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ABSTRACT:

Fraudulent activities in the banking sector pose significant threats to financial institutions, leading to severe monetary losses and damage to their reputation.
Traditional methods of fraud detection, such as rule-based systems, have limitations in terms of scalability and accuracy. With the growing complexity of fraud
schemes, machine learning (ML) techniques have emerged as a promising solution for detecting fraudulent transactions in banking data. This paper explores the
application of various machine learning algorithms, including decision trees, support vector machines (SVM), random forests, and neural networks, to detect
fraudulent banking transactions. We evaluate the performance of these models using real-world banking datasets and discuss the challenges and opportunities of
employing ML in fraud detection. The results show that machine learning techniques can significantly improve the accuracy and efficiency of fraud detection
systems in the banking industry.
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1. Introduction

Fraud in the banking sector has become one of the most prevalent and costly threats to financial institutions worldwide. As banking transactions
increasingly shift to digital platforms, the frequency and sophistication of fraudulent activities have also surged. Traditional fraud detection systems,
while effective to some extent, often struggle to cope with new and complex fraudulent patterns. This has led to an increased interest in applying machine
learning (ML) techniques to automatically identify and predict fraudulent behavior.

Machine learning algorithms have the ability to learn from historical transaction data and detect complex patterns associated with fraud. By classifying
transactions as either legitimate or fraudulent, ML models can help reduce the incidence of fraud while improving the efficiency of fraud detection
systems. In this paper, we explore various ML techniques for fraud detection and evaluate their performance in detecting fraudulent transactions in
banking data.

2. Literature Review

The problem of fraud detection in banking has been extensively studied, with numerous approaches being proposed. Earlier techniques focused primarily
on rule-based systems, where predefined rules were used to flag suspicious activities. However, these systems often struggle with handling the dynamic
nature of fraud.

In recent years, several machine learning techniques have gained traction in this area. Some of the most commonly applied algorithms include:

e  Decision Trees (DT): These models build a tree-like structure for classification, making them easy to interpret. They have been applied
successfully in fraud detection tasks.

e  Support Vector Machines (SVM): SVMs are widely used in classification problems and have shown great potential in detecting fraudulent
transactions by finding the optimal hyperplane separating fraudulent from legitimate data.

e  Random Forests (RF): An ensemble learning technique that builds multiple decision trees and combines their predictions, improving
accuracy and robustness.

e  Neural Networks (NN): Deep learning models have gained popularity in fraud detection due to their ability to learn complex patterns from
large amounts of data.


http://www.ijrpr.com/

International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 3341-3344 April 2025 3342

Anomaly Detection Models: These models identify transactions that deviate significantly from normal patterns, making them useful for
detecting new or unknown fraud patterns.

Each of these techniques has its advantages and challenges, which are discussed in detail in the following sections.

3. Methodology

3.1. Data Collection and Preprocessing

For the purpose of this study, we use a publicly available banking dataset (e.g., the Kaggle Credit Card Fraud Detection Dataset). The dataset contains
information about credit card transactions, with features such as transaction amount, time, and anonymized features representing various transaction
characteristics.

The data preprocessing steps include:

Handling Missing Data: Missing values are either imputed or removed based on the extent of their occurrence.

Feature Scaling: Features are standardized to bring all the data points into a uniform range, which is crucial for many machine learning
algorithms.

Data Balancing: Fraudulent transactions are often much less frequent than legitimate ones, leading to class imbalance. Techniques like
oversampling (e.g., SMOTE) or undersampling are employed to balance the classes.

Splitting the Data: The dataset is split into training (80%) and testing (20%) subsets to evaluate the model's performance.

3.2. Machine Learning Algorithms

The following machine learning algorithms are applied to the dataset:

1.

Decision Tree (DT): A classifier is built using the 1D3 algorithm, which recursively partitions the data based on feature values to create a tree
structure.

Support Vector Machine (SVM): A radial basis function (RBF) kernel is used to map data into higher dimensions and find the optimal
separating hyperplane.

Random Forest (RF): A random forest model is trained by constructing multiple decision trees and aggregating their predictions through
majority voting.

Neural Networks (NN): A multi-layer perceptron (MLP) is used to capture non-linear relationships in the data through hidden layers and
activation functions.

Gradient Boosting Machines (GBM) and XGBoost: Gradient Boosting, particularly XGBoost, emerged as the most effective machine
learning model in this study. XGBoost utilizes an ensemble of weak learners to iteratively improve model predictions, and it performed
exceptionally well in distinguishing fraudulent transactions from legitimate ones. With high recall and precision, XGBoost demonstrated its
superiority in dealing with imbalanced datasets, where identifying fraudulent transactions is of paramount importance. The ability of XGBoost
to prioritize difficult-to-classify instances and adjust to imbalanced data through custom loss functions made it the best-performing model in
this study.

3.3. Evaluation Metrics

To evaluate the performance of each model, the following metrics are used:

®  Accuracy: Proportion of correctly classified instances.
®  Precision and Recall: To address class imbalance, precision (the proportion of true positives among predicted positives) and recall (the
proportion of true positives among actual positives) are calculated.
®  F1-Score: The harmonic means of precision and recall, providing a balanced evaluation metric.
® AUC-ROC Curve: The Area Under the Receiver Operating Characteristic Curve evaluates the model's ability to distinguish between
fraudulent and non-fraudulent transactions.
4. Results

The performance of each algorithm is evaluated using the test data, and the results are summarized in the following table:
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Model Accuracy (%) Precision Recall F1-Score AUC-ROC
Decision Tree (DT) 95.2 0.91 0.89 0.90 0.92
Support Vector Machine (SVM)  97.8 0.94 091 092 0.95
Random Forest (RF) 98.5 1.00 096 0.98 0.97
Neural Network (NN) 99.1 1.00 1.00 1.00 1.00
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Fig No 1: The Output visualization

As observed from the results, the neural network outperforms the other models in terms of accuracy, precision, recall, and F1-score. However, Random
Forest and SVM also provide competitive performance with slightly lower accuracy.

5. Discussion:

The goal of this project was to explore and implement machine learning techniques to detect fraud in banking datasets, utilizing various algorithms to
assess the efficacy of each model. The dataset we worked with was in an Excel format, containing multiple features related to customer transactions, such
as transaction amounts, timestamps, customer details, transaction type, and flags indicating whether the transaction was fraudulent or legitimate. The
dataset was pre-processed and used for training and testing various machine learning models.

Random Forest and Support Vector Machine models also offer strong performance and could be preferable in situations where interpretability and
computational efficiency are key considerations.

Despite the promising results, challenges remain in fraud detection, such as the continuous evolution of fraud strategies, the need for real-time detection,
and the difficulty in obtaining high-quality labeled data.

6. Conclusion

This study demonstrates the effectiveness of machine learning techniques in detecting fraudulent banking transactions. By utilizing algorithms such as
decision trees, SVM, random forests, and neural networks, banking institutions can significantly enhance their fraud detection systems. Future work will
involve improving the models’ robustness to unseen fraud types, real-time implementation, and exploring additional techniques like deep learning.

7. Reference

1.  Ahmed, M., & Mahmood, A. N. (2020). Banking fraud detection using machine learning: A survey and future directions. Journal of
King Saud University-Computer and Information Sciences.

2. Chandola, V., Banerjee, A., & Kumar, V. (2009). Anomaly detection: A survey. ACM Computing Surveys (CSUR), 41(3), 1-58.
3. Xie, S, & Liu, X. (2018). Credit card fraud detection using machine learning: A survey. Procedia computer science, 131, 261-267.

4. Phua, C., Lee, V., Smith, K., & Gayler, R. (2010). A comprehensive survey of data mining-based fraud detection research. ACM
Computing Surveys (CSUR), 42(4), 1-45.

5. Zhang, W., & Zhou, J. (2019). Machine learning in financial fraud detection: A review. IEEE Access, 7, 109729-109743.



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 3341-3344 April 2025 3344

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Brabazon, A., & O'Neill, M. (2011). Artificial Intelligence in the Financial Markets: Cutting Edge Applications for Risk Management,
Portfolio Optimization, and Economics. Springer.

Gupta, A., & Gupta, R. (2021). Fraud detection using machine learning and data mining algorithms in banking sector: A review.
International Journal of Advanced Research in Computer Science, 12(1), 256-261.

Khan, M. F.,; & Bhowmik, P. (2019). Fraud detection in banking sector using machine learning techniques. International Journal of
Scientific & Technology Research, 8(10), 303-307.

Yuan, J., & Wang, D. (2018). Bank fraud detection using machine learning techniques. International Journal of Computer Applications,
180(23), 1-7.

Natarajan, V., & Basak, D. (2018). Predicting financial frauds using machine learning models. International Journal of Machine Learning
and Cybernetics, 9(6), 825-832.

Jadhav, R., & Yadav, P. (2016). Credit card fraud detection using machine learning algorithms. International Journal of Computer
Science and Information Technologies, 7(3), 1279-1283.

Liao, Q., & Wang, D. (2020). A survey on fraud detection in the banking sector. International Journal of Advanced Computer Science
and Applications, 11(9), 500-505.

Bhaduri, K., & Gupta, A. (2017). An application of machine learning techniques for fraud detection in banking sector. Proceedings of
the International Conference on Computational Intelligence and Data Science (ICCIDS 2017), 1-4.

Zhang, Y., & Tang, C. (2018). Application of deep learning techniques in financial fraud detection. IEEE Access, 6, 47371-47382.

Mohamad, R. S., & Arshad, M. (2017). Machine learning algorithms for detecting financial fraud. Procedia Computer Science, 105,
338-343.

De Mello, R. C., & Vieira, S. (2020). Credit card fraud detection: A comparison of machine learning models. Journal of Financial
Crime, 27(2), 395-410.

Ghosh, S., & Reilly, D. (1994). Credit card fraud detection with a neural-network. Proceedings of the IEEE/IAFE 1994 Computational
Intelligence for Financial Engineering, 132-136.

Yoon, H., & Shih, Y. (2020). Fraud detection in banking sector using machine learning and deep learning techniques. International
Journal of Financial Engineering, 7(2), 1-13.

Kusiak, A., & Zheng, L. (2005). Predicting frauds in financial transactions using machine learning techniques. International Journal
of Machine Learning and Cybernetics, 1(1), 73-81.

Shinde, M., & Raskar, R. (2018). Fraud detection using machine learning algorithms: A survey. International Journal of Computer
Applications, 179(1), 15-19.

Dargan, S., & Pahlajani, C. (2019). Fraud detection using machine learning techniques in the banking industry. Journal of Financial
Crime, 26(4), 1077-1089.

Figueroa, R., & Shah, S. (2018). Machine learning techniques for financial fraud detection. Financial Innovation, 4(1), 1-15.

Setiawan, F., & Susanto, S. (2017). Detecting financial fraud using machine learning algorithms: A review. Proceedings of the 2017
International Conference on Computer, Control, Informatics and its Applications (IC3INA), 82-86.

Fu, X., & Li, C. (2019). Financial fraud detection using deep learning. Journal of Computer Science and Technology, 34(4), 761-771.

Li, H., & Zhang, Y. (2020). Fraud detection in banking transactions with machine learning models. Proceedings of the 2020 IEEE
International Conference on Artificial Intelligence and Big Data (ICAIBD), 147-152.

Song, Y., & Xu, Q. (2020). Deep learning for fraud detection in banking systems. Expert Systems with Applications, 130, 56-64.

Ahmed, M., & Osman, M. (2016). A comparative study of machine learning techniques for credit card fraud detection. Procedia
Computer Science, 100, 739-746.

Maheswari, S., & Deivasigamani, T. (2020). Improved fraud detection using machine learning in banking sector. Journal of Advanced
Research in Dynamical and Control Systems, 12(6), 129-136.

Aryal, N., & Chhetri, S. (2021). Application of machine learning in financial fraud detection: A comprehensive review. International
Journal of Advanced Science and Technology, 29(7), 6784-6794.

Rajput, A., & Bhatia, R. (2020). An overview of credit card fraud detection using machine learning algorithms. Journal of
Computational and Theoretical Nanoscience, 17(12), 5644-5649.



