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Deep Learning-Based Intrusion Detection Systems for Network Security
Literature Review
The increasing sophistication of cyberattacks has created significant challenges for traditional network intrusion detection systems (IDS). Conventional IDS approaches primarily depend on predefined attack signatures and manually engineered features, which limits their ability to identify unknown or evolving threats. As a result, researchers have increasingly adopted deep learning techniques to enhance intrusion detection through automated feature extraction and intelligent pattern recognition.
Recent studies have explored various deep learning architectures for intrusion detection. Hsu et al. (2021) developed a CNN-LSTM model that combines the feature extraction capability of Convolutional Neural Networks with the temporal learning ability of Long Short-Term Memory networks. Their findings demonstrated improved detection performance through the integration of spatial and temporal traffic analysis. Similarly, Halbouni et al. (2022) evaluated a CNN-LSTM hybrid framework using multiple modern datasets and reported strong classification performance across different attack categories.
The literature also highlights several challenges associated with current deep learning-based IDS solutions. Many studies rely heavily on benchmark datasets rather than real-world network traffic, creating concerns regarding the practical applicability of their findings. Furthermore, deep learning models often function as black-box systems, making it difficult for security analysts to understand the reasoning behind detection decisions. Computational complexity remains another important issue, particularly for organizations that require real-time intrusion detection with limited computing resources (Hsu et al., 2021; Halbouni et al., 2022).
These findings indicate that although deep learning has significantly improved intrusion detection capabilities, important challenges related to explainability, deployment feasibility, and real-world validation remain insufficiently addressed.
Problem Statement
Problem Domain
This research is situated within the field of cybersecurity, specifically focusing on network intrusion detection systems that utilize deep learning techniques to identify malicious activities within network environments.
Description of the Problem
Modern organizations increasingly rely on digital infrastructure, making them vulnerable to a growing range of cyber threats. While deep learning-based intrusion detection systems have demonstrated promising performance in identifying network attacks, many existing solutions are primarily evaluated using benchmark datasets under controlled experimental conditions. Consequently, there is limited evidence regarding their effectiveness in real-world environments where network traffic patterns continuously evolve and new attack techniques emerge (Hsu et al., 2021; Halbouni et al., 2022).
Another challenge is that many deep learning models provide highly accurate predictions without explaining how those decisions are made. Security analysts often require transparent and interpretable results to investigate incidents and make informed security decisions. In addition, advanced deep learning architectures frequently require significant computational resources, creating barriers to deployment in high-speed and resource-constrained network environments.
Significance of the Problem
The ability to detect cyberattacks accurately and efficiently is essential for protecting organizational data, maintaining business continuity, and preventing financial losses. An intrusion detection system that cannot adapt to changing attack patterns or provide interpretable alerts may reduce the effectiveness of cybersecurity operations. For example, organizations managing cloud services, financial systems, or healthcare networks require reliable and explainable security mechanisms to respond quickly to potential threats.
Existing Solutions
Several deep learning approaches have been proposed to address intrusion detection challenges. CNN-LSTM hybrid models have demonstrated strong performance by combining spatial and temporal learning capabilities (Hsu et al., 2021; Halbouni et al., 2022). Other studies have utilized deep neural networks and recurrent neural networks to improve attack classification accuracy. These solutions have achieved encouraging results on publicly available datasets and have shown the potential of deep learning to outperform many traditional machine learning techniques.
Justification for the Research
Despite the progress achieved by existing solutions, significant gaps remain. Current models often lack real-world validation, provide limited explainability, and require substantial computational resources. These limitations reduce their practical applicability in operational network environments. Therefore, further research is needed to develop an intrusion detection framework that not only achieves high detection accuracy but also improves transparency, efficiency, and adaptability to modern cybersecurity challenges. Addressing these issues can contribute to the development of more practical and trustworthy intrusion detection systems suitable for real-world deployment.
Research Goal
To develop an efficient and explainable deep learning-based intrusion detection framework that improves intrusion detection performance while supporting practical deployment in modern network environments.
Research Objectives
1. To examine the limitations of existing deep learning-based intrusion detection systems concerning real-world deployment, explainability, and computational efficiency.
2. To analyze the effectiveness of contemporary deep learning architectures, including CNN-LSTM, in detecting network intrusions across different attack scenarios.
3. To design a deep learning-based intrusion detection framework that improves detection accuracy while reducing computational overhead.
4. To integrate explainable artificial intelligence techniques that provide transparent and understandable intrusion detection decisions.
5. To evaluate the proposed framework using modern intrusion detection datasets that reflect current network traffic characteristics.
6. To compare the performance of the proposed framework with existing deep learning-based intrusion detection models using detection accuracy, false alarm rate, and computational efficiency as evaluation metrics.
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