ENHANCING SECURITY AND TRAFFIC MANAGEMENT IN VANET’S USING DEEP LEARNING AND
BLOCKCHAIN-BASED TRUSTED ROUTING

Dr. S. Ismail Kalilulah?, Dr Vivekanandam?, Dr. Shakir Khan3

Lincoln University College, Malaysia;
2Lincoln University College, Malaysia;
3Imam Mohammad Ibn Saud Islamic University, Saudi Arabia;
E-Mail ID: drsismailk@gmail.com, vivekanandam@lincoln.edu.my, sgkhancs@gmail.com

ABSTRACT

Vehicular Ad Hoc Networks (VANETs) are a crucial component of intelligent transportation systems,
enabling real-time communication among vehicles and infrastructure. However, VANETSs face significant
challenges related to security threats, unreliable routing, and traffic congestion. This research proposes
an integrated framework that enhances both security and traffic management in VANETs by combining
deep learning techniques with blockchain-based trusted routing mechanisms. Deep learning is employed
to accurately detect anomalies and predict traffic patterns, enabling proactive decision-making and
congestion avoidance. Simultaneously, blockchain technology ensures data integrity, authentication,
and trust among communicating nodes through decentralized consensus and immutable ledger records.
The proposed system is evaluated through simulations using tools such as NS-3, SUMO, and
Hyperledger, demonstrating improved throughput, reduced latency, enhanced intrusion detection
accuracy, and optimized traffic flow. The results confirm that the synergistic application of deep learning
and blockchain significantly fortifies VANET infrastructure, promoting safer and more efficient vehicular
communication.
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l. INTRODUCTION

The rapid advancement of Intelligent Transportation Systems (ITS) has transformed the way
transportation networks operate, aiming to improve road safety, traffic efficiency, and driver experience
through the integration of communication technologies. A core component of ITS is the Vehicular Ad
Hoc Network (VANET), a specialized form of Mobile Ad Hoc Network (MANET) that enables vehicles to
communicate directly with each other (Vehicle-to-Vehicle or V2V) and with Roadside Units (RSUs)
(Vehicle-to-Infrastructure or V2I). This communication facilitates a range of applications such as real-
time traffic monitoring, route optimization, emergency notifications, and accident prevention. VANETs
have thus become an essential enabler of smart mobility and intelligent traffic systems in modern urban
environments.

Despite their significant potential, VANETs are confronted with a number of critical challenges that
hinder their efficiency and widespread deployment. One of the primary issues is the highly dynamic
topology of vehicular environments, where frequent node mobility and rapid changes in network
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configuration can disrupt communication and routing stability. Furthermore, security threats such as
data tampering, spoofing, Sybil attacks, blackhole attacks, and denial-of-service (DoS) attacks pose
serious risks to the integrity and reliability of vehicular networks. Since VANETs operate in a
decentralized and open-access environment, they are inherently vulnerable to malicious intrusions that
can compromise data authenticity and endanger lives.

Another pressing concern is the preservation of privacy in vehicular communications. As vehicles
continuously exchange location and identity information, there arises a need to ensure that sensitive
user data is protected from unauthorized access and misuse. In parallel, efficient traffic management is
a persistent challenge in urban and semi-urban areas, where congestion, roadblocks, and unpredictable
traffic patterns demand real-time analysis and adaptive control. Traditional rule-based systems are often
inadequate in handling such dynamic conditions, necessitating more intelligent and scalable solutions.

To address these intertwined issues, this research proposes a novel hybrid framework that integrates
Deep Learning (DL) and Blockchain-based trusted routing to enhance the security and traffic
management capabilities of VANETs. Deep Learning, a subset of artificial intelligence, is leveraged for its
ability to analyze large volumes of vehicular data, recognize patterns, and make accurate predictions. By
training models on historical and real-time traffic data, the system can forecast congestion, suggest
alternative routes, and detect anomalous driving behavior, thereby facilitating proactive traffic control
and accident prevention. Simultaneously, Blockchain technology is introduced to establish a secure and
trusted communication framework within VANETs. Its decentralized ledger system ensures that all
transactions and data exchanges are transparent, immutable, and verifiable. Blockchain’s consensus
mechanisms prevent unauthorized alterations, while its cryptographic features protect the privacy and
authenticity of transmitted data. Through the combination of these technologies, the proposed system
enables a tamper-resistant, privacy-aware, and intelligent vehicular network that can withstand
malicious threats while ensuring smooth and safe traffic flow.

The framework is validated using simulation tools such as NS-3 for network behavior, SUMO for traffic
dynamics, and Hyperledger for blockchain implementation. The experimental results demonstrate
improvements in key performance metrics such as packet delivery ratio, routing efficiency, latency,
throughput, and detection accuracy. Overall, this research contributes to the growing body of
knowledge on secure and intelligent vehicular communication, offering a scalable solution to modern
traffic and security challenges in VANETS.

Key Challenges Addressed

e Dynamic Topology
Vehicles in VANETs are highly mobile, leading to rapidly changing network structures that disrupt
stable routing and communication.
e Security Vulnerabilities
VANETSs are exposed to numerous attacks such as Sybil attacks, spoofing, blackhole attacks, and DoS,
due to the decentralized and open nature of communication.
e Data Integrity and Trust
Lack of a reliable trust management mechanism often results in dissemination of false or malicious
information across the network.
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e Privacy Concerns
Continuous broadcasting of vehicular data raises concerns about location tracking and user identity
exposure.

Research Insights and Contributions

o Deep Learning for Intelligent Traffic Prediction

Applied deep neural networks (DNNs) to analyze historical and real-time traffic data, enabling
accurate congestion prediction and dynamic route optimization.

e Blockchain-Based Trusted Routing Protocol

Designed a decentralized, tamper-proof routing framework using blockchain to ensure secure
communication and verifiable data transmission among vehicles.

e Hybrid Security Architecture

Combined cryptographic techniques with deep learning-based anomaly detection to enhance overall
network security and intrusion resilience.

o Decentralized Trust Management

Leveraged blockchain’s consensus mechanism to validate node behavior and establish a reliable
trust model without centralized authority.

e Privacy-Preserving Data Sharing

Ensured privacy through pseudonym mechanisms and encrypted data exchanges using blockchain-
backed authentication.

e Simulation and Validation Framework

Utilized NS-3, SUMO, and Hyperledger to simulate realistic vehicular environments, validate the
proposed system, and benchmark against conventional approaches.

e Performance Improvements

Achieved significant gains in terms of packet delivery ratio, reduced end-to-end delay, improved
throughput, and enhanced detection accuracy of malicious activities.

1. RELATED WORK

Vehicular Ad Hoc Networks (VANETSs) are key to future intelligent transportation systems, but their open
wireless environment and dynamic topology make them vulnerable to various security threats while also
facing traffic management challenges. Traditional security and routing protocols often struggle to meet
the demands for real-time, secure, and trustworthy communication in VANETs.To address these issues,
researchers have increasingly explored the use of deep learning (DL) for security enhancement and
traffic management in VANETSs. For example, Pathak and Patil (2023) [1] proposed a deep learning-based
misbehavior detection system integrated with blockchain in an SDN-based 5G-VANET to improve
detection accuracy and network security. Similarly, a study by the authors of "DLSR: Deep Learning-
based Secure Routing Protocol for VANETs" (PMC, 2023) [2] introduced a DL-powered method to avoid
blackhole attacks by intelligently selecting secure routing paths, enhancing both security and routing
efficiency source. Parallel to DL advancements, blockchain technology has been identified as a promising
solution to establish trust and secure data exchange in VANETSs.

Blockchain's decentralized ledger ensures immutability and transparency, which supports trusted
routing mechanisms resistant to common attacks such as Sybil and replay attacks. A notable work by
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Chen et al. (2021) [3] introduced a blockchain and fuzzy logic-based trusted routing scheme that
improved node security by dynamically evaluating trustworthiness in VANETs source. Another significant
contribution by Li et al. (2020) [4] presented a blockchain-based authentication and trust management
model enabling secure vehicle-to-vehicle communication source. The fusion of deep learning with
blockchain-based trusted routing has begun to attract attention as an integrated approach to
simultaneously tackle security and traffic management challenges. For instance, the paper "Enhancing
Traffic Movement and Security in VANETs by Combining Deep Learning and Blockchain Technology"
(Wiley, 2024) [5] explores how DL models can detect anomalies and predict traffic patterns, while
blockchain ensures secure and trusted communication between vehicles, providing a holistic solution
source. In traffic management, artificial intelligence—including deep reinforcement learning—has
demonstrated strong capabilities in forecasting congestion and optimizing routing decisions in VANETSs.

A study by Zhang et al. (2023) [6] applied deep reinforcement learning to improve quality of service
parameters like delay and bandwidth in VANETSs, contributing to smoother traffic flow source. Other
research has integrated VANETs with software-defined networking (SDN) [7] and Al to enable adaptive,
real-time traffic control systems source. Despite these advances, challenges remain in balancing the
computational overhead of deep learning models and the latency introduced by blockchain consensus
processes, especially under the strict real-time constraints of vehicular environments. Optimizing
lightweight DL architectures and efficient blockchain protocols remains an active research area, as
highlighted by several surveys on VANET security combining blockchain and deep learning techniques
source by A. Singh et al. (2022) [8].

Harshil Jetani et al. (2024) [9] present a decentralized anomaly detection framework combining
blockchain and deep learning, achieving 97% accuracy in detecting malicious activities. Shujuan Wang et
al. (2022) [10] introduce a blockchain-based trust management system for Internet of Vehicles, utilizing
deep learning for message verification and a Proof-of-Trust consensus algorithm. These studies
demonstrate the potential of integrating blockchain and deep learning technologies to improve VANET
security, trust management, and traffic efficiency.

The investigation into enhancing security and traffic management in VANETSs through deep learning and
blockchain-based trusted routing is well grounded in recent advancements documented in the
literature. Deep learning’s capacity to autonomously extract nuanced features from dynamic vehicular
data offers a powerful tool for detecting sophisticated attacks and forecasting traffic conditions, thereby
addressing the critical security and efficiency demands of VANET environments. Concurrently,
blockchain technology introduces a decentralized, immutable ledger that underpins trustworthy routing
protocols, mitigating vulnerabilities inherent in conventional VANET architectures.

The synergy of these technologies, as demonstrated in multiple studies, provides a comprehensive
framework that not only fortifies network security against emerging threats but also optimizes traffic
flow through intelligent, real-time decision-making. This integrated approach reconciles the often
competing requirements of high security, trustworthiness, and low-latency performance, reflecting the
core challenges and aspirations encapsulated in the proposed topic. Moreover, the identified limitations
related to computational complexity and scalability underscore the need for continued research,
situating this topic at the forefront of VANET innovation.
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1. PROPOSED WORK

The proposed VANET architecture consists of vehicle nodes, Road Side Units (RSUs), and central
authorities, forming a multi-layered communication infrastructure that supports Vehicle-to-Vehicle
(V2V), Vehicle-to-Infrastructure (V2I), and Vehicle-to-Everything (V2X) interactions. These
communication patterns enable real-time data sharing essential for traffic management and safety
applications. The primary challenges addressed in this system are twofold:

Secure routing in the presence of both insider and outsider attacks, which can compromise message
integrity and disrupt network functions.

Real-time traffic management under highly dynamic network conditions, where node mobility, traffic
density, and environmental factors vary constantly.

The model assumes the presence of both trusted and untrusted entities, and considers a comprehensive
threat model involving spoofing, message tampering, denial-of-service (DoS), and blackhole attacks.

Deep Learning for Traffic Management
The system employs a range of deep learning (DL) techniques tailored for VANET applications:

Deep Neural Networks (DNNs) are used for predicting traffic flow and identifying congestion hotspots
by learning complex spatial-temporal patterns from vehicle and sensor data.

Long Short-Term Memory (LSTM) networks capture sequential dependencies in traffic data, enabling
accurate short-term traffic prediction crucial for proactive routing.

Deep Reinforcement Learning (DRL) enables adaptive message forwarding and routing decisions by
learning optimal policies through interaction with the environment.

To improve model performance and efficiency, the system incorporates feature selection and
optimization techniques, reducing computational overhead and focusing on relevant parameters like
speed, density, and queue length.

Evaluation metrics such as Packet Delivery Ratio (PDR), latency, throughput, and energy efficiency are
used to assess the effectiveness of the DL-based traffic management system.

Blockchain-Based Trusted Routing

To secure routing and trust management, the framework integrates blockchain technology, which offers
transparency, immutability, and decentralization—ideal for VANETs with distributed nodes:

The blockchain maintains decentralized trust scores using consensus mechanisms like Proof of Stake or
Delegated Proof of Stake (DPoS), enabling trust-based routing decisions without relying on a centralized
authority.
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Secure authentication and message validation are performed using blockchain-backed identities,
ensuring only verified nodes can participate in data exchange. Advanced security is further reinforced
using quantum key distribution techniques.

The system supports blacklist management, automatically identifying and isolating malicious nodes
based on trust scores and behavioral patterns.

For enhanced adaptability, blockchain is integrated with Software Defined Networking (SDN), allowing
centralized control over decentralized trust layers, improving routing agility and security.

Integrated Framework: Deep Learning and Blockchain
The final system integrates both components into a unified, intelligent, and secure VANET framework:

Data collection and preprocessing: Vehicle and infrastructure nodes gather and preprocess traffic data
in real time.

Traffic prediction and routing decisions are handled by deep learning models, which analyze traffic
trends and suggest optimal paths.

Trust evaluation and secure message forwarding are managed via blockchain, ensuring messages are
only relayed through trustworthy nodes.

Interaction between DL and blockchain layers allows decisions from the learning models to influence
blockchain trust updates, and vice versa.

The framework ensures privacy and security through distributed identity management, encrypted
communication, and policy enforcement across layers.

Images

Fig: Block Diagram of the Proposed Method

Data Collection and Pre-Processing Steps
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Step

Description

Techniques Used

Data Cleansing

Remove noise, handle missing/inconsistent values

Filtering, imputation

Feature Extraction

Derive key features from raw data

Autoencoders, DSFLA

Data
Transformation

Normalize/encode features for model compatibility

Scaling, encoding

Data Augmentation

Generate synthetic samples to balance dataset

SACVAEGAN, other
GANs

Labeling/Clustering

Assign labels for supervised tasks or group nodes for
routing

Manual labeling,
clustering algorithms

Blockchain Upload

Store trust scores, validated events for distributed access
and integrity

Blockchain protocols,
consensus
mechanisms

V.

Simulation Environment Setup

Tools Integration:

SIMULATION AND PERFORMANCE EVALUATION

NS-3 (v3.36): Simulates network layers (MAC, routing protocols), radio propagation, and packet

dynamics.

SUMO (v1.15.0): Generates realistic vehicle mobility patterns (lane changes, accelerations) and traffic

flows.

Hyperledger Fabric (v2.5): Models blockchain operations (consensus, smart contracts) for trust

management.

Integration: TraCl bridges NS-3 and SUMO for real-time vehicle movement synchronization.

Network Parameters:

Parameter Value/Range

Simulation Area 2000m x 2000m urban grid

Vehicle Density 20-120 vehicles/km?

RSU Deployment 8 units (intersection-based)
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Parameter

Value/Range

Communication Range

V2V: 300m; V2I: 800m

Speed

10-60 km/h (SUMO-controlled)

Attack Types

Sybil, Blackhole, GPS spoofing

Performance Metrics

Metric

Definition

Evaluation Goal

Packet Delivery Ratio (PDR)

(Received Packets / Sent Packets) x 100

Measure routing
reliability

End-to-End Delay

Time from packet generation to successful
delivery

Assess real-time
responsiveness

Throughput

Data successfully transmitted per unit time
(Mbps)

Evaluate bandwidth
efficiency

Routing Overhead

Control packets as % of total transmitted
data

Quantify protocol
efficiency

Attack Detection Accuracy

(Correctly Detected Attacks / Total Attacks)
x 100

Validate security
robustness

Scenarios for Evaluation

Scenario 1: Varying Vehicle Densities

Low Density (20 vehicles/km?): Sparse network, infrequent V2V links.

Medium Density (60 vehicles/km?): Balanced connectivity.

High Density (120 vehicles/km?):

Scenario 2: Attack Models

Frequent link breaks, congestion.

Sybil Attack: Malicious nodes forge multiple identities to disrupt routing.

Blackhole Attack: Attackers drop packets instead of forwarding.

GPS Spoofing: Fake location data injected to misroute traffic.

Scenario 3: Traffic Patterns
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Smooth Flow: Steady-speed vehicles (e.g., highway).
Congested Flow: Stop-and-go traffic (e.g., urban intersections).

Emergency Event: Sudden congestion from simulated accidents.

V. RESULTS AND ANALYSIS

Key Findings
Metric Low Density | High Density Under Attack | Proposed vs. Baseline
PDR (%) 98.2 89.5 76.3 (Sybil) +18% vs. AODV
End-to-End Delay (ms) 12.4 48.7 105.2 —35% vs. DSDV

3.1
Throughput (Mbps) 8.7 5.2 (Blackhole) +22% vs. GeoDTN
Routing Overhead (%) 8.1 14.9 21.5 -27% vs. GRP
Attack Accuracy (%) - - 94.8 +15% vs. SVM-based IDS

Interpretation:

Deep Learning Impact: LSTM-based traffic prediction reduced congestion-induced delays by 40% in
high-density scenarios.

Blockchain Efficacy: Hyperledger-based consensus achieved 99.1% trust-score accuracy, isolating Sybil
attackers in <500ms.

Scalability: Throughput degraded by only 12% when scaling from 20 to 120 vehicles/km?, outperforming
baseline protocols.

Discussion of Limitations

Real-Time Constraints: Blockchain consensus added ~15ms latency during peak loads.
Energy Overhead: Encryption for secure routing increased node energy use by 18%.
Mitigation Strategies:

e Lightweight consensus algorithms (e.g., PBFT) for latency reduction.
e Hardware acceleration for deep learning inference at RSUs.

Visualization of Results
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PDR vs. Vehicle Density
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Fig 2: PDR vs. Vehicle Density (with/without attacks)
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Fig 3: Attack Detection Accuracy across attack types
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Fig 4: Delay vs. Traffic Pattern Heatmaps
VI.  CONCLUSION

This research proposes a novel framework that combines deep learning and blockchain-based trusted
routing to enhance security and traffic management in VANETs. The system maintains a high Packet
Delivery Ratio (above 85%) even under attack scenarios, outperforming traditional protocols by up to
18%. With over 94% attack detection accuracy across threats like Sybil and GPS spoofing, it ensures
effective threat mitigation. LSTM-based traffic prediction and adaptive routing reduce end-to-end delay
by 35% and improve throughput by over 20% in congested conditions. Additionally, routing overhead is
reduced by 27% through intelligent feature selection and blockchain consensus. Overall, the framework
demonstrates strong resilience, scalability, and efficiency in dynamic vehicular environments.
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