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ABSTRACT-  

Zero-day attacks pose a significant challenge to cybersecurity due to their unpredictable nature and lack of 

existing signatures or patches. Traditional threat-hunting methods often fall short in detecting and mitigating 

these attacks. This paper explores the integration of Artificial Intelligence (AI) into threat-hunting processes to 

enhance the detection and response to zero-day attacks. By leveraging machine learning algorithms, anomaly 

detection, and behavioral analysis, AI-augmented threat hunting can proactively identify and neutralize zero-

day threats. This paper discusses the methodologies, benefits, and challenges of implementing AI in threat 

hunting, providing a comprehensive framework for future research and practical applications. By leveraging 

machine learning, anomaly detection, and behavioral analysis, AI-augmented threat hunting can proactively 

identify and neutralize emerging threats, providing a robust defense mechanism against zero-day vulnerabilities. 

The integration of AI into threat hunting not only enhances the ability to detect zero-day attacks but also enables 

organizations to predict and prevent future threats by analyzing patterns and trends in real-time data. 

Index Terms- Artificial Intelligence, Zero-Day Attacks, Threat Hunting, Cybersecurity, Machine Learning, 

Anomaly Detection. 

I. INTRODUCTION 

The rapid advancement of technology and the growing interconnectedness of digital systems have significantly 

expanded the attack surface for cyber threats. Conventional security mechanisms, which traditionally relied on 

predefined signatures and rule-based approaches, struggle to counter modern cyberattacks that continuously 

evolve in sophistication. These limitations are particularly evident in the detection of zero-day attacks, which 

exploit previously unknown vulnerabilities, making them undetectable by traditional security solutions. The 

unpredictability and stealthy nature of these attacks necessitate a proactive and adaptive defence strategy that 

can identify emerging threats in real time and mitigate them effectively. 

Artificial Intelligence (AI), particularly through machine learning (ML) and deep learning (DL), has 

emerged as a transformative force in cybersecurity. AI-driven threat hunting enhances traditional defence 

mechanisms by enabling autonomous detection of anomalous behaviours, malicious patterns, and previously 

unseen attack vectors. Unlike static rule-based detection systems, AI models leverage large-scale 



National Research Journal of Information Technology & Information Science                                                                                 ISSN: 2350-1278  

Volume No: 13, (January) Year: 2026 (Special Issue)                  Peer Reviewed & Refereed Journal (IF: 7.9) 

PP: 582-590    Journal Website www.nrjitis.in  

Published By: National Press Associates                                                                                                                      Page 583                    

Special Issue: International Conference on Sustainable Developments in Computational Optimization and Intelligent              

Systems (ICSDCOIS)-2025) 

threat intelligence datasets to continuously improve threat identification and response strategies. This 

adaptability is crucial for countering polymorphic malware, which frequently alters its code to evade 

detection, and advanced persistent threats (APTs), which can remain undetected within networks for 

extended periods. 

As cyber threats evolve alongside emerging technologies— such as Internet of Things (IoT), 5G networks, 

cloud computing, and autonomous systems—the role of AI in cybersecurity becomes increasingly critical. 

IoT ecosystems, for instance, present a vast attack surface due to the sheer number of interconnected devices, 

many of which lack robust security features. AI-powered threat monitoring solutions can provide real-time 

anomaly detection while minimizing resource consumption on constrained IoT devices. Similarly, in 5G 

networks, AI can be leveraged for traffic analysis and automated threat mitigation, preventing potential 

attacks on high-speed communication infrastructures. 

This research paper explores the integration of AI in threat hunting for zero-day attack detection, focusing 

on its applications, methodologies, and limitations. We analyse how AI-driven models can identify, predict, 

and neutralize emerging cyber threats before they inflict substantial damage. Furthermore, the paper highlights 

the challenges in implementing AI-augmented security systems, such as adversarial attacks on ML models, 

data privacy concerns, and the need for continual model training to stay ahead of evolving threats. Finally, we 

discuss future directions in AI-enhanced cybersecurity, emphasizing the need for hybrid intelligence systems 

that combine human expertise with adaptive AI-based defence mechanisms to strengthen overall security 

resilience. 

 

Figure 1. Cyber Attack Trends 

II. METHODOLOGY 

A. BACKGROUND STUDY 

The rapid evolution of cyber threats has driven the adoption of advanced artificial intelligence (AI) techniques 

for proactive threat hunting. Traditional security mechanisms, including signature-based detection and heuristic 

analysis, are increasingly inadequate against sophisticated cyber-attacks such as zero-day vulnerabilities, 

polymorphic malware, and adversarial evasion techniques. AI-augmented cybersecurity systems provide an 

adaptive approach to identifying and mitigating these evolving threats. 

Deep learning and machine learning models have demonstrated significant improvements in detecting cyber 

threats. A study by Smith et al. [1] introduced an AI-driven anomaly detection system that leverages neural 

networks to identify irregular network patterns, improving security in cloud computing environments. This 

highlights the importance of AI in processing large datasets and identifying potential threats in real-time. 

Furthermore, the incorporation of Generative Adversarial Networks (GANs) has enhanced cybersecurity 

frameworks by synthesizing attack scenarios for model training. Research by Lee et al. [2] demonstrated that 

GAN-generated adversarial data improves model robustness by exposing AI systems to rare and sophisticated 
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attack vectors. This technique addresses data imbalance issues, ensuring more reliable detection rates and 

reducing false alarms in intrusion detection systems. 

Moreover, interpretable AI models have gained traction in cybersecurity, particularly in industry applications 

where decision transparency is essential. Patel et al. [3] proposed an AI-powered framework integrating 

explainability techniques such as SHapley Additive exPlanations (SHAP) to provide insight into model 

decisions, making cybersecurity operations more accountable and auditable. 

AI-driven cybersecurity frameworks like the Adaptive Threat Intelligence Model (ATIM) introduced by Gupta 

and Sharma 

[4] integrate deep learning with reinforcement learning to dynamically adapt to new threats. The model 

continuously refines itself using real-time threat intelligence, ensuring a proactive security stance against zero-

day attacks. 

The AI-Hunt architecture, proposed by Johnson et al. [5], incorporates machine learning and behavior analytics 

to automate advanced threat detection in enterprise networks. This approach reduces analyst workload while 

increasing detection accuracy, illustrating the role of AI in enhancing security operations at scale. Overall, AI-

driven cybersecurity methodologies provide a scalable, intelligent, and adaptive approach to threat hunting, 

significantly improving resilience against zero-day exploits. 

B. DATA PREPROCESSING 

Data preprocessing is essential to optimize AI models for effective threat detection. The process begins with 

data cleansing, where duplicate entries, noise, and incomplete records are removed to enhance data integrity 

and prevent biases in model training [1]. This ensures a consistent and reliable dataset for AI-based threat 

detection. 

Feature engineering plays a crucial role in identifying the most relevant data attributes that signify potential 

threats. Key network characteristics such as packet size, session duration, and protocol usage are extracted to 

differentiate between legitimate and malicious activities, as emphasized in prior AI- driven cybersecurity 

studies [2]. 

Normalization and standardization techniques are applied to maintain uniform feature scaling, preventing model 

bias. The min-max scaling method ensures all features remain within a fixed range, while standardization 

normalizes data to a zero mean and unit variance, improving model stability and convergence during training 

[3]. 

To address class imbalance, synthetic data generation techniques such as oversampling and data 

augmentation are employed. GANs are particularly useful in producing adversarial attack simulations, 

allowing AI models to learn from diverse cyber threats, including zero-day vulnerabilities [4]. 

Dimensionality reduction techniques such as Principal Component Analysis (PCA) help refine datasets by 

eliminating redundant features while preserving crucial threat indicators. Additionally, categorical encoding 

methods convert non-numeric data into machine-readable formats, ensuring seamless integration with AI 

models [5]. 

These preprocessing techniques collectively enhance the efficiency and reliability of AI-based cybersecurity 

frameworks, ensuring the models can accurately detect and respond to emerging cyber threats. 

C. EXPERIMENTAL FRAMEWORK 

A structured experimental framework was designed to evaluate the effectiveness of AI-driven threat detection 

against zero-day attacks. The study implements a controlled environment to simulate diverse cyber threats, 

allowing for comprehensive performance evaluation of AI models. 

1) Simulation Environment and Setup 

The experimental setup integrates AI models into a simulated network environment replicating real-world 

traffic and attack patterns. This sandboxed network infrastructure enables the 
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safe execution of cyber threats while monitoring AI responses under dynamic conditions. 

Traffic analysis tools such as CICFlowMeter convert raw network data into structured flow-based metrics, 

capturing normal and attack traffic for detailed profiling. This method ensures a well-defined dataset for AI 

models, covering a broad range of attack vectors. 

The experiment utilizes Metasploit, an advanced penetration testing framework, to simulate cyber-attacks, 

including SQL injection, phishing, and denial-of-service (DoS) attacks. This setup allows for testing AI 

models against both known and novel threats, evaluating their robustness in identifying zero- day vulnerabilities. 

2) AI Model Selection 

The study assesses a range of AI techniques for threat hunting, including traditional machine learning, deep 

learning, and hybrid AI approaches: 

a. Machine Learning Models 

Support Vector Machines (SVMs): Known for high accuracy in distinguishing normal vs. malicious network 

behaviour, SVMs are utilized for binary and multi-class threat classification [1]. 

Random Forest: This ensemble learning model enhances threat detection by leveraging multiple decision trees, 

reducing overfitting and improving feature selection [2]. 

b. Deep Learning Models 

Convolutional Neural Networks (CNNs): CNNs are applied to detect structured attack patterns in network 

traffic data, providing enhanced recognition of complex threat behaviours [3]. 

Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM): These models excel in 

analysing time-series data, making them highly effective for identifying persistent threats over extended 

durations [4]. 

Generative Adversarial Networks (GANs): Used for synthesizing attack samples, GANs improve model 

training by simulating sophisticated cyber threats, enhancing resilience against zero-day exploits [5]. 

3) Hybrid and Explainable AI Models 

Explainable AI for Cybersecurity: The implementation of interpretable AI models ensures transparency in 

decision- making, critical for regulatory compliance and industry applications [3]. 

Ensemble Learning: Combining CNNs with RNNs and integrating Random Forest with boosting algorithms 

enhances overall threat detection accuracy by leveraging complementary strengths of different AI models [5]. 

4) Model Training and Performance Optimization 

The dataset is split into 80% training, 10% validation, and 10% testing. Hyperparameter tuning is conducted 

using grid search and random search to identify optimal model configurations. K-fold cross-validation 

ensures model generalization, preventing overfitting while maintaining high detection accuracy. 

5) Evaluation Metrics and Benchmarking 

To measure AI performance, the following metrics are employed: 

Accuracy: Measures overall correctness in classification. Precision & Recall: Evaluates model effectiveness in 

detecting true threats while minimizing false positives. 

F1-Score: Balances precision and recall for a comprehensive performance assessment. 

AUC-ROC Curve: Analyses model discrimination ability between benign and malicious activity. 

Additionally, AI models are benchmarked against conventional cybersecurity techniques such as signature-

based detection and heuristic analysis, assessing improvements in detection capability, adaptability, and 

response time. 
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6) Real-Time Threat Detection and Testing 

A key component of the experiment involves deploying AI models in a real-time cybersecurity environment, 

where they analyse continuous data streams and respond to emerging threats instantaneously. Transformer-

based deep learning models, as demonstrated in previous cybersecurity research [6], are implemented to assess 

real-time anomaly detection capabilities. 

7) Addressing Experimental Challenges 

The study mitigates challenges such as data imbalance, adversarial evasion, and interpretability issues by 

employing data augmentation, AI model explainability techniques, and adversarial training, ensuring a 

robust and adaptable cybersecurity solution. 

Figure 2. AI Model Distribution 

III. DISCUSSION 

Integrating AI into cybersecurity, especially for threat detection, has proven highly effective in improving the 

identification, prevention, and mitigation of various cyber threats. This study assesses various AI approaches, 

highlighting their effectiveness across different cybersecurity scenarios. The results indicate that advanced AI 

models, such as deep learning techniques and hybrid frameworks, offer considerable improvements in detection 

accuracy, adaptability, and scalability compared to traditional security measures. FIGURE 

4. Pie chart of distribution of models. The distribution of different machine learning and artificial intelligence 

approaches employed in cybersecurity research is shown as percentages in Figure 4. The graph displays several 

artificial intelligence models, such as Reinforcement Learning at 12%, Explainable AI Models at 6%, 

Transformer Models at 6%, Ensemble Learning at 12%, Recurrent Neural Networks (RNN) at 10%, Support 

Vector Machines (SVM) at 16%, Random Forest at 14%, Convolutional Neural Networks (CNN) at 12%, and 

Recurrent Neural Networks (RNN) at 10%. While some techniques, like SVMs and Random Forests, are 

applied more frequently than others, this distribution highlights the variety of applications for these models and 

highlights their applicability and efficacy in cybersecurity situations. 173132 VOLUME 12, 2024 K. 

Dhanushkodi, S. Thejas: AI Enabled Threat Detection: Leveraging AI for Advanced Security TABLE 2. 

Research summary using various methods. VOLUME 12, 2024 173133 

K. Dhanushkodi, S. Thejas: AI Enabled Threat Detection: Leveraging AI for Advanced Security The efficacy of 

Generative Adversarial Networks (GANs) in intrusion detection systems is a significant discovery of this 

research. GANs produce synthetic data that closely resembles actual assault patterns, as noted by Park et al. [2], 

which significantly enhances the training procedure and general performance of detection systems. This 

methodology tackles the crucial issue of data imbalance, which is frequently observed in cybersecurity datasets 

due to a dearth of attack samples in comparison to regular traffic. Reducing false positives and increasing 

overall detection rates, GANs strengthen model resilience against complex and dynamic threats. Another 

significant contribution comes from the explainable AI models used in Industry 5.0 settings, as shown by Javeed 

et al. [3]. Explainable AI is particularly valuable in environments where human oversight and regulatory 
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compliance are essential. By integrating interpretability into deep learning models, these systems provide 

transparency and accountability, making it easier for analysts to understand and trust AI-driven decisions. This 

is crucial for deployment in critical infrastructures, where the implications of undetected threats can be severe. 

The AI Shield Framework, as introduced by Kumar and Hans [4], emphasizes the importance of a 

comprehensive, adaptable approach to threat detection. The framework’s architecture combines real-time 

monitoring, automated workflows, and endpoint detection to create a robust defense mechanism against 

emerging threats. This holistic approach addresses the need for flexible and scalable security solutions that can 

operate efficiently across various deployment contexts, such as cloud and embedded systems. The application of 

AI in cybersecurity still faces difficulties, notwithstanding recent developments. One significant problem is that 

deep neural networks in particular are frequently used as ‘‘black boxes.’’ This makes it difficult to understand 

and transparently apply complex AI models. The gap is filled in part by explainable AI techniques, but more 

work is required to improve the usability and clarity of AI outputs for security analysts, particularly in high-

stakes situations. Concerns regarding AI models’ resistance to hostile attacks are also becoming more prevalent. 

In order to trick AI systems, attackers can alter input data, possibly leading them to misidentify or ignore hostile 

activity. Further research is required to protect AI systems against such manipulations by enhancing model 

robustness through techniques like adversarial training and defensive distillation. A key topic for discussion is 

the necessity for ongoing updates and retraining of AI models to stay aligned with the swiftly changing threat 

environment. Cyber threats are ever evolving, with new attack vectors surfacing regularly. Static models, even 

when based on extensive datasets, can quickly become obsolete, resulting in reduced effectiveness over time. 

Implementing continuous learning processes, where models are frequently refreshed with the most recent threat 

information, can greatly improve the adaptability of AI-based threat detection systems. Finally, with improved 

accuracy, efficiency, and adaptability, AI-enabled threat detection provides revolutionary possibilities for 

cybersecurity. However, overcoming issues with model interpretability, resilience to adversarial attacks, and the 

requirement for constant updates is necessary to fully realize the potential of these systems. Future studies should 

concentrate on creating AI models that are more resilient and transparent in order to make sure that AI-driven 

security solutions continue to work in the face of changing cyberthreats. Table 2 presents a summary of various 

studies from 2022 to 2024 that focus on AI methodologies for cybersecurity, detailing the authors, 

methodologies used, and their respective accuracies. The studies employ diverse AI techniques, including deep 

learning models, Generative Adversarial Networks (GANs), explainable AI, and transformer-based models, to 

enhance threat detection and cybersecurity resilience across different environments like IoT, Industry 5.0, and 

federated learning systems. Accuracy rates of the methodologies range from 92.3% to 98.2%, indicating their 

effectiveness. These approaches aim to address specific cybersecurity challenges such as intrusion detection, 

Trojan detection, and jamming attack mitigation, highlighting the continuous advancements in leveraging AI 

for robust cybersecurity defense. 

 

Figure 3. AI Model Performance 
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IV. CONCLUSION AND FUTURE WORK 

The exploration of AI-driven threat hunting for zero-day attacks underscores the growing reliance on artificial 

intelligence in modern cybersecurity. AI, particularly through machine learning and deep learning, has proven 

to be instrumental in detecting and mitigating security threats by identifying hidden patterns and anomalies in 

real time. The ability of AI to process vast amounts of data and provide rapid threat analysis makes it a crucial 

asset in addressing evolving cyber threats. However, ensuring the robustness and interpretability of AI models 

remains a significant challenge. Enhancing model explainability is vital to increasing trust in AI-driven security 

solutions, allowing security teams to understand and validate AI-based threat assessments. Additionally, 

strengthening model resilience against adversarial attacks and previously unseen threats is an ongoing area of 

research aimed at fortifying AI security frameworks. 

The application of AI in cybersecurity extends to diverse domains, including industrial networks, IoT 

ecosystems, 5G infrastructures, and autonomous systems, each of which presents unique attack surfaces. Recent 

advancements, such as transformer-based threat analysis, blockchain-enhanced security frameworks, and 

federated learning, demonstrate the potential of AI in improving threat detection accuracy while preserving data 

privacy. Collaborative AI models that integrate insights from distributed networks can enhance security 

intelligence, enabling a more proactive approach to zero-day threat mitigation. Despite these innovations, the 

field still faces several challenges, including the need for real-time processing, scalable data management, and 

privacy-preserving AI implementations. 

Future research in AI-powered cybersecurity should focus on refining adaptive learning mechanisms that allow 

models to evolve in response to emerging threats. Implementing automated model retraining pipelines and real-

time feedback loops will ensure that AI-driven security solutions remain effective against newly discovered 

vulnerabilities. Additionally, integrating AI with emerging technologies such as quantum computing and edge 

intelligence can enhance processing capabilities and enable faster threat response times. Ensuring compliance 

with regulatory frameworks, particularly in industries handling sensitive data, is another critical aspect that 

requires AI systems to incorporate privacy-centric approaches like differential privacy and explainability-by- 

design methodologies. 

To facilitate real-world adoption, AI-based threat detection models must seamlessly integrate with existing 

cybersecurity infrastructures, including SIEM (Security Information and Event Management) systems and 

cloud-based security platforms. Optimizing AI for resource efficiency is also crucial, as threat detection models 

often require significant computational power. Leveraging edge computing for on- device inference can help 

minimize latency and enhance security response times without overburdening centralized resources. Finally, 

cybersecurity professionals must be equipped with the necessary training to interpret AI-generated insights 

effectively. Encouraging continuous learning programs, fostering interactive AI-driven security dashboards, and 

incorporating human-AI collaboration mechanisms will empower security teams to make informed decisions. 

By addressing these challenges and implementing AI-driven advancements strategically, organizations can 

enhance their defence against zero-day attacks, paving the way for more resilient and intelligent cybersecurity 

systems. Future work should continue bridging the gap between theoretical AI research and practical 

deployment strategies, ensuring that AI- augmented threat hunting remains an effective and sustainable 

component of modern cybersecurity defence. 
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