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Abstract 

The rapid growth of digital payment systems has significantly 

increased the risk of credit card fraud, resulting in substantial 

financial losses for banks and customers. Traditional rule-

based fraud detection systems often fail to identify complex 

and evolving fraudulent patterns in real time. This research 

aims to develop an efficient credit card fraud detection system 

using machine learning techniques. A publicly available 

Kaggle dataset containing anonymized credit card transaction 

records was used for experimentation. Data preprocessing 

involved handling missing values, feature scaling, train-test 

splitting, and addressing class imbalance using the Synthetic 

Minority Oversampling Technique (SMOTE). Several 

machine learning algorithms, including Logistic Regression, 

Decision Tree,Random Forest, and XGBoost, were 

implemented and evaluated using performance metrics such 

as accuracy, precision, recall, F1-score, and confusion matrix. 

Experimental results demonstrate that ensemble models, 

particularly Random Forest and XGBoost, achieve higher 

accuracy and recall in detecting fraudulent transactions. The 

findings highlight the importance of handling imbalanced 

datasets and selecting robust algorithms for fraud detection. 

This study concludes that machine learning-based approaches 

can significantly enhance real-time credit card fraud 

detection, reduce financial losses, and improve trust in digital 

financial systems. 
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I. Introduction 

 In recent years, online and cashless transactions have become 

an essential component of modern financial systems. Credit 

cards are widely used due to their convenience, speed, and 

global acceptance. However, the growing volume of credit  

card transactions has also led to an increase in fraudulent 

activities. Credit card fraud causes significant financial losses 

to both customers and financial institutions and negatively 

impacts customer trust. Traditional fraud detection methods 

are mostly rule-based and rely heavily on manually defined 

rules. These systems struggle to adapt to new and complex 

fraud patterns and are inefficient when dealing with large-

scale datasets. Machine learning techniques provide 

automated and intelligent solutions by learning transaction 

behavior patterns from historical data. This paper focuses on 

applying various machine learning algorithms to detect 

fraudulent credit card transactions efficiently. The main 

contribution of this research is a comparative analysis of  

 

multiple machine learning models on an imbalanced on 

aeffect most effective approach for fraud detection. 

II.    Literature Review 

Literature Review Several researchers have explored the 

application of machine learning techniques for credit card 

fraud detection. Dal Pozzolo et al[1]. introduced cost-

sensitive learning methods to address class imbalance in fraud 

detection systems. Bahnsen et al[2]. proposed decision tree-

based models that focus on minimizing misclassification 

costs. Whitrow et al[3]. emphasized transaction aggregation 

and feature engineering techniques to improve detection 

accuracy. Recent studies show that ensemble models such as 

Random Forest and Gradient Boosting outperform traditional 

classifiers. Despite these advancements, handling imbalanced 

datasets and achieving high recall for fraudulent transactions 

remain major challenges. 
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III.    Methodology 

A.  Dataset Description 

The dataset used in this study was obtained from Kaggle and 

contains credit card transactions made by European 

cardholders. It consists of numerical features generated using 

Principal Component Analysis (PCA) to maintain data 

confidentiality. The target variable indicates whether a 

transaction is fraudulent or legitimate. 

B. Data Preprocessing 

The following preprocessing steps were applied: 

 Handling missing values 

 Feature scaling for numerical stability 

 Splitting data into training and testing sets 

 Addressing class imbalance using SMOTE 

C.   Machine Learning Models 

The following machine learning algorithms were 

implemented: 

- Logistic Regression 

- Decision Tree Classifier 

- Random Forest Classifier 

- XGBoost Classifier 

D.   Evaluation Metrics 

Model performance was evaluated using: 

- Accuracy 

- Precision 

- Recall 

- F1-Score 

- Confusion Matrix 

 

Figure 2 illustrates the confusion matrix obtained from 

the Random Forest model, showing improved true 

positive detection of fraudulent transactions. 

 

.   

Figure 3: Accuracy Comparison of Machine Learning Models 

IV.   Experimental Results 

Table 1: Performance Comparison of Machine Learning 

Models. 

The models were trained and tested on the preprocessed 

dataset. Performance comparison is shown in Table 1. 

Model Accuracy Precision Recall F1-Score 

Logistic Regression 94% 91% 89% 90% 

Decision Tree 95% 92% 91% 91% 

Random Forest 97% 95% 94% 94% 

XGBoost 98% 96% 95% 95% 

The results clearly indicate that ensemble models outperform 

traditional classifiers in detecting fraudulent transactions. 

 

Figure 4: ROC Curve of Fraud Detection Model 

V.    Discussion 

The experimental results demonstrate that Random Forest and 

XGBoost models achieve superior performance due to their 

ability to handle complex patterns and nonlinear relationships. 

Proper handling of the imbalanced dataset significantly 

improves recall, which is crucial in fraud detection systems 

where false negatives are costly. These models are well-suited 

for real-world applications requiring high detection accuracy 

and reliability. 
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VI.   Conclusion and   Future Work 

This research presents a machine learning-based approach for 

detecting credit card fraud using an imbalanced dataset. The 

study concludes that ensemble models such as Random Forest 

and XGBoost provide better performance compared to 

traditional machine learning algorithms. The proposed 

approach can help financial institutions enhance transaction 

security and reduce fraud-related losses. Future work may 

involve integrating deep learning techniques, real-time fraud 

detection systems, and hybrid models to further improve 

detection accuracy. 
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