www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éb INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
o= 5

An International Open Access, Peer-reviewed, Refereed Journal

“Comprehensive Review Of Machine Learning
Techniques For Credit Card Fraud”

Challenges, Solutions, and Future Directions

'Ravindra Aggarwal, 2Suraj Kumar, *Ketan Jain, “Divyanka Rai, >Prem Sunka

Project Guide, 2Student, 3Designation of 3" Author
Artificial Intelligence and Machine Learning,
!Bharati Vidyapeeth Deemed To Be University-DET, Navi Mumbai-410210 (MH), India

Abstract: Credit card fraud detection has become a critical challenge in the financial sector due to the rise
of digital transactions and evolving fraud techniques. This project presents a real-time fraud detection system
using machine learning, integrating an Al-powered prediction model with a full-stack deployment. The
solution leverages a trained Random Forest classifier hosted on a Flask API, a Streamlit-based Ul for live
visualization, and real-time alert systems (email, SMS, sound). Our system simulates a dynamic, real-world
transaction environment and addresses the limitations of static detection systems. The approach ensures
immediate response to fraudulent activity while maintaining a comprehensive log. This paper also references
recent research to validate methodology and propose future directions for enhancing system robustness and
adaptability.

Index Terms - Credit card fraud, Machine Learning, Flask API, Streamlit Dashboard, Random Forest, Alert
systems, Ensemble methods, Banking Fraud, Credit Card Fraud Detection, Machine Learning, Deep Learning,
Anomaly Detection, Data Imbalance, Privacy-Preserving Techniques, Real-Time Processing.

l. INTRODUCTION

With the proliferation of digital payments, credit card fraud has surged, resulting in substantial financial
losses globally. Traditional fraud detection systems, reliant on rule-based mechanisms, are increasingly
inadequate due to the sophistication of fraudulent schemes. Machine learning (ML) and artificial intelligence
(Al) have emerged as powerful tools to combat this challenge, offering dynamic and adaptive approaches to
detecting fraudulent activities. The objective of this paper is to review existing techniques, analyze their
performance, and suggest future directions to improve detection accuracy.

The exponential growth of online transactions and digital payment systems has increased the risk and
occurrence of credit card fraud. Fraudulent transactions can result in severe financial losses and erode consumer
trust in digital financial platforms. Traditional fraud detection systems based on static rules often fail to adapt
to new and evolving fraud patterns. This creates the need for intelligent, real-time, and adaptive solutions.

Machine Learning (ML) presents a promising solution by learning patterns from historical transaction data
and identifying anomalies that suggest fraud. Our project focuses on building a real-time fraud detection system
that not only predicts fraud but also triggers immediate alerts and maintains audit logs. The solution integrates
a trained ML model, API backend, alerting systems (SMS, email, sound), and a dynamic Ul dashboard.
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I1. Data Collection

For this study, secondary data was collected from publicly available and ethically approved sources. The
dataset used to train and evaluate the machine learning model was sourced from the Kaggle Credit Card Fraud
Detection dataset, originally published by the Machine Learning Group at Université Libre de Bruxelles
(ULB).

This dataset contains 284,807 real-world credit card transactions carried out in September 2013 by European
cardholders, out of which 492 transactions were confirmed as fraudulent. The dataset is highly imbalanced,
reflecting real-world fraud incidence rates.

The dataset features include:

V1 to V28: Anonymized principal components derived through Principal Component Analysis (PCA) for
privacy preservation.

Amount: The monetary value of the transaction.
Time: Seconds elapsed between each transaction and the first transaction in the dataset.

For testing and simulation, synthetic transaction data was generated programmatically within the Streamlit
user interface, mimicking the statistical behavior of the original dataset to allow real-time prediction and alert
generation.

No personally identifiable information (PIl) was accessed or used. The project strictly follows ethical Al
development practices and uses only anonymized and publicly accessible data.

I11. EASE OF USE

The proposed system has been designed with user accessibility and operational simplicity in mind. It
features a streamlined, interactive user interface built using Streamlit, which provides an intuitive experience
for both technical and non-technical users.

Users can monitor transactions in real time through a dynamic dashboard that auto-refreshes, requiring no
manual input for updates. Fraudulent transactions are automatically highlighted and logged, while integrated
alert systems (sound, SMS, and email) ensure that users are instantly notified without needing to check logs
manually.

The back-end services, including the Flask API and machine learning model, run transparently in the
background and require no manual intervention once deployed. The system supports automated transaction
simulation, reducing the need for test data input and enabling continuous monitoring scenarios for
demonstration and validation.

Furthermore, fraud logs are saved automatically to a CSV file, making it easy for users or auditors to review
past incidents without navigating complex databases.

3.1Population and Sample

In the context of this study, the population comprises all digital financial transactions that occur
through credit card networks in a real-world scenario. However, for practical and ethical reasons, an
anonymized and pre-processed sample was used, specifically the dataset provided by the Machine Learning
Group at Université Libre de Bruxelles (ULB), publicly available on Kaggle.
This dataset includes 284,807 credit card transactions, of which only 492 are labeled as fraud, illustrating a
typical highly imbalanced dataset. The sample represents real-life behavior patterns of cardholders and
transaction processes. These data points simulate the "market universe” in which the Al model operates. In
the experimental setup, synthetic real-time transactions were further generated using statistical distributions
similar to the dataset to test and demonstrate model performance in live scenarios.

3.2 Data and Sources of Data

For this study, secondary data has been collected from the Kaggle repository titled "Credit Card Fraud
Detection Dataset (2015)" originally released by the ULB Machine Learning Research Group. The data
represents two days of transactions made by European cardholders in September 2013, and includes
transaction features derived via Principal Component Analysis (PCA).
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The dataset is entirely anonymized and contains 30 features, including:
V1 to V28: Principal components extracted from original features
Amount: Transaction value

Time: Time elapsed since the first transaction in the dataset

Class: Target variable (1 = Fraud, 0 = Not Fraud)

For real-time simulation, transaction data was programmatically generated in Python using numpy and
random functions to replicate the distribution of the original dataset. These synthetic transactions are used for
inference through a Flask API and are displayed on a live dashboard for fraud detection and alert testing.

No personally identifiable information (PI1) was used, and the dataset adheres to ethical Al research practices.

3.3 Theoretical framework

The system designed in this research is based on supervised machine learning with binary
classification, where the dependent variable is the fraud label (Class: 1 or 0), and the independent variables
are the anonymized transaction features (V1-V28) and Amount.

The theoretical approach focuses on anomaly detection and pattern recognition:

Random Forest: An ensemble model that aggregates decisions from multiple decision trees to improve
predictive performance and reduce variance.

Logistic Regression: Used as a baseline classifier for comparison due to its interpretability.

Isolation Forest / SMOTE: Techniques considered for handling the imbalanced nature of the dataset.

The project's real-time engine uses Python-based logic to simulate transactions, which are then scored by the
model for fraud likelihood.

No economic variables (like inflation, CPI, etc.) are used, as the study focuses entirely on behavioral
transaction data and statistical anomalies. However, future iterations could integrate geo-location and time-
series behavioral data for a deeper anomaly profile.

Equations

To illustrate model performance:

Precision=TPTP+FP(1)\text{Precision} = \frac{TP}{TP + FP} \tag{1}Precision=TP+FPTP(1)
Where:

e TPTPTP = True Positives (Correctly identified frauds)
e FPFPFP = False Positives (Normal transactions incorrectly flagged)

IV. LITERATURE REVIEW:

Numerous studies have explored credit card fraud detection through diverse methodologies. Traditional
approaches, such as logistic regression and decision trees, have provided foundational insights but struggled
with high false-positive rates. Recent advancements in ensemble methods like Random Forest and Gradient
Boosting have improved detection by aggregating predictions from multiple models. Neural Networks and
Deep Learning models have shown promise in identifying complex patterns, leveraging techniques like Auto
encoders and Convolutional Neural Networks (CNN) for anomaly detection. Additionally, data balancing
techniques like SMOTE address the challenge of imbalanced datasets, ensuring that minority fraud cases
receive adequate model attention.
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V. RESEARCH METHODOLOGY

The methodology section outlines the structured approach undertaken to design, develop, and evaluate a real-
time credit card fraud detection system using Al and machine learning. This includes the universe and sample
of the study, data sources, variables involved, and the analytical framework adopted for model training and
system deployment. The study follows a quantitative and experimental design supported by simulation for
real-time testing.

The key components of the methodology are detailed as follows:

4.1 Universe of the Study:

The universe comprises global credit card transactions, with fraud detection as the core focus. Due to
ethical and privacy constraints, the study uses anonymized secondary data that represents realistic credit card
transaction behavior.

4.2 Sample of the Study:

A labeled dataset containing 284,807 transactions (with 492 frauds) was used. It was sourced from
Kaggle and originally published by the Machine Learning Group at ULB. This sample is representative of
real-world financial transaction environments.

4.3 Data and Sources of Data:

The dataset was obtained from a public Kaggle repository. It includes 30 variables — 28 anonymized features
(V1 to V28), transaction Amount, and Time. No personal or sensitive data was accessed or used, ensuring full
compliance with ethical research practices.

3.4 Variables of the Study:

Dependent Variable: Fraud label (0 = Not Fraud, 1 = Fraud)

Independent Variables: PCA-transformed components (V1-V28), Amount
These variables form the basis for supervised classification modeling.

3.4.1 Analytical Framework:

The study uses machine learning algorithms such as Random Forest and Logistic Regression to train
models on imbalanced data. The models are evaluated using precision, recall, F1-score, and AUC. The
selected model is then integrated into a Flask API, which serves predictions to a real-time Streamlit dashboard.
Additional modules include alert systems (email, SMS, sound) and automated fraud logging.

The methodologies applied in fraud detection studies span supervised, unsupervised, and hybrid approaches.
Supervised learning involves training models on labelled datasets, using algorithms like Support Vector
Machines and Random Forests

Unsupervised learning, including clustering and anomaly detection techniques, identifies fraudulent
transactions without prior labelling. Hybrid approaches combine both paradigms to enhance detection
accuracy. Data preprocessing techniques, such as feature selection and normalization, further optimize model
performance.
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Fig. 1. Framework for Credit Card Fraud Detection using ML

Table 1: Comparison of ML Models for Credit Card Fraud Detection

Model Type Pros Cons Accuracy
(%)
Logistic Supervised Simple, interpretable Poor with nonlinear data | 85
Regression
Decision Tree Supervised Easy to interpret Overfitting prone 88
Random Forest Ensemble High accuracy, low | Slower training 92
variance
Support  Vector | Supervised Effective  in  high- | Slow with large datasets | 89
Machine dimensional space
Neural Networks | Deep Learns complex patterns | Requires large data, | 93
Learning harder to tune
Autoencoder Unsupervised | Detects unseen fraud Limited interpretability | 90

Table 1: A comparative overview of commonly used machine learning models in fraud detection scenarios.

Table 2: Performance Metrics of Selected Models
Model Precision Recall F1 Score AUC

0.94 090 0.92 0.96
0.91 087 0.89 0.94
Neural Network 0.95 0.92 0.93 0.97

Logistic Reg. 0.88 0.85 0.86 0.90
Table 2: Evaluation metrics for different models on imbalanced fraud datasets.

V1. Challenges:

Fraud detection faces several challenges, including the constantly evolving tactics of fraudsters, which
require models to adapt quickly to new patterns. The imbalance in datasets, where genuine transactions far
outnumber fraudulent ones, complicates model training and can lead to a high rate of false negatives.
Additionally, ensuring data privacy and security while accessing sensitive transaction information is a critical
concern that must be addressed without compromising detection capabilities.

Despite many advancements, several challenges persist in developing effective fraud detection models.
One major challenge is the evolving nature of fraudulent tactics, requiring models to continuously adapt and
update to remain effective. Additionally, the scarcity of labelled fraud data complicates the training of
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supervised models, often necessitating synthetic data generation to fill the gap. Lastly, balancing detection
accuracy with false-positive rates remains a critical issue, as high false-positive rates can lead to customer
dissatisfaction and increased operational costs.

VII. Results:

Comparative analysis of various models reveals that ensemble methods and deep learning architectures
consistently outperform traditional models in detecting fraudulent transactions. Evaluation metrics such as
accuracy, precision, recall, and F1 score serve as benchmarks for performance assessment. The use of
SMOTE and other balancing techniques has notably reduced false negatives, enhancing overall detection
capability.
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System Architecture Diagram
Real-time data processing plays acrucial role in enhancing fraud detection systems by enabling the immediate
analysis of transaction data as it occurs. This allows for the rapid identification and prevention of fraudulent
activities before they can cause significant damage. By integrating streaming data technologies, organizations
can monitor transactions in real-time, applying predictive models and rules-based systems to flag suspicious
activities instantly.

VI1IIl. DISCUSSION

Key challenges in credit card fraud detection include dataset imbalance, evolving fraud tactics, and privacy
concerns. Privacy- preserving techniques, such as federated learning and homomorphic encryption, present
promising avenues for secure data sharing without compromising sensitive information. Evolving fraud
tactics pose a significant challenge to maintaining the performance of fraud detection models. As fraudsters
continuously adapt and find new ways to exploit systems, models need to be frequently updated and retrained
to recognize these novel patterns. This dynamic environment necessitates the use of adaptive algorithms and
real-time monitoring to ensure models remain effective against emerging threats.

IX. CONCLUSION

The landscape of credit card fraud detection has evolved significantly with the advent of machine learning
and deep learning techniques. This review underscores the effectiveness of ensemble methods and the
necessity of robust preprocessing techniques to handle imbalanced datasets. Future research should prioritize
privacy- preserving mechanisms and real-time fraud detection systems to mitigate financial losses
effectively. By embracing these advancements, financial institutions can bolster their fraud detection
frameworks, ensuring greater security for digital transactions.

To improve computational efficiency, researchers could explore model compression techniques such as
pruning and quantization, which reduce the size and complexity of deep learning models. Additionally,
implementing distributed computing frameworks can accelerate the training and deployment of models
across multiple processors. Lastly, using transfer learning to fine-tune pre-trained models on specific fraud
detection tasks can significantly decrease the time and resources required for model development.
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X. FUTURE SCOPE:

Integration with banking APIs for live deployment.

Use of deep learning models like LSTM for time-series fraud prediction.

Deployment via Docker for scalability.

Cloud deployment using AWS/GCP/Azure for production use.

Incorporate user behavior analytics and location-based intelligence for enhanced accuracy.
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