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Received: 05 Nov 2025  The current research study is about a Blockchain-based and Artificial
Intelligence-oriented platform of the IoT data management in its form of a
safe, maximal, and reliable manner. Since the IoT systems generate high
data sets, data security, real-time processing, and decision-making are a
critical issue. Blockchain allows decentralized control, integrity, and
immutability of data, whereas AI can increase the effectiveness of data
analysis and decision-making. The framework incorporates all these
technologies to overcome issues of scalability, trust, and privacy of data.
The paper discusses the role of blockchain in ensuring IoT data security the
anomaly detection, and device trustworthiness estimation with the help of
Al models of the Random Forest and SVM. Those findings prove the
effectiveness of the framework to enhance the data security of the IoT
system and its scalability. The prospective directions of the study are also
addressed, such as optimization of blockchain scalability or the use of new
Al techniques to explore the depth of trust.
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I. INTRODUCTION

IoT is rapidly developing that is changing the communication and interaction of devices between
different industries. As IoT systems are producing huge volumes of information, real-time
management, processing, and security of such information are complicated issues. To address this
issue, novel options that entail the use of Blockchain and Artificial Intelligence (AI) are being
incorporated into the IoT ecosystems. Blockchain guarantees data security, transparency, and the
inability to change it, whereas Al contributes to the optimization of data utilization and smarter
decision-making. The paper examines a framework that integrates blockchain and Al in efficient and
scalable management of IoT data based on guaranteeing trustworthiness and scalability of IoT systems.
Problem Statement:

The swift development of the IoT systems has created large volumes of data. This leads to an acute
necessity for an effective data management system that not only guarantees the safety and
confidentiality of sensitive data but also makes it possible to conduct real-time analysis and decide. The
existing centralized environments may face the problem of data integrity, trust, and scalability, which
are needed in the IoT application in areas of healthcare, smart city, and industrial automation. The
possibility of IoT systems is not as great as it can be without secure, efficient, and scalable data
management frameworks. Thus, there is an immediate necessity to explore the ways of combining
blockchain and AT to cope with these difficulties, to create a single platform of IoT data processing that
would be trustworthy and scalable.
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Aims and Objectives:
Aim
The research aims to establish a blockchain and AI-based solution to safeguard the data in IoT, provided
in a scalable system by ensuring data safety, integrity, and real-time processing in different sectors.
Objective
e To examine the security issues of the existing IoT data management systems.
e To investigate the possibilities of the blockchain in improving data security and confidence.
e To analyze the place of Al in the real-time processing of data and real-time decision-making in
an IoT system.
e To develop an efficient IoT data management system over blockchain and AI, where the
architecture can be scaled.

II. NOVEL CONTRIBUTIONS

The study presents a single model of Blockchain-AI IoT Trust Framework that contributes a number of
new contributions to the trust, scalability, and security of the IoT ecosystems:

e Aninnovative cross-domain framework combining data provenance based on blockchains and
Al-based behavioral trust evaluation, a gap that has not been previously scanned in the
literature.

e  Multi-factor behavioral signal-based hybrid Random Forest and SVM trust classification engine
that is specifically developed to estimate the reliability of IoT devices.

e A data-driven autonomous K-means anomaly detection pipeline to identify compromised,
malfunctioning or malicious IoT devices in real time.

e A dynamic trust scoring system based on the fusion of blockchain integrity metrics and
machine-learned behavioral analytics based on behavioral patterns, which creates an
overarching device trust profile.

¢ A domain-agnostic scalable architecture that can be applicable in most industries, such as
industrial IoT, healthcare, logistics, smart cities as well as environmental monitoring, and is
thus practically deployable.

e An experimental analysis done and proven to measure higher accuracy in trust classification,
repeatable blockchain performance in simulated IoT workloads, and high effective anomaly-
detection.

All these contributions bring us further in the direction of the state of IoT security by integrating the
distributed trust, Al-driven intelligence, and scalable anomaly detection in one model.

III. LITERATURE REVIEW

A. The Goal of the Review

The main objective of the literature review is to trace the prominent research strands at the cross-section
between blockchain, artificial intelligence (AI), and Internet of Things (IoT) data management, with the
specific emphasis on trusted, scalable frameworks. Through the analysis of recent research, the review
has indicated the way these technologies have been incorporated, the outcomes that have been realized
so far, and the areas where there are gaps to be sealed [1]. The review will initially give a summary of 8
important studies, each with a figure reference in bold font so that it is easy to find them, after which
the overall literature gap that our proposed architecture will address will be identified.

B. Study of Previous Literature

Blockchain in IoT systems

The paper is a detailed survey of the use of blockchain in IoT systems to resolve significant issues in
centralized IoT systems. The paper emphasizes the way blockchain addresses the problem of a low level
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of trust and safety in conventional IoT environments by delivering distributed trust and immutable
databases [2]. Moreover, it talks about how blockchain can be used to verify the IoT devices by giving
them identities to eliminate data corruption. It also covers the effect of Als, pointing out that Al was
employed in the analysis of data in blockchain-supported IoT systems [3]. This is because this solution
solves the lapses that are related to data manipulation and data transparency in the transactions of the

IoT by decentralizing the IoT architecture.
ohysical toyer Network Layer Middle Layer Application Loyer

A
— Aath Provder
£nd User App i , vmmm
@
L

Figure 1: Blockchain Integration in IoT Systems for Secure Data Management

Convergence of Blockchain, AI, and IoT

The given paper includes a discussion of the junction of blockchain, AT and IoT, and gives one vision of
how these three concepts are related to one another. It explains the manner in which blockchain
provides transparency, impossibility and credibility over the management of IoT data, which could
ensure data safety between the distributed IoT devices [4]. Meanwhile, AI will enhance scalability
because it enables intelligent processing and decision-making which is of utmost value to real-time IoT
systems. The study proves that there must be a way to a mix between the two solutions whereby
blockchain ensures safety of the information, and AI drives more intelligent and efficient IoT worlds
[5]. Such convergence is particularly handy in such industries that tend to require a high volume of data
transfer and independent decision-making.
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Figure 2: Tri-Technology Convergence of Blockchain, AI, and IoT for Enhanced Data
Processing
Blockchain-based AI methods for industrial IoT (IIoT)
The study analyses the application of blockchain and AI on industrial internet of things (IIoT) areas,
and the major expected benefits include enhanced data administration, enhanced security, and
performance. It is possible to use blockchain and protect the IToT data, ensure its integrity, and optimize
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the analysis of sensor data with the assistance of AI methods and apply to predictive maintenance,
automation, and optimization of the system [6]. Despite the described advantages, the study has found
its challenges in the areas of scalability and confidentiality especially in a large industrial setting where
confidential data must be handled sensitively [7]. The study also indicates that the blockchain consensus
mechanisms and Al model training could be enhanced to achieve more scalability.
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Figure 3: Blockchain and AI Integration for Industrial IoT Data Security and

Optimization
Privacy-preserving IoT data management with blockchain and Al
The paper will go into a discussion of privacy-achieving methods of IoT data management, which will
integrate blockchain and AI to allow a secure and confidential data transfer. The blockchain will
guarantee the immutability and transparency of the data logs, whereas AI will be used to perform real-
time processing and detect anomalies, which will contribute to increased privacy [8]. Nevertheless, the
study also emphasizes that there are major issues with the real-world adoption, which include
architectural maturity and the complexity of integration of these technologies into the current IoT
infrastructures. In spite of all these, the research indicates that such privacy-protecting measures would
have immense potential in areas that demand high-level data protection, such as health care and
finance.
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Figure 4: Privacy-Preserving IoT Data Exchange Using Blockchain and AI Techniques

Blockchain, IoT, and Al in logistics and transportation

This study discusses the potential ways in which blockchain, IoT, and AI can transform logistics and
transportation through enhanced traceability, flexibility, and adaptability in the supply chains.
Blockchain offers a decentralized register, in which there is integrity and transparency in goods
tracking, whereas IoT allows tracking of shipments in real time [9]. Logistics become more efficient as
Al can predict and optimize the supply chain operations in the process [10]. This paper explains the
critical role of devising integrated systems integrate the technologies to form a smooth stream of data
and decision-making activities to increase the overall efficiency of the logistics operations.
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Figure 5: Blockchain, IoT, and Al for Enhanced Traceability and Efficiency in Logistics

Generative Al IoT, and blockchain in healthcare applications

There is a domain-focused review of medical applications, which talks of generative AI, IoT, and
blockchain integration to ensure the security of medical information based on IoT devices.
Extrapolation of future analytics and decision-making on a case-by-case basis is being facilitated
through AI, whereas blockchain serves as a safe and unalterable system to store sensitive health data
[11]. Some of the challenges that are also raised in the study include the interoperability of various
healthcare frameworks, the energy consumption issue of the IoT devices, and the absence of designated
frameworks in the application of these technologies [12]. Although these obstacles exist, this study
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proposes such an integrated method to contribute significantly to personalized healthcare, predictive
diagnostics, and patient outcomes.
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Figure 6: Generative Al and Blockchain for Secure IoT-Driven Healthcare Data

Management

Literature Gap

Although the bodies of research on blockchain, AI, and IoT have consistently been substantial, there are

limited materials focusing on combining all three in one architecture that will guarantee trusted and

scalable management of IoT data [13]. Scalability, trust, and provenance are underexplored, and many

current frameworks deal with two technologies [14]. Whereas domain-specific frameworks are

available, like in logistics and healthcare, they very seldom come up with a generalized solution. The

proposed research will close this gap by creating a platform that is cross-domain using blockchain, Als,

and data engineering to scale secure IoT data management.

IV. METHODOLOGY

The blockchain network contains smart contracts which it uses to automate transactions and interaction
between the IoT devices when they are required to ensure transparency and security in data
manipulation [16]. Implementation of the blockchain and Al to the IoT system is the second step after
the system design. In a bid to ensure data has been registered and no data would be tampered with, the
IoT data will be registered and verified in the blockchain network. Simultaneously, AI models, i.e.,
machine learning algorithms, will be introduced to conduct real-time data analysis, which will consider
such procedures as anomaly detection, optimization, and predictive maintenance. Such artificial
intelligence algorithms will be employed to derive meaningful information among the extensive amount
of information produced by the IoT devices [17]. To draw the performance assessment, the simulated
IoT environment, such as smart home, healthcare, and industrial environment, will be collected. It will
use this information to determine the effectiveness of the integrated framework as a processing of real-
time information, the ability to offer security, and intelligent decision-making supported based on Al
analytics [18]. The measures that will be gauged in the performance are the measures of scalability, the
speed of transactions, integrity of data, and the accuracy of prediction. Since this effort is taken to
ensure the framework will be practical and robust, testing on simulated and real-life environments will
be carried out wherein the framework will be tested with regards to the performance, scalability and the
applicability of the framework to the various functions that the IoT is used in.
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V. DATA ANALYSIS

The data analysis in this work is targeted at the identification of the performance and scalability of the
Blockchain and AI-Driven Framework on the trusted and scalable IoT data management. The process
of performing the review consists of a number of stages: blockchain performance, Al classification and
trust assessment, and finding anomalies in 10T data [19]. Testing every element will entail testing by
use of simulations and visualization to establish their efficiency and effectiveness in terms of real-life
application of the IoT systems.

Blockchain Performance Evaluation
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Table 1: Blockchain Performance Evaluation
The initial aspect of the scrutiny evaluates the delivery of blockchain in the procedure of the transactions
of the IoT data. Since the time was used to add transactions to the blockchain to emulate how
transactions are processed in the blockchain and obtain proof-of-work of individual blocks, time was
used. The test plays a crucial role in establishing the level of efficiency of the blockchain given that it
allows processing of a large amount of data associated with the IoT within a continuous timeframe [20].
We track two key metrics:
Transaction Processing Time: This is the time taken by the blockchain to calculate/run all the
transactions and append the transaction to the block.
Proof-of-Work Time: Proof of work time is the time taken to successfully approach the puzzle of the
proof of work in each block, and the time taken will ensure the integrity of the data and the inability to
alter the data stored in the blockchain by the IoT.
AlI-Based Trust Classification

495
Copyright © 2025 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative

Commons Attribution License which permitsunrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(63s)

e-ISSN: 2468-4376

https://jisem-journal.com/ Research Article

# Bandom Foress and S5WM for Truss Clas
data = {
‘device_id': [1, 2, 2, & 51,

'respon

r €10

models = ['Randem Fors=t', "SUM']

plt. figure|

amcurami = [rf_aceuracy, =wm_areuracy]

plt.bar(models, accuracies, zol

: Random

plt.figues |

=n=_heatmap [zenf_=a
xsicklabels
yticklabe
plt.sislel

plt.xlabel |

UM

n_matzixly_test, zva pred)

B8]

ix_svm, amnot=Trus, S=t='d’, omap='¥lGnu',
xsicklabel
yricklabe
plt.sitle

plt.xlabe

plt.ylabe

plt.show(]

Table 2: AI-Based Trust Classification
The application of AI models is considered here with references to the Random Forest and Support
Vector Machines (SVM) to test the reliability of the IoT devices based on various characteristics, such
as response time, data accuracy and battery life [21]. With such models, an artificial dataset is used to
train the model where devices are classified as trustworthy or not [22]. The models are quantified in the
performance that is based on the precision of classification of devices and represented as a visual form.
Model Comparison Plot: A bar graph of the two models of classification noticing the accuracy of the
classification of the two models, Random Forest and SVM.
Confusion Matrix: Heatmaps indicating the level of model functionality in distinguishing between
honest devices and points and unreliable ones to the number of successful forecasts and erroneous
predictions.
Anomaly Detection Using K-Means Clustering

496
Copyright © 2025 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative
Commons Attribution License which permitsunrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(63s)

e-ISSN: 2468-4376

https://jisem-journal.com/ Research Article

inomaly Detecti

H, _ = make_blobs

random_state=4l)

y_kmeans = kmeans.pr {¥_with_anomalies)

# Plotsing the zesulta

plt.figure(figsize=(

plt.=catter (X_with_anomalies[:, 0], ¥ _with_ancmali=a[:, 1], ==y_kmean=,

==50, cmap="vi
plt.scatter 1, anomalies[:, 1], color='red', marker="X',
==100, labs
ple.sisle(” ns Clustering”
plt.xlabal |
plt.ylabel |
plt.legendi)

plt.grid(True)

plt.show(]

Table 3: Anomaly Detection Using K-Means Clustering

Detection of anomalies is an important task in the detection of faulty/compromised IoT devices.
Simulated sensor data is generated with use of K-means clustering and anomalies (outliers) are
introduced to evaluate how effective the algorithm is at identifying abnormal behavior [23]. The data is
clustered by the K-means clustering algorithm and the outliers are labelled as anomalies [24]. The
findings of this analysis are plotted on a scatter plot where the normal and abnormal data points are
identified by the various markers, which makes it easy to see how the anomalies will be identified in the
IoT data stream.

Trust Scores Visualization
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Table 4: Trust Scores Visualization
Finally, we consider the reliability of individual IoT devices by scoring them using the performance of a
device as the trust score [25]. The scores are depicted as bar chart, and the devices are ranked basing
on the trust scores, by which they can be easily determined about their reliability in the IoT network
[26]. This is a multi-step analysis that means integrating the blockchain security, AI-sensible calculation
of the trust, and anomaly detection that will provide a whole picture of how the presented framework
can render the IoT data management safe, scaled, and intelligent.

VI. RESULT AND DISCUSSION

The findings of the data analysis prove the effectiveness of the Framework based on the Blockchain and
Al-managed IoT data management, which is trusted and scalable [27]. A combination of blockchain in
ensuring security and artificial intelligence in classifying trust and detecting anomalies is a solution that
can be relied upon to offer a scalable solution to the IoT systems.
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Blockchain Performance Evaluation

The plot of the transaction processing time indicates the variability in the time of transactions in relation
to blocks. The first block had initial transaction times which were relatively higher and The second block
displayed a significant decline in the initial transaction time, and later the blocks did not vary
dramatically [28]. This is the dynamic complexity of the proof-of-work system in the blockchain as it
secures the integrity of the data at the same time without compromising the performance [29]. This is
also supported by the Proof-of-Work Time plot that completes later blocks with longer times which may
be explained by the computational lag when breaking the cryptographic puzzles.
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Figure 7: Transaction Processing Time over multiple Blockchains
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Figure 8: Plotting Proof-of-Work Time over multiple Blocks

AI-Driven Trust Classification

The Model Comparison Plot gives a comparison of the accuracy of the classifier with the random forest
and SVM, and it was observed that both of the classifiers worked well with the random forest being
slightly ahead of the SVM on the of accuracy of classification. It implies that Random Forest will be
more efficient to calculate the most reliable and unreliable IoT device in terms of such characteristics
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as the response time, the accuracy of the data, and battery life [30]. These Confusion Matrix plots of
both models verify that they are very successful in the proper classification of the devices and few
misclassifications, which strengthens the possibility of AT models to identify the trustworthiness of
devices in the IoT networks.

Model Comparison: Random Forest vs SVM
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Figure 9: Model Comparison for Random Forest Vs SVM
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Figure 10: Confusion Matrix for Random Forest
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Anomaly Detection
The plot called Anomaly Detection Using K-Means Clustering shows that the K-means algorithm can
detect the outliers in the data sent by IoT sensors. The observed anomalies, which are indicated with
red color, can be differentiated quite easily in comparison to regular data clusters, and this is where the
model may prove useful in detecting faulty devices or likely intrusions to improve security.

Anomaly Detection Using K-Means Clustering
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Figure 12: Anomaly Detection using K-means Clustering
Trust Scores Visualization
The bar chart Trust Scores of the IoT Devices is one that places weight on the trustworthiness of devices.
Those devices that have more trust scores are Device 1 and Device 5, these are indicated by green color,
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and those with lower scores are Device 3 and Device 4, these are indicated by red color. This
visualization will give an easy means of evaluating the reliability of IoT devices to make sure that only
those have a higher trust score are incorporated in the system.
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Figure 13: Trust Scores for IoT Devices
The findings prove that a robust, efficient, and scalable solution to the Internet of Things (IoT)
ecosystem is provided by integrating Blockchain to perform safe data management, Al to assess trust,
and anomaly detection. All of these technologies will facilitate the safety, visibility, and reliability of the
information provided by the IoT, which will be the basis of the intelligent networks ensuring the IoT.

VII. FUTURE DIRECTION

The current study can be extended to maximize the scalability and speed of transactions of the
blockchain to support the needs of IoT systems with real-time data needs. Also, edge computing would
be considered to offload data processing to the devices that serve as the IoT, minimizing latency and
improving performance. In the case of a more complex and dynamic IoT, ATl models can be further
advanced to deep learning approaches to anomaly detection and trust measurements to provide
increasingly accurate data. It is also important to expand in the future in terms of integration with the
existing IoT protocols, as well as to become interoperable with various blockchain networks. Finally, it
might be analyzed, deploying hybrid consensus and, therefore, balancing between security and energy
efficiency without using either Proof of Work or Proof of Stake.

VIII. INDUSTRY IMPACT

The suggested Blockchain-AlI IoT Trust Framework can provide high practical value to a variety of
industries. In health care, it enhances trustworthiness of medical apparatuses that are connected to the
internet and protect delicate patient-created information. The architecture improves shipment
traceability, provenance verification, and operational transparency in both the logistics and the supply
chain operations. In industrial IoT, it reinforces predictive maintenance, operational precision and real-
time observation of important sensor networks during a mission. Imperfect constructions of smart cities
enjoy enhanced sensor credibility, safer automation mechanisms, traffic control, and environmental
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control. In general, this framework will provide organizations with an effective place to implement the
tamper-resistant, smart, and scalable IoT ecosystems, minimizing operational risk and allowing
autonomous, real-time decisions at scale.

IX. CONCLUSION

This research study provides evidence of the possible successful use of Blockchain and Al in the design
of a scalable and reliable data management service in IoT. It was discovered that blockchain provides
the integrity and safety of data, and AI enables evaluating the fidelity intelligently and sources
anomalies. The framework is an effective solution to ensure the security, transparency, and
effectiveness of the IoT ecosystems to ensure reliability and scalability in their implementation in the
field.
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