab platform. The detailed representation of the experimental results was carried out 

under different sub-headings. In the first stage, four different models were trained with low training iteration numbers 

and they were compared according to different criteria. Then, these models were evaluated with the test data, and the 

model that obtained the highest ROUGE score was trained in the higher training iteration and re-evaluated. 

 

A.  Dataset and Preprocess Results 

 

DialogSum, which presents abstractive summaries of dialogue texts in daily life, was used as a data set [16]. The train, 

validation and test data numbers of the data set are given in Table 1 [16]. In the preprocessing step, firstly, data with input 

size larger than 300 and output size larger than 50 were removed from the data set. Table 1 also includes the amount of 

data used in each split after the preprocess step. In Table 2, three sample dialogue texts taken from the data set and their 

abstractive summaries are given. 

 
Table 1. Data splits and amounts belong to DialogSum [16]. 

Data Split Amount Pre-processed Data Amount 

Training 12460 12457 

Validation 500 497 

Test 1500 1497 

Total 14460 14451 
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Table 2. Example dialogue texts and summaries taken from dataset [16]. 

Dialogue Text Abstractive Summary 

#Person2#: I've tried hundreds of times, but I just can't 

seem to kick the habit. 

#Person1#: Well, we have classes and some 

medications that might help. I'll give you more 

information before you leave. 

#Person2#: Ok, thanks doctor. 

Mr. Smith's getting a check-up, and Doctor Hawkins 

advises him to have one every year. Hawkins'll give 

some information about their classes and medications to 

help Mr. Smith quit smoking. 

#Person1#: Happy birthday, Aims! 

#Person2#: Thank you, Lisa. 

#Person1#: Here is a present for you. I hope you like it. 

#Person2#: Oh, great! I love it! You know I've been 

expecting this for a long time. 

#Person1#: I'm very glad to hear that. 

#Person2#: Come here ; let me introduce some friends 

to you. 

 

Lisa gives Aims a birthday present and Aims loves it. 

 

 

B. Transformer Fine Tuning 

 

As mentioned before, four different pretrained neural architectures were used for Transformer training;BART [17] 

¶ BlenderBot [18] 

¶ LED [19] 

¶ T5 [20] 

Each of the models used here has pre-training for text summarization. The purpose of fine tuning is to give the model 

the ability to summarize dialogue. In Table 3, the number of trainable parameters for each model, the number of 

epochs, the amount of GPU memory consumed by the pre-trained models, the space occupied by the models on the 

hard disk, the average time spent for each epoch and the training ï validation loss values at the end of the training 

are given. In Figure 3, the training and validation loss graphs of each model are given. 

 
Table 3. Model features, training parameters and results. 

Model Trainable 

Params 

Epoch GPU Memory Disk Time Per 

Epoch 

Training ï 

validation 

loss 

BART-base 139420416 3 33 GB 558 MB 250 sec 0.8034 ï 

0.7758 

BlenderBot 364802560 3 33 GB 1.46 GB 315 sec 0.7608 ï 

0.9011 

LED 161844480 3 33 GB 648 MB 624 sec 0.6565 ï 

0.7310 

T5-Small 60506624 3 17.0 GB 374 MB 172 sec 1.1630 ï 

1.0659 

 
Table 4. ROUGE evaluations of fine tuned models. 

Model ROUGE-1 ROUGE-2 ROUGE-L 

BART 0.4751 0.2080 0.3964 

BlenderBot 0.4009 0.1833 0.3240 

LED 0.4223 0.2000 0.3778 

T5-Small 0.4256 0.1625 0.3429 
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(a) (b) 

 
 

(c) (d) 

Figure 3. Loss graph of Transformer trainings (a: BART, b: BlenderBot, c: LED, d: T5-Small). 

 

 

C. Inference and Evaluation 

 

After the completion of the training processes, the recorded models were evaluated with the test data. Table 4 shows 

the ROUGE scores of each model for 50 sample dialogue texts taken from the test data. In Table 5, a sample dialogue 

text from the test data, the target summary expected to be extracted from the dialogue text and the summaries obtained 

from each model are given. When Table 4 was examined, it was seen that the best ROUGE evaluation was obtained 

with the fine-tuned BART model. When the graphics in Figure 3 are examined, it is clearly seen that the most stable 

education process is carried out with this model. When the training and evaluation results of other models were 

examined, it was observed that the fine-tuning process again achieved successful results. When Table 5 is examined, 

it is seen that all models produce summaries in accordance with the sample dialogue text given. However, it has also 

been observed that the LED model creates a less comprehensive abstraction than other models. It was decided to 

retrain and evaluate the BART model with a higher training iteration due to both the stability of the training and the 

high ROUGE scores it obtained. 
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Table 5. Example dialogue text taken from dataset and summaries generated by models from that. 

Input Dialogue Text 

#Person1#: Honey, I think you should quit smoking. 

#Person2#: Why? You said I was hot when smoking. 

#Person1#: But I want you to be fit. 

#Person2#: Smoking is killing. I know. 

#Person1#: Check out this article. It says smoking can lead to lung cancer. 

#Person2#: I don't believe it. 

#Person1#: But you know that smoking does harm to health, right? 

#Person2#: Of course I know it, but you know it's hard to quit smoking. . . 

#Person1#: Stop beating around the bush. Will you quit or not? 

#Person2#: Yes, ma'am. Whatever you say. 

Original Summary: #Person1# asks #Person2# to quit smoking for health. #Person2# thinks it's hard but agrees. 

Model Predicted Summary 

BART #person1# advises #person2# to quit smoking because smoking is killing and smoking can 

lead to lung cancer #person2# doesnt believe it but agrees to listen to #person 

BlenderBot #person2# tells #person1# smoking can lead to lung cancer #person2# thinks smoking is hard 

to quit  

LED #person1# tells #person2# smoking is killing and suggests quit 

T5-Small #person1# tells #person2# that smoking can lead to lung cancer maam says smoking does 

harm to health right and says smoking can cause lung cancer 

 

D. Re-Tuning and Evaluation of BART  

 

After evaluating the training process and inference results of different models for 3 epochs, it was decided to retrain 

the BART model for another 10 epochs. The results of this trained model are given in Table 6. In Figure 4, the loss 

graph of the model is given. The ROUGE evaluations obtained are given in Table 7. In Table 8, abstractive summaries 

produced by the model from different test data are given. When Table 6 is examined, it is seen that the loss values of 

the model decrease with increasing the number of epochs. When Figure 4 is examined, the validation loss of the 

model is slightly behind compared to the Training loss, which shows that the number of epochs should not be 

increased too much in fine tuning processes. When Table 7 is examined, it is seen that the ROUGE results obtained 

by the model are parallel to those in the literature. When the data in Table 8 were examined, it was observed that the 

text summaries obtained were inclusive of the dialogue text and did not have any semantic contradictions with the 

dialogue text. 

 
 Table 6. Example dialogue text taken from dataset and summaries generated by models from that. 

Model Trainable 

Params 

Epoch GPU Memory Disk Time Per 

Epoch 

Training ï 

validation loss 

BART-base 139420416 10 33 GB 558 MB 250 sec 0.4850ï 0.7496 

 
Table 7. ROUGE evaluations of re-tuned BART. 

Model ROUGE-1 ROUGE-2 ROUGE-L 

BART 0.4835 0.2467 0.4065 

Table 8. Example dialogue text taken from dataset and summaries generated by re-tuned BART model from that. 

Input Dialogue Text 

"#Person1#: Excuse me, can you tell me how to get to the Rainbow Restaurant from here? 

#Person2#: Drive two blocks and turn left. Continue on until you reach Heath Street and turn right. 

Then turn left at the second stop light. You can't miss it." 

Original Summary: #Person1# asks #Person2# the way to the Rainbow Restaurant. 

Model Predicted Summary 

BART #person2# tells #person1# how to get to the rainbow restaurant from 

#person1#  tells here the way to it is simple and easy  
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Figure 4. Loss graph of BART 10 epoch training. 

4. Conclusions 

 

In this study, some pre-trained Transformer networks were fine-tuned to summarize the dialogue texts. In this context, 

BART, BlenderBot, LED and T5 models were retrained with the DialogSum dataset and compared based on many 

different criteria. The main motivation for realizing such a perspective of the proposed method is based on providing 

problem solving with a small data set and low hardware costs. When the training results and model structures are 

examined, it is seen that the number of training parameters increases the training time and hardware costs. On the 

other hand, it was seen that the number of trainable parameters of the BART model, for which we obtained the best 

results, was lower than many models taken in comparison. Obtaining the minimum performance in the model with 

the highest number of trainable parameters was associated with the smallness of the data set used. After the scenario 

in which the four models were compared, the BART model, in which the best performance was obtained, was 

retrained with a higher number of training iterations. As a result of this training, it was observed that the validation 

loss value decreased less than the training loss value. This led to the conclusion that working with very high epoch 

values in fine tuning processes may decrease the model performance. The ROUGE performance of the final model 

obtained is higher than the model developed with low training iteration. When the abstractive summaries obtained 

from all models were examined, it was observed that the results contrary to the original text were not obtained and 

the summarization process was carried out more comprehensively than the results in the data set. When the ROUGE 

evaluations of the models were examined, it was seen that they had performances parallel to the results in the 

literature. 
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Abstract 
Nowadays, security and monitoring systems in cities and campus areas are made with video recordings. Applications such as 

detection of foreign objects and condition monitoring in video recordings, which are very large in size, require a lot of time and 

labor. For this reason, artificial intelligence-based intelligent analysis methods have been developed for video analysis in the 

literature. In this study, Mask R-CNN was trained with a deep neural network to perform video segmentation of 6 different 

classes such as bus, car, hike, dog, motorbike and tennis, which are found in the DAVIS dataset and are frequently encountered 

in campus areas. The training was repeated at different batch_size and learning rate values and its accuracy was tested. The 

accuracy of the training, which was done with 0.01 learning rate and 4 batch_size values, was measured as 91.7%. In the next 

studies, it is aimed to increase the adaptability of the video instance segmentation method with the videos obtained in real time 

in the campus areas. 

 
Keywords: video segmentation, mask r-cnn, davis dataset, smart campus 

 

1. Introduction  

 

With the widespread use of security and monitoring systems in many areas today, video data has grown rapidly. The 

increasing success rates of intelligent systems and models such as machine learning and deep learning on visual data 

have allowed image analysis and video analysis to be done with automated systems. like this, video and image 

analyzes that require a long time and labor can be done in a shorter time and with higher accuracy. Many successful 

studies have been carried out in the fields of image processing, image semantic segmentation and instance 

segmentation, especially with the models proposed in the field of deep learning. Video data is more complex than 

image data. Such that in image semantic segmentation, a category tag is assigned for each pixel in a particular image. 

In video semantic segmentation, on the other hand, each pixel in each frame of a given video must be assigned a 

category tag [1]. Video instance segmentation, unlike semantic segmentation, separates the instances of the same 

class in the sample segmentation image, as well as the selection of each pixel in an image [2]. 

 

Rapid developments in technology have led to an increase in interaction between objects and people. Accordingly, 

the integration of remotely controlled processes into social life has led to the spread of smart systems and fields. 

Campus areas where smart systems are integrated are being developed so that both students, faculty members and 

administrators can use campus areas more efficiently. The basis of smart campus applications is the creation of 

campus technological infrastructure. Among the main technologies supporting smart campus applications are cloud 

computing, internet of things (IoT), augmented reality (AR) and artificial intelligence (AI) [3].  

 

In this study, video segmentation method is proposed in order to automate the examination of video recordings 

recorded for security and monitoring purposes in smart campus areas. Video segmentation is used in a wide variety 

of applications such as autonomous vehicle [4], video summarization [5], scene comprehension [6], action 

recognition [7], object tracking [8], and video annotation [9]. For this reason, there are many studies proposed in the 

field of video segmentation in the literature. Some of these studies are as follows: 

 

                                                           
1Corresponding author 

Mask R-CNN Based Video Segmentation ēn Smart Campus Areas 

mailto:3senem.a.tanberk@gmail.com


 
 
 
 
 

91 

 

Liu et al. [10] proposed a CPU-based face detection method as an alternative to CNN systems that require high-speed 

GPU use using RAI dataset. They showed that their proposed method could detect face from 93.2% F1 Score. Le et 

al. [11] performed the DAVIS Test-Challenge dataset using the Contextual Guided Segmentation (CGS) method to 

perform video segmentation. In the method they proposed, they showed that they could determine the categories of 

human/non-human, hard/deformable from the video with a Global Score of 75.4%.  Qi et al. [12] showed that by 

training the OVIS dataset in 25 categories with CMaskTrack R-CNN, they could detect an object with an AP value 

of 15.4%. Brissman et al. [13] obtained an AP success value of 16.0% by training the OVIS dataset consisting of 25 

categories with Graph neural network (GNN) for video segmentation. Huang et al. [14] proposed a video 

segmentation method based on Scribble-Supervised, whose block diagram is given in Figure 1, using Youtube and 

DAVIS datasets. 

 

 
Figure 1. Scribble-Supervised video segmentation model [14] 

 

Sistu et al. [15] proposed two architectures based on recurrent FCN (RFCN) and Multi-Stream FCN (MSFCN) 

networks to perform video semantic segmentation. The researchers who tested the proposed architectures for 

SYNTHIACVPR'16, SegTrack V2, DAVIS, KITTI and SYNTHIA datasets showed an improvement in the accuracy 

of the datasets. Lin et al [16] proposed a video segmentation method based on the Propose-Reduce Paradigm. With 

their proposed method, they obtained 47.6% AP in the YouTube-VIS validation set and 70.4% J&F in the 

DAVISUVOS validation set.  

 

In this study, a method on segmentation of video data, which is one of the important steps to develop smart campus 

areas, is proposed. In the proposed method, DAVIS dataset, which includes objects frequently encountered in campus 

areas such as cars, buses, dogs, walking people, tennis players, and motorcycles, was used. The number of original 

data has been increased with techniques such as cropping, flipping and rotation used for data augmentation. 

Performance comparisons were made against different hyperparameters by training the rich content DAVIS dataset 

used in many state of the art architectures at different learning rates and different banch_size values using Mask R-

CNN deep neural network. Contributions of this study can be listed as follows, according to other methods suggested 

in the field of video segmentation in the literature. 

 

¶ The images in the bus, car, hike, dog, motorbike and tennis classes, which are frequently seen in campus 

areas and found in the DAVIS dataset, were augmented using data augmentation techniques and trained with 

the mask r cnn video instance segmentation model. 

¶ The adaptability of the method was measured by repeating the model training at different banch_size and 

learning rate rates. 

 

2. Materials And Method 

 

2.1. Mask R-Cnn Framework 

 

Mask R-CNN, the fourth member of the R-CNN family and proposed by Facebook AI Research (FAIR), is based on 

estimating the mask of the object in addition to the bounding box used in the Faster R-CNN algorithm. Using Mask 

R-CNN COCO dataset, 80k train images were trained with 35k val images. It allows training using different 

backbones. In each RoI sampled during training, the multi-task loss is defined as L = Lcls + Lbox + Lmask [17, 18]. 
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Figure 2. Mask R-CNN framework [17] 

 

2.2. Proposed Approach 

 

The automatic realization of security and monitoring systems in smart campus areas has been developed using self-

learning machine learning and deep learning methods. In the growing video data, applications such as object 

detection, segmentation, and keyframe detection have increased the success of watching, examining, summarizing 

and inferring video records. In this study, bus, dog, hike, car, motorbike and tennis datasets containing images that 

are frequently encountered in campus areas of the DAVIS dataset were used. The original images in the dataset were 

augmented using various data augmentation techniques. The names of the classes used in the DAVIS datset, the 

number of original data and the number of augmented data are given in Table 1. A dataset consisting of a total of 560 

images with 408 originals and 152 augmented images with 854x480 dimensions was obtained. 70% of this dataset is 

trained at different learnin rate and batch_size values for video instance segmentation using Mask R-CNN deep neural 

network ResNet Backbone. Model evaluation was carried out with the remaining data. 

 
Table 1.  Dataset Classes and Counts 

 
Dataset Classes Number of Original data Augmented Data Total Number of Data 

Bus 80 20 100 

Car_roundabout 75 20 95 

Dog 60 30 90 

Hike 80 20 100 

Motorbike 43 42 85 

Tennis 70 20 90 

 

 
Figure 3. Proposed Approach Block Diagram 

 

 

The implementation steps of the method, whose block diagram is given in Figure 3, are given below. 
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¶ The images of the bus, dog, hike, car, motorbike and tennis classes determined in the Davis dataset were 

augmented with data augmentation methods such as cropping, flipping, and rotation. 

¶ Data was tagged in JSON format using the Labelme data labeling tool. 

¶ A train dataset was created with 70% of the tagged data. The test dataset was created with the remaining 

30%. 

¶ Mask R-CNN deep neural network was trained for different batch_size and learning rate values using the 

Detectron2 library developed by Facebook AI to perform Object detection, segmentation, key point detection 

processes. 

¶ The iterative method for different hyperparameters was tested with test images. Performance was measured 

using model evaluation metrics. 

¶ Model outputs and evaluation results are given in the experimental results section. 

 

3. Experimental Results 

 

As an alternative to manual analysis of videos recorded in campus areas, deep learning-based video segmentation 

has been studied. Mask R-CNN deep neural network was trained using 854x480 images found in bus, car, dog, hike, 

motorbike, tennis classes. The training was repeated for 0.001 lr, 2 batch_size and 0.01 lr, 4 batch_size values. During 

model training, the change of loss_cls, loss_box_reg and loss_mask values corresponding to epoch values is 0.001 

lr, Table 2 for 2 batch_size and 0.01 lr for 4 batch_size, Table 3 and Figure 5 for 4 batch_size. 

 
Table 2. Loss values for Lr = 0.001, Batch_size = 2 

 
Epoch Batch_size loss_cls loss_box_reg loss_mask 

19 2 1.635 0.2189 0.6898 

59 2 0.2044 0.2246 0.6175 

99 2 0.1621 0.2208 0.4611 

139 2 0.1308 0.2168 0.2808 

179 2 0.09947 0.2072 0.1941 

219 2 0.06678 0.1974 0.1187 

259 2 0.04001 0.1766 0.1068 

299 2 0.02778 0.129 0.09447 

339 2 0.02781 0.104 0.0884 

379 2 0.02087 0.08411 0.09325 

399 2 0.02452 0.08236 0.09004 

 

 

   

 
Figure 4. Loss graphs for Lr = 0.001, Batch_size = 2 
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Table 3. Loss values for Lr = 0.01, Batch_size = 4 

 
Epoch Batch_size loss_cls loss_box_reg loss_mask 

19 4 0.9144 0.2166 0.677 

59 4 0.1382 0.2195 0.2149 

99 4 0.06339 0.1866 0.1066 

139 4 0.02532 0.1168 0.08415 

179 4 0.02421 0.09425 0.1 

219 4 0.02043 0.05848 0.08774 

259 4 0.01838 0.0682 0.08392 

299 4 0.01913 0.08032 0.0817 

339 4 0.01591 0.05157 0.07931 

379 4 0.01869 0.05122 0.08925 

399 4 0.01498 0.05293 0.07681 

 

   

 
Figure 5. Loss graphs for Lr = 0.01, Batch_size = 4 

 

For Lr = 0.001, Batch_size = 2 : As a result of the training, the total_loss value is 0.2479 and the train accuracy 

value is 0.9611.  

For Lr = 0.01, Batch_size = 4 : As a result of the training, the total_loss value is 0.1879 and the train accuracy value 

is 0.9673. Total_loss and train accuracy graphs obtained at the end of the training are given in Figure 6. 

 

Lr = 0.001, Batch_size = 2 

  
Lr = 0.01, Batch_size = 4 

  
 

Figure 6. Total_loss and train accuracy 

The output images of the model trained for 6 different classes are given in Figure 7. 
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Figure 7. Model output images 

 

Performance evaluation was made using the formulas given in Mask R-CNN framework equation (1), (2), (3) and 

(4), which were trained for different lr and batch_size values. Calculated accuracy, precision, recall and f1-score 

values are given in Table 4. 



 
 
 
 
 

96 

 

 

ὥὧὧόὶὥὧώ
В

В В ȟ
             (1) 

 

ὴὶὩὧὭίὭέὲ Ὢέὶ ὅ ὧὰὥίί                 (2) 

 

ὶὩὧὥὰὰ Ὢέὶ ὅ ὧὰὥίί             (3) 

 

Ὂρ ίὧέὶὩ Ὢέὶ ὅ ὧὰὥίίςz
   ᶻ    

      
       (4) 

 

 
Table 4. Model Performance Evaluation 

 

 0.001 learning rate, 2 batch_size 0.01 learning rate, 4 batch_size 

 accuracy precision recall f1-score accuracy precision recall f1-score 

Bus  

 

89.0% 

87.9% 96.6% 92.0%  

 

91.7% 

93.5% 96.7% 95.1% 

Car_roundabout 87.1% 90.0% 88.5% 90.3% 96.5% 93.3% 

Dog 84.6% 81.5% 83.0% 92.0% 88.5% 90.2% 

Hike 87.1% 90.0% 88.5% 90.3% 93.3% 91.8% 

Motorbike 88.5% 85.2% 86.8% 92.3% 88.9% 90.6% 

Tennis 91.3% 80.7% 85.7% 91.7% 84.6% 88.0% 

 

Video segmentation is carried out for various purposes by using different datasets in different areas. Within the scope 

of this study, certain classes were used in the DAVIS dataset in order to increase the video segmentation adaptability 

in smart campus applications. The comparison of dataset method and model performance of this study with other 

video segmentation studies in the literature is given in Table 5. 

 
Table 5. Literature Comparison 

 
References Dataset Method Evaluation 

[10] RAI dataset CPU-based face detection methods F1 Score : 93,2% 

[12] OVIS dataset CMaskTrack R-CNN AP : 15.4% 

[13] OVIS dataset Graph neural network (GNN) AP : 16.0% 

Proposed Method Davis Dataset  

(6 classes) 

Mask R-CNN Accuracy :  91.7%  

 

4. Conclusions 

 

Smart campuses are areas that contain many applications and whose infrastructure has been developed with various 

technologies. It ensures that students, faculty and administrative staff benefit from campus facilities at the highest 

level and remotely when necessary. One component of smart campuses equipped with various technologies is security 

systems. Manual examination of the increased video data in campus areas controlled by video cameras takes a lot of 

time and there may be situations that may create an overlooked security problem. The development of intelligent 

systems such as deep learning, which has achieved successful results on image data, has made it possible to 

implement applications such as video segmentation, video summarization, scene detection and suspicious situation 

detection. 

 

In this study, video segmentation method based on Mask R-CNN Framework is proposed. For the training of the 

model, bus, car_roundabout, dog, hike, motorbike and tennis classes in the DAVIS dataset were preferred because 

they are frequently encountered objects in campus areas. In addition, the dataset was enriched by using various data 

augmentation techniques. The performance of the model trained at different learning rate and batch size values was 
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measured by calculating accuracy, precision, recall f1-score parameters. As a result of the model trained with 0.001 

lr and 2 batch size hyperparameters, 89.0% segmentation accuracy was obtained. With the model trained with 0.01 

lr and 4 batch size hyperparameters, it was observed that 91.7% segmentation accuracy was achieved and produced 

more successful results. In future studies, it is planned to increase the scope, accuracy and adaptability of the method 

with real-time images to be obtained from campus areas. 
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Abstract 

Today, the great development of artificial intelligence and technology, together with the use of malicious people, has started to 

cause great concern by causing fake content images, namely deepfakes. In fact, this situation has become increasingly serious 

and a large technology company in China has started to sell deepfakes. It has become quite difficult to detect such fake content. 

In this article, a new approach is presented by analyzing the shortcomings and needs of the studies for the detection of deepfake 

images. The proposed method is to analyze and comprehensively analyze the symptoms in deepfake images together with 

different neural networks, reducing the inaccuracy of the detections rather than making the detection, Because in this serious 

situation, if a wrong detection is made on a sample image, it can lead to big problems. In summary, after making a determination 

on an image with the CNN and RNN neural networks used in the proposed method, the model built on the RNN and the 

EfficientNetB4 model, the model results used from both neural networks are compared and the image is interpreted according 

to whether the answers are equal or not. 

 

Keywords:Deepfake Detection, Deep Learning, CNN, RNN 

 

1. Introduction  

 

Although the great development of artificial intelligence affects our lives positively, it poses a big problem when it 

is used by malicious people. With the use of artificial intelligence by malicious people, deepfake images have become 

a big problem in our age, and this problem has grown day by day and started to cause concern for the society. 

However, besides this situation, good software for deepfake detection has also been developed, but this event has 

become a chase with the development of deepfake and the continuous improvement of detection processes. As we 

can understand from all this development, a wrong determination on important images and images that will adversely 

affect the society can lead to major problems. Generally, various improvements have been made to increase the 

accuracy rate in applications. In this article, the detection methods available today are analyzed in detail and focused 

on one of the biggest problems, false detection. In this article, the proposed method and this method are conveyed 

with its innovative aspects and tried to be demonstrated with experimental results. 

 

In the proposed method, using two different neural networks, CNN and RNN, fraud detection is performed separately 

with the newly created model over EfficientNetB4 and RNN, which is the ready model and trained over CNN, and 

if the result is the same from both models, the detection result is obtained, but different. When the results are received, 

the image is marked as unrecognized to avoid major problems. For this purpose, both models keep each other in 

balance, preventing false detections. The special data set was used as the data set, the images taken from Kaggle were 

placed in the data set and the private data set was tried to be supported. In the improvement we have made before, 

we have tried to use different models according to the areas where they are good [1]. 

 

Yang et al. Specifically, they tried to detect forgery by utilizing a spatio-temporal attention module to learn the 

features of multiple face regions [2]. Cozzolino et al. They used a comparative learning paradigm to detect forgery 

in videos consisting of audio, video and audio-video combinations with the method they developed [3]. Dixit et al. 

In forgery on voice, they found the literature review scarce and made a literature review and turned it into an article 

in terms of benefit [4]. Stanciu et al. They aimed to increase deep fake detection datasets by using deep learning 
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architectures such as Autoencoders or U-Net [5]. By using Thing et al. CNN and Transformers, fraud detection on 

Google DFD, Celeb-DF, Deeper Forensics and DFDC datasets, revealed their weaknesses and strengths [6]. Ahmed 

et al. They outlined how to make detection methods better and more robust by raising a critical discussion about the 

problems, opportunities and prospects of deepfake technology [7]. Rana et al. By examining 112 related articles 

presenting various methodologies from 2018 to 2020, they divided them into 4 different groups and produced a 

systematic literature review, as a result of which they tried to prove by comparison that deep learning-based methods 

are better [8]. Gu et al. developed a paradigm that performs spatio-temporal inconsistency learning to detect on deep 

fake videos [9]. Tariq et al. He developed an LSTM-based network and tried to contribute to deep fraud detection 

using the FaceForensics++ dataset [10]. Kharbat et al. using support vector machines (SVM)They tried to extract the 

picture features and detect forgery [11]. Khan et al. tried to detect forgery by applying 3D reconstructions on over a 

hundred [12]. Deng et al. They compared it with the EfficientNet-V2 network by detecting forgery [13]. 

 

2. Proposed Approach 

 

The proposed approach is made using CNN (Convolutional Neural Network) and RNN (Recursive Neural Network). 

In the approach, the Blazeface model was used in the face removal process. EfficientNetB4, one of the models used 

for fraud detection, is trained over ImageNet, while the RNN-based model is trained using a special data set. In the 

approach, after face subtraction with Blazeface, the extracted face frame enters the EfficientNetB4 and RNN model, 

at this stage, two different models are predicted, the results from the two models are compared in order to reduce the 

false detection rate of the models, and if there are the same results, the prediction is given as output. is marked as 

unrecognized image to avoid false detection if different results are obtained. 

 

 
Figure 1. Suggested Approach Block Diagram (The model separation made in the proposed approach and the joint decision 

taken as a result are given step by step.) 
 

 

Utilizing two different neural networks and models in the proposed approach provided a safer prediction inference 

in fraud detection. This approach has emerged to eliminate inferences that are based on a single architecture and a 

single model, which can cause major problems when incorrectly detected. In addition to these, great improvements 

have been made in fraud detection by using the special data set and the RNN-based model created within this 

approach. There are 10000 images in total, 5000 fake and 5000 real, in the special data set, 80% of these images are 

used as training data and 20% are used as test data (8000 training, 2000 tests). 

A. Model Training  

 

For the created RNN-based model training, training was provided with 8000 images by using the train file in the 

special data set. 
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B. Face Removal Process 

 

By using the BlazeFace model while performing the face extraction process, the cropped face frame extraction was 

provided from the image entered as an example. BlazeFace is a very fast and effective model produced by Google. 

Kolosov et al. used the blazeface model to extract relevant areas from the video and showed that it is a good approach 

in this area [14]. 

C. Fraud Detection with CNN and RNN 

 

In the proposed approach, the extracted face frame enters the CNN's previously trained EfficientNetB4 model and 

outputs a prediction. The basic network structure of the EfficientNet family is given in Figure 2 below [15]. 

 

 
Figure 2. EffficientNet Basic Network Structure 

 

The same face frame is entered into the RNN-based and trained model from the special data set, and a prediction 

output is obtained from here. The model structure is given in Figure 3 below. 

 

 
Figure 3. RNN model structure 

 

Then, the estimation results from both models are compared. If the two prediction results are the same, for example, 

if both of them made a false prediction, the image is faked, and if they both make a true prediction, the image is 

output as real, but if one of the models is false, the image is marked as an unrecognized picture in order to reduce the 

false rate and avoid false detection. The improvement is made exactly here, reducing the rate of false detection. 

 

3. Experimental Results 

 

The experimental results obtained were obtained by working on Google Colaboratory. The special data set used in 

the study, including images taken from Kaggle, consists of 10000 images. Of these images, 5000 are reserved, and 

5000 are real. The images in the data set are 5KB-25KB in size and 256*256 in size. 80% of the total data set, ie 
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8000, was used as training data and 20%, ie 2000, was used as test data. The details of the data set are given in Table 

1 and Table 2 below. 
Table 1. Train data set 

Train Data Set Number of Image 

fake 2500 

Real 2500 

Total Images 5000 
 

Table 2. Test data set 

Test Data Set Number of Image 

fake 2500 

Real 2500 

Total Images 5000 
 

 
 

The model is trained with the train data set given in the table above. The graph of loss and accuracy rates obtained 

as a result of model training is given in Figure 4 below. 

 

 

Figure 4. Loss and accuracy values for Training 
[1]  

After training the RNN model, the test data set mentioned is given as input to the proposed method, allowing the 

images to enter both the EfficientNetB4 model and the RNN model. As a result, the model performances are given 

in Table 3 below, both separately and according to the false detection rate that is tried to be reduced, by converting 

them to numerical values. 
Table 3. Model performance 

Test Data Set 
Model Performance in 

Test Images 

False Detection 

Rate 

EffectiveNetB4 92.4% 7.6% 

RNN Model 84.1% 15.9% 

Total 

Performance 

88.25% 5.8% 

In the experimental results obtained in the study, the false detection rates are given in Figure 5 below in clusters. 
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Figure 5. False Detection Rate Intersection Set of Models 

In the results of working the results of the estimations obtained according to the data sets are given in Tables 4 and 

5 below. 

 
Table 4. Model performance in real images 

Test Data Set Model Performance in Real Images 

EffectiveNetB4 89.8% 

RNN Model 83.0% 

Total Performance 86.40% 

  
Table 5. Model performance in fake images 

Test Data Set Model Performance in Fake Images 

EffectiveNetB4 95.0% 

RNN Model 85.2% 

Total Performance 90.1% 

 

In addition to all these, the comparison of the proposed method with the studies in the literature is given in Table 6 

When we look at the table, both the false detection rate being lower than other studies and the improvement achieved 

with the method introduced in deep fraud detection come to the fore. 

 
Table 6. Comparison studies 

Reference 
 

Technique 

 

Data Set 

False Detection Rate 

Khalil et al. 

[16] 

LBP-CNN Private 8.3% 

Matern et al. 

[17] 

MLP CelebA+ProGAN 

+Glow 

16% 

Amerini et 

al. [18] 

CNN Face2Face VGG16=18.39% 

ResNet50=24.54% 

Nguyen et 

al. [19] 

Capsule Network FaceForensics++-Face2Face 6.89% 

Montserrat 

et al. [20] 

CNN+RNN DFDC 8.2% 

Proposed 

Method 

CNN+RNN private 5.8% 

4. Conclusion 

 

In this article, it has been contributed to the detection of deep fraud by trying to explain how much of a concern deep 

fraud is today, how false detection rates cause major problems, and how important fraud detection is. 

In the method, deep fraud detection using a CNN-based deep learning algorithm is made with EfficientNetB4 model 

and an RNN-based model, contributing to deep fraud detection from a different perspective. As can be understood 

from the improvement, if only the EfficientNetB4 model was used, it would cause a 7.6% false detection, on the 

contrary, if only the RNN model was used, it would have a 15.9% false output. With the improvement provided by 

the proposed method, the total accuracy rate of the two models was 88.25%, but if we add unrecognized images to 



 
 
 
 
 

103 

 

this accuracy rate, the total accuracy rate is 94.2%. The reason for adding to this accuracy rate in unrecognized 

pictures is that only 5.8% of the images given as input gave an incorrect output, 5%. Since it marked 95 of them as 

unrecognized pictures, the false detection rate was only 5.8%. In summary, this study achieved its main purpose, not 

to increase the accuracy rate, but to reduce the false detection rate. 
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Abstract 
A large part of nature and energy is obtained from fossil fuels such as oil, coal and natural gas. However, the amount of fossil 

fuels is gradually decreasing due to the increasing energy consumption in parallel with world consumption and benefits. Fossil 

fuels are a major contributor to climate change, and as the demand for energy production increases, alternative sources (e.g., 

renewables) are becoming more attractive. Biofuels such as bioethanol reduce reliance on fossil fuels and can be compatible 

with the existing fleet of internal combustion engines. Production of biofuels from renewable feedstocks has captured 

considerable scientific attention since they could be used to supply energy and alternative fuels. Bioethanol is one of the most 

interesting biofuels due to its positive impact on the environment. Currently, it is mostly produced from sugar and starch 

containing raw materials. However, various available types of lignocellulosic biomass such as agricultural and forestry residues, 

and herbaceous energy crops could serve as feedstocks for the production of bioethanol, energy, heat and value-added chemicals. 

Lignocellulosic biomass is inexpensive, renewable and abundant source for bioethanol production. Bioethanol production 

includes pretreatment, hydrolysis and fermentation processes. 

 

Keywords: Bioethanol, lignocellulose, pretreatment, hydrolysis, fermentation 

 

1. Introduction  

 

The increasing need for energy has led all the countries of the world to seek a clean, renewable and sustainable energy 

source. There are many reasons for using biomass resources as an energy source. These are that biomass is renewable 

and it is an environmentally friendly raw material compared to petroleum products when it comes to the emissions it 

creates. Biomass is the most important carbon-containing raw material obtained from sources such as plants, animals 

and microorganisms [1]. Biomass is obtained from forest wastes, agricultural wastes (corn, rice, etc.), energy crops 

(branched millet, etc.), cellulosic wastes (household solid waste, kitchen waste, etc.). Various fuels that can be 

obtained using biomass energy are bioethanol, biodiesel, biogas and biohydrogen [2]. Biofuels, especially biodiesel 

and bioethanol, are renewable primary energy sources. Biofuel use and production are important for the solution of 

the global energy crisis. In its decision taken in 2008, the EU commission brought the requirement that the fuel used 

in transportation in the member countries should be supported by 10% biofuel until 2020 [3].  Making the use of 

biodiesel and bioethanol mandatory in the EU, as well as in our country due to the EU harmonization process, will 

increase the demand for biofuels. A new communiqu® dated 27 September 2011 and numbered 28067 was published 

by amending the "Technical Regulation on Gasoline Types" published in the Official Gazette dated 7/8/2009 and 

numbered 27312. According to this communiqu®, bioethanol produced from domestic agricultural products must be 

added at least 2% as of January 1, 2013, and 3% as of January 1, 2014 [4].  

 

1.1. Bioethanol 

 

Bioethanol is a clear, colorless liquid with a characteristic odor and can be used in internal combustion engines by 

blending it in 10% without the need for any modification. The two most common uses of bioethanol are E-10 (10% 

Bioethanol + 90% Gasoline) and E-85 (85% Bioethanol + 15% Gasoline) (EIE 2017a). For this reason, it is important 

to carry out studies to increase bioethanol production in our country. It is very important to find cheap and abundant 

raw materials in biofuel production.  Bioethanol, from simple sugars (sugar beet, cane sugar) molasses, etc.), and 

starchy foods (corn, potato, etc.) and cellulose by fermentation [5].  In the world, approximately 50% of ethanol 
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production is produced using sugar beet and sugar cane, while the remaining 50% is produced using cereals (corn, 

wheat). Corn is the most used plant for ethanol production in the United States, but sugar cane and sugar beet are 

mostly used in other ethanol producing countries. There are three companies in our country that produce anhydrous 

bioethanol that can be used as fuel in vehicles. These are Agricultural Chemistry Technologies (TARKĶM) and 

Tezkim Tarēmsal Kimya (TEZKĶM) produce bioethanol from wheat and corn, and Konya ķeker-¢umra Factory 

produces bioethanol from sugar beet. These three companies produce an average of 162 million liters of bioethanol 

per year. 76 million liters of this is fuel bioethanol. 92% of the produced fuel bioethanol is blended with gasoline 

domestically and the remaining 8% is exported.  In large-scale bioethanol production, ethanol production from sugar 

and starch-containing substances is undesirable because these substances are nutrients [6]. Lignocellulosic biomass 

basically consists of cellulose, hemicellulose and lignin linked together in a complex structure.  Cellulose has an 

important place in biomass in terms of carbon content. Cellulose contains D-glucose subunits linked by ɓ-1,4 

glycosidic bonds. This special and complicated structure causes celluloses to be resistant to biological and chemical 

treatment. Unlike cellulose, hemicellulose is a heteropolymer structure consisting of 5-carbon sugars such as xylose 

and arabinose and 6-carbon sugars such as galactose and mannose. Lignin is composed of three different phenolic 

acids (p-coumaryl). alcohol, coniferyl alcohol and synapyl alcohol) has a complex structure. It is connected by a 

three-dimensional structure that is hardly biodegradable. Lignin can be degraded both chemically and enzymatically 

[7].    

 

Most of the lignocellulosic biomass is discarded or incinerated. But lignocellulosic biomass is not a waste and can 

be converted into valuable products. These are biodiesel, bioethanol, biogas, pyrolytic gas, hydrogen (EIE 2017b). 

Due to the lignin in the structure of lignocellulosic biomass, sufficient efficiency cannot be obtained in the production 

of bioethanol. In order to increase the yield, the biomass must be subjected to some preliminary treatment. The 

pretreatment processes used in the degradation of lignocellulosic wastes change the micro and macro structure and 

chemical composition of lignocellulose. This process breaks the lignin and hemicellulose structure. Removes lignin. 

It degrades hemicellulose. It changes the crystal structure of cellulose. Cellulose remains free. Enzyme and substrate 

accelerate sugar hydrolysis. In addition, the applied pretreatment processes should not cause reducing sugar loss, 

should not create by-products harmful to microorganisms and enzymes during the fermentation process, and should 

be a cheap and applicable method [8] 

 

2. Pretreatment Procedures 

 

Pretreatment processes increase the surface area that the wastes can react with and disrupt the crystalline structure of 

cellulose. The main purpose of these processes is to increase the conversion efficiency of agricultural waste into 

products such as bioethanol or biogas. These transactions are; includes physical, chemical, physicochemical and 

biological methods [9].  

 

2.1. Physical Preparation Procedures 

 

2.1.1. Mechanical grinding 

 

By splitting the biomass into smaller pieces, the surface area is increased. Thus, it is ensured that the next methods 

are used more easily and effectively. It includes dry grinding, wet grinding, vibratory ball mill and compaction 

methods. Lignin and hemicellulose cannot be removed by this process. In a study, enzymatic hydrolysis of rice straw 

was investigated after grinding with ball and wet disc. The conversion efficiencies of glucose and xylose were 78.5% 

and 41.5%, respectively, after ball mill-enzymatic hydrolysis, wet disc mill-enzymatic hydrolysis, respectively. After 

that, they stated that it was 89.4% and 54.3%, respectively [10].  

 

2.1.2. Microwave preparation procedures 

 

Microwaves are non-ionizing electromagnetic waves with a wavelength of 1 mm-1 m and a frequency range of 300 

MHz to 300 GHz, covering a certain part of the electromagnetic spectrum. In conventional thermal processes, energy 

is transferred to the material by convection, conduction and radiation. In contrast, microwave energy transfers energy 

directly to the material through molecular interaction with electromagnetic waves. Therefore, the heating rate is high 
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and the processing time is short . It increases the enzyme activity by increasing the surface area of the lignocellulosic 

material [11].  

 

2.1.3 Ultrasonic pretreatment 

 

Ultrasound is described as sound waves propagating at high frequencies that cannot be perceived by the human ear . 

When ultrasonic pretreatment is applied, bubble formation occurs in the liquid. After the bubbles formed reach a 

certain size, they deflate and heat generation takes place. Thus, solid objects and bacteria are broken down. At the 

same time, oxidation in the biomass structure, deterioration of composition, and molecular chains are fragmented 

[12].  

 

2.1.4 Pretreatment with high-energy electron radiation 

 

It is the transfer of an energy greater than the ionization energy of the atom or molecule to the atom or molecule. For 

this purpose, the most commonly used radiation sources as high energy sources are 60 ÁC, 137 Cs, electron beams, 

and X-rays. The photon emanating from the radiation source first interacts with the solvent in the environment and 

releases millions of dissolved electrons. These dissolved electrons that are released change the chemical and 

physicochemical properties of the substance as a result of their interaction with the substance. Depending on the 

intensity of irradiation, large molecules are broken down and converted to molecules, ions or radicals with smaller 

molecular weights [13].  

 

2. 2. Chemical Preparation Processes 

 

2.2.1. Pretreatment with acid 

 

Acidic pretreatment processes are carried out using inorganic acids (sulfuric, nitric, hydrochloric and phosphoric 

acids) and organic acids (formic, acetic and propionic acids). Acidic pretreatment processes can be divided into dilute 

and concentrated acid methods. The concentrated acid method is to use an acid concentration above 30%. It is used 

with low temperature. Since concentrated acids are toxic and corrosive, the equipment to be used must be resistant 

to corrosion. In addition, acids must be recovered. In dilute acid treatment, the acid concentration is below 10%. It is 

applied with high temperature. Acid recovery is not required. It is a suitable process for continuous production. The 

use of inorganic acids such as H2SO4 and HCl is more common [14].  

 

2.2.2. Pretreatment with alkali 

 

NaOH, KOH, Ca(OH)2 and NH4OH are generally used in the preliminary treatment of lignocellulosic wastes using 

alkali. Thanks to the preliminary preparation processes, the lignin structure is deteriorated and the porosity of the raw 

material increases. Thus, the surface area that enzymes can reach is expanded. The raw material becomes more 

suitable for the next step, enzyme hydrolysis. In alkaline pretreatment processes using NaOH, it has been reported 

that the saccharification efficiency increases at low temperature and long residence time [15].  

 

2.2.3 Pretreatment with oxidant 

 

Combined advanced oxidation processes such as O3, O3/H2O2, VUV, H2O2/UV, O3/UV, O3/H2O2/UV, Fenton, 

photo-Fenton, sonochemical oxidation (Ultrasound/H2O2, Ultrasound/O3 etc.), photocatalysis process It is stated 

that there are processes that produce radicals with high capacity. It is based on the principle of generating hydroxyl 

radicals (OH) for the oxidative breakdown of organics [16].  

 

2.2.4.Pre-treatment with organic solvent 

 

It is a process for the degradation of lignin and hemicellulose structure, in which organic solvents (methanol, ethanol, 

acetone, ethylene glycol, ethylene glycol) are used under inorganic acid catalysis (H2SO4 or HCl). With the applied 

pretreatments, lignin and hemicellulose bonds are broken and pure and high quality lignin is obtained. The Ŭ-aryl 

ether and arylglycerol-ɓ-aryl ether (ɓ ïO-4) bonds in the lignin macromolecule are broken, thus reducing the lignin 
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content in the cell wall. The disadvantages of the system are that the organic solutions are expensive and the reaction 

time is long [17].  

 

2.3. Physicochemical Preparation Processes 

 

2.3.1. Steam explosion 

 

It is one of the most widely used pretreatment processes. The biomass is blasted with high pressure steam. By 

suddenly reducing the pressure, the lignocellulosic structure is broken down and hydrolysis of the hemicellulose 

structure is facilitated. The purpose of this process is to release hemicellulose and monomeric sugars present in 

cellulose. Steam blasting method as a preliminary treatment of lignocellulosic biomass, enzymatic hydrolysis without 

the use of chemicals. It is an environmentally friendly method because it increases its effectiveness [18].  

 

2.3.2. Ammonia application (AFEX) 

 

It is the process of treating the raw material with an aqueous ammonia solution at high pressure and temperature. 

Ammonia is one of the effective reagents because it preserves plant carbohydrates and increases enzymatic 

degradation. In order to ensure the economy of the method, ammonia must be recovered. It is a simple method and 

the processing time is short. With this process, cellulose and lignin can be removed. No production of fermentation-

inhibiting substances. The AFEX method was used to obtain fermentable sugar from corn straw and the efficiency 

of the process was investigated. The AFEX process was performed both alone and using hydrogen peroxide (H-

AFEX) and the results were evaluated. It has been stated that AFEX and H-AFEX processes improve enzymatic 

hydrolysis efficiency by breaking down the complex structure [19]. 

 

2.3.3. CO2 application 

 

It is the process of treating with carbon dioxide at high pressure. Under high pressure (critical pressure 73 atm), 

carbon dioxide is kept in its supercritical state. When the carbon dioxide pressure is rapidly removed, the biomass 

explodes and the surface area of the biomass increases. Thus, the accessibility of cellulose in biomass becomes easier. 

No inhibition compounds are produced, which affect the subsequent hydrolysis and fermentation steps. Increases 

enzyme activity by expanding the surface areas of substrates [20]. 

 

3. Hydrolysis  

 

The next step after the pre-treatment process is hydrolysis. Hydrolysis means the breakdown of a molecule by adding 

water and can be expressed by the following formulas;  (C6H10O5)n + nH2O Ÿ n C6H12O6 and C6H12O6 Ÿ 

2CH3CH2OH + 2CO2. Before fermentation, carbohydrate polymers in lignocellulosic material must be converted 

into simple sugars by a process called hydrolysis. There are several possible processes for the hydrolysis of 

lignocellulose. We can divide these hydrolysis methods into chemical hydrolysis and biological hydrolysis. At the 

end of the reaction, lignin remains as a by-product, while cellulose and hemicellulose can be converted into 

bioethanol by hydrolysis and fermentation processes. In addition to the above two hydrolysis methods, there are other 

hydrolysis methods such as gamma or electron irradiation and microwave irradiation. However, these processes have 

no commercial application. Complete hydrolysis of cellulose results in glucose, while hydrolysis of hemicellulose 

yields pentose and hexose sugars obtained. Hemicelluloses in softwood materials mainly contain mannose, while in 

hardwoods the predominant component is xylose [21]. 

 

3.1. Chemical hydrolysis 

 

The degradation of cellulose by acids usually takes place in two stages, depending on the concentration. In the first 

stage, acids break down and remove the amorphous regions that they can easily reach. The cellulose whose 

amorphous region is removed is called hydrocellulose. Therefore,  the degree of crystallinity of the cellulose 

remaining intact increases. As a result of using concentrated acids and prolonging the reaction time, cellulose can be 

converted to glucose, which is its monomeric building block. The acid hydrolysis method is divided into two: 

hydrolysis with concentrated acid and hydrolysis with dilute acid.  Generally, for the hydrolysis process, the 



 
 
 
 
 

109 

 

hydrolysis method with dilute acid is used. This method is usually carried out either as a step to support fermentation 

or directly to obtain sugars from lignocellulosic material. Hydrolysis with acids is a batch process. A two-step method 

is generally preferred to avoid the formation of undesirable by-products. Accordingly, while mild conditions are 

applied in the first step, severe conditions are applied in the second step. In the first step, maximum product is 

obtained from hemicellulose at low temperature, while in the second step, more cellulose is hydrolyzed.  

 

The parameters affecting the acid hydrolysis of lignocellulosic material are the properties of the substrate used, the 

acidity of the system and the rate of decomposition of the products during hydrolysis. The properties of the substrate 

used; neutralization capacity, easy hydrolysis of cellulose and hemicellulose, proportion of difficult-to-hydrolyzable 

materials, length of macromolecules, degree of polymerization of cellulose, configuration of cellulose chains and 

other protective polymeric structures of cellulose in the plant cell wall such as lignin, pectin, hemicellulose, proteins, 

minerals, elements  determines the relationship. The acidity of the system is the concentration of acid used, the 

amount of acid solution, the amount of acid released from the biomass during hydrolysis, the neutralization capacity 

of lignocellulose, the liquid-solid ratio, and the solubility of the solution during heating depends on the movement. 

The rate of degradation of the products during hydrolysis depends on temperature, acidity, reaction time and sugar 

concentration [22]. 

 

3.2. Enzymatic hydrolysis 

 

Lignocellulose is degraded in nature by bacteria and fungi. Cellulase, xylanase, peroxidase and laccases mainly play 

a role in the degradation of lignocellulose, while accessory enzymes such as ɓ-xylosidase, Ŭ-L-arabinofuranosidase, 

Ŭ-Dglucuronosidase, acetyl xylan esterase and hydroxycinnamyl acid esterase play a role. Enzymes are commercially 

available from companies such as Novazyme, Zytex India Private Limited, although they are used to isolate from 

microorganisms or as enzyme cocktails [23]. 

 

4. Fermentation  

 

Technologies for fermentation of monomeric sugar units into ethanol include separate hydrolysis and fermentation, 

simultaneous saccharification and fermentation (SSF), simultaneous saccharification and co-fermentation (SSCF). It 

is also used in non-isothermal simultaneous saccharification and fermentation, simultaneous saccharification, 

filtration and fermentation, consolidated bioprocessing. Other types of fermentation include batch, batch feed, 

continuous and solid state fermentation, while some of these fermentation methods are as follows: 

 

4.1. Continuous fermentation process 

 

This process involves adding substrates, culture medium, nutrients to a fermenter containing active microorganisms 

and continuous withdrawal of products. The resulting products are usually ethanol, cells and residual sugar. The 

advantages of the continuous fermentation process are high productivity, small fermenter volumes, low investment 

and operating cost. Disadvantages include potential reduction in yeast capacity to support ethanol production due to 

the possibility of crop contamination and long cultivation time [24]. 

 

4.2. Fed-batch fermentation process 

 

This is a combination of batch and continuous fermentation processes that involve loading the substrate into the 

fermenter without removing the medium. Compared with other fermentation processes, the batch feed process has 

higher productivity, more dissolved oxygen in the medium, shorter fermentation time and lower toxic effect of the 

medium. The disadvantage is that ethanol productivity is limited by cell mass concentration and feed rate [25]. 

 

4.3.Separate hydrolysis and fermentation (SHF) 
 

Enzymatic hydrolysis differs from fermentation by allowing the enzymes to operate at high temperature and the 

fermenting microorganisms to operate at medium temperature for optimum performance. Since hydrolytic enzymes 

and fermentation organisms work under optimum conditions, ethanol yield is expected to be high. The disadvantages 



 
 
 
 
 

110 

 

of SHF are the high capital cost, high reaction time requirement, especially since two reactors are required, and the 

possibility of limiting cellulase activities by the sugars released during the hydrolysis step [26]. 

 

 

4.4.Simultaneous saccharification and fermentation (SSF) 
 

Here, saccharification of cellulose and fermentation of monomeric sugars are carried out simultaneously in the same 

reactor. Since the hydrolyzate is used for simultaneous fermentation, the usual inhibition of cellulase activities can 

be avoided. The disadvantage of SSF is the change in optimum temperature required for efficient performance of 

cellulase and microorganisms during hydrolysis and fermentation, respectively. The high temperature required by 

cellulase for hydrolysis can reduce microorganisms such as yeast used for fermentation [27]. 

 

4.5.Simultaneous condensation and co-fermentation (SSCF) 
 

This involves hydrolysis and saccharification being carried out in the same unit with the co-fermentation of pentose 

sugars. Generally, genetically modified Saccharomyces cerevisiae strains capable of fermenting xylose have been 

used since normal. Saccharomyces cerevisiae cannot ferment pentose sugar. Like SSF, SSCF has the advantages of 

lower cost, higher ethanol yield, and shorter processing time. In addition, SSCF helps to minimize the inhibition 

caused by sugars during the enzymatic hydrolytic process and increases the glucose concentration ratio of xylose as 

most of the microorganisms consume xylose [28]. 

 

4.6.Consolidated biological processing (CBP) 
 

For this, enzyme production, hydrolysis and fermentation must take place in a single unit. The most commonly used 

microorganism in this process, Clostridium thermosellum, is capable of synthesizing cellulase, which reduces 

lignocellulose to monomeric sugars and produces ethanol. Although CBP is still in its infancy, advantages such as 

less energy intensive, cheaper enzyme cost, lower investment cost and less contamination possibility have been 

identified [29]. 

 

5. Conclusion 
 

Due to reasons such as increasing oil demand and prices, research on sustainable life, decrease in oil reserves, foreign 

dependency, governments in many countries are turning to renewable energy sources instead of using fossil fuels. 

The geographical and economic conditions of a country generally affect which renewable resources such as 

hydropower, geothermal energy, wind energy and biomass energy are preferred. Considering the geographical 

conditions, forest lands, cultivated lands and lignocellulosic waste potential of our country, biomass-based bioethanol 

can be considered as an alternative to petroleum. Therefore, the right choice of the raw material source and 

accordingly the appropriate pretreatment, hydrolysis and fermentation processes can reduce the cost of bioethanol 

production and increase product productivity. 

 

Considering all these, the use of biomass-based bioethanol in our country as an alternative to oil or by mixing it with 

oil at a higher rate will reduce our country's dependence on foreign sources, make better use of organic wastes and 

agricultural lands, reduce people's access to energy, and provide employment with a different job field of agricultural 

origin will be provided. 
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Abstract 

In urbanization and urban planning; Failure to approach the concept of "land use and planning in harmony with the ground" 

throughout the last 100 years is unfortunately the main reason for many technical, administrative, financial and even socio-

cultural problems and painful disasters that have been and are being experienced in settlements. Resilient cities, which are 

described as a sustainable backbone formed by physical systems and social structure, are of great importance for the common 

benefit of the city and society. Cities dealing with dynamic population changes, decrease in energy resources, disasters and crises 

carry the heavy burden of change on their shoulders. 

The task of reducing all these problems and minimizing their effects places the responsibility on urban resilience. Urban 

resilience is not only about measures to increase the durability of the building stock in the city, but also about how to design 

urban spaces and the organization of functions in space. For this reason, the necessity of "geographic information" that will help 

urban resilience in order to prevent possible risks and to recognize problems in advance and take precautions becomes prominent 

once again. Cities with high fragility emerge as a result of the "risky urban texture" built on natural problems of geological, 

topographic, morphological, hydrographic and meteorological origin in the urban fabric. Therefore, one of the most realistic and 

basic ways to understand the typology and morphology of the city is to have geographical knowledge. Today's sociology and 

architectural knowledge understand the effect of spatial coordinates on human identity and interpret social movements through 

this understanding. In urban planning, creating land use that is risk-free and provides maximum benefit is only possible by 

analyzing the geographical space and geographical criteria and forming a decisive basis in the decision process. Today, it is 

understood that geographical information is necessary in effective decision-making and planning in many different fields and 

institutions. Making cities resilient with pre-disaster risk reduction measures and emphasizing the necessity of geographical 

information to ensure the safety of the city and society are among the main objectives of this study. 

 

Key Words: Geography, Geographic Information, Disasters, City, Urban Resilience 

 

 

1. Introductēon 
 

Today, most of the world's population lives in cities.  Cities are the center of both economic growth and social life. 

However, this dense urban lifestyle leads them to face various crises such as natural disasters, climate change, 

economic crises and other emergencies. At this point, the concept of urban resilience gains great importance. Urban 

resilience refers to the ability of cities to withstand such crises. However, urban resilience is not limited to the physical 

resilience of buildings and infrastructure. Urban resilience also involves the design, organization and management of 

urban spaces. This is where geographic information comes into play. By adopting a lifestyle that is in harmony with 

the natural environment in which they live, people try to change and transform the physical environment in which 

they live to a large extent for their own benefit. Today, however, due to the dominance of human dominance, we are 

in a fragile structure where the physical environment is exposed to negative impacts and urban systems are subjected 

to unexpected destructive changes, triggering complexity and uncertainties. Today, due to inadequacies in urban 

planning processes and practices, cities have to struggle with many different problems such as social justice, spatial 

segregation due to the socio-economic structure of the population, inequitable distribution of resources and services, 

unemployment, urban sprawl, environmental pollution and resource depletion. "Settlement areas" or "human 
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settlements" are the places where "human beings and society and the living environment are shaped and sustained" 

in the concept of "environment", which is defined as all the physical, social and cultural conditions that affect the 

existence and development of a whole organism and the environments in which they are sheltered. These places are 

a three-elemented whole consisting of an "artificial environment" in which all technical initiatives are shaped to meet 

all kinds of needs of human and society, that is, the human environment, which constitutes the target element, and a 

piece of nature surrounding it, that is, the "natural environment" [17]. It is important that these three elements, the 

natural environment, the artificial environment and the human environment, are compatible within themselves and 

can be adapted to changing conditions over time. However, human beings try to create an artificial environment 

independent of the natural environment without planning, projecting and geographical information.  

 

Today, all cities and their inhabitants face a series of natural and/or man-made shocks and stresses such as 

earthquakes, floods, famine, drought, rapid migration, cyber-attacks, epidemics, due to rapid urbanization, changing 

climate and political instability. In almost every region of the world, man-made and shaped cities have become 

systems that are directly affected by disasters, while triggering disaster risks that we have faced throughout history 

and which have taken a more dangerous dimension today. In this rapidly changing and more complex world order, 

where future predictions become more difficult, individuals, institutions, societies and cities are expected to be able 

to cope with, adapt to and even direct the changes and transformations as well as natural and unnatural disasters. In 

this context, it is vital for all cities to analyze physical, social, economic and institutional systems well and to maintain 

"continuous development and adaptation in the face of changing conditions". In other words, in a rapidly changing 

and increasingly complex world, individuals, institutions and societies need to be able to cope with, adapt to and 

shape change. This approach overlaps with the concept of "resilience", which seeks to explain how to cope with the 

changes and challenges of an uncertain world. 

 

It can be said that the technical application of the concept of resilience to the urban area started with ecological 

approaches. In the urban area, resilience is mainly evaluated in the context of urban planning approach in the context 

of climate change and disaster risks in connection with sustainability. It is aimed to create urban resilience by 

planning cities before and after they encounter environmental disasters. When the concept of resilience is associated 

with urban goals such as sustainability, economic development and governance, the importance of creating a resilient 

city in urban planning will be more clearly understood in terms of the ability of the urban system to transfer 

information and resources [8]. In this study, the necessity of "geographical information" in creating urban resilience 

and the necessity of geography for the city and urban resilience with the science of geography becoming an applied 

science will be emphasized. Applied geography is important in terms of showing the ways of utilizing the natural 

and social structure of the space in an appropriate and efficient way. Therefore, the necessity of geography in creating 

resilient cities and increasing urban resilience will be the main axis of this study. 

 

 

2. Urban Resilience and Geographic Information: A Powerful Alliance Shaping the Future of Cities  

 

Urban areas are continuously growing centers that house a large proportion of the world's population. While this 

growth increases economic opportunities and the intensity of social life, it also forces cities to cope with natural 

disasters, climate change, economic crises and other unexpected events. It is in this context that the concept of "urban 

resilience" gains importance. While cities have the potential to improve people's quality of life, economic 

development and social welfare, they also pose a range of environmental, economic and social challenges. This paper 

explores the critical role of geographic information in building resilient cities. Dense urban lifestyles expose us to a 

variety of crises such as natural disasters, climate change, economic crises and other emergencies. Urban resilience 

refers to the ability of cities to withstand such crises. But it is not limited to the physical resilience of buildings and 

infrastructure. The design, organization and management of urban spaces are also central to this concept. This is 

where geographic information comes into play. 

 

Geographic information is a key component of urban resilience. Collecting, analyzing and using geographic data is 

critical for cities to become resilient to disasters and cope with crises. Geographic information systems (GIS) fulfill 

important tasks such as identifying potential hazards, conducting risk analyses and coordinating emergency 

management. 
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Human beings, who have developed close ties with the natural environment and its surroundings, have changed their 

environment with the transition to settled life and have been affected by the conditions of the natural environment. 

Cities, which constitute the important stage of this interaction, have revealed the most magnificent results of the 

interaction of human and nature. Change, which is one of the most important features of cities that have been shaped 

over time in the historical process, continues at a dizzying pace today. 

 

One of the most important factors that cause this change is the increase in the need for housing with the increasing 

population and the need for work and living spaces cause the growth and development tendencies of cities. As a 

result of this tendency, horizontal and vertical urban growth is realized by ignoring physical and human geography 

conditions. As a result, human mind, intelligence, experience and preferences come to the forefront as the main 

determining factors in urban structuring rather than the natural environment. 

  

As a living space, cities are human ecosystems where many natural and cultural factors coexist and interact with each 

other. In this system, on the one hand, natural environmental conditions such as air, soil, water and plants, and on the 

other hand, socio-economic activities such as transportation, trade, industry and tourism, which must be continuously 

developed for economic development, are in the same area and intertwined. Cities are places where people with 

different ethnic, social and cultural habits, lifestyles and social profiles, with varying environmental perceptions, 

have to live together. Such a large size, dense construction and urban mobility create a serious pressure on the urban 

environment, and cities often turn into "risk spaces" that become the focus of environmental degradation and 

pollution [12]. In particular, overpopulation due to migration and the accompanying misuse of land have a negative 

impact on the resilience of cities. At the same time, heavy traffic, excessive industrial production, irregular settlement 

areas and illegal structures have led to increased discussion of livability, sustainability and urban ecology in the city. 

  

The piece of nature on which the city is settled is subject to a certain order of functioning created primarily by the 

components of the natural environment. Natural environmental components such as geological structure and 

geomorphological features, climatic conditions, hydrography, water resources, soil and vegetation determine the 

future of the settlement by shaping the lifestyles and economic activities of the people living in the city (Ko­man, 

1991:102, Karadaĵ and Ko­man, 2007: 5). Therefore, the emergence, development and urban identity of a city 

depends on natural environmental components such as site-situation conditions and topography (geological and 

geomorphological), climate, soil, vegetation and water resources. The natural and cultural environmental components 

that make up the "Geographical Environment" overlap with urban areas. In urban settlements, it is imperative to 

create a settlement layout/space organization in accordance with the natural environmental components functioning 

in the selected geographical or ecological environment. 

  

The concept of resilience is related to the capacity of socio-ecological systems to cope with change, adapt and direct 

change, as well as the capacity to adapt and direct change, and to get used to living with unexpected changes [4]. 

Servillo and Reimer (20132) define resilience as "return to normalcy in the face of changes and threats caused by 

changes". In addition to the different definitions that try to explain the concept of resilience, the main points that are 

focused on are "the ability to adapt and transform to change". Integrating resilience into the urban planning process, 

using the evolutionary explanation of the concept, is of strategic importance for successfully managing change and 

increasing the rapid recovery capacity of cities. 

 

The concept of "urban resilience" or "urban resilience", which is one of the fundamental principles of sustainable 

urban development in global development frameworks and goals, is the concept of "urban resilience", which refers 

to the ability of individuals, communities, institutions, businesses and systems in a city to survive whatever chronic 

stresses and acute shocks they experience, The future of societies and cities is directly proportional to how resilient 

they can be in the face of such situations and necessitates urban policies and practices that include multi-layered, 

multi-dimensional, holistic approaches. 

  

The concept of resilience was first introduced in ecology by Holling in 1973 as "the ability to absorb disturbance and 

change without losing the interrelationship between its constituent elements prior to disturbance" [10].   However, 

this definition of resilience by Holling has been criticized for focusing on the structure and identity of the system. 

Because it is stated that ecological resilience is related to the state of the functions of the system rather than the state 

of the elements of the system [5]. The fact that resilience is addressed by ecological and other disciplines has led to 



 
 
 
 
 

116 

 

multidimensional and different definitions of the subject. But ultimately, resilience has emerged in response to 

environmental hazards emerging in the social and institutional perspective in relation to cities and planning [19]. 

Therefore, it is addressed within the context of disaster threats related to sustainability in cities and urban areas, 

climate change and rapid population growth. 

 

3. Geographic Information: The Main Axis of Urban Resilience  

 

Geographic information helps cities become more prepared and resilient to natural disasters, climate change and 

other crises, while contributing to building more sustainable and livable cities. This powerful alliance is an important 

tool to improve people's quality of life and safety while shaping the future of cities. As a key axis of urban resilience, 

geographic information will continue to play a critical role in making the cities of the future safer, more resilient and 

more sustainable. 

  

The human and artificial environment created by human modification of the natural environment brings various 

dangers as well as facilitating life. However, human greed and the ability to disrupt the natural balance brings risks 

with it. However, seismicity, geological risks and natural resources are ignored when making settlements or urban 

planning. Urban settlements where population and building stock accumulate over time face the devastating 

consequences of disasters. In order to minimize the consequences of being caught unprepared for natural disasters 

that cause loss of life, property and urban fabric in a short time and unexpectedly, the geographical information axis, 

which is essential for urban resilience, is of great importance. ¥ztaĸ (1994) states that "the problems experienced in 

today's cities, in addition to inevitable natural causes, are mostly caused by urban planning mistakes that do not 

comply with local principles and decisions, unconscious and unmethodical settlement area choices, and uncontrolled 

and inadequate technical initiatives in implementation. 

  

As a result of the "risky urban fabric" built on natural problems of geological, topographic, morphological, 

hydrographic, meteorological origin in the urban fabric, cities with high vulnerability emerge. Therefore, one of the 

most realistic and fundamental ways to understand the typology and morphology of the city is to have geographical 

knowledge. Topographical knowledge is a process that controls urban life, and the topographical factors on which 

cities are located are important elements that people living in cities are not aware of but affect their lives.  These 

factors such as geomorphology, slope, elevation and aspect have a great impact on urban texture. When these 

topographical elements are ignored during the planning phase of cities, the result is cities that are not resilient. 

Therefore, the relief drawn by topographical processes has strategic value in urban planning. Especially in the 

planning, establishment and development processes of the city, topographical characters should be analyzed well. 

Knowing the characteristics such as geological structure, faults, seismicity at the planning stage of the city will ensure 

that the city planning process and the following stages are carried out in a healthy way. Therefore, geomorphology, 

one of the important axes of topography, is a stakeholder in the functioning of spatial planning. 

 

Factors affecting urban morphology and urban form in general; 

¶ Natural factors (Features of the place of establishment such as mountains, plains, valleys) 

¶ Population structure 

¶ Economic structure of the city 

¶ Political preferences 

¶ Level of technological development 

¶ Transportation systems 

 

Such features have an impact on urban structure and urban resilience. The planning of urban space by taking 

geographical elements into consideration, evaluates the ways in which geographical elements and settlements come 

together, with their spatial dimensions, and addresses change over time. 

  

Kentlerin kuruluĸu, geliĸimi, b¿y¿mesi ve sosyo-ekonomik b¿y¿mesi lokasyonlarēna ve doĵal ortam ºzelliklerine 

baĵlē olarak deĵiĸmektedir. Y¿kselti, iklim, yer ĸekilleri, bakē, toprak ve hidrografya gibi doĵal ortam ºzelliklerinin 

birinin veya birka­ēnēn yerleĸme yeri se­iminde ºn plana ­ēktēĵē gºr¿l¿r [13]. The majority of settlements in Turkey 

have developed without taking into account the natural environment characteristics of the place where they were 
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established. Especially in cities with a deep-rooted history in terms of settlement history, cities grow towards the 

peripheries without taking structural features into consideration. However, cities that grow uncontrolled with rapid 

urbanization transform the natural environment with transportation, settlement texture and industrialization. In order 

to minimize the damages that may arise from this transformation, urban development must be controlled. "For this 

purpose, geological and geotechnical conditions as well as social, cultural and economic conditions of the region 

should be evaluated very well" [14]. However, in our country, urban plans are generally carried out on the basis of 

ready-made plans and thus the relations between the natural environment and urbanization remain in the second plan. 

Therefore, geological structure is one of the most important natural environmental features that should not be 

neglected in urban development, especially in site selection. 

  

Population criterion is an important factor to be taken into consideration in resilient urban structuring. "Population 

growth" refers to the density of the population in Turkey and the world as a result of the different design, distribution 

and dispersion of the population on the globe, continent, country, region and smaller geographical units, even on a 

neighborhood or street basis. Asylum seekers and refugees are the second global problem that is a derivative of 

population, and migration, as a movement of displacement, precedes geographical logic. According to the first census 

in 1927, Turkey had a population of 13,648,270, with 75.8% of the population living in towns and villages and 24.2% 

in provincial and district centers. According to the results of the Address Based Population Registration System 2021 

announced by TurkStat, 93.2% of the population lives in provincial and district centers (World Bank, 2021) (Chart 

1). With nearly half of the world's population now living in urban areas (projected to increase to two-thirds by 2050), 

urban areas are overpopulated beyond their carrying capacity, leading to urban problems.  Overpopulation negatively 

affects urban resilience.  In an overpopulated city, dealing with unexpected events such as natural disasters or 

epidemics can become more difficult. Therefore, it is important for local governments to consider overpopulation in 

urban planning and take necessary measures. 

 

 
Figure 1. Urban Population Rates in Turkey and the World by Years (%) Source: https://data.worldbank.org/indicator 

 

 Climate characteristics; the distribution of large cities on the world map proves the fact that climates 

suitable for human life are effective in the birth and development of cities. The dominant wind direction plays an 

important role in the placement of industrial-residential areas of cities. Settlements established in the fully dominant 

direction cause dust, smoke, soot and pollution [11]. Risks and threats such as extreme weather events, climate 

change, floods, floods, sea level rise, severe storms, drought, forest fires threaten urban areas. Environmental and 

socio-economic risks arising from climate characteristics differ according to the level of development of countries 

and the resilience levels of cities. Therefore, for urban resilience, it is important to know the resilience power of each 

city's physical, environmental, socio-economic and morphological characteristics against climate change in order to 

reveal the "resilient city" phenomenon. As Denton et al. (2014) [7]. state, in order to build resilient cities against 

climate change and climate-related uncertainties, it is necessary to both mitigate the risks, threats and impacts of 

climate change and ensure adaptation. 
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As a result, climate is one of the most important factors determining the general appearance and potential of a region. 

Since the climate is effective in various issues such as planning of the area, industrial site selection, agricultural 

potential, heating needs of dwellings, capacity of air conditioning facilities, road construction and even the 

construction of insurances related to natural disasters, applied climatology studies should be taken into consideration 

while planning. Applied climatology provides information on where, when and how to perform the work in the best 

and most rational way, as well as offering solutions to the problems to be encountered [2]. 

  

Thanks to urban planning, detailed information on the landforms, general geological structure, climatology, soil 

structure and vegetation distribution of the area contributes to the healthy execution of the planning phase and a 

detailed analysis of the area is made. As ¥ztan (1994:131) emphasizes, "in addition to the inevitable natural causes 

of the problems experienced, urban planning mistakes that do not comply with local principles and decisions, 

unconscious and unmethodical settlement area choices and uncontrolled, inadequate or incorrect technical initiatives 

in practice are much more important. 

 

As stated by Akdemir et al. (2015), "it is emphasized that the first preparation in the preparation phase of regional 

and city plans should be done primarily by geographers. However, by emphasizing that the plan will not be entirely 

the work of geography science, attention has been drawn to geographical knowledge in planning. In order to ensure 

resilience in planning, it is essential to determine the geographical potential of the area. The landforms, general 

geological structure, climatological characteristics, hydrography, water resources, soil structure and vegetation cover 

of the area where the city will be established should be determined through detailed research. 

 

The Role of Geographical Information in Urban Planning; Geographical information contains important 

information about the natural environment in which the city is built. Having this information offers various 

advantages in urban planning.  Some important aspects of the role of geographic information in urban planning: 

 

¶ Geology-Geomorphology Information: Understanding the geological and geomorphological conditions 

under which a city is built is important for the safety of settlements. Knowledge of geology and 

geomorphology forms the basis of urban resilience. Proper use of this knowledge helps cities become more 

resilient to natural disasters, environmental threats and other risks and supports urban sustainability. 

¶ Climate and Hydrography Knowledge: Climate conditions and the management of water resources are 

critical to urban sustainability. Geographic information is crucial for protecting water resources, reducing 

flood risks and optimizing energy consumption. 

¶ Vegetation and Pedology Knowledge: Knowledge of vegetation and soil properties is important for the 

protection of green areas, the development of agriculture and the preservation of environmental balance. 

¶ Population and Settlement Information: Identifying population distribution and settlement areas helps in 

planning infrastructure and services. As the population of cities increases, this information is needed to 

provide better services in areas such as transportation, education and health. 

¶ Knowledge of Urban Geography and Economic Activities: knowledge of urban geography and economic 

activities plays a critical role in strategic planning and management to enhance urban resilience. Based on 

this knowledge, factors such as job opportunities, infrastructure, environmental protection and social 

solidarity can strengthen urban resilience and enable cities to be better prepared for crises. 

 

Geographic Information Systems (GIS): A Key Tool for Urban Resilience 

 

Geographic Information Systems (GIS) and urban resilience are two important concepts that play a critical role in 

preparing for and coping with the various crises facing modern cities. With geographic information systems (GIS), 

applying geographic information to the city has become a functional situation. Practical benefits are provided with 

the help of three-dimensional visuals such as queries, comparisons and possible scenarios. Geographic Information 

Systems (GIS) is an information system created for collecting, entering, storing, querying, spatial analysis, displaying 

and outputting spatially based information (graphics and attributes) in computer environment. GIS uses both spatial 

data and non-spatial attribute data to solve spatial problems and answer some questions. This feature is the most 
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important feature that distinguishes GIS and GIS software from other software and systems (CAD mapping software, 

etc.). GIS constitutes the meeting point of technological fields and traditional disciplines. 

 

Coĵrafi Bilgi Sistemleri (CBS), kentsel diren­liliĵin fiziksel bileĸenlerinin analizinde kullanēlan bir 

ara­tēr. G¿n¿m¿zde, mek©nsal ve mek©nsal olmayan verilerden yararlanēlarak, afetler karĸēsēnda olasē risklerin 

ºngºr¿lmesi, gerekli analiz s¿re­lerinin y¿r¿t¿lmesi, hazērlēklē olma ve zarar azaltma aĸamalarē i­in gerekli eylem 

planlarē, politikalar ve uygulamalarēn hayata ge­irilmesi gibi t¿m aĸamalarda bilgi teknolojilerinin avantajlarēndan 

yararlanēlmaktadēr. Kentsel sistemler gibi karmaĸēk yapēdaki problemlerin ­ºz¿lmesi ve afet riskinin minimum 

d¿zeye indirilebilmesi i­in teknoloji tabanlē uygulamalar baĸvurulmasē gereken temel kaynaklar haline gelmiĸtir [6]; 

[20];[22].   

  

In interdisciplinary studies such as disaster management, GIS provides fast and effective solutions for purposes such 

as storing, analyzing, querying, mapping, managing spatial and non-spatial data that can be obtained from different 

institutions (relevant ministries, AFAD, local governments, universities, non-governmental organizations, etc.) in 

different formats (vector data, raster data, etc.), analyzing, querying, mapping, managing and directing the planning 

process by using them in decision support systems [3]. Through these web-based platforms, which are created using 

Geographic Information Systems (GIS) technologies and frequently updated, risk scenarios and policies can be 

developed at local and central scales in order to be more prepared and resilient in the face of disasters, and gains that 

will change the course of the pandemic in favor of humanity can be achieved [9]; [15]. GIS opens the door to new 

ways of thinking, planning and problem solving using spatial information. This technology is already in use in many 

public and private sectors, enabling decision-makers to present "information-oriented and complex data in a 

meaningful and visual way". GIS makes it possible to process and analyze more information in a short time.  

  

Geographic Information Systems (GIS), which stand out as an important tool for urban resilience, help cities to be 

more prepared for crises and manage them effectively. Here are some key points on the importance and role of GIS 

in urban resilience:  

 

¶ Risk Analysis and Mapping: GIS is a critical tool for identifying potential hazards and creating risk maps. 

Identifying factors such as earthquake hazard, flood risk, fire risk and mapping this information is a 

fundamental step in urban planning and crisis management. By showing these risks geographically, GIS 

helps identify which areas are more vulnerable. 

¶ Emergency Management: GIS increases the capacity for a quick and effective response in a crisis. By using 

geographic information data, emergency management teams can quickly reach the scene and effectively 

coordinate needs and resources. GIS also plays an important role in emergency planning processes such as 

determining evacuation routes and locating emergency shelters. 

¶ Infrastructure and Resource Management: For the sustainability and resilience of urban infrastructure, 

GIS provides the necessary data to maintain and improve infrastructure. The use of geographic information 

is critical for the management and emergency repair of basic services such as electricity, water, gas, 

communication. GIS is used to determine how this infrastructure can be improved according to settlements. 

¶ Urban Planning and Management: GIS improves and guides urban planning and management processes. 

Regulation of construction in risky areas, protection of green areas and planning of emergency evacuation 

routes become more effective with the use of geographic information. During urban planning, GIS makes it 

possible to design safer and more sustainable urban developments. 

 

GIS is therefore a fundamental tool to increase urban resilience and help cities become more prepared and resilient 

to crises. The geographical information provided by GIS can be used in many areas such as risk identification, crisis 

management, infrastructure improvement and urban planning to make the future of cities safer and more sustainable. 

Therefore, the role and importance of GIS in urban resilience is increasing. 

 

4. Conclusēon And Assessment 

 

Today, urbanization is increasing rapidly, posing new challenges to the sustainability and resilience of cities. 

However, one of the main reasons why cities are facing various problems is that in the past, and even today, 
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insufficient attention has been paid to land use and planning in harmony with the ground. This leads to the emergence 

of technical, administrative, financial and socio-cultural problems and bitter disasters. 

  

Urban resilience aims to help cities become resilient to such problems and cope with crises. Geographic information 

is a very important tool for achieving this resilience. Geographic information provides a better understanding of the 

relationship between cities and their natural environment. Analyzing natural factors such as geology, topography, 

hydrography, climate and many more helps to identify risks in advance. With the help of geographical information, 

it makes a great contribution to improving urban infrastructure, improving transportation, carrying out urban 

transformation works effectively and creating a healthier city and urban society. The use of geographic information 

to make cities safer and more sustainable plays a critical role in reducing environmental threats and minimizing the 

effects of disasters. 

  

Geography is a synthesis science that reveals the characteristics of spaces formed by the mixing of natural and human 

elements in different proportions according to place and time, and a cultural discipline that explains the reasons for 

the different appearances of spaces. Knowing the character of the place and evaluating it in line with the original 

place character, taking the dynamic harmony with the function area and its environment, that is, sustainability as a 

basis, is the main factor in making the planning safe, functional and economically feasible. As a result of the "risky 

urban fabric" built on natural problems of geological, topographic, morphological, hydrographic, meteorological 

origin in the urban fabric, cities with high vulnerability emerge. Therefore, one of the most realistic and fundamental 

ways to understand the typology and morphology of the city is to have geographical knowledge. The fact that the 

urban structure is not only composed of physical structures but also a social, political, economic, ideological, cultural 

structure imposes many different perspectives and different meanings. The city is not only a physical, ecological, but 

also a social, economic and political structure where resistance must be developed against deterioration and 

disturbances. 

  

The issue of which climate change-based disaster threats and their negative impacts the city will face and what is the 

vulnerability level of the city against them can be evaluated in the context of various factors such as geographical 

characteristics of the city, climate structure, population size, population density, vulnerable population size, income 

status and welfare level, socio-economic structure, size and distribution of urban green areas, access to health and 

infrastructure services, institutional structure. Thus, depending on the size of the area and population that will be 

exposed to the negative impacts of climate change, the size of permeable surfaces, socio-economic development 

level, access to infrastructure services, and the existence and effectiveness of disaster management, the capacity of a 

city to cope with disasters, to show resilience against disasters and to compensate / recover from possible damages 

as soon as possible is revealed. As a result, thanks to "geographic information" to create resilient cities:   

 

¶ To create resilient cities that do not threaten the environment and are not threatened by disasters, 

¶ To have knowledge of geology-geomorphology, climate, hydrography, vegetation, pedology related to the 

natural environment in which cities are established, as well as knowledge about population, settlement, 

housing, urban geography and economic activities related to the human environment, 

¶ That the continuous and uncontrolled growth of cities is contrary to the natural processes on which human 

well-being depends, 

¶ We should not forget that as long as we do not give due importance to the natural environment, social values, 

social needs and living together, we will face the risk of facing disasters. 

 

In conclusion, geographic information is a key element that shapes the future of cities. Geographic information should 

be recognized as a guiding principle in identifying and solving the fundamental problems facing the world. 

Integrating geographic information and logic is inevitable for cities to become resilient, protect the environment and 

ensure the safety of society. Therefore, the use of geographic information in urban planning and management is 

important for shaping the future of cities and creating a more livable world. 

5. References 
 

[1] Akdemir, Ķ. O. (2013). ķehirsel Fonksiyonlar-Doĵal Ortam Ķliĸkileri: Elazēĵ Eĵitim Fonksiyonu ¥rneĵi . Fērat 

¦niversitesi Sosyal Bilimler Dergisi , 23 (1) ,  



 
 
 
 
 

121 

 

[2] Akdemir, Ķ. O. , ¢aĵlēyan, A. & D.daĵlē, -. (2015). Kentsel Planlamada Coĵrafi Bilgi: Elazēĵ Uygulamasē . 

Fērat ¦niversitesi Harput Araĸtērmalarē Dergisi , 2 (1) , 53-76 .  

[3] Alkayis, M. H., Karslioglu A., Onur M. Ķ. (2022). ñMuĵla Ķli Menteĸe Yºresi Orman Yangēnē Risk Potansiyeli 

Haritasēnēn Coĵrafi Bilgi Sistemleri Ķle Belirlenmesiò. Geomatik Dergisi, 7 (1), 10- 16. 

[4] Brand, F.S and Reimer, M., (2013). Focusing the meaning(s) of resilience as a descriptive concept and a 

boundary  object, Ecolojy and society, cilt: 12, s.1.  

[5] Chelleri, Lorenzo (2012) ñFrom the óResilient Cityô to Urban Resilience A Review Essay on Understanding 

and Ķntegrating The Resilience Perspective for Urban Systemsò, Documents dôAn¨lisi Geogr¨fica, 58(2): 287-

306.  

[6] ¢aĵlayan, N., Satoĵlu, ķ. I., Kapukaya, E. N. (2018). ñAfet Yºnetiminde B¿y¿k Veri Ve Veri Analitiĵi 

Uygulamalarē: Literat¿r Araĸtērmasēò, 7. Ulusal Lojistik ve Tedarik Zinciri Kongresi, ULTZK 2018 Bildiriler 

Kitabē, 3-5 Mayēs 2018, Bursa. 

[7] Denton, F., Wilbanks, T. J., Abeysinghe, A. C., Burton, I., Gao, M. C., Lemos, T., Masui, K.L., Brien, O., 

Warner, K. (2014), Climate-Resilient Pathways: Adaptation, Mitigation, AndSustainable Development In 

Climate Change: Impacts, Adaptation, And Vulnerability. Part A:Global And Sectoral Aspects. Contribution 

Of Working Group II To The Fifth AssessmentReport Of The Intergovernmental Panel On Climate Change. 

Cambridge University Press, Cambridge, United Kingdom and New York, USA, 1101-1131. 

[8] Desouza, Kevin C. ve Trevor H. Flanery (2013), ñDesigning, Planning and Managing Resilient Cities: A 

Conceptual Frameworkò, Cities, 35 : 89-99.  

[9] Henderson, J. C., Venkatraman, H. (1999). ñStrategic alignment: Leveraging information technology for 

transforming organizationsò. IBM Systems Journal, Vol. 38, 2.3, pp. 472-484. 

[10] Holling, c.s. (1973), ñResilience and Stability of Ecological Systemsò, Annual Review of Ecology and 

Systematics, 4: 1-23. 

[11] Karadaĵ A. 2000, Kentleĸme S¿reci, ¢evresel Etkileri Ve Sorunlarē Ķle Ķzmir, Egekoop, Ķzmir. 

[12] Karadaĵ, A. (2009). Kentsel Ekoloji : Kentsel ¢evre Analizlerinde Coĵrafi Yaklaĸim . Ege Coĵrafya Dergisi 
, 18 (1-2) , 31-47 . 

[13] Karadoĵan, S. (2019). Kuruluĸ Yeri A­ēsēndan Diyarbakēr Kentinin Sit¿asyonu ve Jeoloji-Jeomorfoloji 

Ķliĸkileri. Uluslararasē Katēlēmlē 72. T¿rkiye Jeoloji Kurultayē (s. 890-895). Jeoloji M¿hendisleri Odasē, 

Ankara. 

[14] Kasapoĵlu, E. (2007). TMMOB Jeoloji M¿hendisleri Odasē. Haber B¿lteni, s. 3. 

[15] Memiĸ, L., Babaoĵlu, C. (2020). ñAcil Durum ve Afet Yºnetiminde S¿re­ Yaklaĸēmē Ve Teknolojiò. ¥mer 
Halisdemir ¦niversitesi Ķktisadi ve Ķdari Bilimler Fak¿ltesi Dergisi, 13 (4), 776- 791.1. 

[16] ¥ztaĸ T., 1994; ñJeoloji de Yeni Odak Noktasē : Kent ve ¢evre Jeolojisi,ò 47. T¿rkiye Jeoloji Kurultayē Bildiri 

¥zleri, Ankara. 

[17] ¥ztaĸ, T., 2012, ñPlanlama Disiplininde Zorunlu Yeni Odak: Kentsel Jeoloji,ò TMMOB Jeoloji M¿hendisleri 
Odasē, Haber B¿lteni, No:22, Ankara.   

[18] Servillo, L. and Reimer, M., (2013). ñStrategic Spatial Planning and Institutional Resilience: Theoretical 

Thoughts and some Empirical Devicesò, AESOP-ACSP 5th Ortak Konferansē Bildiri Kitap­ēĵē, 15-19 

Temmuz 2013, Dublin.    

[19] Spaans, M., Bas Warterhout (2017), ñBuilding up Reilience in Cities Worldwide-Rotterdam as Participant in 

the 100 Resilient Cities Programme, Cities, 61: 109-116. 

[20] Sun, W., Bocchini, P., Davison, B. D. (2020). ñApplications of artificial intelligence for disaster managementò, 
Natural Hazards (2020) 103:2631ï2689, https://doi.org/10.1007/s11069-020- 04124-3. 

[21] Yaman Galantini, Z. D., 2019, ñBelirsizliklere Karĸē Kurumsal Dayanēklēlēk ve Beĸ Bileĸenli Kent Planlama 
S¿reciò, D¿nya ķehircilik G¿n¿ 43. Kolokyumu: ñPlanlama, Kavramlar ve Arayēĸlarò Bildiri Sunumu, 7-9 

Kasēm 2019, TED ¦niversitesi, Ankara. 

[22] Yiĵitcanlar, T., Desouza, K. C., Butler, L, Roozkhosh, F. (2020). ñContributions and Risks of Artificial 

Intelligence (AI) in Building Smarter Cities: Insights from a Systematic Review of the Literatureò, Energies 

2020, 13, 1473; doi:10.3390/en13061473.  

https://doi.org/10.1007/s11069-020-%2004124-3


 
 
 
 

 

 
 

 
           International Conference on Advances and  
                           Innovations in Engineering 

 

 

 

122 

 

 

Gokhan Onder ERGUVEN1, Numan YILDIRIM2, Nuran Cēkcēkoglu YILDIRIM 3 

 
1 Munzur Unēversity, Faculty of Economics and Administrative Sciences, Department of Urbanization and Environmental Issues, Tunceli, 

Turkey 
2 Munzur University, Tunceli Vocational School, Department of Plant and Animal Production, Organic Agriculture Programme, Tunceli, 

Turkey 
3Munzur University, Pertek Sakine Gen­ Vocational School, Department of Veterinary Medicine, Laboratorian and Veterinarian Health 

Programme, Tunceli, Turkey 

1 gokhanondererguven@gmail.com, 2 numanyildirim44@gmail.com, 3 nurancyildirim@gmail.com 
 

1(ORCID: 0000-0003-1573-080X),3(ORCID: 0000-0003-1109-8106), 4(ORCID: 0000-0003-3975-6705) 
 

Abstract 
Pesticides are essential tools in modern agriculture, aiding in the protection of crops against various pests and diseases. However, 

their pervasive use has raised significant concerns regarding their impact on aquatic ecosystems. This review provides a succinct 

overview of the effects of pesticides on these delicate environments, synthesizing key research findings and highlighting the 

urgency of addressing this issue. Pesticides can have direct toxic effects on aquatic organisms, including fish, amphibians, 

invertebrates, and even microorganisms. These toxic impacts can lead to reduced populations and potential disruptions to the 

ecosystem's structure and function.  Pesticides can set off a chain reaction of ecological consequences. By targeting specific pest 

species, they can inadvertently disrupt natural predator-prey dynamics, potentially leading to cascading effects throughout the 

food web. Pesticides can degrade water quality by altering nutrient levels, reducing dissolved oxygen, and affecting pH levels. 

These changes can disrupt the overall health of aquatic systems, making them less habitable for native species. Certain pesticides 

have the ability to bioaccumulate in aquatic organisms. This bioaccumulation can lead to elevated pesticide concentrations in 

species higher up the food chain, ultimately affecting not only wildlife but also human health when contaminated organisms are 

consumed. 

The aim of this review is to shed light on the critical issue of pesticide pollution in aquatic ecosystems, emphasizing the far-

reaching consequences it holds for both the environment and human society. In this text, we endeavor to provide a comprehensive 

understanding of how pesticides, despite their agricultural benefits, can disrupt the delicate balance of aquatic ecosystems. 

 

Keywords: ecosystem, biomagnification, pesticides, toxic effect  

 

                                                           
1Corresponding author 

The Effects of Pesticides on Aquatic Ecosystems 

mailto:numanyildirim44@gmail.com


 
 

 

123 

 

1. Introduction  

 

Pesticides, while designed to protect crops and manage pest populations, have become a significant environmental 

concern due to their potential as pollutants. When pesticides are used in agricultural and non-agricultural activities, 

they can enter ecosystems and water bodies, leading to a range of environmental problems [1]. 

 

2. Pesticides 

 

Pesticides are a vital component of modern agriculture, serving as a crucial tool to protect crops from pests, diseases, 

and weeds. They have played a significant role in increasing food production, ensuring food security, and reducing 

crop losses due to various threats. However, the use of pesticides also raises important environmental and health 

concerns, necessitating a careful balance between their agricultural necessity and environmental responsibility. 

Pesticides are classified into different categories based on their mode of action, chemical composition, and intended 

use. Here is an overview of the main types of pesticide classification [2] 

 

2.1. Based on target pest 

 

Insecticides: These pesticides are designed to control insects, including pests like aphids, mosquitoes, and 

caterpillars. Insecticides can be further classified based on their target insects, such as herbivorous, sap-

sucking, or chewing insects [3]. 

 

Herbicides: Herbicides are used to control unwanted vegetation or weeds that compete with crops for 

nutrients, water, and sunlight. They are designed to selectively target plants while minimizing harm to other 

organisms [4]. 

 

Fungicides: Fungicides are used to prevent or treat fungal infections in plants, such as powdery mildew, 

rust, or blight. They help protect crops from diseases caused by fungi [5]. 

 

Rodenticides: These pesticides are formulated to control rodent pests, including rats and mice. They are 

used in agricultural and urban settings to prevent damage and disease transmission. In developed countries, 

rodenticides are primarily used to control commensal rodents such as brown rat (Rattus norvegicus), roof 

rat (R. rattus), and house mice (Mus spp.) for hygienic and public health reasons, in agricultural animal 

husbandry, in the food industry, and to a lesser extent for storage and material protection. Rodents pose a 

hazard to human health because they carry and transmit a vast array of diseases to humans and their 

domesticated animals [6]. 
 

2.2. Based on chemical composition 
 

Organophosphates: This class of pesticides includes compounds like malathion and diazinon. They affect 

the nervous system of pests and are used to control a wide range of insects and some mites [7]. 

 

Pyrethroids: Pyrethroids, such as permethrin and cypermethrin, are synthetic chemicals modeled after 

pyrethrins, natural insecticides derived from chrysanthemum flowers. They target a variety of insects. Six 

natural pyrethrins are insecticidally active chemicals in pyrethrum and are formed by cyclopropylcarboxylic 

acid and cyclopentenone (or alcohol) through esterification. Pyrethroids are biomimetically synthesized by 

chemical methods of simulating the structure of pyrethrins [8]. 

 

Neonicotinoids: Neonicotinoid pesticides, like imidacloprid and clothianidin, affect the central nervous 

system of insects and are commonly used in agriculture. Neonicotinoids (NEOs), a class of relatively highly 

selective insecticides, have quickly swept one-fourth of the global market since the launch of imidacloprid 

(IMI) in 1991 [9]. 
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Glyphosate: Glyphosate is a widely used non-selective herbicide that inhibits the growth of plants by 

interfering with their ability to produce essential proteins. These compounds are usually classified by their 

herbicidal mode of action and their molecular targets . Atrazine, a member of triazines family, is a 

photosynthesis inhibitor. It interacts with the D1 protein of plant cellsô photosystem II (PSII), impairing the 

electron transport chain [10]. 
 

2.2. Based on mode of action 
 

Contact Pesticides: These pesticides work upon direct contact with the target pest. They are often used for 

fast-acting control but may require thorough coverage.  

Systemic Pesticides: Systemic pesticides are absorbed by plants and then ingested by pests that feed on 

them. They offer longer-lasting protection.  

 

Residual Pesticides: Residual pesticides remain effective for an extended period after application. They are 

often used to create a barrier against pests.  

 

Fumigants: Fumigant pesticides are volatile compounds that form toxic gases when applied. They are used 

to control pests in enclosed spaces like grain storage facilities [11]. 
 

3. Pesticides as a pollutant 

 

3.1. Distruption of food webs 
 

Aquatic ecosystems rely on intricate food webs where various species are interconnected. When pesticides 

are introduced into these systems, they can have a cascading effect. The elimination of certain species due 

to pesticide exposure can disrupt the balance of these food webs. For example, the loss of aquatic insects 

can harm fish populations that depend on them for food. Any insecticide can disrupt a food web when 

susceptible species directly encounter toxic residues at the time of application or come into contact with 

contaminated media. This environmental exposure, at lethal or sublethal levels, can weaken links in food 

webs and, depending on the trophic level affected, can reduce prey availability, alter competition, and 

release prey from top-down control [12]. 
 

3.2. Habitat alteration  
 

Pesticides that find their way into aquatic systems can lead to habitat alterations. Herbicides, for instance, may kill 

aquatic plants, leading to reduced oxygen levels and changes in water chemistry. This can have a detrimental impact 

on the entire ecosystem, affecting both aquatic flora and fauna [13]. 

 

3.3. Bioaccumulation 
 

Some pesticides are persistent and can accumulate in the tissues of aquatic organisms. This process, known 

as bioaccumulation, can result in high concentrations of pesticides in top predators. When humans consume 

fish or other aquatic species exposed to pesticides, they may unknowingly ingest these harmful chemicals, 

posing risks to human health. Most of the pesticides used are a threat to living organisms, both terrestrial 

and aquatic, due to their high toxicity and ability to bioaccumulate [14]. 
 

3.4. Algal Blooms 

Certain pesticides, such as those used in agriculture, can promote the growth of algae in water bodies. Algal 

blooms can deplete oxygen levels in water, leading to "dead zones" where aquatic life cannot thrive. These 

dead zones can have devastating effects on aquatic ecosystems and the organisms that depend on them. The 
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lethal effect of four insecticides (chlorpyrifos, diazinon, endosulfan and malathion) applied at 10 or 40 ɛg/L 

on waterfleas and copepods induced trophic cascades that facilitated algal blooms and abiotic changes [15]. 
 

3.5. Contamination of Drinking Water 
  

Pesticides can leach into groundwater and contaminate drinking water supplies, affecting human health. 

Vulnerable communities that rely on these water sources may be at risk of exposure to pesticide residues 

The traditional pesticide before the 1940s was derived from the toxic heavy metal of arsenic, copper, lead 

and mercury. These chemicals are partially soluble in water; therefore, their residues present in foods are 

of far greater concern than in drinking water [16]. 
 

3.6. Pesticide Toxicity in Aquatic Ecosystems 
 

Pesticides are designed to be toxic to target pests, but they can also harm non-target organisms in aquatic 

environments. Fish, amphibians, aquatic invertebrates, and even aquatic plants can be highly sensitive to 

pesticide exposure. Pesticides may disrupt the nervous systems of aquatic organisms, impair their 

reproduction, or cause acute and chronic health issues [17]. 

 

Pesticides, designed to combat pests and boost agricultural productivity, are a double-edged sword when it 

comes to aquatic ecosystems. While they are effective in controlling crop-damaging pests on land, these 

chemical warriors can become aquatic assailants when they find their way into water bodies. The toxicity 

of pesticides in aquatic ecosystems is a complex and concerning issue that warrants careful examination. 

Among all the toxic substances that run off into the aquatic ecosystem, pesticides are of major concern as 

they are known to cause serious threats to the biological organisms, including human beings. Through 

several different routes such as spillage, industrial effluent, surface runoff, or through pesticide-treated 

soils, these toxic substances enter into the water sources [17-18]. 

 

3.6.1. Routes of Entry into Aquatic Ecosystems 
 

Pesticides can infiltrate aquatic ecosystems through various pathways: 

 

Surface Runoff: Rainwater or irrigation can carry pesticide residues from treated fields into nearby rivers, 

lakes, and streams.  

 

Leaching: Pesticides can percolate through soil and into groundwater, eventually reaching surface water 

bodies or contaminating drinking water supplies.  

 

Drift:  During pesticide application, wind can carry pesticide particles away from their intended target areas, 

depositing them into adjacent water bodies or sensitive habitats. Through several different routes such as 

spillage, industrial effluent, surface runoff, or through pesticide-treated soils, these toxic substances enter 

into the water sources [19-20]. 
 

3.6.2. Toxic Effects on Aquatic Life 
 

Pesticides, once introduced into aquatic ecosystems, can have a range of toxic effects: 

 

Direct Mortality: Many pesticides are toxic to aquatic organisms upon direct contact or ingestion. Fish, 

amphibians, aquatic invertebrates, and even aquatic plants can suffer from acute poisoning, which can lead 

to death.  
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Sublethal Effects: Even non-lethal pesticide exposures can have detrimental effects. Sublethal doses can 

disrupt behavior, reproduction, and growth, ultimately affecting the population dynamics of aquatic species.  

 

Bioaccumulation: Some pesticides are persistent and can accumulate in the tissues of aquatic organisms 

over time. This bioaccumulation can lead to high concentrations of pesticides in top predators, increasing 

their vulnerability to toxic effects.  

 

Altered Ecosystem Dynamics: Pesticides can disrupt the delicate balance of aquatic ecosystems by affecting 

the abundance and distribution of species. For example, the elimination of aquatic insects can harm fish 

populations that rely on them as a food source [21-23]. 
 

3.6.3. Environmental Persistence 

 

Certain pesticides are designed to persist in the environment, which can exacerbate their toxicity in aquatic 

ecosystems. Persistent pesticides can accumulate in sediments, where they may remain for extended 

periods, continuing to impact aquatic life long after their initial application [24]. 

 

3.6.4. Human Health Concerns 

 

Pesticides that contaminate water bodies can pose risks to human health when used for drinking water 

supplies or recreational activities. Additionally, pesticide residues on fish and other aquatic organisms can 

pose health concerns when consumed by humans. It has been shown that exposure to pesticide residues 

may cause reproductive toxicity to both men and women, disruption in the endocrine system, enhancement 

of human breast cancer and prostate cancer, Parkinson's disease, and cardiovascular toxicity [25-29]. 

 

Pesticide toxicity in aquatic ecosystems is a critical environmental concern that demands careful 

consideration and responsible management. Balancing the need for pest control in agriculture with the 

protection of aquatic habitats is crucial for preserving biodiversity, safeguarding human health, and 

maintaining the health of our water bodies. Achieving this balance requires a collaborative effort among 

farmers, regulators, scientists, and the public to mitigate the detrimental effects of pesticides on aquatic 

ecosystems [27-28]. 
 

4. Conclusion 

 

In conclusion, the effects of pesticides on aquatic ecosystems are undeniably significant and multifaceted. 

While pesticides serve a crucial role in modern agriculture by safeguarding crops against pests, they also 

pose a considerable threat to the delicate balance of aquatic environments. The unintended consequences 

of pesticide use in these ecosystems are far-reaching and encompass a range of ecological, biological, and 

environmental impacts. 

 

Pesticides, when they enter aquatic systems through runoff, drift, or direct application, can exhibit toxic 

effects on various aquatic organisms, from fish and amphibians to invertebrates and plants. These toxic 

effects can disrupt the normal functioning of these ecosystems, leading to imbalances in food chains, 

biodiversity loss, and habitat alterations. 

 

Moreover, pesticides have the potential to persist in water bodies, posing long-term threats to aquatic life, 

as well as human health when contaminated water sources are used for consumption. The phenomenon of 

bioaccumulation further exacerbates these concerns, as higher trophic level organisms may accumulate 

pesticide residues to dangerous levels. 
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Efforts to address the detrimental effects of pesticides on aquatic ecosystems require a multi-pronged 

approach. This includes the promotion of responsible pesticide use practices, the development and adoption 

of integrated pest management strategies, and the continual improvement of pesticide formulations that are 

less harmful to non-target species and the environment. Robust regulatory frameworks, strict monitoring, 

and public education also play pivotal roles in safeguarding these vital ecosystems. 

 

In this ever-evolving relationship between agriculture and the environment, striking a balance is paramount. 

The challenge lies in ensuring food security and sustainable agricultural practices while minimizing the 

ecological and health risks posed by pesticide pollution in our aquatic ecosystems. A harmonious 

coexistence between agriculture and the environment is not only possible but essential for the well-being 

of both ecosystems and humanity in the long term. 
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Abstract 
 
Heavy metal pollution in aquatic environments poses a growing global concern due to its detrimental impact on ecosystem health, 

biodiversity, and human well-being. This review provides a comprehensive examination of the sources, distribution, and 

ecological risks associated with heavy metal contamination in aquatic ecosystems. It synthesizes recent research findings and 

emphasizes the urgent need for effective mitigation and management strategies. The review elucidates various sources of heavy 

metal contamination, including industrial discharges, agricultural runoff, urbanization, and atmospheric deposition. It 

underscores the role of anthropogenic activities in exacerbating metal concentrations in aquatic systems. Through a thorough 

analysis, the review maps the pathways of heavy metals in aquatic ecosystems, from entry points to their transport, 

transformation, and accumulation in sediments and biota. It highlights the complexity of metal dynamics and their persistence 

in aquatic environments. The article investigates the adverse ecological consequences of heavy metal contamination, including 

toxicity to aquatic organisms, disruptions in food webs, and long-term ecosystem degradation. 

This comprehensive review underscores the critical need to address heavy metal pollution in aquatic environments as a pressing 

global environmental challenge. The synthesis of recent research findings and the emphasis on mitigation and management 

strategies underscore the urgency of taking concerted action to safeguard the health and sustainability of our aquatic ecosystems. 

 

Keywords: Heavy metals, Aquatic Environments, Toxic effect 

 

1. Introduction  
 

Accumulation of heavy metals (HMs) in receiving aquatic environments constitutes a problem on a universal scale 

as it causes bioaccumulation in aquatic organisms. All previous studies have shown that HM accumulation causes 

dangerously toxic effects on aquatic organisms. Common toxicities caused by HMs also include growth inhibition 

of living things, decreased survival ability, oxidative stress formation, tissue damage, respiratory tract obstruction, 

and intestinal microbial dysbiosis. 

 

The most important problems caused by HM accumulation are exposure to various toxic effects (oxidative stress, 

inflammation, histological damage and genetic mutations) and microbial changes that occur in the intestines. [1]. 

Since heavy metals also contain toxic properties, when they penetrate the body through permeable membranes (such 

as gills), the natural metal ions of metabolic enzymes are changed and protein structures are disrupted, DNA cross-

links are formed that can disrupt the cell cycle, and pose a problem when they interfere with different reactions [2]. 
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When aquatic environments are exposed to heavy metal pollution, it is inevitable that another component of aquatic 

environments is heavy metal toxicity. The majority of these heavy metal sources consist of industrial wastewater 

containing numerous types of heavy metals, wastewater from mining activities and finally urban sewage water [3]. 

Although the degradation of heavy metals is quite laborious and difficult, they pose serious dangers in terms of 

environmental safety, living food and health, thanks to the bond chains they have, as their bioaccumulation becomes 

easier in living organisms. As a result, it is important to evaluate and detect the impact of heavy metals on ecological 

societies [5]. 

 

It is obvious that living creatures in the aquatic environment and people who benefit from these environments can be 

negatively affected by pollution caused by industry, transportation, agriculture, mining, energy production, nuclear 

energy, weapons production, and other activities. Some pollutants, especially heavy metals, that penetrate aquatic 

environments cause bioaccumulation in biota in water systems, with to their properties of being both persistent and 

toxic. The pollution load caused by heavy metals from industrial and agricultural activities negatively affects fish 

and wildlife. Acidic conditions accumulated in streams, rivers and lakes exposed to pollution from metal mining 

operations are factors that increase toxicity [6]. The sources of heavy metals naturally found in coastal ecosystems 

are anthropogenic practices such as mining, urban development, wastewater treatment, agriculture, burning of fossil 

fuels, marine disposal of municipal solid waste and anti-fouling paints [6]. 

 

The ways that living things in the marine ecosystem are exposed to heavy metals consist of ingestion through 

digestion, passage into the intestines, and entry into the gills through respiration [7]. When heavy metal intake 

exceeds the threshold value for detoxification and excretion, these toxic substances will bioaccumulate in various 

tissues, including the gills, intestine, liver, muscle and kidneys, and therefore these substances reaching high 

concentrations can cause death due to poisoning in fish, reduced growth, reproductive disorders, respiratory and It 

may cause toxic effects such as damage to osmoregulation and so on. 

 

Oxidative stress may occur in sharks and many other aquatic creatures damaged by heavy metals [10]. Accumulation 

of heavy metals in the tissues of aquatic organisms can also penetrate biological molecules, resulting in the formation 

of reactive oxygen species (ROS), which cause protein denaturation, lipid peroxidation, and DNA mutations. 

Specifically, transition metals react with hydrogen peroxide and also induce oxidative stress, primarily through the 

Fenton reaction. As a result, hydroxyl radical formation occurs [12]. Enzymes such as superoxide dismutase (SOD), 

catalase (CAT) and glutathione peroxidase (GPx) are involved in the conversion of ROS into harmless forms [13]. 

SOD catalyzes the conversion of superoxide anion radical to hydrogen peroxide, and through the enzymatic action 

of CAT or GPx, hydrogen peroxide is also converted to water [12]. 

 

Scientists believe that many living organisms, including fish, need trace amounts of heavy metals to continue their 

vital activities. Of course, excessive amounts of some heavy metals can also harm organisms, while mercury, lead 

and cadmium do not have much effect on organisms, and long-term exposure in the body can cause fatal or permanent 

diseases. Heavy metals are also elements that have a density of at least 5 times the density of water. Toxicity caused 

by heavy metals, as well as other metals or elements that may cause toxic effects, depends on the route of exposure, 

the nutritional status of exposed individuals, the chemical species or the age, genetics, and sex of the organism [15]. 

Organisms, including fish species, absorb toxic substances from water (directly) and food chains (indirectly). Some 

toxic effects of heavy metals on fish and aquatic invertebrates lead to reduced developmental activities, increased 

developmental abnormalities, or reduced survival of fish (especially at the beginning of exogenous feeding), and the 

extinction of entire populations in contaminated reservoirs. [16]. Heavy metals generally penetrate aquatic animals 

through their primary food sources. In fish, they can enter through mechanical capture of suspended hydroxide 

particles in the gills as well as through chemical adsorption of ions on the mucous membrane [17]. 

The presence of metals in the aquatic environment may vary. If we list these differences, they can be in dissolved, 

particulate, or chelated/combined forms in sediments or aquatic organisms [18]. It has been determined that heavy 

metals such as Pb, Fe, Mn, Ni, Zn and Cr, which are found in dissolved or particulate forms in the Pacific and Atlantic 

Oceans, cause pollution [19]. It has also been determined that freshwater bodies (such as rivers and lakes) contain 

high concentrations of heavy metals (such as Cr, Cd, Cu, Zn and Pb) [20]. It is known that atmospheric accumulations 

created by such heavy metals can enter the receiving aquatic environments due to erosion, surface runoff and 

precipitation and cause pollution [20]. The stable state of water in its environment, higher retention time and depth 

of the water column cause heavy metals to remain in sediments for a long time and accumulate directly, and because 
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of this situation, aquatic ecosystems also serve as a storage unit or tank. Heavy metals are then incorporated into 

streams or tributaries of streams and are transported from there to the oceans [21]. Aquatic living organisms such as 

molluscs, crustaceans, fish [22], squids [23] and sharks [24] indicate high accumulation of different heavy metals 

(such as Cu, Hg, Zn, Pb, Cd, Cr, Ni). Heavy metal accumulation causes various toxic effects that can be lethal in 

organisms. 

 

2. Material and Method 

 

In this review study, references from some studies on pollution caused by heavy metal loads penetrating the aquatic 

receiving environment ecosystems and enzyme activities activated due to such pollution are mentioned. 

 

In a study conducted by Dudley et al. (2000), they stated that the enzymes of some shark species carry out 

simultaneous purification activities [25]. It has been stated that the differences in heavy metal concentrations taken 

up by tissues between species are greatly affected by trophic levels and related nutrition, as well as by ecology [26]. 

 

The thesis defended by Gilbert et al. (2015) is that it has been reported that heavy metal concentrations of Cd, Cu 

and Zn are found in the muscle tissues of dusky, sandy (Carcharhinus plumbeus) and white sharks in southeastern 

Australian waters [27]. Where this study differs from other studies is that the observed metal values were also found 

in other shark species, including blue sharks, milk sharks (Rhizoprionodon acutus), star hounds (Mustelus asterias), 

shortfin makos, and Atlantic sharpnose sharks (R. terraenovae). It was among the values observed and reported in 

the literature. (Wosnick et al., 2021) [28]. 

 

Carlson et al. (2008) defined a different ecological niche in another study on the effects of heavy metals on sharpnose 

sharks in the Atlantic. [29]. V®lez-Alavez et al. (2013) similarly determined that SOD activity was detected in higher 

CAT and GPx only in short-finned makos. [30]. L·pez-Cruz et al. (2010), when they compared white and tiger 

sharks, they found that silky shark (Carcharhinus falciformis), short-finned mako and smooth hammerhead (Sphyra 

zygaena) sharks had similar CAT activity and lower GPx activity [31]. It is apparent that differences in shark activity 

level can also lead to differences in antioxidant enzyme concentration among various species. ROS, on the other 

hand, causes an increase in oxygen flow to the mitochondria in muscle cells and therefore causes inefficiency in 

electron transport to be produced during exercise [32]. Considering all these reasons, it is believed that sharks that 

are more active may cause higher baseline values of antioxidant enzymes to protect against oxygen damage during 

vital activities [30]. This protects them against accidental metal exposure. Other factors such as the organism's 

metabolic activities, environmental conditions, age, gender, physiological state, individual behavior, and nutritional 

habits can also affect ROS production and antioxidant capacity. 

 

Antioxidant enzyme activity increases with low metal exposure levels and may decrease with higher metal exposure 

levels. [32]. In their study, Barrera-Garc²a et al. (2012) described the correlations between oxidative stress indicators 

and trace elements (Zn, Cd, and arsenic [As]) in the livers and kidneys of blue sharks [33]. 

 

Yazdi et al. (2012), in their study on carnivorous and herbivorous fish, stated that these metals remained at the same 

level in two different trophic levels because they contained equal amounts of Cu and Zn [34]. Hosseini et al. (2015) 

showed that the heavy metal content (Cd, Co, Cu, Ni, Pb, Fe and Hg) in fish off the Khuzestan coast (northwest of 

the Persian Gulf) changed strongly due to habitat and food preference habits [35]. 

 

In a study conducted by Mazej et al. (2010) on the tissues of fish in Lake Velenjsko (Slovenia), they found that Zn 

and Hg values in muscle, liver and gills differed between tissues and species [36]. Klavins et al. (2009) found the 

highest metal concentration (including Cu and Zn) in two organs of sea bass (liver and gills) and the lowest metal 

concentration in the muscles of this species (inland waters of Latvia) [37]. Jªrv et al. (2013) determined more Hg in 

sea bass muscles than in the liver and higher Zn and Cu content in the liver than in the muscles of this species [38]. 

Sveceviļius et al. (2014) also reported that Zn accumulated mostly in the gills and Hg accumulated in the muscles of 

the fish examined [39]. According to Joviļiĺ et al. (2014), it was concluded that the data obtained because of direct 

exposure of gills to pollutants in water could be an important indicator of water quality [40]. 
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According to Jezierska and Witeska (2001), when the liver/muscle ratio is below 1, the mercury content in the 

muscles is higher than in the liver [41]. These researchers have proven that high metal concentrations in the liver are 

closely related to the excretion and detoxification processes occurring in these organs. 

 

Previous studies have shown that zinc levels in the muscle tissues of sea bass in Lake Plusz are negatively related to 

sea bass size [42]. It was concluded that the correlations discussed in this study were not statistically significant, but 

these results were compatible with the data of previous studies. Miloskovic and Simic (2015) also argued that the 

accumulation of heavy metals As, Sn, Ni, Co, Al, Se, and Fe is related to fish body mass index and weight [43]. In 

another study, Szarek-Gwiazda and Amirowicz (2006) observed a relationship between fish length or body weight 

and Cu concentration in the studied tissues (liver, kidney, muscles, and gills) of sea bass and roach [44]. No 

statistically significant correlation could be detected between the accumulation of zinc and copper in the muscle 

tissues of sea bass and the weight or length of these fish (P > 0.05) [45]. heavy metal levels of Hg, Zn, Pb, Cd and 

Cr increased with size increase in the species in the Dije river basin (Dvorak et al., 2014) [46]. A significant positive 

relationship between body weight and Hg levels in cockroaches from the Odra River (Poland) was also reported by 

Kalisinska et al. (2017) observed. [47]. Sveceviļius et al. (2014) also found a statistically significant positive 

correlation between the Cu content in the liver and the hepatosomatic index (r = 0.92) of predatory fish (2014) [48]. 

 

Alkan et al. (2016) determined different correlations between GSI or FCF of fish species (Trachurus mediterraneus, 

Engraulis encrasicolus ponticus and Sprattus sprattus) in their investigation with metals including Cu and Zn [49]. 

No±l et al. (2013) also determined the mercury content in the muscles of eight freshwater fish from different fishing 

areas of France (2013) [50]. 

 

3. Conclusion 

 

Even though the heavy metal pollution index has low values, the diversity and quality of fish species can be good 

indicators of water quality. Similarly, when the danger index values that can be created by the targeted hazardous 

elements are high level, it is believed that this situation is important for other people who use the receiving 

environments for recreational purposes. Therefore, we recommend that more research is needed in this area to better 

understand the effects of heavy metals on the biotic factors of organisms in the receiving environment and whether 

they pose a health hazard to other fish species in this ecosystem. 

 

Heavy metals can bioaccumulate in all organisms in the aquatic food chain (including algae, zooplankton, molluscs, 

crustaceans, benthic animals, as well as sharks and mammals), mostly in the gills, and these substances are highly 

toxic. The accumulation of these substances can increase out of the body with increasing trophic levels, and top 

predators can accumulate them at the maximum level with the help of the food chain. There are many studies 

examining the toxic effects of major heavy metals (such as Cd, Cu, As and Hg) on aquatic organisms (especially fish 

and crustaceans). However, toxicological studies are mostly limited to physiological, biochemical and histological 

changes. The scarcity of research on the intestinal microbiota should direct researchers to work in this field. 
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Abstract 
 

Since green buildings are designed and built in accordance with certain standards, design and construction practices 

that cause less harm to residents than standard buildings. In this study, it is aimed to evaluate the land in the most 

appropriate way, to use recyclable and recyclable materials, to turn to renewable energy sources, to consume fossil 

fuels as little as possible, to make maximum use of daylight, to control indoor air quality, to save on heating, cooling 

and lighting costs, to use gray water, The negative aspects of buildings that give importance to rainwater collection 

and treatment, encourage solid waste management and maximize roof, wall and window insulation are also explained. 

The construction technology in the traditional construction sector and the techniques used, as well as environmentalist 

preperations, are brought along. However, despite all these negativities, the development of environmental problems 

in the sector will gain momentum with the spread of greenhouses. 
 

Keywords: Green buildings, Recyclable materials, Renewable energy sources 

 

1. Introduction 

 

The need for energy, one of today's priority needs, has led people to renewable energy sources and the construction 

of sustainable/green buildings. Green buildings are structures that cause less harm to the environment than buildings 

constructed using traditional methods. These buildings not only minimize the current energy need but also bring a 

horizon-opening vision to the construction industry in terms of art and design. 

 

2. Green buildings 

 

Green building is a design and construction practice that causes less harm to residents and the environment than 

standard buildings because it is designed and built in accordance with certain standards. Green Buildings are also 

known as sustainable buildings [1]. 

Article 4 of the Green Certificate Regulation for Buildings and Settlements, which came into force after being 

published in the Official Gazette dated 12.06.2022 and numbered 31864, states that ñGreen building: Site selection, 

design, construction, operation, maintenance, renovation, demolition, disposal of waste and wastewater.ò It refers to 

a building that is sustainable throughout its life cycle, energy efficient, compatible with nature, has low emissions 

and has minimized negative effects on the environment.ò provision is included [2]. 

Green buildings utilize land in the most appropriate way, use recyclable and recyclable materials, turn to renewable 

energy sources, consume fossil fuels as little as possible, make maximum use of daylight, control indoor air quality, 

save on heating, cooling and lighting costs, use gray water, These are buildings that give importance to rainwater 

collection and treatment, encourage solid waste management and maximize roof, wall and window insulation [1]. 
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Figure 1. Sample of a Green building [3] 

 

2.1. Purposes in the construction of green buildings 
 

Urbanization increased rapidly with the industrial revolution in the 19th century. Along with modernization, 

industrialization and urbanization practices, the negative effects of human activities on the environment have also 

increased. Especially in recent years, social awareness about climate change caused by global warming has begun to 

increase. Terms such as carbon footprint have become part of our everyday language. Not only civil society, local 

governments and states, but also the private sector are taking action on how to build a more sustainable future. For 

this reason, the purposes of constructing green buildings are as follows: 

 

- Minimizing consumptions, 

- Minimizing emissions, 

- Minimizing waste, 

- Minimizing the impacts on the field, 

- Maximizing indoor environment quality [3] 

 

2.3. Factors to consider in the construction of green buildings 

 

Green building refers to the structure and implementation of environmentally responsible and resource-efficient 

processes throughout the life cycle of a building: from planning to design, construction, operation, maintenance, 

renovation and demolition, the environmental impact is taken into account [4]. 

 

2.4. Materials used in green building construction 

 

ÅMaterials made from soil 

ÅWood 

ÅBamboo 

ÅStraw bale 

ÅNatural stones 

ÅComposites 

ÅNatural fiber 

ÅGlass fiber 

ÅCellulose 

ÅNatural clay 

ÅNatural fiber flooring 

ÅFiber cement 

ÅRecycled plastic 

ÅAsh 

ÅCork board [5]. 
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2.5. What is being done in Green Building Projects? 

 

ÅUsing LED bulbs in lamps 

ÅCollecting rainwater falling on hard surfaces and using it in landscape irrigation 

ÅCreating more green areas on the ground and preventing heat islands by building parking areas in basements 

ÅUsing efficient batteries and reservoirs that consume less water, thus saving water 

ÅDesigning and positioning building facades to benefit from daylight to the maximum extent 

ÅGrey water cycle 

ÅSolar panels producing electrical energy on roofs 

ÅUse of thermal insulation materials 

ÅUsing plants that consume less water 

ÅTo obtain energy from renewable energy (wind, solar, etc.) instead of obtaining energy from fossil fuels. 

ÅLow flow sink faucets 

ÅNatural ventilation 

ÅDouble flush toilet cisterns 

ÅLow emission paints and floor coverings 

 

3. Environmental Problems 
 

3.1. Situation in the traditional construction sector 

 

In traditional construction and usage processes, it consumes approximately 16% of the world's fresh water resources, 

25% of wood resources, 30% of material resources and 40% of energy resources. 35% of the CO2 that causes global 

warming comes from construction. 40% of land waste occurs as a result of the construction process and the 

subsequent storage of waste. 50% of the chemicals that deplete the ozone layer in the stratosphere are produced by 

the traditional building sector. 

 

3.2. Advantages of green buildings 

 

Research on green buildings has shown that if buildings are designed and operated in this way, they will 

reduce energy use by 24% to 50%, carbon emissions by 33% to 39%, water consumption by 30% to 50%, 

and water consumption by 30% to 50% compared to the average building designed and operated using 

conventional methods. It shows that a 70% reduction in the amount of waste and a 13% reduction in 

maintenance costs can be achieved [6]. 

 

4. Certificates 
 

4.1. Certificates of green buildings 

 

Green Buildings aim to save energy, focus on renewable resources and cause minimal damage to nature. The 

certificate certifying that buildings have been built or renovated for these purposes is called a green building 

certificate. The most accepted certificates in the world are: 
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Figure 2. Certificate samples for Green buildigs [5] 

 

Å LEED (America) 

Å BREEAM (United Kingdom) First 1990 

Å DGBN (Germany) 

Å Green Star (Australia) 

Å ITACA (Italy) 

Å CASBEE (Japan) 

Å HQE (Haute Qualit® Environnementale) (France) 

Å LBC (Living Building Challenge) (Canada) 

The most common of these certificates is the LEED Certificate [7]. 

 

4.2. Leadership in Energy and Environmental Design (LEED) 
 

The LEED Green Building concept was born in 1998. LEED Certificate is the most valid green building 

certificate in the world, taking its name from the initials of the words Leadership in Energy and 

Environmental Design. 

LEED Certification is one of the green building rating systems developed by the American Green Building 

Council USGBC. LEED, the most widely used rating system in the world, reveals sustainable design, 

construction and operation criteria from buildings to the city scale. LEED Certified Buildings are more 

environmentally friendly, healthy and economical buildings than traditional buildings. 

LEED is a valid and comprehensive green building rating system developed as a global system for all 

building types such as hospitals, data centers, historical buildings, schools and business centers. 

 

4.3. LEED Certification Levels 

 

With the LEED certificate, how energy efficient, water efficient and healthy buildings are is determined by 

the points they collect. In order for a building to receive certification, it must first meet the minimum 

requirements and mandatory prerequisites. By meeting these conditions and scoring at least 40 points, you 

are entitled to receive a simple Certificate. As points are obtained from the credits determined by LEED, 

the points earned increase and the certificate level increases. The maximum score is 110. A certificate is 

obtained after 40 points, silver after 50 points, gold after 60 points, and platinum certificate if more than 80 

points are obtained [8]. 
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Figure 3. LEED certificates 

 

4.4. Main headings of leed green building certificate 
 

ÅSustainable Land 

ÅWater efficiency 

ÅEnergy and Atmosphere 

ÅMaterials and Resources 

ÅInterior Space and Quality of Life 

ÅInnovation 

Scoring is done according to these headings and a certificate is given to the building according to the score received. 

According to current statistics in Turkey, a total of 49 buildings were eligible to receive LEED certification in 2021 

and 40 buildings in 2022. The first LEED certified public building in Turkey was the Turkish Grand National 

Assembly Presidential Residence. In addition, the first building in our country to receive the LEED Gold certificate 

was Gama Holding's Head Office Building in Ankara [9]. Turkey's first green university building was Boĵazi­i 

University Hamlin Hall building [10]. Turkey's first LEED Platinum Certified building was Eser Holding Head 

Office [11]. 

 

 

Figure 4. Gama Holding Center Office (9) 
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Figure 5. Boĵazi­i University Hamlin Hall Building [10]. 

 

 

Figure 6. Head Office of Eser Holding (11) 

 

5. Results and Discussion 

 

Considering the environmental damage of traditional buildings and the environmental, economic and social benefits 

of green buildings, they need to be increased. Providing incentives and grants by the relevant Ministry for the 

construction of green buildings will increase the number of certified green buildings. 

 

6. Conclusion 

 

Developments in the green building sector have not been easy. Even though the conditions are difficult, many changes 

have been made in city structures, the construction sector, and factories in industrialized cities all over the world. 

There are many new technological developments that are more environmentally friendly and maintain and improve 

ecological balance. New ones are added every day. The most popular change, especially in the construction industry 

and in today's homes and buildings, is renewable energy. Today, heating and electricity needs in the house can be 

met with solar energy and even wind energy. In addition, the concept of "green building" is dynamic and rapidly 

developing today. ñGreen Buildingsò are buildings that treat the natural ecology and obtain all their energy needs 

from recyclable natural resources. 
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Abstract 
Tannery wastewater contains high levels of organic pollutants such as fats, dyes, tanning agents and inorganic pollutants such as 

nitrogen, salts, and chromium. Effective treatment of such wastewater before discharge is essential to minimize the 

ecotoxicological risk. In this study, chemical oxygen demand (COD) removal from tannery wastewater was investigated by the 

peroxyelectrocoagulation method in a batch system. The wastewater was supplied from a tannery industry which was operated 

in Malatya in Turkey. The peroxyelectrocoagulation method can be thought of as a modified electro-Fenton process, with the 

difference that Fe2+ is supplied from the anode iron electrode without adding iron from the outside. In addition, H2O2 was not 

added from the outside in the process, and it was produced with an air supply under the in-situ cathode electrode (graphite). In 

the study, the initial pH value of wastewater (3.5, 6.5, 7.5, 8.5), applied current intensity (5 A, 7.5 A, 10 A, 15 A), and supporting 

electrolyte concentration (0.05 M, 0.1 M, 0.2 M, 0.3 M NaCl) parameters were investigated to remove COD from tannery 

wastewater. The reaction temperature, reaction time, and aeration rate were fixed at 20 ↔C, 60 min, and 2 L/min, respectively. 

According to the data obtained, the optimum parameters were determined as; pH value of 6.5, applied current of 10 A, and 

supporting electrolyte concentration of 0.2 M NaCl. Under these conditions, the COD removal efficiency was found to be 95%. 

 
Keywords: Chemical oxygen demand, organic pollutants, peroxyelectrocoagulation, tannery wastewater  

     

1. Introduction  

 

Increasing industrial activities, population growth, supply and competition bring increased production/consumption 

and as a result, industrial wastes have also increased. Industrial processes use large volumes of clean water during 

operations and also generate large volumes of wastewater and discharge into receiving water environments. The 

tannery is a sector where dyes are used extensively, as well as complex chemicals. Tannery wastewater contains high 

chemical oxygen demand (COD) and biological oxygen demand (BOD), different types of salts, Chromium, dyes, 

suspended solids, turbidity, color, sulfide, chlorides and other organic and inorganic pollutants [1]. 

Since tannery wastewater is toxic and contains many non-biodegradable components, it must be treated before being 

released into receiving environments [2]. The pollution risk of these wastewaters in the environment also leads to 

different health problems. The majority of these health problems are related to hexavalent chromium-containing 

compounds found in tannery wastewater [3]. High chromium (VI) concentrations cause disruption of ecosystems and 

also have a negative impact on human health as it causes cancer and DNA damage, chronic bronchitis, liver and 

kidney damage, [4-5]; These negative effects have led to stricter regulations by governments and the promotion of 

effective treatment methods to reduce the risk of pollution [6]. Some studies demonstrating the toxicity and 

environmental risks of tannery wastes have been carried out and it has been stated that these wastewaters should be 

treated before being released into the environment in order to reduce their negative effects on humans, animals and 

the environment [1,7-9]. De-Nicola et al. [10] performed several bioassays to determine the toxicity of tannery 

wastewater against marine microalgae and Daphnia magna. As a result of biological tests, it has been determined 

that these wastewaters have toxic effects on living things. 
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Since these wastewaters have a very complex structure, effective and economical treatment is very important. The 

performance of treatment technologies is closely related to the characteristics of wastewater and operational 

conditions. Due to the complex pollutants and toxicity of tannery wastewater, it can be difficult to treat them 

biologically. Treatment methods such as nanofiltration [11], chemical coagulation [12], adsorption [13], advanced 

oxidation processes [14] are mostly applied for this type of wastewater. 

Electrochemical processes such as electrocoagulation, electrooxidation, electro fenton etc. are frequently preferred 

advanced oxidation processes. Electrochemical technologies have both advantages and disadvantages in wastewater 

treatment. Although the use of electrical energy and the financial burden it brings, the expensiveness of the electrodes 

used and the necessity of renewing the electrodes for some processes are among the disadvantages, the important 

advantages are short treatment, not being affected by toxicity, tolerance to high organic-inorganic load and the 

absence of secondary waste generation for some processes (eg: electrooxidation) [15]. 

 

Peroxyelectrocoagulation is not actually a single process, but a combined process involving H2O2 oxidation and 

electrocoagulation. In this study, wastewater from a tannery industry operating in Malatya province in Turkey was 

treated based on COD removal with in-situ H2O2 production, unlike the classical peroxyelectrocoagulation process. 

In-situ H2O2 production was provided by air supply under the graphite cathode, while iron electrode was used as 

anode for electrocoagulation. The operational parameters that investigated in this study were initial wastewater pH 

value, applied current and supporting electrolyte concentration. 

 

2. Material and Method 

 

The wastewater used in this study was obtained from a tannery industry operating in Malatya, Turkey, and the 

wastewater was not subjected to any treatment/pre-treatment. COD, pH and EC of wastewater were 3250 mg/L, 4.3 

and 5.32 mS/cm, respectively.  The characterization of the wastewater used was presented in detail in the previous 

work of one of the authors [16]. The electric current was supplied by using a direct current power supply 

(TTI/QPX1200S), an Iron plate electrode (4 cm x 22 cm) was used as the anode material and a graphite plate electrode 

(4 cm x 22 cm) was used as the cathode. A heat-jacketed reactor with an internal diameter of 7 cm and a depth of 22 

cm was used for batch trials.  

 

2.1. Experimental procedure and calculations 

 

The heat-jacketed reactor was filled with tannery wastewater and the internal temperature was adjusted to room 

temperature. Then, NaCl, which was used as the supporting electrolyte, was added to the reactor at the desired 

concentrations and dissolved. Then, with the help of a compressor (Kuletaĸ, Turkey), air was supplied to the reactor 

at a flow rate of 2 L/min for about 10 minutes. Afterwards, the pH value of the wastewater was adjusted and the air 

flow was supplied to the system at the desired value, and the experiment was started. 5 mL samples were taken at 

certain time intervals and COD values were analyzed according to the closed reflux colorimetric method [17] using 

UV-vis spectrophotometer (WTW 6100 vis). The process of supplying air into the reactor under the cathode 

continued throughout the reaction. The concentration of in-situ H2O2 produced was determined by the iodide method 

[18-19]. Equation (1) is used for COD calculation to eliminate H2O2 interference [20]. 

 

COD(mg/L) = COD(analyzed) - a x b                                              (1) 

 

Where a is the remaining H2O2 concentration (mg/L) in the sample and b value is the correction factor which is 0.25. 

In the experiments, the effect of the initial pH value of wastewater (3.5, 6.5, 7.5, and 8.5), applied current (5 A, 7.5 

A, 10 A and 15 A), and supporting electrolyte concentration (0.05 M, 0.1 M, 0.2 M and 0.3 M) on COD removal was 

investigated. 
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3. Results  

 

3.2. Effect of initial pH  

 

The effect of wastewater initial pH value was investigated for 3.5, 6.5, 7.5, and 8.5. Fixed operational parameters 

are; applied current: 10 A, air flow rate: 2 L/min, NaCl: 0.2 M, and reaction time: 60 min. COD removal yields are 

shown in Table 1. 

 

 
Table 1. COD removal yields at different initial pH values 

pH: 3.5 pH: 6.5 pH: 7.5 pH: 8.5 

COD removal: 74% COD removal: 95% COD removal: 62% COD removal: 77% 

 

The pH value is a very important parameter in the peroxyelectrocoagulation process as it is in the classical 

electrocoagulation process. As can be seen in the table, the efficiency is highest when the pH value is 6.5, and the 

COD removal efficiency is low at acidic and basic pH values. Hydroxide ions produced at acidic pH values 

precipitate, causing insufficient iron hydroxide formation [21]. This situation causes low removal efficiency in the 

coagulation process. On the other hand, unsuitable soluble iron hydroxide (Fe(OH)4
-) formation occurs in coagulation 

at basic pH values [21]. In addition, less iron dissolution occurs (less flock formation) due to the layer formed on the 

iron plate, and the removal efficiency is also low in this case. At pH 6.5, Fe(OH)3 is formed, which is the most 

effective form of iron for coagulation [22]. For this reason, it was assumed that the most active pH value was 6.5, 

and this value was kept constant in subsequent trials. The concentration of H2O2 produced is affected by the pH value. 

The concentration of produced H2O2 at low pH values has been reported as advantageous in the literature [16] 

Alkaline and neutral pH values are disadvantageous as a result of the decomposition of H2O2 to HO2 (Equations 2 

and 3). In this study, the inability to obtain high efficiency in acidic conditions may be explained by the 

electrocoagulation process being dominant over the peroxidation process in the peroxyelectrocoagulation process. 

 

ὕ Ὄὕ  ςὩ ᴼὌὕ  ὕὌ                                                                                                                           ς 
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3.3. Effect of applied current 

 

The effect of wastewater applied current was investigated for 5 A, 7.5 A, 10 A, 15 A. Fixed operational parameters 

are; initial pH: 6.5, air flow rate 2 L/min, NaCl: 0.2 M, and reaction time: 60 min. COD removal yields are shown in 

Table 2. 

 

 
Table 2. COD removal yields at different applied currents 

5 A 7.5 A 10 A 15 A 

COD removal: 53% COD removal: 73% COD removal: 95% COD removal: 94% 

 

While the applied current increased from 5 A to 10 A, a clear increase was observed in the COD removal efficiency. 

However, when the applied current increases from 10 A to 15 A, there is stability in the removal efficiency. As the 

applied current increases, more iron is dissolved from the anode and more Fe(OH)3 is formed, and more H2O2 

production is also supported [16]. The stable COD value observed at 15 A may indicates that there is sufficient iron 

hydroxide formation at 10 A. For this reason, the optimum applied current was determined as 10 A . 

 

3.4. Effect of supporting electrolyte concentration 

 

The effect of supporting electrolyte concentration was investigated for 0.05 M, 0.1 M, 0.2 M, 0.3 M NaCl. Fixed 

operational parameters are; initial pH: 6.5, applied current: 10 A, air flow rate: 2 L/min, and reaction time: 60 min. 

COD removal yields are shown in Table 3. 
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Table 3. COD removal yields at different supporting electrolyte concentrations 

0.05 M 0.1 M 0.2 M 0.3 M 

COD removal: 80%  COD removal: 82% COD removal: 95%  COD removal: 83%  

 

As can be seen from Table 3, COD removal efficiency increased as NaCl concentration increased, but COD removal 

efficiency decreased at concentration above 0.2 M NaCl concentration. Increasing dose of NaCl causes the formation of 

OCl- (at alkaline pH) and HOCl- (at acidic pH) which only results in more organic matter oxidation [23]. However, higher 

concentrations of NaCl caused the accumulation of ferric hydroxide film on the electrode surface, which caused resistance, 

resulting in low COD removal [21]. For this reason, the optimum NaCl concentration was chosen as 0.2 M. 

4. Conclusion 
 

In this study, wastewater from a tannery operating in Malatya province was investigated on COD removal by 

peroxyelectrocoagulation method in a batch system. Low COD removal was observed in acidic and alkaline values 

of wastewater initial pH value, while increased applied current had a positive contribution to COD removal. In 

addition, a decrease was observed in the support electrolyte concentration at dosing above the optimum dose may be 

due to the accumulation of ferric hydroxide film on the electrode surface in COD removal. The optimum operational 

parameters were determined as initial pH value of 6.5, applied current of 10 A, and NaCl concentration of 0.2 M. 

Under these conditions, the COD removal yield was calculated as 95%. It can be said that the 

peroxyelectrocoagulation method is suitable for COD removal from tannery wastewater. 
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Abstract 

NiAl -34Cr-xTi (x = at.% 1, 3 and 5) eutectic alloys were produced by electric current assisted sintering (ECAS) method in the 

current range of 3500-4200 A with a waiting time of 47 minutes. Microstructure and phase investigations of the obtained samples 

were carried out with the help of scanning electron microscope (SEM-EDS) and x-ray diffraction analysis (XRD). In order to 

determine the effect of Ti element added to NiAl-34Cr eutectic alloy at high temperatures, oxidation and corrosion tests were 

carried out at 800, 900 and 1000ÁC for 165 hours (11 hours-15 cycles) in open atmosphere environment and 25% K2SO4 and 

75% Na2SO4 salt environment. After hot corrosion and oxidation experiments, microstructural analyses of the samples were 

performed by SEM-EDS studies, phase structures were examined by XRD analyses and activation energy values were calculated 

by performing weight changes and kinetic analyses. It was determined that the activation energy values of the alloys in the 

oxidation environment decreased from 169 kJ/mol to 152 kJ/mol and the activation energy values in the corrosion environment 

decreased from 155kJ/mol to 141 kJ/mol depending on the increase in Ti content. It was observed that the activation energy 

decreased with the increase in the amount of Ti in the alloy.  

Keywords: NiAl -34Cr eutectic alloy, High Temperature Proporties, Electric Current Activated Sintering 

 

1. Introduction  

NiAl, which belongs to the group of intermetallic materials obtained by two or more different pure metals forming 

crystalline compounds or solid solutions, has a good potential for materials used at high temperatures such as jet 

engines and gas turbines with its low density (5.95 g/cm3), high melting point (1638ÁC), excellent oxidation resistance 

at high temperatures (up to 1400ÁC) and high elastic modulus properties [1,2]. However, NiAl's insufficient strength 

at high temperatures, low ductility and fracture toughness at room temperature limit its use and necessitate the need 

to improve its mechanical properties. It is known that various researches have been carried out to improve these weak 

properties of NiAl. One of the studies is to obtain eutectic alloys with other phases that have a more ductile structure 

than NiAl and to improve the ductility by forming composite structures by controlled cooling. Another recent study 

is the development of directional solidification eutectics to improve the properties of NiAl at high temperatures. For 

this purpose, the possible eutectic transformations of refractory metals such as Cr, Mo, W, Ta and Nb with NiAl were 

investigated and it was revealed that the addition of these refractory metals to the NiAl structure increases both the 

strength of NiAl at high temperatures and its toughness at room temperature. For example, compared to the 

polycrystalline NiAl alloy obtained by casting method, it is seen that the room temperature fracture strengths of 

directionally solidified NiAl-34Cr or NiAl-28Cr-6Mo alloys increase 3-4 times [3-7]. 

 
Different production methods such as melting and casting, self-propagating high-temperature synthesis, hot extrusion 

reaction synthesis, powder metallurgy and electric current assisted sintering have been tried for the production of 

intermetallic compounds [8]. Electric current assisted sintering (ECAS), which has developed rapidly in recent years, 

is a production method with remarkable features compared to traditional production methods. ECAS method, where 

the starting materials can be powder or materials with a certain bulk density, is a production method that enables the 

sintering of materials with the help of mechanical pressure and electric current [9,10]. 
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In this study, NiAl-34Cr-xTi eutectic alloys were produced by electric current assisted sintering method by adding 

Ti  to NiAl-34Cr alloy at the rates of atomically 1%, 3% and 5%, respectively. The effect of Ti addition on the 

eutectic alloy was investigated. Phase analyses and morphologies of the produced samples were determined by 

scanning electron microscopy (SEM-EDS) and X-ray diffraction analysis (XRD) methods. In addition, hot oxidation 

and corrosion tests were carried out to determine the behaviour of the manufactured products at high temperatures. 

 

2. Experimental 

In the first stage of the experimental studies, a mixture was prepared from the powders whose properties are given in 

Table 1 at the stoichiometric ratios given in Table 2. In order to obtain a homogeneous mixture, the mixture was 

mixed in a ball mill for 12 hours by using a zirconia ball and with a ball/powder ratio of 2/1. The prepared powder 

mixtures were placed in a die with an inner diameter of  20 mm and a height of 50 mm and shaped by pre-pressing 

under 50 MPa pressure. Then, these samples were sintered in the mold in open atmosphere under 50 MPa single axis 

pressure and using an electric current of 3500-4200 A with an electric current assisted sintering device for 47 minutes. 

As a result of the sintering process, samples with a diameter of 20 mm and a height of 5 mm were obtained. 

 

Table 1. Properties of the powders used in the experiments. 

Material Purity (%) 
Powder Size 

(mm) 
Manufacturer Product Code 

Aluminum 99,5 7-15 Alfa Aesar CAS: 7429-90-5 

Nickel 99,8 3-7 Goodfellow NI006021 

Chromium 99,8 1-5 Alfa Aesar CAS: 7440-47-3 

Titanium 99,5 Ò40 Alfa Aesar CAS: 7440-32-6 

 

Table 2. Compositions of the produced samples. 

Alloy Elements (at.%) 

Composition Ni Al        Cr Ti 

1. Alloy 32,5 32,5 34 1 

2. Alloy 31,5 31,5 34 3 

3. Alloy 30,5 30,5 34 5 

 

The sintered samples were grinded with SiC sandpaper up to 1200 meshes for metallographic examinations and then 

polished with 0,3 mm alumina solution. The morphology of the polished samples were examined using a JOEL JSM-

6060LV scanning electron microscope (SEM) and elemental analysis was performed by point EDS analysis of the 

different phase regions observed. In addition, XRD analysis was performed using Cu KŬ (ɚ=1.5418 ÁA) beams in 

RIGAKU D MAX 2200 PC brand x-ray diffractometer for the analysis of the obtained phases. 

 

The oxidation and corrosion behaviours of the prepared samples were investigated at high temperature. Before both 

processes, the surface areas of the samples were measured using SolidWorks software and the initial weights were 

measured with an electronic balance capable of measuring 10-5 g precision. In order to determine the high 

temperature oxidation behaviour, the samples were heated in an open atmosphere furnace at 800, 900 and 1000ÁC 

for a total of 165 hours (15 cycles). Oxidation experiments were carried out in cycles, each cycle being 11 hours. 

After each cycle, the weight change of the samples was determined and the next cycle was started. In addition, in 

order to determine the high temperature corrosion behaviour, the specimens embedded in molten salt were kept for 

165 hours (11 hours-15 cycles) at temperatures of 800, 900 and 1000ÁC and in corrosion environment with a 

composition of wt.75% Na2SO4 + wt.25% K2SO4. After each cycle, the samples were boiled in water for 5 minutes 

to be desalinated and after drying, the weight change was determined and the next cycle was started. SEM-EDS and 

XRD analyses were performed to examine in detail the layers formed on the surfaces of the samples as a result of 

oxidation and corrosion experiments. 
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The weight changes (mg/mm2) of the samples exposed to hot oxidation and corrosion tests were determined for all 3 

temperatures. The parabolic rate constant (kp) values of the samples were calculated using the formula given in 

Equation 2.1. Activation energy values were calculated using the formula given in Equation 2.2. 

                                
Ў

ὯὴȢὸ                                                        (2.1)                   

In the Equation 1, æm is weight change (mg), A is surface area (mm2) and kp is parabolic rate constant (gr2/cm4.sec). 

                                     ÌÎὯὴ ὯέȢὩ Ȣ                                                    (2.2)                    

In the Equation 2, T is absolute temperature (K), Q is activation energy (kJ/mol), ko is Arrherius Equation constant 

and R is the gas constant with a value of 8.314 J/mol.K [11]. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Material Characterization  

 
SEM images of the alloys produced by sintering the powder mixtures prepared by adding Ti powder to NiAl-34Cr 

eutectic alloy at ratios of at.1%, 3% and 5% by ECAS method and EDS analysis results are given in Figure 1-3. The 

SEM images are examined and it is observed that the samples consist of light and dark coloured structures. The EDS 

analyses of these structures were examined and it was determined that the samples consisted of Ni-Al -rich phase, 

which is observed as a matrix structure and has a flat surface appearance, Cr-rich phase, which appears protruding 

around the grain boundaries, and Ni-Al -Ti phases that appear lighter in colour. It was observed that the Ni-Al -Ti 

phase in the structure is compatible with the eutectic alloy phases NiAl (A2) and Cr (B2). According to the analysis 

results, the average composition of the Ni-Al -Ti phase is atomically 30% Al, 23% Ti and 40% Ni. In the Al-Ti phase 

diagram, the maximum 1.2% wt. Ti and Ni-Ti phase diagram, the maximum 10.6% wt. Ti is dissolved. In the Ti-Cr 

phase diagram, Cr solubility is 100%wt. at high temperatures and only 0.2%wt. in ŬTi at low temperatures [12]. 

 

 

 

Element 1 2 3 

Al  31,5 50,0 10,0 

Ti 22,6 0,3 0,1 

Cr 3,2 12,3 81,9 

Ni 42,7 37,4 8,0 
 

Figure 1. SEM image and EDS analysis values of NiAl-34Cr-1Ti alloy (at. %). 
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Element 1 2 3 

Al  3,7 57,2 36,9 

Ti 0,1 0,3 46,3 

Cr 91,7 2,1 4,4 

Ni 4,5 40,5 12,5 
 

Figure 2. SEM image and EDS analysis values of NiAl-34Cr-3Ti alloy (at. %). 

 

 

Element 1 2 3 

Al  41 17 60,2 

Ti 0,9 0,1 0,3 

Cr 31,5 79 2,3 

Ni 26,6 3,9 37,3 
 

Figure 3. SEM image and EDS analysis values of NiAl-34Cr-5Ti alloy (at. %). 

 

XRD patterns obtained using x-ray diffraction method for the determination of the phases formed in NiAl-34Cr-xTi 

eutectic alloys after sintering are given in Figure 4. Hagihara et al. [13] reported that Heusler phase (L2 -Ni12 AlTi) 

was detected in the Ti added eutectic alloy with an atomic composition of 47% Ni + 30.8% Al + 3.2% Cr + 0.09% 

Mo + 18.9% Ti. Although the composition of the structure observed as the light coloured phase in the NiAl-34Cr-

1Ti eutectic alloy produced in this study (at. 42.7%Ni + 31.5Al + 3.2Cr + 22.6Ti) is very close, the Heusler phase 

could not be detected in XRD analysis. Li et al. [14] reported that Ti added to the eutectic alloy causes the formation 

of Ni2AlTi Heusler phase and ɓ-TiM (M=Cr,Ni) solid solution and these phases increase the normal temperature 

strength and ductility. In this study, in the XRD analysis of the eutectic alloy to which Ti was added (Figure 4), TiNi 

phase was detected as a minor phase with eutectic phases (NiAl-A2 (cI2) and Cr-B2 (cP2)) and it was observed that 

the TiNi peak intensity increased with the increase in the amount of Ti element added. 
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Figure 4. XRD analysis of NiAl-34Cr eutectic alloy with 1, 3 and 5 % atomic addition of Ti alloying elements. 

 

3.2. Oxidation Behaviors 

Many metal-based materials are not stable under open atmosphere conditions and tend to oxidise by forming lower 

free energy compounds by giving electrons to oxygen in the air [11]. As a result of this reaction of metals with 

oxygen, oxide layers are formed on their surfaces [15]. A formed oxide layer grows by diffusion of metal and oxygen 

ions into each other. Formed oxide layers are divided into two as protective and non-protective oxide layers. Metals 

that have a tendency to react with oxygen must have a protective layer on their surfaces in order to be resistant to 

oxidation at high temperatures. The type of oxide layer formed depends on the volume of oxide formed on the metal 

surface relative to the base metal. If the ratio of oxide volume to metal volume is less than 1, it indicates that a non-

protective thin oxide layer is formed on the metal surface. If the oxide volume is more than 2 times the metal volume, 

high stresses occur in the structure, causing the oxide layer to crack and spall. If the ratio of oxide volume to metal 

volume is between 1 and 2, the layer formed is protective and in this case oxidation can continue only by solid state 

diffusion [16,17]. This widely accepted approach to explain the oxidation behaviour of metals is called the Pilling-

Bedworth ratio [11]. 

 

In order to investigate the oxidation behaviour of NiAl-34Cr eutectic alloy doped with 1, 3 and 5 at.%Ti added NiAl-

34Cr eutectic alloys produced by electric current assisted sintering method were exposed to oxidation at 800, 900 

and 1000ÁC in an open atmospheric furnace for a total of 165 hours (11 hours-15 cycles) to investigate their oxidation 

behaviour under high temperature conditions. 

 

SEM-EDS microstructure images and analysis results of the surface obtained after cyclic oxidation of NiAl-

34Cr-1Ti alloy at the specified temperatures are given in Figure 5 and Table 3. On the surface of the sample 

exposed to oxidation at 1000ÁC, a third phase formation was observed together with Cr-B2 and NiAl-A2 

phases, and according to the EDS analysis result taken from point 1, it was determined that it was a phase 

consisting of Ti-Ni-O. 
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a) 

800ÁC 

 

 

 

b) 

900ÁC 

 

 

c) 

1000ÁC 

 

Figure 5.SEM images of NiAl-34Cr-1Ti alloy exposed to oxidation. a) 800ÁC, b) 900ÁC, c)1000ÁC 

 

Table 3. EDS analysis values of exposed to oxidation NiAl-34Cr-1Ti alloy (at. %). 

 

 

Element 

800ÁC 900ÁC 1000ÁC 

1 2 3 1 2 3 4 1 2 3 4 

 

 

 

 

 

 

 

O 44,2 46,7 28,2 57,7 46,6 44,1 73,8 57,6 47,8 42,8 60,8 

Al  30,4 22,1 41,0 7,9 45,0 34,8 6,1 4,6 42,7 39,4 24,9 

Ti 0,1 0,1 0,1 0,2 0,1 0,1 0,6 18,1 0,1 0,1 9,6 

Cr 6,7 17,0 3,2 33,8 4,3 6,5 18,4 3,6 3,7 7,1 2,4 

Ni 18,6 14,1 27,5 0,4 4,0 14,5 1,1 16,1 5,7 10,6 2,3 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































