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Abstract
The combination of blockchain, Al, and 10T is transforming industries. Blockchain provides
safe, transparent data management, Al enables intelligent analysis of IoT data, and 10T
generates important real-time insights. This integration is leading to breakthroughs in supply
chain management, healthcare, smart cities, and more, boosting efficiency, security, and
decision-making processes. This study investigates the convergence of Blockchain, Artificial
Intelligence (Al), and the Internet of Things (10T), focusing on recent breakthroughs and their
impact on industrial practices. By integrating Blockchain’s safe data management, Al’s
superior analytics, and IoT’s connection, industries benefit from greater transparency,
efficiency, and innovation. The report emphasizes significant applications, including supply
chain management and smart cities, and discusses the potential problems and future trends of
this technological convergence.
Keywords: Blockchain, Artificial Intelligence, Internet of things (1oT), Decentralization,
Industry

1. INTRODUCTION

An effective ecosystem that improves security, automation, and efficiency across a range of
industries is created when blockchain technology is integrated with artificial intelligence (Al)
and the internet of things (1oT). Blockchain solves flaws in conventional centralized systems
by offering a decentralized, tamper-proof ledger that ensures safe and transparent data
transfers in Internet of Things networks. Al helps by providing automation, real-time
analytics, and intelligent data processing, all of which enhance 10T operations' ability to make
decisions. In addition to reducing security concerns and improving operational efficiency, the
combination streamlines operations in industries like finance, healthcare, and smart cities by
enabling safe, automated procedures like smart contracts that carry out predetermined
activities.

1.1. Internet of Things

Internet of Things (loT) is a fast-growing cluster of interconnected physical and virtual
appliances that communicate and share data over a wireless network without human
intervention. Kevin Ashton of MIT coined the term "Internet of Things" in 1998, defining it
as "allows people and things to be connected Anytime, Anyplace, with Anything and Anyone,
ideally using Any path/ network and Any service". Sensors in cars, refrigerators, lighting,
thermostats, and other gadgets capture and communicate data in real time to provide unique
digitized services. Intelligent home products like Amazon Echo, wearables like Apple Watch
and Fitbit, and connected autos by AT&T demonstrate 10T's success. The Internet of Things
began with two computers and grew into a massive network with the World Wide Web. Next
is mobile-Internet, which connects mobile devices to the Internet, followed by people-
Internet, which uses social media. It became the Internet of Things, a domain of connected
things. In 2008, 10T objects outnumbered people worldwide.

According to a projection by Statista, the world is supposed to assimilate more than 75 billion
10T devices by 2025 as illustrated in Figure 1.

Benefits of 10T go beyond internet-enabled consumer gadgets. It can be used in healthcare to
monitor patients inside and outside hospitals and treat them based on the data. Barcelona and
other smart cities estimate traffic and improve routes, rubbish collection, etc. 10T could
transform the BFSI (Banking, Financial Services, and Insurance) sectors in the financial
business. Since banks collect and communicate a lot of data, 10T helps them optimize and
streamline their operations. With digital payment systems that allow customers to perform a
variety of transactions without contacting a bank and self-serviced customer service gateways
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that allow chatbot troubleshooting, loT helps financial institutions improve customer
satisfaction, reduce risk, and secure the banking industry.
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Figure 1: According to data projections each person will be dependent on around 10
connected devices by 2025.

1.2.  Blockchain Technology
Despite the potential benefits of 10T in several fields, the network architecture, in which all
0T gadgets are connected, processed, and controlled by a central server, is complex. Future
0T application development will be hampered by these concerns. A slight server failure
causes all 10T applications and services to fail, affecting the 10T ecosystem's services. Any
cyber-security threat wants to target the centralized database that houses all 10T device data.
Since all 10T data requires delicate safety structures, personal data appears to be at risk.
Given the centrally managed 10T architecture's severe problems, upgrading to a distributed
ledger system may be best. One of the most popular technologies is blockchain. A
decentralised, shared, and incorruptible ledger tracks all P2P transactions. Consolidated
transactions are assigned to ledger blocks. Thus, each block has a log file with a date-time
stamp and a hash function to relate it to the previous block. A network of blocks, called the
blockchain, results. Most blockchain network parties must agree to record a transaction in the
public ledger. Distributed ledger technology facilitates information exchange by providing a
mock-up of the authentic ledger to all blockchain users/nodes, keeping them updated on new
transactions or blocks.
Combining 10T with blockchain has many benefits. Blockchains' shared system features can
eliminate vulnerabilities and a point of failure in centralized 10T ecosystems by regulating
0T devices and their communication services without a database controller. Blockchain also
improves privacy and security by using complex cryptographic methods, hash functions, and
timestamps to secure cloud infrastructure. Blockchain technology protects data from harmful
threats with a tamper-proof, incorruptible ledger that only caches records changes if a high
number of attributing users agree. As a result, a reliable system is built in which only
participating l1oT appllcatlons accept or dlsapprove transactions depending on their consent.
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Figure 2: Advantages of integrating Blockchain with 10T functionalities
The big data analytics solution enables the blockchain store and process web data from 10T
devices, which generate massive amounts of data that are hard to analyze. Many transactions
are processed in structured ledgers, requiring greater data analysis. Distribution ledgers
technology also uses smart contracts to enable artificial intelligence based on preset
circumstances. A smart contract is a source code component that executes on blockchain
when certain terms are met or authorized.
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All blockchain nodes executed and stored transaction records for cryptocurrency and
monetary operations. Due to its many benefits, blockchain is being integrated into many
fields. The Internet of Things is one example. Incorporating blockchain and 10T has several
benefits. Blockchain is delegated and untraceable, making it suitable for 10T applications like
medicine, home automation, intelligent transportation, smart cities, and others. Consolidating
blockchain in 10T is difficult. The blockchain platform used to link 10T with blockchain is
maybe the most important step. Ethereum, IOTA, and Hyperledger are the most popular
open-source, free systems. They also enable linking blocks, cryptographically protected
hashing of transaction information in a block, novel traces, consensus, and smart contracts.
Blockchain is more powerful than Bitcoin and is used to secure banking records,
creditworthiness, mortgage lending, mass transit, online broadcasting, healthcare, and other
sectors. Blockchain is currently usedin ‘information access control, Fintech, 10T, Cloud
Services, Multimedia, Education, and Tourism.
Supply chain and logistics are key l0T-Blockchain integrations. A global value channel with
multiple partners complicates end-to-end monitoring. When combined, Blockchain and loT
can boost reliability and provenance. 10T can collect mobility, climate, geolocation, and other
data for the distributed ledger. Information can be used to highlight serious issues.
1.3. Artificial intelligence (Al)
Blockchain technology has some drawbacks despite its power. Some are technical, but others
are entrenched in financial services culture. Al may affect all of them in some way. Some
distributed ledger technology features are promising for Al. Decentralized and reliable
blockchain and immutable and transparent cryptic trail allow safe transmission of Al data,
methods, and models.
Acrtificial intelligence (Al) uses computers or software to mimic human cognitive functions or
behaviors. It is a system of realizing, reasoning, and correction, or a set of instructions
(algorithms) that let computers build their own algorithms without programming. Al research
spans natural language processing, computer vision, the Internet of Things, and robots. Thus,
it incorporates several topics (e.g. statistics, machine learning). We can see Al as a fully
functioning creature and compare it to other (sub)fields to identify its relationship. If artificial
intelligence and the human body are similar, we must have a brain that performs multiple
functions, including language (NLP) and perception (computer vision).
Al and blockchain could make finance smarter and more efficient. Blockchain provides
transparency and data aggregation. They also enforce contract terms. Al can automate
judgment calls and improve organizational banking procedures.
2. LITERATURE REVIEW
Park, J. H. (2020) Our proposed Blockchain-enabled Intelligent 10T Architecture combines
blockchain and Al for IoT, leveraging cutting-edge methodologies and applications. We
analyze the proposed architecture qualitatively and quantitatively. Our qualitative review
explores the integration of Al and Blockchain in IoT applications, including “Al-driven
Blockchain” and “Blockchain-driven AI.” Our quantitative analysis compares the
performance of Block 0T Intelligence architecture to other research on device, fog, edge, and
cloud intelligence, evaluating parameters such as accuracy, latency, security, privacy,
computational complexity, and energy cost in 10T applications.
Wills, G. (2020) discusses loT-blockchain integration in detail. After covering the basics of
the 10T system and blockchain technology, integrating the blockchain with the 10T system is
reviewed, highlighting its benefits and how it can solve its problems. The blockchain as a
service for the 10T shows how blockchain technology can be used in loT applications.
Discussing how Al integration affects 10T and blockchain follows. Finally, blockchain-1oT
research directions are outlined.
Qi, L. (2022) explained how blockchain technology could help design sustainable 10T
applications. The conversation led to a smart and sustainable conceptual framework that uses
cloud computing, loT devices, and Al to analyze and gather information. For application
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promotion, the system uses blockchain technology to store digital analytics results in
decentralized cloud repositories.

Kakulapati, V. (2022) offers a cloud-based Al-blockchain-loT infrastructure. Smart
applications that improve efficiency, productivity, and quality of life can be developed using
the suggested architecture's secure and reliable data transmission and analysis platform. Data
security, privacy, immutability, and transparency are provided via 10T sensors, Al algorithms,
and blockchain technology. The proposed architecture is suitable for healthcare, logistics, and
smart cities.

3. INTEGRATION OF Al, BLOCKCHAIN AND IoT

Blockchain, 10T, and Al have been treated independently. However, these accomplishments
must be integrated and will be. These technologies can be linked via 10T to gather and show
data, blockchain to specify operational rules, and Al optimization processes and rules.
Acrtificial intelligence and blockchain are commonly employed in loT. Al systems can
understand and store massive sensor node data. These three ideas can theoretically work
together to maximize their potential. Integrating these technologies can boost data
management and business automation. Smart contracts connect these three evolutions.

As mentioned, the Internet of Things (lIoT) is being industrialized in smart transportation and
smart cities to stabilize human life. 10T helps numerous industries produce efficiently.
Numerous sensory devices generate massive volumes of sensory data as loT gets
industrialized. Big data analytics is becoming essential for 10T applications. Several scholars
propose 10T Al tools to address these concerns. Big data analytics relies on Al for real-time,
scalable, and accurate data analysis. Al and the Internet of Things enable data collection and
analysis to find the optimal learning methods for healthcare, smart homes, smart agriculture,
smart cars, and more. Current industry evaluations estimate that artificial intelligence will be
worth $13 trillion by 2030, according to McKinsey. Centralized architectures, security and
privacy restrictions, resource limits, and insufficient training data prevent Al from building
successful big data analytics solutions. In recent years, Al and blockchain have helped solve
these difficulties. Al and blockchain are exploring enormous data sets and solving enterprise
database issues. Artificial intelligence and blockchain are the most sought-after technologies
of the Fourth Industrial Revolution because they conduct error-prone activities and reduce
human labor (Sandner et al., 2020). Blockchain's decentralized architecture allows loT
network nodes to securely exchange data and resources without centralized control, solving
conventional Al problems. Distributed artificial intelligence system using blockchain and Al.
It securely exchanges encrypted signatures without third parties. Autonomous machine
decisions can be made in loT applications.

loT

BLOCKCHAIN
Al

Figure 3: Integration of Blockchain and Al for 1oT
The Internet of Things, blockchain, and Al will create new business models and digital
transformation for all sectors. 10T gadgets could gain new revenue streams. Imagine a
streetlight with a blockchain-based ID and cash. Thus, the lamppost becomes a self-contained
creature capable of functioning "on its own." Anyone can turn on lights with a smart contract
and micropayments. A lamppost turns on when an individual, corporation, or government
pays for it. Here, one can use Pay-per-use. The streetlight can be monetized with a digital
wallet. All streetlights may be blockchain-connected to track usage, performance, and
outages. Al can optimize network maintenance using this data. Al can predict what is used
most and send support when an issue develops. Al can forecast solar energy weather and
lamp electricity needs. Al could improve parts ordering and maintenance by better predicting
component needs. This service reduces network downtime. It can be sold to investors as an
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asset. Thus, investors may install and maintain streetlights in bulk for a part of the revenue.

This might be game-changing. Tokenized assets may attract new investors because investors

will receive direct returns. Tokenization can benefit every loT device connected to the

internet and blockchain networks, including sensors, cars, cameras, trucks, and dumpsters.

Table 1: Projected Growth of I0T Devices and Blockchain Integration Impact (2021-2025)

Year | Number of Data Estimated Blockchain- Security
loT Devices Generated Integrated Devices Breach
(Billion) (Zettabytes) (Million) Reduction
(%)
2021 11.3 13.6 50 5
2022 14.4 18 110 10
2023 15.9 23.6 220 15
2024 18 29 350 20
2025 215 36 600 30

Table 1 shows the 2021-2025 growth of IoT devices, data generation, and blockchain
technologies. 10T devices are predicted to increase from 11.3 billion in 2021 to 21.5 billion in
2025, creating 36 zettabytes of data. Blockchain-integrated 10T devices are expected to
expand from 50 million in 2021 to 600 million in 2025. Security breaches are expected to
drop from 5% in 2021 to 30% in 2025 due to this integration.

4. APPLICATIONS

4.1. Finance

Banking may benefit from the Internet of Things (loT), a component of intelligent
infrastructure. At the infrastructure's edge are ATMs, POS, and e-wallets. These digital
banking systems offer one-on-one discussions about consumers' needs, data collection,
processing, analysis, and decision-making. BFSI's growing needs necessitate advanced smart
banking systems, and the 10T is part of the digital banking infrastructure that meets them.

By 2022, the financial services sector might be worth $2.6 trillion. The global economy
generates trillions of dollars per day for billions of people, but it also brings with it a host of
long-standing issues. Stakeholder costs, disruption, excessive documentation, and privacy
issues seem to be the main causes of the industry's annual losses. PWC found that 45% of
financial mediators like stock exchanges, money transfer firms, and payment networks
experience financial wrongdoing annually. Blockchain may solve global financial system
challenges. Blockchain technology could fix the global banking system. Blockchain in
finance has led to decentralized finance (DeFi), which uses smart contracts to minimize
intermediaries. Blockchain reduces expenses and transforms money, according to research.

Al is now common and evolving quickly. Technology increased consumer tolerance, and
regulatory improvements will boost financial institutions' (FIs) Al adoption. Al-enabled
banks can improve customer service by providing 24/7 account and financial consulting
services.

4.2. Healthcare

These technologies provide secure patient data management, real-time health monitoring, and
automated treatment regimens in healthcare. 10T devices like health trackers can securely
store patient data on a Blockchain for privacy and integrity. Al systems can examine this data
for predictive healthcare, detecting health issues early and personalizing therapy.

4.3. Smart Cities

Smart cities use 10T for transportation, electricity, and trash management. 10T devices
generate massive amounts of data in smart cities, which blockchain can safeguard and
account for. By automating decision-making processes like traffic signal adjustments based
on real-time traffic or smart grid energy optimization, Al improves these systems.

5. CONCLUSION

The integration of Blockchain, artificial intelligence, and the internet of things signifies a
revolutionary change in business methodologies, providing hitherto unseen prospects for
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augmenting security, efficacy, and creativity. Organizations may achieve greater transparency,
streamline processes, and promote intelligent decision-making by utilizing the secure data
structures of Blockchain, the predictive powers of Al, and the connectivity of loT. But in
order to fully utilize this connectivity, issues like scalability, data protection, and
interoperability must be resolved. The future of technical growth and industry standards are
set to be redefined by the synergistic uses of these evolving technologies.
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