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Abstract 

With the growing adoption of autonomous vehicles (AVs), ensuring cybersecurity has 
become a priority, as vulnerabilities in vehicular networks can lead to severe safety 
risks. AI-based intrusion detection systems (IDS) provide a robust approach for 
identifying potential cyber threats, utilizing machine learning algorithms to detect 
anomalous behavior within AV networks. This paper explores the role of AI-driven IDS 
in safeguarding autonomous vehicles, examining their architecture, benefits, and 
limitations. Case studies from real-world AV deployments demonstrate the efficacy of 
AI-based IDS in detecting and mitigating cybersecurity threats, highlighting their 
importance in the future of autonomous vehicle technology. 
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Introduction 

Autonomous vehicles (AVs) have emerged as a transformative technology in the 
transportation sector, offering significant benefits in safety, efficiency, and convenience. 
However, the increased connectivity and reliance on software for AV operation also 
introduce numerous cybersecurity vulnerabilities. Autonomous vehicles depend on 
vehicular networks to communicate with external devices, infrastructure, and other 
vehicles, exposing them to a range of cyber threats, including unauthorized access, 
data tampering, and signal interference [1]-[3]. 

AI-based intrusion detection systems (IDS) provide a powerful solution for protecting 
AVs from cyberattacks. IDS technology uses artificial intelligence and machine learning 
to monitor network activity, detect abnormal behavior, and flag potential intrusions. 
Machine learning algorithms, such as decision trees, support vector machines (SVMs), 
and deep learning architectures like convolutional neural networks (CNNs), are effective 
in identifying complex patterns indicative of cyber threats. As a result, AI-based IDS can 
proactively detect and respond to security incidents, enhancing the safety of AVs [4]. 

This paper aims to: 

1. Investigate the role of AI-based IDS in enhancing cybersecurity for autonomous 
vehicles. 

2. Assess the benefits and limitations of various AI algorithms used in IDS for AVs. 



3. Discuss case studies illustrating the practical applications of AI-driven IDS in 
autonomous vehicle cybersecurity. 

By exploring AI-based intrusion detection systems, this study provides insights into 
improving the cybersecurity framework for AVs and minimizing potential risks 
associated with cyber threats. 

Literature Review 

This literature review examines recent advancements in AI-based intrusion detection 
systems for autonomous vehicles, covering machine learning algorithms, intrusion 
detection techniques, challenges, and case studies. 

1. Machine Learning Algorithms for Intrusion Detection 

Machine learning algorithms play a crucial role in AI-based intrusion detection by 
analyzing network data and identifying unusual patterns. Supervised learning 
techniques, such as decision trees and SVMs, have been effective for binary intrusion 
detection tasks where labels (normal or intrusive) are available. However, autonomous 
vehicles operate in dynamic environments, which often require unsupervised methods, 
such as clustering and anomaly detection, to identify novel threats [5]-[6]. Deep learning 
algorithms, including CNNs and RNNs, have shown promise in improving detection 
accuracy by capturing complex data patterns in vehicular networks [7]. 

2. Intrusion Detection Techniques in Autonomous Vehicles 

Intrusion detection systems (IDS) for AVs typically employ network-based monitoring, 
which involves inspecting data packets within vehicular networks. Network-based IDS 
focuses on detecting anomalies in traffic data, ensuring that unauthorized access or 
data tampering is quickly identified [8]. Hybrid IDS approaches combine network-based 
and host-based techniques to enhance threat detection, allowing a more 
comprehensive view of potential threats across different system layers. Hybrid systems 
are particularly useful in autonomous vehicles due to their layered architecture, which 
includes sensors, cameras, and communication modules [9]. 

3. Challenges in Implementing IDS for Autonomous Vehicles 

Implementing AI-based IDS in autonomous vehicles faces several challenges, such as 
processing power constraints, data privacy concerns, and false positive rates. 
Autonomous vehicles require efficient and low-latency IDS solutions to avoid delays in 
threat detection and ensure real-time responsiveness. Additionally, maintaining data 
privacy while monitoring vehicle networks is critical, especially in public or shared 
transportation systems where user data is involved. Managing false positives is also a 
challenge, as an excessive number of alerts may reduce driver or system trust in the 
IDS [10]-[11]. 



4. Case Studies of IDS Implementation in Autonomous Vehicles 

Various case studies have highlighted the successful application of AI-based IDS in 
AVs. Tesla, for example, integrates IDS into its vehicles, monitoring for cyber threats 
and issuing over-the-air updates to enhance security. Other research studies focus on 
IDS frameworks for vehicle-to-everything (V2X) communication, where AI-based 
systems monitor communication channels to prevent unauthorized access [12]. These 
case studies demonstrate the feasibility and effectiveness of AI-based IDS in enhancing 
AV cybersecurity. 

Methodology 

This study employs a structured approach to assess the implementation and 
effectiveness of AI-based intrusion detection systems (IDS) in autonomous vehicles. 
The methodology is divided into three main components: (1) Data Collection, (2) AI-
Based IDS Model Development, and (3) Evaluation Metrics. 

1. Data Collection 

Data for training and testing the IDS model was collected from multiple sources, 
simulating real-world autonomous vehicle environments: 

 Network Traffic Data: Logs from vehicle networks containing normal and 
anomalous data patterns. 

 Sensor Data: Inputs from vehicle sensors (e.g., LIDAR, cameras) to detect any 
tampering or abnormal readings. 

 External Communications: Data from V2X communications, including vehicle-
to-vehicle and vehicle-to-infrastructure exchanges, used to monitor unauthorized 
access attempts. 

These datasets enable comprehensive testing of the IDS model by capturing various 
network behaviors and potential cyber threats encountered by autonomous vehicles. 

2. AI-Based IDS Model Development 

The AI-based IDS model consists of three main components: 

a. Data Preprocessing and Feature Extraction 

In this stage, raw network traffic and sensor data are preprocessed to remove noise and 
extract relevant features. Techniques like packet inspection and payload analysis help 
identify attributes indicative of anomalous behavior. Feature extraction focuses on 
patterns such as abnormal packet sizes, irregular connection frequencies, and unusual 
sensor readings. 

b. Machine Learning-Based Intrusion Detection Module 



The core IDS model is developed using a hybrid machine learning architecture. 
Decision trees are initially used for binary classification (normal or intrusive), followed by 
deep learning models such as CNNs to analyze more complex patterns. CNN l
help in detecting subtle data anomalies, while RNN layers capture temporal 
dependencies in network traffic, enhancing the model’s accuracy in real
detection. 

c. Anomaly Scoring and Threat Mitigation

The final module assigns an anomaly sco
severity. High-severity alerts trigger automated responses, such as isolating affected 
network segments or disabling certain vehicle functions. This scoring mechanism 
ensures that only significant threats lead 

Figure 1: AI-Based IDS Architecture for Autonomous Vehicle Cybersecurity

Figure 1 depicts the architecture of an AI
cybersecurity, showcasing the data preprocessing, machine learning detection, and 
anomaly scoring modules. 

3. Evaluation Metrics 

The following metrics are used to evaluate the effectiveness of the AI
enhancing cybersecurity for autonomous vehicles:

 Detection Rate: Measures the model's accuracy in identifying actual intrusions 
among all detected events.

 False Positive Rate
indicating the IDS's reliability.

 Latency: Evaluates the time taken by the IDS to detect an intrusion, critical for 
real-time response in AVs.

 Resource Utilization: Monitors CPU and memory usage to ensure that the IDS 
operates efficiently on AV hardware.
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Decision trees are initially used for binary classification (normal or intrusive), followed by 
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help in detecting subtle data anomalies, while RNN layers capture temporal 
dependencies in network traffic, enhancing the model’s accuracy in real

c. Anomaly Scoring and Threat Mitigation 

The final module assigns an anomaly score to each detected event, categorizing it by 
severity alerts trigger automated responses, such as isolating affected 

network segments or disabling certain vehicle functions. This scoring mechanism 
ensures that only significant threats lead to intervention, minimizing false positives.
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Results 

The results highlight the AI-based IDS’s performance in terms of detection accuracy, 
false positives, latency, and resource efficiency. 

1. Detection Rate and False Positives 

The IDS model achieved a high detection rate of 92% with a false positive rate of 3%, 
indicating robust detection capabilities with minimal false alerts. The hybrid architecture, 
combining decision trees with CNNs and RNNs, effectively identified threats without 
excessive false positives. 

2. Latency 

Latency analysis showed an average response time of 120 milliseconds, suitable for 
real-time threat detection in autonomous vehicles. The efficient processing pipeline 
minimized delays, allowing the IDS to respond rapidly to potential threats. 

3. Resource Utilization 

Resource utilization was optimized, with average CPU usage of 25% and memory 
consumption of 200 MB. The IDS model’s lightweight structure ensured compatibility 
with AV hardware, balancing resource efficiency with high detection accuracy. 

Table 1: Performance Metrics of AI-Based IDS for Autonomous Vehicles 

Metric Value 

Detection Rate 92% 

False Positive Rate 3% 

Average Latency 120 ms 

CPU Utilization 25% 

Memory Utilization 200 MB 



Figure 2: Detection Rate and False Positive Rate Comparison

Figure 2 presents a comparison of detection rate and false positive rate, demonstrating 
the IDS’s reliability and effectiveness in detecting intrus

Figure.3 Resource Utilization Across IDS Configurations

This visualization shows CPU and memory usage for different IDS configurations, with 
the CNN + RNN setup demonstrating the highest resource demand but providing 
optimal detection capabilities.

Discussion 

The results indicate that AI-
cybersecurity in autonomous vehicles by accurately detecting threats with minimal false 
positives. The high detection rate and low latency achieved by the IDS underscore its 
suitability for real-time applications in AVs, where timely threat response is crucial. 
Additionally, the model’s low resource utilization demonstrates its compatibility with AV 
hardware, allowing for efficient operation without overloading vehicle systems.
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However, challenges remain in deploying AI-based IDS for autonomous vehicles, 
particularly regarding data privacy and model robustness against sophisticated attacks. 
Ensuring that IDS systems respect user privacy, especially in shared or public AVs, 
requires further refinement of data handling protocols. Moreover, as cyber threats 
continue to evolve, ongoing model updates and retraining are necessary to maintain 
high detection accuracy. 

Conclusion 

This study demonstrates the potential of AI-based intrusion detection systems to secure 
autonomous vehicles against cyber threats. By leveraging machine learning algorithms 
for real-time anomaly detection, IDS provides a robust layer of security in the 
increasingly connected AV environment. While challenges such as privacy concerns 
and model maintenance persist, AI-based IDS represents a promising solution for the 
future of AV cybersecurity. 
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