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Abstract

As communication technologies evolve toward next-generation networks (5G and beyond), ensuring robust
security has become a critical challenge. Traditional intrusion detection systems (IDS) often struggle to cope
with the massive data volume, dynamic architecture, and heterogeneous nature of these networks. This research
paper presents an in-depth analysis of Intelligent Intrusion Detection Systems (IIDS) that leverage Artificial
Intelligence (Al), Machine Learning (ML), and Deep Learning (DL) techniques to detect, classify, and prevent
cyber threats in real-time. The study evaluates various ML algorithms such as Support Vector Machines (SVM),
Random Forest (RF), and Deep Neural Networks (DNN), using benchmark datasets like NSL-KDD and
CICIDS2017. Results indicate that AI-based IDS models outperform conventional systems in terms of detection
accuracy, adaptability, and latency reduction. The paper concludes by proposing a hybrid Al-driven IDS
framework optimized for next-generation networks (NGNs), emphasizing scalability, automation, and low false
alarm rates.
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Introduction
The evolution of Next-Generation Networks
(NGNs), such as 5G, 6G, and software-defined
networks (SDN), has transformed global
communication infrastructure. With massive device
connectivity, ultra-low latency, and high data
throughput, NGNs are pivotal in enabling
innovations like autonomous vehicles, IoT
ecosystems, and smart cities. However, this
increased connectivity also introduces expanded
attack surfaces and sophisticated cybersecurity
threats.

Traditional Intrusion Detection Systems
(IDS) rely on signature-based or rule-based
detection, which often fail against zero-day attacks,
polymorphic malware, and adaptive adversaries.
Consequently, there is an urgent need for
Intelligent Intrusion Detection Systems (IIDS) that
can autonomously analyze traffic behavior, learn
from past attacks, and predict potential intrusions
before they compromise network integrity.
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This research aims to explore and evaluate
Al-based approaches to intrusion detection in
NGNs, focusing on real-time adaptability,
computational efficiency, and accuracy in detecting
complex attack vectors.

Methodology

The methodology adopted in this study integrates
data-driven experimentation, algorithmic modeling,
and comparative performance analysis to evaluate
intelligent IDS frameworks.

Research Objectives:

1. To design and assess Al-based IDS models for
secure communication in NGNs.

2. To compare the performance of ML and DL
algorithms using benchmark datasets.

3. To propose a hybrid IDS model that balances
detection  accuracy and  computational
efficiency.
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Datasets Used:

°
KDD’99, used for benchmarking IDS systems.
CICIDS2017 Dataset: Represents realistic
network traffic with modern attack patterns.

Algorithms Evaluated:

e Machine Learning: Random Forest (RF),
Decision Tree (DT), Support Vector Machine
(SVM), K-Nearest Neighbor (KNN).

Deep Learning: Convolutional Neural Network
(CNN), Long Short-Term Memory (LSTM),
Autoencoder.

Evaluation Metrics:

Detection Accuracy (DA)

False Alarm Rate (FAR)

Precision, Recall, and F1-Score

Computational Overhead

NSL-KDD Dataset: A refined version of

Case 1: ML-Based IDS in 5G Network

A 5G network testbed was simulated using NSL-
KDD data. Random Forest achieved 97.2%
accuracy with a false alarm rate of 3.1%,
outperforming SVM and KNN. The system was
able to detect Denial of Service (DoS) and Probe
attacks  efficiently but  exhibited slower
performance under high throughput conditions.
Case 2: DL-Based IDS in SDN Environment
Using the CICIDS2017 dataset, an LSTM-based
IDS was deployed in a Software-Defined
Networking (SDN) environment. The model
demonstrated 99.1% detection accuracy with
superior performance in identifying Botnet and
DDoS attacks. Its sequential learning capability
enabled dynamic adaptation to evolving network
behaviors.

Case Study
Data Analysis
Table 1: Performance Comparison of ML and DL Algorithms in IDS
Algorithm Dataset Detection False Computational Remarks
Used Accuracy (%) | Alarm Rate Overhead
(%)
SVM NSL-KDD 94.5 4.8 Medium Sensitive to feature
scaling
Random NSL-KDD 97.2 3.1 Low High interpretability
Forest
CNN CICIDS2017 98.6 2.4 High Suitable for image-like
traffic mapping
LST™M CICIDS2017 99.1 1.8 Medium-High Best for sequential
traffic detection
Autoencoder | CICIDS2017 98.3 2.1 Low Effective for anomaly
detection
Interpretation: learning models, especially Random Forest, remain
Deep learning models (LSTM and CNN) practical for real-time systems due to lower
demonstrate superior detection accuracy and computational cost.

adaptability to novel attack patterns. Machine

Table 2: Comparative Security Analysis of Traditional vs. Intelligent IDS

Parameter Traditional IDS Intelligent IDS

Detection Approach Signature-based | Behavior-based / Predictive
Response Time Moderate Real-time Adaptive
Accuracy 85-90% 95-99%
Zero-Day Attack Detection Weak Strong
Scalability in NGNs Limited Highly Scalable
Automation Level Low High
Data Handling Capability Low High (Big Data Enabled)

Interpretation:

The transition from static signature-based models
to adaptive Al-driven systems marks a crucial
improvement in security posture. Intelligent IDS
provide enhanced resilience against advanced
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persistent threats (APTs) and distributed attacks in

dynamic NGN environments.

Questionnaire

1. Which Al-based intrusion detection technique
do you consider most effective in NGNs?
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2. How can deep learning models be optimized
for low-latency IDS deployment?

3. What challenges do you foresee in integrating
intelligent IDS into existing network
architectures?

4. How should datasets be curated to enhance
IDS learning capabilities?

5. What role does explainable Al (XAI) play in
improving trust in IDS systems?

Conclusion

This research demonstrates that Intelligent
Intrusion Detection Systems (IIDS) represent the
next evolutionary step in securing Next-Generation
Networks (NGNs). By integrating machine learning
and deep learning techniques, IIDS can
dynamically adapt to evolving threat landscapes,
achieving superior accuracy and efficiency
compared to traditional systems.

The results highlight that while deep
learning-based IDS models (e.g., LSTM, CNN)
outperform  classical  algorithms,  practical
deployment requires optimization to balance real-
time response, energy efficiency, and scalability.
The study also emphasizes the importance of
hybrid IDS frameworks that combine signature-
based detection for known threats and anomaly-
based models for emerging attacks.

Future work should focus on developing
federated learning-based IDS  architectures,
enabling decentralized yet privacy-preserving
security intelligence sharing among NGN nodes.
Strengthening  explainability —and  reducing
computational complexity will be key to achieving
fully autonomous, trustworthy, and intelligent
network defense mechanisms.
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