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ABSTRACT 

 

The rise in digital payment systems, internet banking, online shopping systems has not only increased the volume 

but also the intricacy of fraud. Traditional fraud detection techniques are typically ineffective at detecting 

sophisticated patterns of fraud in real-time because of the volume of high-dimensional transactions and evolving 

cyberattacks. This research proposes a Hybrid ML and PSO based Smart Real-Time Fraud Analytics framework 

for better fraud detection. The proposed framework integrates advanced data preprocessing, feature optimization 

using PSO and hybrid classifiers to predict fraud intelligently. It uses a combination of RF, SVM, and Gradient 

Boosting to enhance analytical performance while decreasing false-positives. Using PSO for optimization of classifier 

parameters and feature selection in real-time databases. The experimental results show that the suggested hybrid 

model achieves better outcomes than conventional machine learning approaches in terms of processing speed, 

accuracy, precision, recall, and F1 score. To safeguard monetary transactions and keep an eye on fraud, the 

framework provides a clever and scalable solution. Recently, fraud detection and intelligent visualization, fraud 

prediction, and fraud control and prevention have engaged the attention of researchers whose analysis that can be 

used to assess whether Fraud Analytics is useful. With the emergence of hybrid machine learning and particle 

swarm optimization, focused on machine learning that will help perform fraud detection. May not only provide 

reference that will offer support for fraud detection but real-time assessment is a tool suitable for that purpose. This 

review also contributed to discussing how AI will enhance fraud detection based on analytics. Finally, this review 

will present a more in-depth analysis of fraud such as financial fraud detection and more. 

 

Keywords: Smart Fraud Analytics, Hybrid Machine Learning, PSO, Real-Time Transaction Monitoring, Financial 

Cybersecurity, Ensemble Fraud Detection, Intelligent Fraud Prevention. 

 

 

 

 INTRODUCTION 

 

The financial system sees a digital transformation for online banking, mobile payments, digital wallets, and e-commerce 

transactions. Though these techniques assist convenience and effectiveness, they also victim with major cyber crimes. 

Financial fraud has emerged as a critical threat to banks and payment gateways, insurance companies, and online businesses 

around the world. 

 

Fraudulent activities allow hackers to access user’s credit card and bank account. Users lose their money through phishing 

and hacking attacks. The methods of fraud detection adopted so far are usually rule-based systems and manual monitoring 

techniques. But these techniques lack the ability to detect dynamic and complex patterns of fraud in real-life environments. 

Machine Learning (ML) techniques are intelligent solutions to fraud analytics because they can learn transaction patterns 

automatically and classify suspicious activities. Yet, the standalone ML models often face challenges of overfitting, poor 

selection of features and low efficiency on imbalanced data. 

 

To deal with these challenges, this research proposes a Smart  Real-time Fraud Analytics model using Hybrid ML and 

Particle Snorm Optimisation (PSO) techniques. The proposed system employs multiple Machine Learning classifiers which 

are optimized based on PSO. This helps enhance the fraud detection ability while decreasing the computational complexity 

and increasing analytical accuracy. 
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This research has the following main objectives. 

 Create a framework to analyze fraud while taking data feed in real-time. 

 Enhancing the precision of fraud detection through hybrid machine learning 

 The goal of this research is to optimize feature selection using PSO. 

 Lowering incidence of false positives and negatives. 

 To boost system performance and real-time supervision. 

 

Background of the study. 

The rapid use of digital technologies has caused a sea change in the global financial ecosystem. The financial sector has 

grown to rely heavily on electronic transactions, online banking, e-commerce, and mobile payment systems. Technology 

has increased the likelihood of financial fraud in addition to the ease, speed, and accessibility it provides. Credit card fraud, 

unauthorized transactions, phishing, insurance fraud, and identity theft are some of the most common forms of fraud that 

businesses and consumers around the globe are falling victim to. 

 

Systems for detecting fraud traditionally use rule-based systems and manual verification techniques. The changing methods 

of cyber criminals make these methods ineffective in detecting complex fraud patterns.  In addition, the growing amount 

and complexity of financial transaction data make monitoring inefficient and slow. 

 

Machine Learning has emerged as powerful technology used in intelligent fraud detection as it can automatically analyze 

vast datasets, recognize hidden patterns as well as, predict suspicious activities with great accuracy. Nonetheless, it would 

be expected for a standalone machine learning model to suffer from overfitting, improper feature selection, data imbalance, 

and a high false-positive rate. 

 

In order to deal with these issues, the machine learning techniques are combined with optimization techniques such as PSO. 

Using PSO in feature selection and parameter optimization improves accuracy and computational efficiency of fraud 

detection. As such combination of Hybrid ML and PSO can lead to an efficient smart real-time fraud analytics system for 

effective detection of frauds. 

 

Motivations of the study. 

As people more often rely on digital financial transactions, there comes a need for a safe and smart fraud detection system. 

Every day, financial institutions carry out millions of transactions. This makes it impossible to manually detect fraud in 

real-time.  In addition to costing money, fraud affects customer trust and the reputation of the organization. 

 

Fraudulent detection systems that exist now are not very efficient and have various issues. 

 The precision of detecting complex fraud patterns is low. 

 Many incorrect results for positive and negative.  

 Not being able to efficiently process transaction data. 

 Limited flexibility to company-wide cyber threats. 

 Inefficient operation on imbalanced datasets. 

 

The emergence of these challenges pushed the development of an advanced fraud analytics framework entailing hybrid 

machine learning with optimization. Through combination of multiple classifiers, Hybrid ML model can enhance PIL 

which would result in better outcome. Moreover, PSO will assist in optimizing feature selection as well as model 

parameters to maximize efficiency of the system. 

 

Creating a sophisticated, scalable, and real-time fraud detection system is the primary objective of this project. A more 

secure network, better analytical performance, and less financial loss would all result from such a structure. 

 

Contribution of the Research in Detail 

Financial fraud and sophisticated cybercrime analytics systems are two areas that might benefit greatly from the study's 

findings. What follows is an overview of the main contributions. 

 

1.Framework for Smart Real Time Fraud Analytics Development 

In order to effectively analyze financial transactions in real time and make informed judgments, the article proposes an 

intelligent fraud detection system. 
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2.Combining Different Machine Learning Models. 

The framework employs various ML classifiers like RF, SVM and others for better efficiency and performing fraud 

detection in an improved way. 

 

3. Application of Particle Swarm Optimization (PSO). 

The application of PSO for feature selection and parameter optimization improves computational efficiency while 

improving classification accuracy. 

 

4. Detection of Fraud More Accurate. 

The presented hybrid system will produce better accuracy, precision, recall and F1-score than other ML techniques. 

 

5. False alarms will get decreased. 

Reliability of fraud detection systems is enhanced by the reduced false-positive and false-negative rates. 

 

6. Handling large volume of financial data efficient. 

The framework that has been proposed is designed to handle a massive volume of transaction data in a real-time setting. 

 

7. Improved security for financial systems. 

By establishing a robust fraud prevention mechanism, this research contributes to the consolidation of financial security. 

 

Machine Learning Approaches in Fraud Detection   

The modern fraud detection system heavily relies on machine learning (ML) for its functioning. It enables the system to 

learn automatically from transaction data. In addition, it allows the identification of suspicious behavioural patterns. The 

efficiency of processing, detection, and prediction of ML algorithms are highly useful for large datasets. 

 

Machine learning methods of fraud detection can be broadly classified into supervised, un-supervised, and hybrid machine 

learning methods. 

 

1. Methods of Supervised Learning 

Supervised learning algorithms learn by taking labeled datasets consisting of fraudulent and legitimate transactions. These 

algorithms learn behaviors from old data and classify new transactions. 

Supervised learning algorithms generally include. 

 Tree of Decisions 

 Collection of decision trees. 

 Regression of Logistics. 

 SVM, abbreviation of Support Vector Machine. 

 Naive Bayes 

 Use Gradient Boosting. 

 

Widely utilized, these models have a high prediction accuracy making credit card fraud detection models. 

Off-The-Shelf Models. 

 

2. Unsupervised learning methods are applied when transaction labels are missing. The algorithms detect 

structures and anomalies hidden within data. 

Unsupervised Learning Techniques that are Popular. 

 Cluster Center Method 

 Encoder-decoder 

 Forest of Isolation 

 PCA (Principal Component Analysis) 

Unsupervised techniques are powerful for detecting new and unknown frauds. 

 

3. Hybrid Techniques for Machine Learning. 

The incorporation of hybrid ML approaches for detection is likely to boost performance and robustness. Ensemble and 

hybrid models utilize the strengths of different classifiers to enhance predictive performance. 

 

For instance. 

 Random Forest in Combination with SVM 

 Neural Networks incorporated with Decision Trees. 
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 Group Voting Models. 

 Hybrid Models Enhanced by PSO 

On the whole, hybrid models achieve higher accuracy and lower false-positive rate than classifiers alone. 

Importance of Optimization Methods in Fraud Detection. 

 

Optimization algorithms which include PSO, GA, ACO, etc. are widely used in order to improve overall performance of 

ML. PSO works particularly well for. 

• Selection of features 

• Optimizing Hyperparameters. 

• Reduction in Dimensions 

• Optimizing Computing 

The application of optimization techniques with hybrid machine learning can greatly enhance the real-time fraud analytics 

and financial security systems.. 

 

LITERATURE REVIEW 

 

For low-latency financial risk assessment in an edge computing scenario, Ahmed et al. (2025) presented a real-time hybrid 

optimization methodology that integrates DL with adaptive regression. They discovered that their model improved 

decision-making and fraud risk prediction in financial systems significantly [1]. 

Feature selection, clustering, and ensemble learning form the basis of the hybrid fraud detection approach for financial 

transactions developed by Almusallam et al. (2025). Research found that real-time analytics solutions have lower false 

positive rates and more accurate fraud detection [2]. 

For the purpose of detecting fraud in big data, Hu et al. (2025) presented a hybrid model that integrates optimization with 

DL. Their method enhanced analytical precision and successfully identified intricate patterns of fraud in massive monetary 

transactions [3]. 

Dong and Xiao (2025) investigated how to improve digital financial application fraud detection using ML algorithms and 

real-time data. Based on their findings, they were able to improve monitoring and identify suspicious money activity earlier 

[4]. 

Optimal design for intelligent architecture for real-time fraud detection in big data systems was proposed by Abutaleb et al. 

(2025). The framework enhanced decentralized financial systems' capacity to identify fraud, handle data quickly, and scale 

[5]. 

Adaptive ML models were suggested by Bello et al. (2024) for the purpose of detecting financial fraud in real-time inside 

dynamic environments. To combat evolving scams, they zeroed in on adaptive learning techniques [6]. 

Hyperparameter tuning in XGBoost-based fraud detection systems was optimized by Mehdary et al. (2024) utilizing 

evolutionary algorithms. Results from smart grid fraud analytics [7] demonstrate the superiority of the suggested method. 

The CCFD framework, as forth by Mosa et al. (2024), integrates machine learning techniques with the meta-heuristic 

algorithm for effective detection of credit card fraud. With improved accuracy and reduced computational complexity, their 

model has effectively classified the frauds [8]. 

To optimize accounting information systems, Mahmoud et al. (2024) suggested a hybrid capsule network that incorporates 

Honey Badger PSO. Intelligent financial analysis and improved fraud case prediction were both made possible by 

integrating their model into an architecture [9]. 

A financial platform based on SDN and featuring secure wireless sensors, fraud detection powered by AI, and real-time 

analytics was proposed by Mantyla et al. (2024). The research strengthened digital financial system intelligence monitoring 

and transaction security [10]. 

By integrating DL and PSO, Sivarethinamohan (2023) was able to enhance the identification of accounting fraud. The 

research shown that the PSO-based learning model may enhance the accuracy of fraud classification by optimizing the 
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model features [11]. Using deep neural networks and competitive swarm optimization, Karthikeyan et al. (2023) proposed a 

paradigm for fraud detection. They found that their approach improved prediction accuracy in financial fraud analysis and 

obtained high accuracy in categorization [12]. 

For long-term detection of financial fraud, Maashi et al. (2023) suggested a Garra Rufa Fish Optimization algorithm-

optimized ensemble DL model. System robustness and fraud prediction accuracy were both improved by the suggested 

system [13]. 

A multilevel Hidden Markov Model was suggested by Abukari et al. (2023) for the purpose of real-time detection of fraud 

in electronic financial transactions. Their methodology can improve real-time fraud monitoring and identify suspicious 

transaction trends [14]. 

In order to better understand online shopping fraud, Kumar (2023) proposed a cloud-based LSTM-GRU model that is based 

on mining patterns of evolutionary behavior. This architecture enhanced cloud scalability and fraud prediction capabilities 

[15]. 

Panga (2022) developed a hybrid ML system that is optimized for better fraud detection using huge data from online stores. 

Efficiency in processing massive transaction datasets and improved fraud classification accuracy were two outcomes of the 

study [16]. 

For intrusion detection within the framework of the Internet of Medical Things, Chaganti et al. (2022) utilized DL and PSO. 

Intelligent systems provide superior security performance and higher detection accuracy, according to their research [17]. 

To fine-tune their ML models for detecting credit card fraud, Jovanovic et al. (2022) utilized the Group Search Firefly 

Algorithm. Prediction accuracy and detection error rates were both high in the optimized models [18]. 

A framework for FFA was proposed by Singh et al. (2022) that makes use of SVM and the Firefly Optimization Algorithm. 

Their method improved the accuracy of fraud detection while decreasing the number of false positives [19]. 

Research on cloud computing workload balancing using neural networks, PSO, and the Petri net model was presented by 

Ubagaram et al. (2022). The study's findings led to better utilization of cloud-based resources and more efficient 

computations [20]. 

Immaneni (2021) looked into the possibility of using graph databases and swarm intelligence to identify fraud as it 

happens. Intelligent pattern recognition and improved fraud tracking in financial systems were demonstrated in the study 

[21]. 

In their work on optimizing deep neural network hyperparameters for fraud transaction detection using PSO, Tayebi and El 

Kafhali (2021) have made a valuable contribution. Prediction accuracy and training efficiency in fraud prediction were both 

significantly enhanced by their structure [22]. 

An intelligent smart meter–based system for detecting electricity theft was proposed by Ullah et al. (2021) using a hybrid 

deep neural network technique. Smart energy fraud analytics were enhanced and anomaly detection was effective in the 

study [23]. 

For Internet of Things (IoT) settings, Ruiz (2021) suggested an AI-based framework for software development that 

integrates TOPSIS, deep learning, fuzzy WPM, and PSO. Optimization and intelligent decision making were both 

improved by the framework [24]. 

For software optimization, Fielding (2021) proposed a cloud-based AI system that mixes DL, fuzzy logic, and PSO. 

Scalability, intelligent automation, and computing efficiency were all enhanced in AI systems as a result of the research 

[25]. 
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Table 2: Literature Review 

 

Ref. 

No. 

Author/Year Objective Methodology Conclusion 

1 Ahmed et al. (2025) To develop a low-latency 

financial risk assessment 

system for real-time fraud 

analytics. 

Deep Learning with 

Adaptive Regression and 

Hybrid Optimization 

Models. 

Improved decision-making 

speed and enhanced fraud 

prediction accuracy in edge-

based financial systems. 

2 Almusallam & 

Qayyum (2025) 

In order to make financial 

transaction fraud detection 

more accurate. 

Ensemble Learning, 

Clustering, and Hybrid 

Feature Selection. 

Enhanced performance in real-

time fraud detection while 

decreasing the number of false 

positives. 

3 Hu et al. (2025) To enhance fraud detection 

accuracy using big data 

techniques. 

Hybrid Optimization 

integrated with DL. 

Achieved higher analytical 

accuracy and efficient 

detection of complex fraud 

patterns. 

4 Dong & Xiao 

(2025) 

To strengthen fraud 

monitoring in digital 

finance applications. 

ML Algorithms with Real-

Time Data Analytics. 

Improved fraud monitoring 

capability and response time. 

5 Abutaleb et al. 

(2025) 

To design an optimized 

real-time fraud detection 

architecture for big data 

systems. 

Intelligent Big Data 

Processing and Optimized 

Analytical Framework. 

Enhanced scalability, 

processing efficiency, and 

fraud detection performance. 

6 Bello et al. (2024) To prevent financial fraud 

in dynamic environments. 

Adaptive ML Models. Improved handling of evolving 

fraud patterns in real-time 

systems. 

7 Mehdary et al. 

(2024) 

To optimize fraud detection 

performance in smart grids. 

Genetic Algorithms with 

XGBoost Hyperparameter 

Optimization. 

Enhanced classification 

accuracy and computational 

efficiency. 

8 Mosa et al. (2024) To improve credit card 

fraud detection efficiency. 

Meta-Heuristic Techniques 

with ML Algorithms. 

Achieved higher fraud 

detection accuracy with 

reduced complexity. 

9 Mahmoud et al. 

(2024) 

To optimize accounting 

information systems for 

fraud analytics. 

Hybrid Capsule Network 

with Honey Badger PSO. 

Improved intelligent financial 

analytics and fraud prediction 

capability. 

10 Mantyla (2024) To secure financial 

platforms using AI-

powered fraud detection. 

Wireless Sensor Networks, 

SDN, and Real-Time AI 

Analytics. 

Enhanced transaction security 

and intelligent fraud 

monitoring. 

11 Sivarethinamohan 

(2023) 

To improve accounting 

fraud detection 

performance. 

DL integrated with Particle 

Swarm Optimization. 

Improved feature optimization 

and fraud classification 

accuracy. 

12 Karthikeyan et al. 

(2023) 

To reduce fraud 

classification errors in 

financial systems. 

Competitive Swarm 

Optimization with DNN. 

Improved fraud prediction 

accuracy and reduced errors. 

13 Maashi et al. (2023) To achieve sustainable 

financial fraud detection. 

Garra Rufa Fish 

Optimization with 

Ensemble DL. 

Enhanced system robustness 

and fraud prediction 

performance. 

14 Abukari et al. 

(2023) 

To detect fraud in 

electronic financial 

transactions in real-time. 

Multi-layered Hidden 

Markov Model. 

Effectively identified abnormal 

transaction patterns. 

15 Kumar (2023) To improve e-commerce 

fraud analytics in cloud 

environments. 

Cloud-Based LSTM-GRU 

and Evolutionary Pattern 

Mining. 

Enhanced fraud prediction and 

scalability in e-commerce 

systems. 

16 Panga (2022) To develop an optimized 

fraud detection framework 

using big data. 

Hybrid ML Framework. Improved fraud classification 

efficiency on large datasets. 

17 Chaganti et al. 

(2022) 

To enhance intrusion 

detection in IoMT systems. 

DL with PSO. Improved security performance 

and detection accuracy. 
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18 Jovanovic et al. 

(2022) 

To tune machine learning 

models for credit card fraud 

detection. 

Group Search Firefly 

Optimization Algorithm. 

Improved predictive accuracy 

and reduced fraud detection 

errors. 

19 Singh et al. (2022) To develop an efficient 

financial fraud detection 

model. 

Firefly Optimization 

Algorithm with Support 

Vector Machine. 

Reduced false positives and 

improved fraud classification 

efficiency. 

20 Ubagaram et al. 

(2022) 

To optimize workload 

balancing in cloud 

computing. 

PSO, Neural Networks, 

and Petri Nets. 

Enhanced computational 

efficiency and cloud resource 

management. 

21 Immaneni (2021) To enable real-time fraud 

detection using intelligent 

systems. 

Swarm Intelligence and 

Graph Databases. 

Improved fraud tracking and 

intelligent pattern recognition. 

22 Tayebi & El Kafhali 

(2021) 

To optimize DL models for 

fraud detection. 

PSO for DNN 

Hyperparameter Tuning. 

Enhanced fraud prediction 

accuracy and training 

efficiency. 

23 Ullah et al. (2021) To detect electricity theft 

using intelligent smart 

systems. 

Hybrid DNN with Smart 

Meter Analytics. 

Achieved effective anomaly 

and theft detection 

performance. 

24 Ruiz (2021) To improve AI-driven 

software optimization in 

IoT environments. 

Fuzzy WPM, TOPSIS, DL, 

and PSO Integration. 

Enhanced intelligent decision-

making and optimization 

efficiency. 

25 Fielding (2021) To optimize cloud-native 

AI software frameworks. 

Hybrid Fuzzy Integration 

with DL and PSO. 

Improved scalability, 

automation, and computational 

efficiency. 

 

Real-Time Fraud Detection Systems 

To severely limit illegal activities and cut down on financial losses, real-time fraud detection is essential. To evaluate edge 

financial risk, Ahmed et al. (2025) proposed a real-time hybrid optimization model that combines DL with adaptive 

regression. The financial applications' low-latency decision devices were the focus of the framework. Timely and latency-

minimizing processing of financial transactions was demonstrated by the research using AI systems based on the edge. 

Dong and Xiao (2025) investigated financial fraud detection in digital finance applications through the use of ML 

algorithms and real-time data analytics. According to the study, continuous transaction monitoring and real-time anomaly 

detection are very important. The use of intelligent analytics systems significantly improved fraud detection accuracy and 

response time, the researchers reported. 

According to these studies, frameworks for real-time analytics serve as a building block for systems that prevent fraud. 

 

Hybrid Machine Learning Approaches in Fraud Detection 

Fraud detection performance is boosted by hybrid ML model techniques.  Almusallam and Qayyum (2025) developed a 

fraud detection approach that used clustering and hybrid feature selection that has good potential.  Their model utilized 

clustering methods and ensemble classifiers to enhance their predictive performance and lower false-rate positives. The 

experimental results showed that hybrid ensemble learning outperforms single classifiers in performance. 

 

Hu et al. (2025) proposed a framework based on hybrid optimization and DL which detects fraud with big data. The 

proposed system combined optimization algorithms and deep neural networks to enhance analytical performance. Results 

demonstrated that hybrid architectures can capture high-dimensional transaction datasets and detect complex fraud patterns.  

Hybrid frameworks that incorporate machine learning techniques can offer higher robustness, agility, and scalability to 

fraud analytics systems that are created using Bloomberg. 

 

Deep Learning-Based Fraud Detection Models. 

Deep learning methods have shown excellent performance in fraud detection due to their capacity to learn complex patterns 

from vast datasets. Kiranbabu (2026) has proposed modern explainable hybrid metaheuristic–deep learning framework with 

temporal convolutional analysis for real time financial fraud detection. The suggested framework used explainable AI along 

with deep learning models to make fraud prediction systems more interpretable and transparent. The research showcased 

strong detection capability with explainability for financial decisions. 

 

In a 2023 paper, Sivarethinamohan integrated DL and PSO for accounting fraud detection. The research used PSO for 

feature optimization along with deep neural networks for fraud classification. The results of the experiments indicated that 

PSO upgraded the efficiency of the training model and performance in classification. 
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Karthikeyan et al. (2023) similarly presented DNN based on competitive swarm optimization for fraud detection. The 

design of their model is expected to be able to reduce classification errors and improve the prediction of frauds as it 

application of deep learning architectures is optimized. 

 

Based on the studies, using deep learning and optimization algorithms is an efficient and smart solution for fraud analytics. 

 

Optimization techniques for fraud analytics. 

Optimization algorithms can be beneficial for improving the performance of ML strategies in a fraud detection system. 

PSO, GA, CSO and SSA have received maximal applications. 

 

Mehdary et al. (2024) introduced a framework for hyperparameter optimization of XGBoost using Genetic Algorithms for 

grid fraud detection. They optimized classifier parameters to improve predictive accuracy and computational efficiency. 

Optimization-based tuning greatly improves model performance, as the results show. 

 

The AI-powered FinTech framework for credit card fraud detection was proposed by Arzu et al. in 2026. The framework 

uses adaptive optimization based on the Sparrow Search Algorithm. Their framework enhanced the ability to detect fraud 

and reduce false positives in online transactions. 

 

Optimization algorithms play a role in 

• Selecting features 

• Optimizing the hyperparameters. 

• Efficiency in computation. 

• It enhances performance prediction. 

• Simplified the complexity of training. 

These techniques are essential for creating scalable and high-performance fraud analytics systems. 

 

Explainable AI in Fraud Detection 

Today, XAI is essential for any decision-making systems of financial institutions for fraud analytics which are transparent 

and interpretable. Kiranbabu (2026) highlighted the need for hybrid deep learning frameworks with explainable fraud 

detection for real time usages.  The research showed that the financial systems can be made compliant and accountable 

through explainable AI. 

Analysts understand explainable AI. 

• Reason for fraudulent transactions classification. 

• Features that contribute fraud prediction most 

• How machine learning algorithms render decisions. 

The combined power of hybrid ML and optimization algorithms with XAI offers reliability and transparency for fraud 

detection. 

 

Critical Analysis of Literature. 

The reviewed studies indicate the impressive advancement in fraud analytics in terms of ML, DL and optimization 

techniques. ML algorithms that are hybrids are superior to standalone classifiers for accuracy and robustness.  Algorithms 

can improve features selection and tuning of hyperparameter, such as PSO, GA, and SSA. 

Nonetheless, there are still several research gaps. 

• Less focus on real-time processing and computational efficiency balance. 

• Some deep learning systems have high false-positive rates.  

• There is not enough use of explainable AI with hybrid optimization frameworks. 

• Struggles with highly imbalanced transaction dataset 

• Large cloud-based financial systems have scalability issues. 

Most systems focus either on optimization or on classification but none looks to comprehensively integrate the real-time 

analytics, hybrid ML, optimization and explainable AI in one. 

 

Research Gap Identification. 

Based on the gap, the following gap is identified from literature review. 

1. Current fraud detection systems are unable to provide high accuracy and low computational complexity at the 

same time. 

2. In processing imbalanced transaction datasets, many models yield high false-positive rates. 
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3. Only a few studies combined particle swarm optimization with hybrid machine learning for real-time fraud 

analysis. 

4. Many smart fraud detection systems continue to fail to integrate explainable AI. 

5. Scalability and adaptive learning capability of real-time fraud monitoring frameworks need further improvement. 

6. Existing systems often do not handle changing frauds increasingly efficiently in dynamic financial environments. 

The research gaps identified in the literature lead us to devise a smart real-time fraud analytics framework using hybrid 

machine learning and PSO. 

 

RESEARCH METHODOLOGY 

 

Research Design 

The study follows an experimental research methodology to develop and evaluate a smart fraud analytics framework based 

on hybrid ML and PSO techniques. 

 

Data Collection 

The dataset is collected from publicly available financial fraud repositories such as: 

 Kaggle Credit Card Fraud Dataset 

 Banking Transaction Dataset 

 Online Payment Fraud Dataset 

The dataset contains legitimate and fraudulent transaction records. 

 

Data Preprocessing 

Data preprocessing techniques include: 

 Missing value handling 

 Data normalization 

 Duplicate removal 

 Feature encoding 

 Class balancing using SMOTE 

 

Feature Optimization Using PSO 

Particle Swarm Optimization is employed to identify the most relevant transaction features for fraud analytics. 

The PSO velocity equation is: 

  
       

            
            

   
The position update equation is: 

  
      

    
    

 

Where: 

   = velocity 

    = particle position 

    = personal best 

 g = global best 

 

Hybrid Machine Learning Model 

The proposed hybrid framework integrates: 

 Random Forest 

 Support Vector Machine 

 Gradient Boosting 

The final fraud prediction is generated using ensemble voting techniques. 

 

Model Training and Testing 

The dataset is divided into: 

 70% training data 

 30% testing data 

Cross-validation techniques are used to ensure model stability and prevent overfitting. 

 

Performance Evaluation Metrics 

The proposed model is evaluated using: 
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 Accuracy 

 Precision 

 Recall 

 F1-Score 

 ROC-AUC 

Accuracy formula: 

 

         
     

           
 

 

Precision formula: 

          
  

     
 

Recall formula: 

       
  

     
 

F1-Score formula: 

 
Proposed System Architecture 

The modules in the fraud analytics system are as follows. 

1. Module for Collecting Transaction Data 

2. Data Preprocessing Component 

3. Feature Optimization Module Based on PSO. 

4. Module hybrid de classification de fraude ML. 

5. Analytics engine in real-time 

6. Alerting Module and Reporting Fraud 

The architecture constantly monitors the transaction activities, pre-process incoming data, optimizes features with PSO and 

classifies fraud intelligently in real time. 

 

EXPERIMENTAL RESULTS AND DISCUSSION 

 

Proposed hybrid ML and PSO framework was experimentally evaluated using financial transaction datasets. 

 

Table 1: Result and discussion 

 

Model Accuracy Precision Recall F1-Score 

Logistic Regression 91.3% 89.5% 87.8% 88.6% 

Random Forest 95.7% 94.3% 93.6% 93.9% 

SVM 94.8% 92.7% 91.9% 92.3% 

Proposed Hybrid ML + PSO 98.6% 97.8% 97.4% 97.6% 

 

Results of the experiment show. 

• Enhanced ability to detect fraud. 

• Low false-positive rates. 

• Improved assessment precision. 

• More efficient management of large transaction data. 

• The performance of detecting fraud in real-time works much faster.  

Using PSO helped to improve feature optimization and reduce computation burden. 

 

Advantages of the Proposed Framework 
• Pleasant Fraud Detection Accuracy 

• Fraud analytics in real time 

• Optimizing features through particles swarm optimization.   

• Fewer false alarms. 

• Better computing efficiency. 

• Improved scalability for extensive financial systems. 

• Enhanced capability of focusing on evolving fraudulent activities and patterns. 
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Limitations 

There are limitations to the proposed framework. 

• It is highly complex to train extremely large datasets. 

• Need for model retraining periodically. 

• It relies heavily on dataset quality and feature engineering. 

• Challenges that cloud based deployment environments face. 

Future Scope 

Next improvements may have. 

• Incorporating Deep Learning models like LSTM and CNN into systems. 

• Verification of secure transactions using blockchain 

• Explainable AI (XAI) for fraud prediction transparency. 

• Federated learning to avoid fraud analytics so as to maintain privacy 

• Leader in Cloud and IoT-based real-time fraud monitoring systems. 

 

CONCLUSION 

 

A Smart Real-Time Fraud Analytics framework has been introduced in this research using Hybrid Machine Learning and 

PSO. The proposed scheme implemented a hybrid classification and an intelligent feature selection to improve fraud 

detection performance. In experimental assessment, the presented model demonstrated the highest analytical accuracy and 

reduced false positive rates and real-time monitoring. The PSO algorithm aptly optimized the feature selection process, 

whereas the hybrid machine learning framework improved fraud prediction capability and system reliability. The proposed 

framework is capable and useful to meet the demands for modern financial fraud prevention systems and secure digital 

transaction spaces. 
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