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Abstract 

Financial fraud is a growing concern in today's digital economy, leading to significant financial losses 

and security threats. Traditional rule-based fraud detection methods struggle with dynamic and evolving 

fraudulent activities, often resulting in high false positive and false negative rates. Deep learning has emerged 

as a powerful tool to enhance anomaly detection in financial transactions by leveraging neural networks, 

autoencoders, and hybrid models. This paper explores the advantages of deep learning-based fraud detection 

over traditional methods, with a focus on various financial sectors such as banking, e-commerce, insurance, 

and cryptocurrency transactions. It highlights the use of Recurrent Neural Network (RNN), Graph Neural 

Network (GNN) and Self Supervised Learning (SSL) in detecting fraudulent activities and provides an analysis 

of improvements in fraud detection rates. The study also discusses key challenges, including data imbalance, 

computational costs, model interpretability, and real-time detection constraints, while suggesting future 

research directions for more effective and scalable fraud prevention systems. The study also highlights the 

challenges and future directions in this domain. 
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Introduction 

With the rapid growth of digital transactions, financial fraud has become a critical 

issue affecting businesses and consumers worldwide. Conventional fraud detection systems 

rely on predefined rules and statistical methods, which often fail to detect new fraudulent 

patterns. Deep learning techniques, including neural networks and autoencoders, offer a 

promising alternative by learning complex data representations and identifying anomalies 

more effectively. This paper aims to analyse existing deep learning approaches, compare 

them with traditional methods, and propose a novel deep learning techniques for improved 

fraud detection. 

 

Problem Statement 

Financial fraud involves unauthorized transactions, identity theft, and cyberattacks 

that exploit security vulnerabilities. Traditional fraud detection systems often result in high 
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false positive and false negative rates. Moreover, fraudsters continuously evolve their 

techniques, making it challenging to detect anomalies using static rule-based systems. This 

necessitates an intelligent, adaptive, and scalable fraud detection approach. 

 

Recent studies indicate that deep learning models perform well in detecting fraudulent 

activities, but they pose challenges such as high computational requirements, lack of 

interpretability, and data imbalance issues. Additionally, training deep learning models 

requires large labelled datasets, which are often unavailable due to privacy concerns. 

Addressing these issues is crucial for deploying deep learning-based fraud detection systems 

effectively. 

 

Literature Survey 

Several deep learning approaches have been explored for fraud detection to perform 

literature survey. Alshameri et al., 2024 Implemented a Variational Autoencoder (VAE) 

model to detect credit card fraud, improving detection rates by 25%. T. H. Lin and J. R. Jiang 

2020 Proposed a hybrid approach combining Autoencoders and Random Forest for 

transaction fraud detection, achieving a 20% reduction in false positives. Liu et al., 2020 the 

author applied Recurrent Neural Networks Applied for sequential transaction analysis to 

detect unusual behaviour over time. He applied employed Long Short-Term Memory 

(LSTM) networks for financial fraud detection, leading to a 30% increase in accuracy 

compared to traditional machine learning methods. Tan et al., 2023 Explored for relational 

fraud detection by analysing connections between entities in a financial network. They 

developed a GNN-based fraud detection system for cryptocurrency transactions, achieving a 

28% improvement in anomaly detection. 

 

Traditional Methods vs. Deep Learning Methods 

Feature Traditional Methods Deep Learning Methods 

Approach Rule-based, Statistical Analysis Neural Networks, Autoencoders 

Adaptability Limited to predefined rules Learns from evolving data patterns 

Accuracy High false positives/negatives Higher accuracy with sufficient data 

Scalability Difficult to scale with data 

growth 

Scalable with big data techniques 

Interpretability Transparent but rigid High accuracy but less interpretable 
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Deep Learning Approaches Used by Various Financial Sectors 

 Banking Sector: Uses Generative AI which used Convolutional Neural Networks 

(CNNs) and Recurrent Neural Networks (RNNs) for fraud detection in Visa and 

Mastercard credit card transactions. This advancement enables MasterCard to alert 

banks more quickly and accurately when a card is suspected of being compromised, 

allowing for timely blocking and reissuing of cards. The system continuously 

monitors attempted transactions on compromised cards to mitigate fraud and enhance 

cybersecurity.  

 E-commerce Platforms: Implement Autoencoders and Graph Neural Networks 

(GNNs) for identifying fraudulent user behaviors on Amazon and eBay. AWS used 

graph neural networks to meet customer needs. 

 Insurance Industry: Companies like Allstate and Progressive employ Long Short-

Term Memory (LSTM) networks for detecting false insurance claims, improving 

fraud detection rates  

 Cryptocurrency Transactions: Companies like Elliptic utilize Generative Adversarial 

Networks (GANs) for anomaly detection in blockchain transactions to improve fraud 

detection  

 

Proposed Techniques for Improved Fraud Detection 

This paper proposes hybrid deep learning techniques that integrates multiple state-of-

the-art techniques to improve fraud detection accuracy and minimize false positives.  

 

Variational and Sparse Autoencoderbased Anomaly Detection 

 Autoencoders are neural network architectures designed for unsupervised learning by 

reconstructing input data. They work by encoding normal transaction patterns into a 

compressed latent space and then reconstructing them. If the reconstruction error 

exceeds a threshold, the transaction is flagged as an anomaly. 

 Autoencoders have been widely adopted in financial fraud detection due to their 

ability to model complex data distributions and detect deviations. They are 

particularly useful in high-dimensional datasets where manual feature engineering is 

impractical. Variational Autoencoders (VAEs) and Sparse Autoencoders are 

commonly used variants that improve fraud detection accuracy by enhancing the 

generalization capability of the model. 
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 Recent advancements integrate Autoencoders with hybrid models, such as combining 

them with Recurrent Neural Networks (RNNs) for sequential transaction analysis or 

Graph Neural Networks (GNNs) to detect fraudulent transaction relationships. 

Companies like PayPal and Square have implemented Autoencoder-based fraud 

detection systems, achieving significant reductions in false positives and improved 

detection rates. 

 

Graph Neural Networks (GNNs) for Transactional Relationship Analysis 

Graph Neural Networks (GNNs) are increasingly being applied to anomaly detection 

in financial transactions, particularly for analyzing complex transactional relationships. 

GNNs are represented using a) Nodes - Represent entities like customers, merchants, 

accounts, or transactions and   b) Edges: Represent transactional relationships between these 

entities, capturing features like transaction amounts, timestamps, and frequency. GNNs 

analyse the relationships between transactions rather than treating them as independent 

records. By learning the structure of financial transactions over time, GNNs can detect 

irregular or suspicious behaviours. Anomalies are identified through a) Community 

Detection: Fraudulent entities often form dense clusters or unusual connections in the 

transaction network  b) Graph Embedding: Converts nodes and edges into a vector space 

where normal and anomalous patterns can be differentiated and c) Temporal Analysis: GNNs 

can analyse changes over time, detecting evolving fraud patterns. By leveraging GNNs for 

transactional relationship analysis, financial institutions can enhance their anomaly detection 

capabilities, reducing false positives while catching complex fraud patterns that rule-based or 

traditional machine learning models might miss. 

 

Self-Supervised Learning (SSL) for Label Efficiency in Anomaly Detection in Financial 

Transactions 

 Financial fraud detection typically requires labelled data, but acquiring high-quality 

labelled fraudulent transactions is challenging due to class imbalance (fraud is rare) 

and data privacy concerns. Self-Supervised Learning (SSL) addresses this by learning 

useful representations from unlabelled financial transaction data, reducing reliance on 

manually labelled fraud cases. 

 SSL performs PreText Task to learn representation from unlabelled data and then fine 

tuning on labelled data. SSL trains a model to solve a pretext to extract meaningful 
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representations from transaction data through a) Contrastive Learning: Comparing 

normal and anomalous transactions by maximizing differences (e.g., SimCLR, 

MoCo), b) Masked Data Prediction: Masking transaction attributes (amount, 

merchant, location) and training the model to predict missing parts (similar to BERT 

for text), c) Contextual Similarity Learning: Learning how transactions relate to each 

other over time (e.g., in a user’s spending pattern). Key benefits are label efficiency, 

better generalisation and unsupervised anomaly detection. 

 

Challenges and Future Directions 

 Data Imbalance: Fraudulent transactions are rare hence requires advanced sampling 

techniques. 

 Computational Cost: Deep learning models require high processing power and 

memory. 

 Interpretability: Black-box nature of deep learning models hinders trust and 

regulatory compliance. 

 Real-Time Detection: Deploying efficient real-time models remains a challenge. 

 

Conclusion 

Deep learning offers a promising approach for anomaly detection in financial 

transactions, overcoming many limitations of traditional fraud detection methods. This paper 

analysed recent advancements, compared existing approaches, and proposed a hybrid deep 

learning techniques to enhance fraud detection. While challenges such as data imbalance and 

interpretability remain, continued research in this field can lead to more robust and effective 

fraud detection systems. Future research can also focus on improving model efficiency, 

developing interpretable AI methods, and addressing data privacy concerns through federated 

learning techniques. 
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