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1. Introduction 

The growing popularity of the life of things 

technology of devices in different categories has 

even provided the new dimension of connectedness 

and automation never experienced before but also 

the emerging capabilities of the new world have 

triggered the acute issue of data protection, 

integrity, and brand management problems 

(Tauseef et al., 2023). The conventional 

centralization and protection methods are typically 

ineffective to manage both the extent and the fact 

of multifactor IoT ecosystem, thus they are strewn 

against the mushrooming cyber risks encapsulated 

with data compromisation, designation of devices, 

and denial-of-service (Bobde et al., 2024). Having 

used the mechanisms of machine learning and the 

blockchain technology has brought the promising 

paradigm of minimizing those weaknesses where 

trust in autonomous IoT networks thrives (Iqbal et 

al., 2023). 

The technology of blockchain is bestowed with the 

factor of decentralization, immutability and 

cryptographic security and hence can be used 

easily as a tool in maintaining security of data 

transacted as well as integrity of communications 

of the IoT devices (Hassan et al., 2024). 

Simultaneously, one can analyze a substantial 

amount of data generated by the IoT devices using 

the machine learning algorithms in order to 

identify threats before they occur, noticing 

anomalies, and implementing self-adapting 

security mechanisms. By combining the best of 
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what the blockchain and machine learning can do 

through some sort of synaptic integration, it is 

possible to develop a more comprehensive, 

efficient, and safeguarded IoT infrastructure, which 

potentially can endure the modern adversities of 

the digital realm (Kaur et al., 2024).  

 

2. Study background 

When networks of Internet of Things are combined 

with blockchain and machine learning 

technologies, they present a paradigm shift towards 

enhancement of security as well as the possibility 

of creating threat mitigation via the channel of 

autonomous detection of threats. This expanding 

application of IoT appliances in various sectors, 

including clever farming, demands remarkable 

security deployments to avoid information leaks, 

unlawful interventions, and adjustments (Aliyu & 

Liu, 2023; Tauseef et al., 2023). Due to the 

vulnerability of the chain of attacks, the 

conventional security systems might not be 

sufficient to address dynamic and distributed IoT 

ecosystems (Iqbal et al., 2023). However, the 

solution to such data integrity and completeness 

could be an interesting solution with the 

decentralized ledger technology in the blockchain, 

which will be transparent, immutable, and 

traceable in nature and, therefore, some data are 

trustworthy in such a scenario (Bobde et al., 2024; 

Tauseef et al., 2023).  

The size of IoT data of the correct size may also be 

processed through the machine learning 

algorithms, and it is possible to locate regularities 

and anomalies that hold a great threat of security 

attacks and get rid of them (Chaganti et al., 2022). 

A combination of the two technologies can climax 

in the development of self-healing IoT systems 

which will be in a position to detect and take 

actions in security incidents without any human 

interventions. These systems have the capabilities 

of supported the evolving threats and maintaining 

the critical infrastructures functional. The 

application of cryptographic techniques in the 

example of blockchain in IoT security is also 

crucial in the tasks of integrity verification and 

data authentication (Periyasamy et al., 2024).  

 

3. Justification 

The increasing threats caused by the Internet of 

Things devices in the critical infrastructures drive 

the paradigm shift in the security architectures and 

puts the focus on the decentralized security 

architectures that nevertheless do not emerge 

acceptable and disproportionate to the size and the 

complexity of the modern Internet of Things 

networks (Tauseef et al., 2023). An opportunity to 

fill such autonomous IoT systems with a powerful 

alternative will be the combination of Blockchain 

and Machine Learning technologies, which will 

decentralize control over them and enhance 

security with the help of predictive analytics 

(Tauseef et al., 2023).  

The feature of the Blockchain that makes it 

immutable, transparent, and reached by persistent 

consent wherever it has been implemented, gives a 

good foundation to manage data transmission and 

access controlling the IoT cycles (Bobde et al., 

2024). Integration with blockchain also ensures the 

integrity of the information as it can give the 

tamper-proof account of all the transactions and 

events and cannot be manipulated by unscrupulous 

parties easily (Aliyu & Liu, 2023). This kind of a 

decentralized ledger can drastically enhance 

network resistance to cyber-attacks and non-

approved entries and accesses by the fact that it 

will remove single points of failures (Hassan et al., 

2024). In addition, the mechanism of smart 

contracts based on blockchain enables the 

automation of the security policy, as well as the 

process of access control to ensure that items and 

people adhere to the laws and regulations that have 

been set (Wickström et al., 2020).  

 

4. Study Purposes 

To make a comparison between the future of 

utilising Blockchain and Machine Learning to 

ensure the IoT networks are secure. 

To approximate the benefits of the use of 

autonomous IoT networks with the assistance of 

decentralized systems. 

Determine the answers to the question of the 

challenges and limitations of the integration of 

Blockchain and ML. 

So as to provide a shape of model to the practical 

application of Blockchain-advanced ML to IoT. 

 

5. Literature Review 

The prospect of applying Blockchain technology, 

Machine Learning, and the Internet of Things is 

the chance of manifesting the revolution of 

security paradigm in the majority of domains. 

Blockchain also consists of an impressive 

combination of technology that includes secure 

data storage, transparent transaction, as well as 

increased privacy in the devices that are known as 

IoTs where the devices are required to be in a 

working environment where they are in a facility 

that is restrictive (An et al., 2023; Chaganti et al., 

2022). The analysis of numerous data sets 

collected by IoT sensors, the identification of 

anomalies, forecasting of the potential threats, and 

even automatic response to security (Kaur et al., 

2024) are related to requests that can be fulfilled 

with the implementation of Machine Learning 
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algorithms, which greatly helps to increase the 

overall resilience of IoT systems.  

However, the highest traps of combining such 

technologies cannot fail to mention scalability of 

the Blockchain, computation cost of ML 

algorithms, and privacy and security of 

communications in the Internet of Things (IoT). 

Nevertheless, the possibilities of combining the 

Blockchain and ML by the application of IoT 

security are enormous, and the solution ahead, in 

that matter, is more comprehensive, secure, and 

efficient systems tasks of various purposes 

(Tauseef et al., 2023). The current literature 

provided on the case of the Blockchain 

applications in the IoT security indicates the usage 

of Blockchain in providing the integrity of the 

data, control of the access and verification of the 

devices in the IoT networks (Chaganti et al., 2022).  

 

6. The material and the Methods 

In the section of Material and Methodology, the 

explanation of the procedure during which the 

work was developed, along with the instruments, 

technology, and framework, and information 

sources used to investigate the subject of 

Blockchain/Machine Learning (ML) combination 

in autonomous IoT networks, are offered. In this 

section, the procedure which was used to undertake 

the data collection, testing of the theories and the 

data analysis should be clearly mentioned. The 

summary of the latter can run as follows: 

 

Materials 

1. Blockchain Technology 

The existing block chain technologies (i.e. 

Ethereum, Hyperledger or safe Block chain 

platform) are to be studied and evaluated 

concerning IoT network security. 

Technologies: They include smart contracts, 

decentralised ledger and consensus mechanisms 

such as Proof of Work (PoW) or Proof of Stake 

(PoS) as one of the ways to provide secure 

communications between IoT devices and as the 

point where access control is being focused. 

 

2. Algorithms de Machine Learning 

Different modes of the ML algorithms will be 

introduced which would include forms of 

supervised learning (i.e., Support Vector Machines, 

Neural Networks), forms of unsupervised learning 

(i.e., clustering, anomaly detection) and 

reinforcement learning (to make independent 

decisions). 

Tools: To detect anomalies, and enhance the 

security processes of the Blockchain, in the nearest 

future, we will deal with ML models, e.g., Scikit-

learn, TensorFlow or Keras, by using Python 

libraries. 

 

3. IoT devices and Information 

They will exploit simulation or real of Internet of 

Things (IoT) that will introduce network traffic, 

sensor data and whatever additional input they may 

require to evaluate the safety of the network. 

Data: The data will be based on the information in 

the IoT common communication proto-col (e.g. 

MQTT, CoAP), RT-data (e.g. device authentication 

logs, data flow logs, sensor reading). 

 

Methodology 

1. System Design 

It will be attained with a conceptual blueprint to 

show how Blockchain and ML could be integrated 

in an IoT network. Such a model will be 

characterized by Decentralized Blockchain in order 

to guarantee the secure nature of the comms and 

due to ML-based algorithms that will recognize 

anomalies in time and foresee the maintenance. 

The hybrid architecture will propose the 

combination of the decentralized ledger of the 

Blockchain technology that allows securing the 

data and the capacity of Machine Learning to 

process substantial amounts of the data on the IoT. 

 

2. Integration Process 

It will integrate the block chain nodes with the IoT 

network whereby others will be the same and the 

flow of information will be safe. Controlled 

authentication and access to devices will be offered 

through smart contracts. 

An existing IoT data will be used to train ML 

models with the objective of studying a pattern of a 

healthy and malfunctioning of an object and hence 

allowing such a system to detect and defend a 

security attack automatically. 

 

3. Test and evaluation 

The tests of the IoT devices will be performed 

under different conditions, i.e., they will be tested 

during an input routine, in relation to a wide 

majority of security threats (e.g., grant an 

unauthorized access or alter information or a 

DDoS attack). 

Working of the Blockchain-ML system shall be 

compared to the following parameters: 

Security: This is the degree of resisting to 

unauthorized accessing and manipulating the 

system and data, as well, the attack of the data. 

Scalability: Capacity of the system to respond as 

the quantity of the IoT devices present in a 

network expands. 

Efficiency: This is the measure of how well the 

system operates in processing real time 
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information processing in particular those data 

with high latency connectivity such as one of the 

large Internet of Things networks. 

 

4. Data Analysis 

The testing result would be used as the basis to 

establish the capacities of the combination of 

Blockchain and ML to enhance the performance 

efficiency of applications in terms of I) Security, 

II) integrity of data and system performance in the 

IoT environment. 

Different statistical measures (e.g. precision, recall, 

F1 score) in terms of how successful the ML model 

will be in detecting anomalies, and securing IoT 

network will be used. 

7. Discussion and Results 

The Research Results and discussion part will 

involve the spread of research results and the 

results will be discussed and analyzed in regard to 

Significance of results towards Blockchain-

integrated Machine Learning in IoT network 

security. 

 

Results 

1. Performance of the Security of IoT using 

Blockchain 

Information authenticity and traceability: All 

information registered in the Blockchain system 

are kept in the form of subsequent exchanges and 

they are still safe and inalterable. This provides 

significant improvement in the data integrity. The 

initial results will show that all IoT devices that 

will be logged in the Blockchain will ensure that 

the messages shared by them will be transparent 

and irreversible, hence it is accountable and 

trustable. 

Access Control: The smart contracts created can 

give access control to the devices in IoT via IoT to 

enter and access the network without any 

authorization. It results to the reduced volume of 

human interference and faster implementation of 

the devices in the network. 

 

Performance 
Measure 

Without 
Blockchain (%) 

With 
Blockchain (%) 

Data Integrity 65 95 

Access Control 70 90 

This graph compares the performance of IoT 

security with and without Blockchain in terms of 

data integrity and access control.
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Performance Measure Without ML (%) With ML (%) 

Detection Accuracy 70 98 

Real-Time Processing Efficiency 60 95 

Performance Measure Without ML (%) With ML (%) 

Detection Accuracy 70 98 

Real-Time Processing Efficiency 60 95 
 

 

 

 

 

 

 

 

 

 

 

 

This graph compares the performance of anomaly 

detection and real-time processing efficiency with 

and without Machine Learning. 

 

2. Anomaly Detection Machine Learning 

Performance 

• Detection Accuracy: ML will identify quickly 

and effectively an abnormal action(s) (e.g. 

unauthorized access to the system, data or a 

fault in the sensors). Results will involve the 

production of such indicators as accuracy, 

precision, recalls, and F1-score to determine 

the effectiveness of the model. In an example, 

anomaly detection model might detect a 

suspicious anomalous sensor data to signal an 

issue in the sensor or intrusion. 

• Real-Time Processing: The ML ones can 

process the entering IoT data in the real-time 

fashion finding the threats or anomalies as 

they arrive. The results will show that the time 

taken by anomaly detection and the issuance 

of alerts is fairly lower than what is required 

by the high speed network of IoT. 

 

3. Integration Effectiveness 

• Scalability: The synthetically combined 

system, which is a blend between Blockchain 

and ML will serve to work even when there is 

a gradual propagation of IoT devices. The data 

will then be logged securely by the 

Blockchain as the network develops. The ML 

one will 

• continue to be accurate in identification of 

anomalies, irrespective of the amount of data. 

• Efficiency In the early outcomes, it will be 

shown how the system can be made efficient 

(on the parameters of latency and throughput) 

and they can also be high in security and 

anomaly detection. 

 

Discussion 

1. Blockchain-ML Synergy: 

• Enhancing data and decision-making security: 

Thanks to the joint use of Blockchain and 

ML, it is possible to address the issue of 

autonomous IoT networks in line with the 

enhanced security of data and choice. 

Blockchain provides permanent logs and ML 

makes it possible to detect possible security 

breaches (in real-time). The combination of 
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these technologies works in such a way that it 

ensures that there is no human interaction 

when the IoT network is at work since all the 

decisions involved in enhancing security are 

done by the system itself. 

• Characteristics: The results are encouraging, 

there are the challenges on the one hand, and 

the challenges on the other hand. To illustrate, 

the cost of the consensus mechanism of the 

Blockchain (e.g., PoW or PoS) may result in 

the slow speed and poor performance of the 

system within large networks of the IoT. 

Computational complexity also exists in ML 

algorithms and this may require optimizing to 

deliver in real-time. 

 

2. Practical Implications: 

• Use Cases: The use cases of IoT such as smart 

cities, healthcare, and industrial IoT can be 

utilized through this strategy. It is possible 

that Blockchain-ML will be useful in securing 

traffic information, control of energy grids as 

well as watchdogging on the provided cities 

health systems in the smart cities. In 

medicine, it could guarantee patient data 

security, and it could identify the 

abnormalities in the work of medical 

equipment. 

• Cost and Infrastructure, Blockchain and ML 

have a high level of security and automation, 

but it must consider the cost of 

implementation and an infrastructure of an 

operational network framework. It may 

compel companies to acquire additional 

computing equipments and computing power 

to cope up with such technologies. 

•  

3. Its weaknesses and prospects of progress 

• Limitations of Blockchain: Even though 

Blockchain ensures that the data is valid, 

Blockchain might run into a scalability issue 

as the IoT networks increase. This would 

affect how the system performs in regard to 

the overheads incurred in mechanisms of 

consensus. Research should be to make sure 

that the algorithms which makes the 

consensus in the IoT networks are faster. 

• Limitations of ML Models: ML models need 

quality and good quantity of training data. 

Poor or biased information can lead to an 

inefficient performance. This system must be 

reliable and this is achievable by ensuring that 

there will be constant incoming data which 

will be used in training and fine tuning the 

models. 

 

8. Study Limitation 

The convergence of Machine Learning and 

Blockchain introduced in the Internet of Things 

paradigm can be viewed as an opportunity though, 

simultaneously, produces a wave of limitations and 

threats, one should pay attention to (Zhang et al., 

2022). The most apparent drawback is a significant 

number of computational burdens when using 

Blockchain and ML algorithms, particularly on 

resource-constrained IoT devices (Zheng et al., 

2019). This is addressed by the fact that ML 

models (and deep neural networks in particular) 

simply demand tens of thousands of words of 

computational resources to be run, effectively 

making applying them resource-intensive, with a 

large amount of computing power and memory 

being the usual limited resources in the average 

IoT solution (Sharma et al., 2022).  

Meanwhile, all activities carried out through 

Blockchain are based on the consensus algorithm, 

i.e., a transaction requires substantial processing 

(Hasan et al., 2024). The accumulative request can 

lead to an excess of energy and shorter service life 

of devices and function disruption, which are 

especially likely on large IoT networks, as a vast 

number of devices can receive and process 

information and conduct transactions on 

Blockchain simultaneously (Merenda et al., 2020). 

Scalability of the Blockchain technology as related 

to the large scale applications of the IoT is another 

critical problem, and in many cases, the already 

existing white-paper Blockchain solutions are not 

sufficient to support the throughput and latency 

rates that many IoT processes will be exposed to 

(Hasan et al., 2024).  

 

9. Future Scope 

Blockchain and Machine Learning, the 

combination of which in the future will be 

revolutionary, have the prospects of delivering 

security, efficiency, and scalability with respect to 

diverse applications of the Internet of Things. 

Future research articles should be developed on the 

basis of the research concerning the 

implementation of Blockchain-ML systems into 

those specific areas of IoT where the effect of high 

data integrity and intelligent automation will be of 

enormous value (Hassan et al., 2024). The sector 

of healthcare and its data privacy requirement, the 

interest of which is to share data securely among 

all of its interested parties, is an intriguing topic to 

consider (Periyasamy et al., 2024). The systems 

that run on blockchain can render the data about 

patients either immovable and trackable, and ML 

algorithms can identify outliers in large sets of 

health care data, tailor health care programs, and 

forecast potential medical conditions (Tauseef et 

al., 2023).  
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The second such area in which it is possible to 

apply Blockchain-ML to innovation is smart cities 

that are characterized by numerous interconnected 

infrastructures and large volumes of data (Firouzi 

et al., 2022). With the help of the technology of 

Smart Cities to organize an uninterrupted dataflow 

with the help of Blockchain and to manage the 

resource of the city with the help of artificial 

intelligence on the basis of and because ML is built 

to think and act in an intelligent way, the cities of 

the future become capable of equalizing the energy 

flow, optimizing the traffic, upgrading the safety 

levels and supply citizens with more optimized 

services (An et al., 2023). Another rising trend that 

is becoming popular with the development of 

Blockchain and ML is the automation of industries, 

and their increasing interdependencies of machines 

as well as use of real-time data analytics is certain 

to also benefit. Blockchain might enable the supply 

chain to become secure and trace the origin of 

assets as well as offer sensor information integrity 

and, in contrast, ML might monitor production, 

forecast the breakdown of equipment, and enable 

predictive maintenance strategies (Kaur et al., 

2022). 

 

10. Conclusion 

The paper has elaborated on the opportunities that 

exist in the implementation of Blockchain and 

Machine Learning in extending security to the 

autonomous IoT network. Decentralized 

Blockchain technology is combined with smart 

algorithms of Machine Learning that offer an 

alternative to the treatment of security problems of 

the IoT system. Even though this poses some 

restrictions that must be taken into account, this 

sort of integration of such technologies is actually 

able to create more sustainable, scalable, and self-

sufficient IoT networks. This is the area of 

integration that still requires research and 

development to simplify this integration and its 

application in various industries. 
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