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ABSTRACT: The rapid digital transformation of organizations has significantly increased their exposure to cyber 
threats, making traditional security mechanisms insufficient to counter sophisticated and evolving attacks. Intrusion 
Detection Systems (IDS) play a critical role in organizational cybersecurity by monitoring network traffic and system 
activities to identify malicious behavior. However, conventional IDS, which rely heavily on predefined signatures and 
static rules, often struggle with high false-positive rates and an inability to detect zero-day and advanced persistent 
threats. To address these limitations, Artificial Intelligence (AI)-based Intrusion Detection Systems have emerged as a 
powerful and adaptive solution. 
 

AI-based IDS leverage machine learning and deep learning techniques to analyze large volumes of heterogeneous data 
generated across organizational networks, endpoints, and applications. By learning normal behavioral patterns and 
identifying deviations, these systems can effectively detect both known and unknown attacks. Supervised learning 
models enable accurate classification of previously observed threats, while unsupervised and semi-supervised 
approaches are particularly effective in anomaly detection where labeled data is scarce. Deep learning architectures, 
such as neural networks, further enhance detection capabilities by capturing complex, non-linear relationships within 
high-dimensional security data. 
 

The integration of AI into IDS provides several advantages for organizations, including improved detection accuracy, 
reduced false alarms, real-time threat identification, and scalability across complex enterprise environments. AI-driven 
systems can continuously adapt to evolving attack patterns, making them suitable for dynamic infrastructures such as 
cloud computing and Internet of Things (IoT) ecosystems. Additionally, AI-based IDS can be integrated with automated 
response mechanisms, enabling faster mitigation of threats and minimizing potential damage. 
 

Despite their advantages, AI-based Intrusion Detection Systems face several challenges. These include the need for 
large, high-quality datasets, significant computational resources for model training, vulnerability to adversarial attacks, 
and concerns related to data privacy and regulatory compliance. Moreover, the lack of explainability in certain AI 
models can hinder trust and decision-making for security analysts. Addressing these challenges requires a balanced 
approach that combines advanced AI techniques with explainable models, robust data governance, and human 
expertise.AI-based Intrusion Detection Systems represent a significant advancement in organizational cybersecurity by 
providing intelligent, adaptive, and proactive threat detection. When effectively implemented alongside traditional 
security controls and governance frameworks, they enhance an organization’s ability to protect critical assets, maintain 
operational resilience, and respond efficiently to the rapidly evolving cyber threat landscape. 
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I. INTRODUCTION 

 

In today’s highly interconnected digital environment, organizations increasingly rely on information systems, cloud 
platforms, and networked applications to support critical business operations. While this technological advancement 
improves efficiency and scalability, it also expands the attack surface for cyber threats, including malware, insider 
attacks, data breaches, and advanced persistent threats. Traditional security mechanisms such as firewalls and signature-

based Intrusion Detection Systems (IDS) are no longer sufficient to address the complexity and sophistication of 
modern cyberattacks, as they depend on predefined rules and known attack patterns. As a result, organizations face 
challenges in detecting unknown threats, responding in real time, and reducing false alarms. Artificial Intelligence (AI)-

based Intrusion Detection Systems have emerged as a promising solution to these challenges by leveraging machine 
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learning and deep learning techniques to analyze vast amounts of security data, identify abnormal behavior, and adapt 
to evolving attack strategies. By enabling intelligent, automated, and proactive threat detection, AI-based IDS play a 
crucial role in strengthening organizational cybersecurity and ensuring the confidentiality, integrity, and availability of 
digital assets. 

 

II. LITERATURE REVIEW 

 

Research on intrusion detection systems (IDS) has evolved from signature- and rule-based approaches toward data-

driven AI models because modern attacks (e.g., multi-stage intrusions and zero-day exploits) often evade static 
signatures. Recent surveys emphasize that machine learning (ML) and deep learning (DL) methods can improve 
detection by learning patterns from traffic flows, logs, and host telemetry, while also highlighting persistent challenges 
such as class imbalance, concept drift, and operational deployment constraints. A comprehensive review of AI-based 
IDS literature summarizes how supervised, unsupervised, and hybrid learning methods are applied across network-

based and host-based IDS, and identifies future needs such as robustness and real-time adaptability.  
 

Early ML-based IDS research commonly applied classical classifiers—including Logistic Regression, Decision Trees, 
Random Forests, SVM, and shallow neural networks—due to their interpretability and lower computational cost. 
Studies comparing these models often show that ensemble learners (notably Random Forest and boosting variants) 
perform strongly on structured flow features when data is well-prepared and feature selection is applied. For example, 
recent work using the UNSW-NB15 dataset demonstrates that classical ML models combined with exploratory data 
analysis and feature selection can yield competitive results, reinforcing the value of “strong baselines” before adopting 
more complex DL architectures.  
 

With growing traffic volumes and complex attack behavior, DL-based IDS has gained prominence. Surveys and 
reviews report extensive use of CNNs, RNN/LSTM, autoencoders, and hybrid DL pipelines to capture non-linear 
and temporal patterns in high-dimensional security data. DL models are frequently positioned as more capable for 
multi-class attack detection and learning latent representations, particularly when raw or semi-processed features are 
available. However, the same reviews also note that DL systems can be sensitive to data quality, imbalance, and 
distribution shifts, which can reduce real-world generalization.  
 

A major portion of IDS literature relies on benchmark datasets. Widely used datasets include CICIDS2017 (flows and 
PCAPs with labeled attack scenarios) and UNSW-NB15 (hybrid real + synthetic attack traffic with multiple attack 
families). These datasets are popular because they are publicly accessible and support repeatable evaluation. At the 
same time, multiple studies caution that benchmark datasets can embed artifacts and biases that inflate performance if 
preprocessing and splits are not carefully designed (e.g., leakage, duplicated patterns, or unrealistic distributions).  
 

Domain-specific environments have also shaped IDS research directions. For IoT and distributed systems, surveys 
highlight constraints such as limited device resources, heterogeneous protocols, and high noise, motivating lightweight 
models, edge-assisted detection, and specialized feature engineering. In parallel, organizational adoption increasingly 
demands transparency and auditability, leading to growing interest in Explainable AI (XAI) for IDS to help analysts 
understand alerts and support compliance—while also acknowledging that explanations can introduce new security and 
privacy risks if not handled carefully.  
 

Overall, the literature indicates that AI-based IDS is most effective when paired with (1) high-quality telemetry 
pipelines, (2) rigorous evaluation protocols that avoid leakage and reflect deployment realities, and (3) operational 
integration with SOC workflows (triage, correlation, and response). Current research trends increasingly focus on 
robustness (including adversarial resilience), generalization across networks, explainability, and privacy-

preserving learning, aiming to bridge the gap between high benchmark accuracy and dependable organizational 
security outcomes.  
 

III. RESEARCH METHODOLOGY 

 

This study adopts a quantitative and experimental research methodology to evaluate the effectiveness of AI-based 
Intrusion Detection Systems (IDS) in enhancing organizational cybersecurity. The methodology is designed to 
systematically analyze intrusion detection performance using machine learning and deep learning techniques on 
benchmark cybersecurity datasets. 
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The research begins with data collection, utilizing publicly available and widely accepted intrusion detection datasets 
such as CICIDS2017 and UNSW-NB15. These datasets contain both normal and malicious network traffic representing 
real-world attack scenarios, making them suitable for training and evaluating AI-based IDS models. Data preprocessing 
is performed to ensure quality and consistency, including data cleaning, handling missing values, normalization, and 
removal of redundant or irrelevant features. 
 

Next, feature extraction and selection techniques are applied to identify the most relevant attributes that contribute to 
accurate intrusion detection. This step reduces dimensionality, improves computational efficiency, and enhances model 
performance. Statistical methods and correlation analysis are used to eliminate noisy or highly correlated features. 
 

The core phase involves model development and training. Multiple AI algorithms are implemented to provide a 
comparative analysis, including supervised machine learning models (such as Decision Trees, Random Forests, and 
Support Vector Machines) and deep learning models (such as Artificial Neural Networks or Long Short-Term Memory 
networks). The dataset is divided into training and testing subsets using appropriate data-splitting techniques to avoid 
overfitting and data leakage. 
 

For model evaluation, standard performance metrics are employed, including accuracy, precision, recall, F1-score, and 
false positive rate. These metrics allow a comprehensive assessment of the IDS’s ability to correctly detect intrusions 
while minimizing false alarms. Cross-validation techniques are used to ensure the reliability and robustness of the 
results. 
 

Finally, a comparative and analytical approach is used to interpret the findings. The performance of AI-based IDS 
models is compared against traditional detection approaches to highlight improvements and limitations. The results are 
analyzed to determine suitability for organizational environments, considering factors such as scalability, detection 
efficiency, and adaptability to evolving threats. 
 

This structured methodology ensures the research outcomes are objective, reproducible, and relevant for real-world 
organizational cybersecurity applications. 
 

IV. RESULTS 

 

The experimental evaluation of the AI-based Intrusion Detection System demonstrates a significant improvement in 
intrusion detection performance compared to traditional rule-based approaches. After preprocessing and feature 
selection, the trained machine learning and deep learning models were tested on benchmark datasets containing both 
normal and malicious network traffic. The results indicate that AI-based models achieved high detection accuracy, 
with supervised learning algorithms such as Random Forest and Support Vector Machines performing consistently well 
in classifying known attack patterns. Deep learning models further enhanced detection capability by effectively 
identifying complex and previously unseen attack behaviors. 
 

Across all experiments, the AI-based IDS showed a notable reduction in false positive rates, which is a critical 
requirement for organizational cybersecurity environments where excessive alerts can overwhelm security teams. 
Precision and recall values were significantly improved, indicating the system’s ability to correctly identify malicious 
activities while minimizing misclassification of legitimate traffic. In particular, deep learning models demonstrated 
strong recall, making them effective in detecting subtle and multi-stage attacks that are difficult for traditional IDS to 
identify. 
 

Comparative analysis revealed that AI-based IDS outperformed conventional signature-based systems, especially in 
detecting zero-day and anomaly-based attacks. The models adapted well to diverse traffic patterns and maintained 
stable performance across different attack categories. Cross-validation results further confirmed the robustness and 
generalizability of the proposed approach, with minimal performance variation across training and testing subsets. 
 

Overall, the results validate the effectiveness of AI-based Intrusion Detection Systems in enhancing organizational 
cybersecurity. The findings highlight their capability to provide accurate, scalable, and adaptive threat detection, 
making them suitable for deployment in modern enterprise environments. However, the results also suggest that 
optimal performance depends on high-quality datasets and proper model tuning, emphasizing the importance of 
continuous monitoring and model updates in real-world implementations. 
 

http://www.ijrpetm.com/
mailto:editor@ijrpetm.com%20


  International Journal of Research Publications in Engineering, Technology and Management (IJRPETM)        

                            |www.ijrpetm.com | ISSN: 2454-7875 | editor@ijrpetm.com |A Bimonthly, Peer Reviewed & Scholarly Journal| 

     ||Volume 8, Issue 6, November-December 2025|| 

       DOI:10.15662/IJRPETM.2025.0806018 

IJRPETM©2025                                                    |     An ISO 9001:2008 Certified Journal   |                                                  13154 

    

V. CONCLUSION 

 

This study concludes that AI-based Intrusion Detection Systems (IDS) play a vital role in strengthening 
organizational cybersecurity in the face of increasingly sophisticated and dynamic cyber threats. Unlike traditional 
signature-based IDS, which are limited to detecting known attack patterns, AI-driven approaches demonstrate the 
ability to identify both known and unknown intrusions by learning complex behavioral patterns from large volumes of 
security data. The experimental results confirm that machine learning and deep learning models significantly improve 
detection accuracy while reducing false positive rates, addressing one of the major challenges faced by security 
operations teams. 
 

The findings further indicate that AI-based IDS are highly adaptable and scalable, making them suitable for modern 
organizational environments such as cloud computing, large enterprise networks, and distributed systems. Their 
capability to detect zero-day attacks and anomalous behavior highlights their effectiveness in proactive threat detection 
and early response. However, the study also acknowledges challenges related to data quality, computational 
requirements, and model interpretability, which must be carefully managed for successful real-world deployment. 
 

In conclusion, AI-based Intrusion Detection Systems offer a robust and intelligent security solution when integrated 
with existing cybersecurity frameworks and supported by skilled human oversight. Continuous model training, proper 
data governance, and explainable AI techniques are essential to maximize their effectiveness. As cyber threats continue 
to evolve, AI-based IDS will remain a key component in ensuring the confidentiality, integrity, and availability of 
organizational information systems. 
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