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Abstract: Autonomous Vehicles (AVs) have revolutionized the transportation landscape but have come with serious challenges to 

cybersecurity. This is to ensure the vehicular network is maintained and prevent any unauthorized access. In this paper, we 

explore how blockchain technology could be integrated as a robust solution to secure and enhance the efficiency of the AV 

authentication process using federated identity management within the AV community. Blockchain is an immutable, 

decentralized ledger of data, and its integrity and transparency are ensured throughout vehicular networks. Federated identity 

management presents a single console for authentication, whereby different systems authenticate entities without compromising 

security or privacy. Together, these technologies build a framework that tackles such fundamental issues as data tampering, 

authentication latency, and lack of peripheral vulnerability (centralized vector). The hybrid methodology of blockchain for data 

validation and federated identity for efficient authentication of the user and vehicle is presented. Algorithms and mathematical 

models are derived to illustrate the framework’s functionality. Simulation results show that authentication speed, scalability, and 

resistance to cyberattacks are improved significantly than the traditional methods. The proposed system satisfies the security 

needs of AV ecosystems and paves the way for incorporating AI-driven threat detection. Blockchain and federated identity 

solutions promise to provide the security and reliability needed to support autonomous transportation systems, and this paper 

underscores this transformative capability. 

Keywords: Autonomous Vehicles, Blockchain, Federated Identity Management, Vehicular Authentication, Cybersecurity, 

Seamless Authentication, Distributed Ledger, Vehicle-to-Everything (V2X), Data Integrity, Decentralized Systems. 

 

I.      INTRODUCTION 

Autonomous vehicles (AVs) represent a pivotal shift in transportation, driven by advances in artificial intelligence, machine 

learning, and sensor technologies. As these vehicles become increasingly connected through Vehicle-to-Everything (V2X) networks, 

they face complex security challenges that traditional solutions struggle to address. The core vulnerability lies in the interconnected 

nature of AV systems. Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2I), and Vehicle-to-Cloud (V2C) communications 

create multiple entry points for potential attacks. This expanded attack surface, combined with the critical requirement for data 

integrity in real-time decision-making, demands robust security solutions beyond conventional approaches. 

Current security measures, particularly Public Key Infrastructure (PKI), while effective for basic identity verification and encryption, 

face significant scalability limitations. As the number of connected vehicles grows, managing certificates and authentication across 

vast networks becomes increasingly complex. Centralized identity systems compound these challenges by creating single points of 

failure and raising privacy concerns. Two emerging technologies offer promising solutions to these challenges. Blockchain 

technology provides a distributed, immutable ledger that ensures data integrity and transparency without centralized control. Its 

decentralized nature eliminates single points of failure while maintaining a verifiable record of all transactions and communications. 

Complementing blockchain, federated identity management offers a decentralized approach to authentication. This system allows 

trusted entities to share credentials while maintaining user privacy and control over personal data. Unlike traditional centralized 

systems, federated identity management distributes the risk of data breaches and empowers users to manage their information. The 

integration of blockchain and federated identity management creates a robust security framework for autonomous vehicles. This 

combined approach addresses the critical challenges of data integrity, authentication, and privacy while providing the scalability 

necessary for widespread AV adoption. As the transportation ecosystem becomes increasingly connected, these technologies will 

play a crucial role in ensuring the safe and efficient operation of autonomous vehicles. 
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II.      LITERATURE OVERVIEW 

Combining blockchain technology and federated identity solutions lends a uniquely verifiable and effective security and 

authentication approach for autonomous vehicles (AVs). The combination of these technologies can provide high degrees of data 

security, [5-7] privacy preservation, and authentication. We present this literature review to explore various contributions in this 

domain regarding blockchain facilitating secure data handling, leveraging federated learning for privacy protection, and 

Decentralized Identification solutions through Self-Sovereign Identity. 

 

A. Blockchain Technology in Autonomous Vehicles 

Blockchain technology, in particular, is paramount in securely providing data integrity and confidentiality for communication and 

data transactions between autonomous vehicle systems and their surrounding infrastructure. The following areas illustrate its 

application in AVs: 

1) Data Sharing and Protection: Blockchain enables secure and efficient data sharing between AVs without compromising data 

transparency, tamper-proofing, and storage safety. Smart contracts (self-executing contracts whose terms are directly written 

into code) can be used to autonomously negotiate data-sharing agreements between vehicles. This assures that confidential 

information, like vehicle location or speed, can be revealed without drying up the flow of critical traffic data. In particular, real-

time data sharing in cooperative driving scenarios can support accident avoidance and provide opportunities for improved 

driving efficiency. 

2) Trust Management: Trust is one of the most important facets of vehicle-to-vehicle (V2V) communication. In vehicles, shared 

data is often used for real-time decision-making, and the integrity of that data is a necessity. Such a transparent and verifiable 

nature of blockchain empowers the employment of trust management by performing their work as an immutable record for all 

transactions. Using blockchain, vehicles that receive data from other vehicles can verify (prove) that the data is authentic. In 

particular, it mitigates malicious actions like spreading false information into the vehicular network. 

3) Traffic Management: By integrating blockchain, Intelligent Transportation Systems (ITS) has found solutions to improve traffic 

management. With blockchain, we can actually capture whether vehicles move in a way the community deems acceptable or 

not so that we can have more accurate data on what happens to vehicles in real-time, smooth traffic flow and reduce congestion. 

Through blockchain-based vehicle-to-infrastructure (V2I) communication, vehicles can make informed decisions with up-to-

date real information about the transportation network, resulting in higher overall efficiency of the transportation network. 

 

B. Federated Learning for Privacy Preservation 

Federated learning (FL) is an emerging technique of distributed machine learning in which AVs can train their machine learning 

model without requiring data to be centralized. [8-10] This work has two appealing features: it addresses some critical privacy 

concerns and improves the performance of AV systems. 

1) Data Privacy: In the world of autonomous driving, privacy is key for vehicle data collection as a vehicle can garner much 

sensitive data like driving behavior, location history, and environmental condition. With federated learning, that data will 

remain decentralized. Vehicles only send model updates and do not have to share their raw data with central servers, protecting 

the raw data. By providing this privacy privacy information, AVs can then improve their predictive model while keeping the 

private information safe. 

2) Model Accuracy: AVs operate on urban roads and rural highways, which are two very distinct circumstances, and each 

environment poses a unique challenge for machine learning models. This makes Federated learning a perfect platform for AVs 

to utilize data from multiple data sources to increase the robustness and adaptability of their machine learning models. By 

training federally, AVs learn from other driving patterns and conditions without transferring personal data to train better for 

particular real-world driving scenarios. 

3) Integration with Blockchain: Moreover, integrating blockchain with federated learning makes the learning process more secure 

and more trustworthy. First, blockchain guarantees that only authenticated updates from trusted vehicles are fed into the global 

model, avoiding the adversarial attack where the learning process could be manipulated. This combination gives AVs a more 

resilient, more trustworthy framework in which to make autonomous decisions and improve machine learning model security 

and accuracy. 
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C. Self-Sovereign Identity Solutions 

Self-sovereign identity (or SSI) is an emerging identity management solution in which users and vehicles are empowered to control 

their own digital identities [11-13] without relying on centralized authorities. Authentication issues in Vehicular Networks involve 

security as well as privacy, and this decentralized approach to authentication has significant implications for AVs. 

1) Decentralized Identity Management: Based on blockchain technology, SSI develops secure and decentralized identity 

management systems for AVs. Although cryptographic techniques are used to authenticate themselves autonomously, the 

vehicles don’t rely on a central authority to verify identities. The decentralized approach effectively reduces the chance of 

identity theft and unintended node connection; thus, only verified entities can interact with the vehicle’s systems. During 

verification, the disclosure of the necessary identity attributes gives us the ability to selectively disclose, adding to the privacy. 

2) Interoperability: SSI’s key advantage is support for interoperability between AV systems and different manufacturers. SSI is 

able to enforce decentralized standards to guarantee that SSI-compliant vehicles from any manufacturer can securely 

communicate and collaborate with each other. This is a necessary feature for large-scale adoption of connected vehicle 

technologies because it enables seamless integration of different AV ecosystems, regardless of the particular manufacturer or 

model EV being used. 

3) Enhanced Security: Attacks on such systems can exploit single points of failure in traditional centralized identity management 

systems. This latter means supplanted by SSI, which is more resilient to attacks because there’s no central authority and no 

need to authenticate. SSI’s cryptographic foundations make identity verification secure, and as the system is decentralized, it is 

harder for attackers to break it. As a consequence, a more secure and reliable authentication mechanism for AVs is maintained 

to escape unauthorized access and guarantee the security of the system. 

 

D. Blockchain and Federated Identity Architecture for Autonomous Vehicles 

Secure authentication architecture for autonomous vehicles (AVs) using blockchain and federated identity solutions is illustrated in 

the architecture diagram. [14-16] The Blockchain Network sits at the center of the system and stores transaction data and logic for 

authentication.  

Behind the process of authentication is a Blockchain Node, which runs smart contracts that guarantee the security and automation of 

the process. With the Distributed Ledger, the data is guaranteed to be. The Federated Identity System provides an additional layer of 

security by proving the identity of the AV.  

The identity of a vehicle is validated through communication with the Identity Provider (IdP) and authenticated in the Federation 

Hub, and the token is authenticated. This multi-layer verification process makes it impossible for unauthorized vehicles to access 

any service the AV ecosystem offers.  

Furthermore, the Autonomous Vehicle itself communicates with its onboard systems as well as the communication module to make 

External Services connections, including Cloud Services for over-the-air updates and Roadside Units (RSUs) to deliver full-time 

real-time communications.  

Federated identity combined with the blockchain network guarantees data exchanges and authentication processes are secure, 

reliable and efficient.  

In general, the diagram captures how each block and federated identity component contributes to making the blockchain and 

federated identity function quite nicely to create a safe and secure environment for autonomous vehicles to operate in a dynamic and 

complex transportation environment. 
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Figure 1: Blockchain and Federated Identity Architecture for Autonomous Vehicles 

 

III.      METHODOLOGY 

With the integration of blockchain and federated identity management, this section proposes the framework for securing 

autonomous vehicles (AVs). [17-20] The framework consists of the key components, how components interact in the AV 

communication system, and the extent of the components in terms of the V2X environment. 

By illustrating the mechanisms of secure, transparent, and decentralized communication and authentication through AV systems 

using blockchain technology and federated identity management, we successfully propose a framework. With blockchain, you can 

have data integrity and transparency, and with federated identity management, there is privacy and secure, decentralized 

authentication. The synergy of these technologies mitigates the important security and privacy issues in the context of AVs shared 

environment. 

 

A. Blockchain Integration 

The proposed framework is based on blockchain technology and provides transparency, immutability and decentralization. It 

provides the infrastructure to secure information exchanges, authentication in AV networks, coordination mechanisms and 

interaction. 
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1) Data Transparency and Immutability 

Transactions and data exchange between AVs are recorded in a transparent, auditable ledger by blockchain. This gives participants a 

level of trust because every transaction can be verified by reviewing the node in the system. Immutability guarantees that once data 

is recorded on a blockchain, it cannot be changed, preserving the integrity of data critical to system integrity, including logs of 

recordings and system updates, as well as data such as authentication and traffic data. It’s important in this case when it comes to 

data processing in AV in order to maintain its accuracy and reliability. 

 

2) Smart Contracts for Automation 

Within AV networks, smart contracts are used to automate, among others, data sharing, access permissions, and data handling. Take, 

for example, a vehicle that can exchange a smart contract for working off its obligations to another vehicle towards priority lane 

access without the need for a central authority to compel the transaction. This automates away latency, increases operational 

efficacy, and guarantees secure, verifiable transactions. 

 

3) Consensus Mechanisms 

Consensus algorithms are used in blockchain to make sure the state of the ledger among all featured nodes is agreed upon. 

Consensus mechanisms have been found to be useful in decentralization and trust in AV systems. Some popular consensus 

algorithms include: 

 Proof of Work (PoW): It is high security but energy intensive and slow transactions. 

 Proof of Stake (PoS): However, this mechanism allows nodes with greater stakes to centralize and is less energy and space-

efficient. 

 Practical Byzantine Fault Tolerance (PBFT): This is why PBFT works great for AV networks and can suffer from scalability 

problems in larger trinities. 

 

B. Federated Identity Management 

Federated Identity Management (FIM) provides decentralized and secure user and vehicle authentication without relying on 

centralized authorities. Using this method, vehicles can be authenticated smoothly not only within a single system but across all 

systems, thereby providing increased security and privacy for the vehicles themselves. 

 

1) Decentralized Authentication 

With the proposed framework, vehicles authenticate themselves across multiple domains relying on trusted third-party identity 

providers (IdPs). This solves the problem of a centralized authentication server. For instance, when a vehicle reaches a different city, 

it can access a smart parking system without re-registration, as the system trusts the vehicle’s identity through the federated 

framework. Such a decentralized approach makes authentication scalable, secure and efficient. 

 

2) Privacy Preservation 

In the case of selective disclosure techniques, FIM reveals only the needed identity attributes in each vehicle during authentication. 

The vehicle can release only those things that require less sensitive data, like license validity and insurance status, and not more 

details, like location or even owner data. With this approach, privacy is always maintained while secure interactions among 

disparate systems are enabled. 

 

3) Role of Blockchain in FIM 

In FIM, blockchain is used to store and verify identity credentials securely. This integration also offers a tamper-proof log of 

authentication events that prevent unauthorized access. Also, the blockchain increases transparency by making it possible for 

participants to ensure the integrity of authentication processes. 

 

C. Implementation Scope 

Combining blockchain and federated identity management in the AV communication ecosystem enables secure, expedient, scalable 

operation across various V2X domains, including Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I), Vehicle to Cloud 

(V2C), and Vehicle to Pedestrian (V2P) communication. 
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Vehicle-to-Everything (V2X) communication is an essential piece of enabling vehicles to communicate with their surroundings, 

creating both a safer and more efficient fleet. Vehicle-to-vehicle (V2V) communication is one of the key communication types in 

V2X. It enables autonomous vehicles to directly exchange information with each other, sharing road conditions, incident alerts and 

traffic information in real-time. The V2V communication data is immutable and trustworthy through blockchain, which provides an 

extra security layer. A good example is that vehicles can safely deliver road hazard alerts, with the information staying accurate and 

tamper-free, to prevent accidents and also aid in clearing traffic. 

Vehicle to Vehicle (V2V) communication is not the complete story; Vehicle to Infrastructure (V2I) communication is equally the 

other half. This communication is between AVs and the infrastructure systems such as traffic lights, toll booths and road signs. This 

allows vehicles to simply authenticate with these systems without persistent registrations in each vehicle. Blockchain takes that 

interaction to another level by enabling the automation of processes like toll payments through smart contracts, reducing transaction 

time and cost of operation. V2C communication conducts secure upload and retrieval of data, such as navigation and vehicle 

performance information, to cloud services, like other vehicles. It uses blockchain technology to secure this data, while federated 

authentication provides safe and easy cloud service access to cloud services such as over-the-air updates and predictive analytics. 

Finally, Vehicle-to–Pedestrian (V2P) communication makes sure that AVs can operate safely with pedestrians. Secure, private 

communication between vehicles and pedestrians’ devices is enabled via blockchain and federated identity management, ensuring 

that critical safety alert information is received accurately and securely, including alert messages about nearby AVs.  

Figure 2: Vehicle-to-Everything Communication in Autonomous Vehicles 

 

D. Process Workflow 

This paper outlines how the interaction of federated identity management and blockchain in AV systems operates on a structured 

workflow to maintain a smooth and secure running flow. The process is summarized below: 

 

Table 1: Key Technologies and Their Purposes in Autonomous Vehicle Security 

Step Technology Used Purpose 

Vehicle Authentication Federated Identity Decentralized and secure 

verification 

Data Exchange Blockchain Transparency and data integrity 

Automated Actions Smart Contracts Reduced latency and operational 

efficiency 

 

 

IV.      ALGORITHMIC REPRESENTATION 

This section provides a step-by-step breakdown of two critical components of the proposed framework for securing autonomous 

vehicles (AVs). These include data validation on blockchain [22-26] as well as federated identity verification. These algorithms 

guarantee the integrity of the data exchanges and authenticated used with the AV ecosystem. Pseudocode and flowcharts are shown 

for each process to give a picture. 
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A. Blockchain-Based Data Validation 

For autonomous vehicles (AVs), the integrity of data that travels between vehicles is vital. Blockchain offers a secure and tamper-

proof validation mechanism with data. All begins when vehicles produce data, like ground or air traffic conditions or hazard alerts. 

Then, this data is packaged into a transaction that is securely signed with the vehicle’s private key to guarantee its authenticity. 

When we want to transmit a transaction, mine, and then broadcast a transaction to the blockchain nodes, we’ll do so. The 

transactions are, once validated, grouped into blocks and added to the blockchain. The consensus mechanism, which is merely a 

process verifying whether the transaction is valid or not, adds only valid transactions to the blockchain, and after that, both the 

originating vehicle and the users of the network are notified that the transaction was successfully validated. The pseudocode for the 

blockchain-based data validation process is as follows: 

 

B. Federated Identity Verification Workflow 

FIM is a critical enabler of secure and decentralized authentication to AVs. This system allows vehicles and users to authenticate to 

one another without the sensitivity of such data and across different domains. The process starts when a vehicle or user requests 

authentication to get access to a service, e.g., a toll payment system. The request is validated by the federated identity provider (IdP), 

which provides a signed authentication token that has details of the user’s ID, permissions, and token expiry. The vehicle or user 

then sends this signed token to the service provider (SP), and the SP verifies it. The IDP’s public key is used to verify the token, and 

the SP uses it. Only when the token is valid do you give access to the requested service; otherwise, you deny access. Then, the 

service provider notifies the vehicle or the user about the decision. The pseudocode for the federated identity verification process is 

as follows: 

Figure 3: Flowchart for Blockchain Data Validation 

 

Input: Data D generated by Vehicle V 
Output: Validation of Data D on Blockchain 
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Step 2: V creates transaction T = {D, V_ID, timestamp} 
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Figure 4: Federated Identity Verification Workflow 

 

C. Integration of Algorithms in the AV Ecosystem 

Together, both the blockchain based data validation and federated identity verification workflows form a secure and efficient AV 

ecosystem. The trustworthiness and tamper proof of data passed between members, such as hazard alerts or traffic conditions, is 

ensured by blockchain. Conversely, federated identity management ensures that only vehicles and users are authorized to exchange 

these data-imposed services. By combining both algorithms in an AV ecosystem, a powerful mechanism to achieve secure, 

decentralized communication and authentication necessary for autonomous vehicle operation in varied real-world conditions is 

created. 

 

V.      MATHEMATICAL MODEL 

In this section, we define key variables and parameters and provide models of federation identity systems that require the use of 

blockchain consensus and authentication delay. [27-30] Discussion of performance metrics to be used for the evaluation of the 

system’s efficiency is also presented. 

 

A. Key Variables and Parameters 

Several key variables and parameters for modeling blockchain consensus mechanisms and federation identity authentication delay 

are defined in order to quantify system performance. They include transaction processing time, blockchain block creation time, 

network Latency, and Authentication metrics. Therefore, specifically, it is the average transaction processing time. ௧ܶ௫ , the time that 

a transaction takes in the blockchain network in seconds. The time taken to create and deposit a block into the blockchain ܶ  is 

referred to as block creation time. The term number of validating nodes ܰௗ௦ denotes the number of nodes used during the 

consensus process when building the blockchain. Network latency ܮ௧௪is commonly measured in milliseconds as the time that 

data takes to move between nodes. 

In the federated identity system, the authentication success rate ܴܽݐݑℎ is the percentage of successful authentications and the 

authentication delay. ܶ௨௧ is an amount of time measured in milliseconds to complete authentication. The probability of 

authentication failure, failure rate ܴ  , is ܴ=1 − ܴ௨௧. Time of consensus overhead ܥ, which is the amount of time it 

takes for the blockchain nodes to reach consensus is, dependent on the consensus protocol (for example, Proof of Stake or PBFT). 

Finally, the total delay ௧ܶ௧  includes all the single-time components necessary to perform the blockchain based authentication and 

data validation processes. 

 

1) Blockchain Consensus Mechanisms 

The blockchain’s consensus mechanism ensures that all nodes in the network agree on the state of the distributed ledger. The total 

time for consensus ܶ௦௦௨௦ can be modeled as: 

 ܶ௦௦௨௦ = ௧ܶ௫ + ܥ +  ௧௪ܮ
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Where ௧ܶ௫ is the transaction propagation and processing time, ܥ is the time required for consensus among nodes and ܮ௧௪  is the network latency between nodes. This formula accounts for the delay in data transmission, the time required for 

blockchain nodes to reach a consensus, and the protocol overhead. 

Performance metrics for blockchain consensus are critical to evaluating the efficiency of the network. For example, throughputܶܲ, 

which is the number of transactions processed per second, is calculated as: 

 ܶܲ =
ܶ௧ܰ௫  

 

Where ௧ܰ௫ is the number of transactions processed per block. Latency ܮ is the time required to validate a transaction, and scalability 

S is defined as the system’s ability to efficiently handle additional nodes: 

 

                                                           S =
ೢೝೖା்ೞೞೠೞேೞ  

 

This indicates how well the blockchain can scale as the number of nodes increases. 

 

2) Authentication Delay in Federated Identity Systems 

In federated identity systems, the total authentication delay ܶ௨௧ is the sum of several components: the response time ܶ ୰ୣୱ୮, the 

identity provider verification time ୴ܶୣ୰୧୷, and the request processing time ܶ ୰ୣ୯. 

  

                                          ܶ௨௧ = ܶ + ௩ܶ௬ + ܶ௦  

That is, ୰ܶୣ୯ the time it takes for the authentication request to reach the identity provider, ୴ܶୣ୰୧୷ the time required for the identity 

provider to verify the credentials and to respond with a token and ୰ܶୣୱ୮ the time to get the response back to the service provider. 

 

The probability of successful authentication ܲ ௨௧ is calculated as: 

 

                                                ܲ௨௧ = ܴ௨௧ ∗ ൫1 − ܴ൯ ∗ ܰௗ௦ 
 

Where ܰௗ௦ is the no. of nodes involved in proving the identity. The above formula takes into account the success rate of 

authentication, the failure rate, and the number of nodes included in the process. 

 

3) Performance Metrics for Federated Identity Systems 

A number of metrics are used to evaluate the performance of the federated identity system. The success rate ܴ௨௧ measures the 

system's reliability and is defined as the ratio of successful authentications to total authentication requests. 

 

                                           ܴ௨௧ =
ௌ௨௦௦௨ ௨௧௧௧௦்௧ ோ௨௦௧௦  

 

The average delay ܶ௨௧തതതതതതത is the mean time taken for authentication, calculated as: 

 

                                                  ܶ௨௧തതതതതതത =
∑்ೌೠ்௧ ோ௨௦௧௦ 

 

The failure rate ܴ  which indicates the likelihood of authentication failure, is simply 

 

                                                    ܴ = 1 −ܴ௨௧ 
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4)  Total System Efficiency 

To assess the overall performance of the system, the total delay ௧ܶ௧ for blockchain-based validation and federated authentication 

is modelled as follows: 

 

                                              ௧ܶ௧ = ܶ௦௦௨௦ + ܶ௨௧ 

 

The efficiency ratio ܧ (E) of the system can then be expressed as: 

 

ܧ                                               =
்ೌ∗்்௧ ௗ ் ௦௧௦ 

 

Table 2: Blockchain and Federated Identity Performance Metrics 

Metric Blockchain Value Federated Identity Value 

Average Transaction Time (T_tx) 0.5 seconds - 

Consensus Overhead  

(C_blockchain) 

2 seconds - 

Authentication Delay (T_auth) - 200 ms 

Network Latency (L_network) 100 ms 50 ms 

Authentication Success Rate 

(R_auth) 

- 98% 

 

 

 

VI.      RESULTS AND DISCUSSION 

This section describes the results of applying blockchain based data validation and federated identity verification in the Autonomous 

Vehicle (AV) ecosystem. The evaluation is on key performance metrics of latency, through per hour, authentication success rates 

and overall system efficiency. The presented data is simulated or benchmarked, with data shown in tables and discussed in detail. 

 

A. Results 

1) Blockchain Performance Metrics 

Consensus time, transaction throughput, and network latency were measured on a simulated blockchain network with a different 

number of nodes. The results are shown in Table 3. 

 

Table 3: Blockchain Performance Metrics Across Different Numbers of Nodes 

Number of Nodes ܰௗ௦ Consensus Time 

( ܶ௦௦௨௦, sec) 
Transaction Throughput 

(ܶܲ, ௧ܶ௫/sec) 

Network Latency 

 (௧௪, msܮ)

10 1.2 120 50 

50 1.8 95 70 

100 2.5 80 100 

200 3.5 65 150 

 

With more nodes, you have higher coordination overhead, so consensus time grows. Suppose we have 10 nodes; the consensus time 

is 1.2 seconds; when we have 200 nodes, it rises to 3.5 seconds. As the number of nodes grows, transaction throughput decreases 

slightly. However, for the AV applications, we keep the throughput within acceptable values; on the order of 120 transactions per 

second for 10 nodes and 65 transactions per second for 200 nodes. From 10 nodes to 200 nodes, the scale of network latency 

increases from 50ms to 150ms as the network scales, showing the tradeoff between decentralization and performance. 
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Figure 5: Graphical Representation of Block chain Performance Metrics Across Different Numbers of Nodes 

 

2) Federated Identity Verification Metrics 

Authentication delay and authentication success rate at the federated identity verification system have been evaluated for various 

network latency conditions. The results are shown in Table 4. 

 

Table 4: Federated Identity Performance Metrics Across Varying Network Latencies 

Network Latency (ܮ௧௪, ms) Authentication Delay ( ܶ௨௧, ms) Authentication Success Rate 

(ܴ௨௧, %) 

50 120 98 

100 150 97 

200 200 95 

300 300 90 

 

Figure 6: Federated Identity Performance Metrics Across Varying Network Latencies 
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Authentication delay is increased linearly with network latency. For example, the authentication delay is 120 ms at 50 ms latency 

and 300ms at 300ms. Finally, we show that under higher latency conditions, the authentication success rate remains high, above 

90%, indicating the robustness and reliability of the federated identity verification framework. 

 

3) Combined System Efficiency 

Total delay efficiency was tested for the combination blockchain and federated identity system under all scenarios. The results are 

summarized in the following table. As network latency grows, so does total delay, and as the number of nodes grows, so does total 

delay. For example, in the 200-node high latency scenario, the total delay is 3.7 seconds. Despite this rise, the system efficiency 

exceeds 85% in all cases, showing that the system is viable for real time autonomous vehicle (AV) operation. 

 

Table 5: Combined Blockchain and Federated Identity System Efficiency Metrics 

Scenario Blockchain Delay 

( ܶ௦௦௨௦, sec) 

Authentication 

Delay ( ܶ௨௧, ms) 

Total Delay ( ௧ܶ௧, 
sec) 

Efficiency Ratio (E) 

Low Latency, 50 

Nodes 

1.5 120 1.62 95% 

Moderate Latency, 

100 Nodes 

2.5 150 2.65 90% 

High Latency, 200 

Nodes 

3.5 200 3.70 85% 

 

B. Discussion 

1) Blockchain Validation 

The robust performance of the blockchain based system in providing secure validation of data and immutability, which is critical for 

the AV ecosystem, is demonstrated. However, scalability is a problem with increasing node count. With the growth of the number 

of nodes, consensus time and network latency increase, requiring optimization techniques. These issues could be mitigated using 

strategies such as sharding and adopting an alternative consensus mechanism of Practical Byzantine Fault Tolerance (PBFT) so that 

the AV blockchain system can be scaled appropriately to accommodate an AV ecosystem of a large scale. 

 

2) Federated Identity Systems 

The federated identity verification framework provides the right forms of privacy and security balance. Additionally, analysis of the 

minimal impact of network latency on the authentication success rate demonstrates the system's resiliency, even under less-than-

ideal network conditions. Nevertheless, further optimizations, such as edge computing, may also be applied to improve usability in 

latency-sensitive AV applications. Data closer to the source increases edge computing, reduces communication delays, and 

improves real-time performance. 

 

3) Combined Framework Performance 

Integrating blockchain and federated identity systems delivers a complete solution for assuring secure data validation and 

authentication in self-driving cars. Yet, one must also be careful about tradeoffs of decentralization, latency, and throughput. 

Decentralization will improve security but may increase both consensus time and network latency. Consequently, the system design 

is constrained to achieve equilibrium between the real-time operation of the AV ecosystem and security and privacy. 

 

VII.      FUTURE IMPROVEMENTS 

The promise of blockchain and federated identity systems integration in securing autonomous vehicles is compelling, but some 

areas still need exploration to optimize performance, scalability and user experience. The problem is that blockchain consensus and 

federated identity verification have latency. Future work can mitigate this by exploring the implementation of Layer 2 scaling 

solutions, such as state channels or side chains, to reduce transaction delays while keeping security. Further, edge computing can be 

exploited to conduct identity verification requests near the source for minimization of the network latency and the time to respond in 

real-time applications. 
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The second focus is increasing the interoperability between federated identity systems among different AV manufacturers and 

service providers. Standardized protocols and frameworks, as supported by organizations like W3C, can make seamless 

authentication possible within any type of ecosystem. Additionally, implementing privacy-preserving techniques such as 

homomorphic encryption or zero-knowledge proof could protect users’s delicate information throughout the verification processes. 

These would go on to further enhance trust and adoption by stakeholders. 

Future research must also study what can be achieved with Artificial Intelligence (AI) and Machine Learning (ML) for optimizing 

blockchain based consensus mechanisms and identity verification workflows. AI-driven analytics can predict potential security risks 

or notice anomalies in AV networks, and ML models can optimize federated learning processes that enhance the system’s efficiency. 

If integrated together, blockchain, federated identity, and AI can be used to form a hybrid framework that can offer a more resilient, 

adaptive and scalable way to secure AV ecosystems. 

 

VIII.      CONCLUSION 

Finally, integrating blockchain technology and federated identity solutions presents a promising foundation for making AV security 

and privacy more secure and private. Federated identity systems are secure, privacy-preserving authentication, and blockchain is 

data integrity, transparency, and decentralized validation. Together, these technologies offer clear solutions to critical challenges in 

AV communications, share data, build trust, verify user identities, and constitute essential components of the next-generation 

connected transportation ecosystem. The results of this study show that using a mixture of mechanisms results in high efficiency and 

authentication success rate when operating under varying network conditions, making this approach possible for real-world 

implementation. But unfortunately, to fully optimize the system for AV applications, the system is yet to be fully excelled for issues 

related to scalability and latency. These systems will depend on future advancements in edge computing, layer 2 solution and 

interoperability standards to make them more efficient and widely adopted. These technologies can be significantly improved by 

refining them, and the security and privacy of autonomous vehicles are greatly enhanced to enable safer, more reliable, and more 

connected transportation systems in the future. 
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