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Abstract- The fast growth of the Internet of Things (loT) has posed considerable problems regarding the security,
scalability, and effective co-ordination of resources between interdependent devices. The conventional centralized
solutions have failed to manage the active and decentralized nature of lIoT environments. Blockchain technology
also proposes a secure and decentralized model of data management, but it is based on classical cryptography
methods that are susceptible to new attacks by quantum computers. The need to develop quantum-resistant
security mechanisms is noted by the development of quantum algorithms by Peter Shor and Lov Grover. The
present paper introduces a proposal of Adaptive Quantum Blockchain based on the Framework of Secure loT
Resource Coordination which combines quantum cryptography, blockchain technology, and adaptive optimization
methods. The suggested system is based on quantum-secure encryption techniques to improve the protection of
data, whereas blockchain provides decentralization and transparency. Moreover, adaptive algorithms allow
allocating resources dynamically and effectively manage the l1oT networks. The architecture will enhance security,
scalability, and performance in complicated loT settings. The suggested solution offers a solid solution to next
generation intelligent and secure distributed systems.

Keywords: Adaptive Systems, Quantum Blockchain, Internet of Things (loT), Quantum Cryptography, Resource
Coordination, Smart Contracts, Decentralization, Post-Quantum Security.

l. INTRODUCTION cryptographic approaches that are subject to the

emerging quantum computing attacks [5].

The rapid progress of the Internet of Things (loT) has
led to highly interconnected systems involving
billions of devices that communicate and share data
in real-time [1]. These systems have numerous
applications ranging from smart cities, healthcare,
industry automation to agriculture. Nonetheless, the
rising amount of interconnected devices poses a
substantial problem associated with security,
scalability, and effective coordination of resources
[2]. The conventional centralised systems are not

The blockchain technology has become one of the
potential solutions because it offers a decentralized,
open, and unaltered platform of sharing data
securely [6]. It avoids the necessity of a centralized
control and increases the trust between distributed
loT devices [7]. But the traditional blockchain
solutions are based on classical cryptography
mechanisms, which are susceptible to the new
quantum computing attacks [8]. As quantum

usually capable of dealing with these challenges
because of factors like single points of failure,
inability to be transparent, and inability to scale [3].
The blockchain technology has been proposed as a
potential way to handle these issues and offer the
decentralized, transparent, and tamper-proof
platform of secure data sharing. Blockchain will
promote trust and integrity of the data in loT
networks by removing the necessity of a central
authority [4]. Moreover, smart contracts allow
managers to control resources and coordinate the
work of devices automatically. Nevertheless, the
current blockchain systems are based on classical

algorithms develop, including the Shor and the
Grover algorithms, the current encryption systems
might become obsolete, which is a significant threat
to the safety of data [9]. Current solutions are not
flexible and efficient in resources management
needed in dynamic loT settings [10]. Thus, this paper
will present an Adaptive Quantum Blockchain (AQB)
framework that will unite quantum cryptography,
blockchain technology, and adaptive optimization
methods to the coordination of loT resources in a
secure, scalable, and efficient manner [11]. The
blockchain and loT interactions is shown in Figure 1.
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Fig 1: Blockchain loT Interactions

The development of quantum computing is a threat
to the traditional encryption techniques. It is
important to note that algorithms suggested by
Peter Shor are able to crack popular cryptographic
algorithms like RSA and Lov Grover makes brute-
force attacks simpler [12]. These advances bring out
the urgency of quantum-resistant and quantum-
secure systems. In this regard, quantum
cryptography, including Quantum Key Distribution
(QKD) offers a new framework of secure
communication depending on the laws of quantum
mechanics [13]. To resolve these issues, the idea of
Quantum Blockchain has been put forward, which
combines quantum cryptographic technology with
blockchain technology to make it more resistant to
quantum attacks [14].

In spite of the fact that quantum blockchain
enhances the security, it is not the most effective
solution in terms of the dynamic and heterogeneous
character of the loT environments, where the
resource allocation and adaptability are paramount
[15]. Moreover, loT networks need smart protocols
to control the resources, including bandwidth,
energy and computational power on-demand.
Adaptive systems are dynamic decision-making and
optimization systems, which are usually driven by
artificial intelligence and machine learning, in
changing environments [16]. Nevertheless, the
current solutions are not based on an integrated
framework that integrates quantum security,
blockchain decentralization and adaptive resource
management [17].

In spite of the remarkable developments in the loT
and blockchain technologies, there are still a number
of important issues that cannot be solved to
guarantee the security and efficiency when
managing resources in the loT setups [18]. The

conventional loT systems are centralized based,
prone to single points of failure, low scalability and
susceptible to cyber-attacks. Despite the fact that
blockchain promotes decentralization and enhances
the integrity of the data, it remains reliant on classical
cryptographic algorithms, which are very vulnerable
to the threats of quantum computing [19]. Besides,
the current quantum blockchain methods are mostly
aimed at improving security but lack the capability
of addressing the dynamic and heterogeneous
characteristics of 10T systems. Such systems still need
smart and real-time mechanisms of resource
allocation to effectively control bandwidth, energy
and computational resources [20]. This absence of
adaptive mechanisms results in poor utilization of
resources, high latency, and poor performance of the
system.

This paper, thus, will present a proposal of an
Adaptive Quantum Blockchain model of Secure loT
Resource Coordination, which combines quantum
cryptography, blockchain technology, and adaptive
optimization methods. The suggested system is
expected to deliver a superior security level, effective
use of resources, scalability, and intelligent
coordination of the loT environments. Integration of
these innovative technologies contributes to the
weaknesses of the current strategies, and the
framework will provide a powerful solution towards
the next generation of decentralized systems.

Research Contributions

The main aim of the research is to come up with a
powerful and smart model of coordinating secure
and efficient loT resources based on an Adaptive
Quantum Blockchain model.

The objectives of the given study are:

e To develop a quantum-secure communication
system with Quantum Key Distribution (QKD) to
safeguard the loT data against attacks by
quantum computing.

e To incorporate blockchain technology in loT
networks to provide decentralized, transparent,
and tamper-free data management.

e To create a dynamic resource allocation process
that dynamically optimizes the bandwidth,
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energy and computational resources in response
to real-time network conditions.

e To implement quantum cryptography with
blockchain and adaptive optimization methods
to increase the scalability and efficiency of the

system.
e To assess the performance of the proposed
model regarding security, latency, energy

efficiency, throughput, and resource usage and
compare them with the current loT and
blockchain-based systems.

e To offer a single framework that will overcome
the constraints of the traditional and existing
guantum blockchain models within dynamic loT
setting.

Il. LITERATURE SURVEY

The loT is connecting millions of wireless devices
enabling pervasive data acquisition. To ensure
optimum loT atmosphere, it is important to measure
accuracy considering that multiple devices try to
sense the data on a consolidated platform. M. Bhatia
et al. For quantum computing on loT applications,
we had a novel optimization method that can
maximize data accuracy (DA) in real-time [1]. With
quantum formalization of sensor-specific properties,
the present model utilizes these elements to quantify
loT devices as SIVandOSS (sensors in vicinity and
optimum sensor space). We use three KPIs to check
the performance of the algorithm, namely data cost
(DC), data availability (DA), and data temporal
efficiency (DTE). The proposed method is applied to
study geographic traffic employing 90 WiSense
nodes, Raspberry Pi v3 and quantum simulators,
towards addressing vehicular routing problems. It is
done for validation purposes. The results were
compared using several state-of-the-art
optimization methods.

The IoT is a lightweight ledger technology designed
to be quantum-resistant. The protocol employs a
one-time cryptographic signature mechanism to
prevent being attacked by quantum computers. In
this one-time signature system, every outgoing
transaction from an address commits a piece of its
private key to the signature. If the address is reused
for multiple outgoing transactions, an attacker who

has gained knowledge of those portions of the
private key may be able to create a false signature
that will work with all future transaction inputs
associated with that address. S. Shafeeq et al. in this
work [2] proposed that the cuckoo filter should be
implemented in core lightweight client of IOTA to
avoid address reuse. The proposed method was
tested in the real IOTA architecture and the author
verified its validity. The performance results show
that the addition of the cuckoo filter to the IOTA core
lightweight client avoids address reuse and
enhances efficiency and security during new address
generation.

More and more, the 10T is incorporating blockchain
technology to improve security and create a
decentralized loT framework. This is because
blockchain  has notable characteristics like
immutability and auditability. The convergence of
blockchains in the IoT faces obstacles, however, due
to the fact that various loT applications have varying
performance  requirements  for  processing
transactions. In addition, when an Internet of Things
device enters or exits a dispersed loT system, the
membership of the system could change. New
difficulties in device management are brought forth
by the ever-changing nature of loT systems. In light
of this, A. Zhang et al. [3] suggested an AOBG
scheme for the blockchain-enabled IoT that
incorporates conditional traceability and dynamic
device management.

In particular, we begin by building a consensus
mechanism, application-oriented transaction and
block structures, and a framework for an loT system
that is built on a consortium blockchain. Adaptively
handling urgent and routine transactions requires
separate miners, which we introduce here. The next
step is to suggest a group signature-based AOBG
protocol for this system. Achieving nonframeability,
traceability, and anonymity is made possible by the
group signature.

Many fields are making extensive use of blockchain
and the loT, with e-healthcare being one of the most
prominent. The loT has the potential to revolutionize
healthcare by collecting and processing patients'
sensory input in real-time. Centralized calculation,
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processing, and storage are applied to the collected
data from the Internet of Things. Concerns about
data manipulation, tampering, and privacy evasion,
as well as a single point of failure, might arise from
such centralization. Through its distributed ledger
technology and distributed ledger storage,
blockchain technology has the potential to address
these critical issues with the IoT. As a result,
designing decentralized e-healthcare systems based
on the loT and blockchain technology can become a
viable option. An introduction to blockchain
technology is provided at the beginning of this
article. P. P. Ray et al. [4] talked about blockchain's
most popular consensus algorithms as they pertain
to e-health. The suitability of blockchain systems for
loT based electronic healthcare is assessed. Lastly,
there is a lack of methodologically presented use
cases that demonstrate how blockchain and the
Internet of Things might be utilized to enhance
healthcare ecosystems and services.

Smart home apps built on the loT are becoming
increasingly popular. The demand for cost-effective
security measures is considerable, nevertheless,
because this trend draws criminal activity. A low-end
architecture that strengthens a home network's
security is proposed in this letter by M. J. Baucas et
al. [5]. The localization is accomplished by RSSI-
based trilateration, and private blockchain
technology is utilized. The author conducted
research on the advantages of private blockchains
over public ones, and we tested the localization
algorithm against several wireless technologies to
increase its accuracy. The findings indicate that the
optimal implementation of the suggested
architecture is achieved by combining a private
blockchain with a WiFi-based communication
system.

A new network is emerging as a result of the merging
of loT technology with social networks; this network
will use private item information as its medium and
social enjoyment as its goal, thanks to the expanding
use of loTs. A relatively recent development in the
realm of social networks is the concept of the "social
Internet of things," or SloTs. Users' security and
privacy are inadequately safeguarded by the present
SloT systems, which are centralized. H. Yi et al. [6]

provided a user privacy protection mechanism to
tackle the problems with SloTs. The author
suggested a post-quantum ring signature first. The
author then suggested a blockchain architecture that
uses the ring signature as its foundation. This system,
which differs from conventional SloTs in that it
employs post-quantum approaches, is impenetrable
to both classical and quantum computers. Based on
the findings, the blockchain technology is ideal for
SloTs.

Using an loT-enabled network, the so-called Internet
of Vehicle (loV) systems will link a large number of
automobiles to exchange crucial data. With the

introduction of several data authentication
mechanisms utilizing awkward certificate
management and the Diffie-Hellman (DH)

assumption, it has become a potentially fruitful
system. Nonetheless, DH-type issues might be
resolved in polynomial-time with the help of
quantum cryptanalysis. D. S. Gupta et al. [7]
presented a new protocol for certificateless data
authentication that allows for enhanced security in
open wireless communication inside the Internet of
Vehicles (loV).

Lattice cryptography protects the proposed protocol
from quantum attacks. Additionally, it is
demonstrated that automobiles may be trusted in
batch data verification using a dependable
blockchain approach. By analyzing the suggested
algorithm rigorously, we find that it can withstand
the chosen-message attack and existential
unforgeability. However, additional critical security
features, including as unlikability, conditional-
traceability, anti-replay, and data authenticity, are
supported by the established protocol. The results of
the simulation orchestration and the suggested
protocol's superior performance in comparison to
similar methodologies in terms of energy
consumption, data computation, communication,
and cryptographic key storage overheads are
demonstrated in the performance analysis.

Identity and location disclosure, availability, and
authenticity difficulties are only a few of the privacy
and security concerns with current systems. The fact
that most distributed systems rely on a third party to



Ganesh Racha, International Journal of Science, Engineering and Technology,

2023, 11:3

obfuscate user data in order to protect privacy is
another issue with current solutions. thereby, A. A.
Khalig et al. [8] introduced parking recomender
systems that utilize Elliptic Curve Cryptography (ECC)
and Local Differential Privacy (LDP), thereby filling
the aforementioned research gaps. The author
suggested a reciprocal authentication technique

based on ECC that uses a hash-based message

authentication

code

(HMAC) to

ensure

confidentiality and security in communications. The
limitations of the traditional models are presented in

Table 1.

Table 1: Limitations of Traditional Models

Author(s) | Algorithm /| Model Working Dataset Evaluation Limitations
Technique Used Metrics
Used
M. Bhatia | Quantum- Uses quantum- | Simulated Network Limited real-
et al. [1] inspired inspired techniques | loT network | efficiency, world validation,
optimization | to optimize loT | data latency, complexity in
algorithm network resource implementation
performance  and utilization
resource allocation
S. Cuckoo Filter- | Prevents address | IOTA Memory Limited scalability
Shafeeq based reuse in IOTA | transaction | efficiency, false | in very large
et al. [2] approach distributed  ledger | dataset positive rate, | networks
using  probabilistic | (simulated) processing time
data structures
A. Zhang | Application- | Dynamically loT system | Throughput, Increased
et al. [3] oriented generates blocks in | simulation latency, block | computational
block consortium dataset generation overhead in
generation blockchain for loT efficiency dynamic
device management environments
P. P. Ray | Blockchain- Provides survey and | Not dataset- | Security, Lack of
et al. [4] based loT | implementation specific reliability, experimental
healthcare insights for | (survey & | system validation and
framework blockchain in | case studies) | efficiency real-time
healthcare loT deployment
systems
M. J. | Private Monitors smart | Smart home | Detection Limited scalability
Baucas et | blockchain home IoT devices | loT dataset | accuracy, and confined to
al. [5] with using blockchain | (simulated) | latency, energy | small
localization and localization consumption environments
techniques
H.Yietal | Post- Implements Simulated Security High
[6] quantum quantum-resistant social  loT | strength, privacy | computational
blockchain cryptography for | dataset preservation, complexity
security secure social loT latency
model systems
D. S. | Quantum- Combines quantum | Internet of | Authentication | Complex
Gupta et | defended cryptography  with | Vehicles accuracy, attack | integration and
al. [7] blockchain blockchain for | dataset resistance, delay | resource
protocol secure loV data | (simulated) overhead
authentication
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A. A. | ECC + Local | Uses elliptic curve | Parking Privacy level, | Trade-off
Khaliq et | Differential cryptography  with | system accuracy, between privacy
al. [8] Privacy privacy-preserving dataset computational and accuracy
mechanisms for efficiency
recommendation
systems

Il. PROPOSED METHODOLOGY

The suggested Adaptive Quantum Blockchain
framework incorporates quantum cryptography,
blockchain technology, and adaptive resource
optimization to provide safe and effective
coordination in the IoT settings. The algorithm has
four significant steps: the data collection, secure
communication, blockchain validation, and adaptive
resource allocation.

During the initial stage, l1oT devices which include
sensors, actuators and smart nodes continuously
produce data and send it to the network. The system
is decentralized and each device is given a distinct
identity since it does not require a central authority.
The resulting data is pre-coded and ready to
transmit the data safely.

D ={d,,dy,ds, ..., d,}
In the second phase, secure communication is
established using quantum cryptography
techniques. Quantum Key Distribution (QKD) is used
to generate secure encryption keys between
communicating devices. This ensures that any
eavesdropping attempt can be detected due to the
principles of quantum mechanics, thereby enhancing
communication security.
Kq = f(qlf qz, -, qn)
In the third phase, the encrypted data is transmitted
to the blockchain network. Each transaction is
verified using a consensus mechanism and stored in
a block. The blockchain ensures data integrity,
transparency, and immutability. Every block is linked
to the previous block using a cryptographic hash
function, forming a secure chain.
H(Bl) = HaSh(Bi_1 " Tl " Nl)

In the fourth phase, adaptive resource allocation is
performed using optimization techniques. The
system dynamically allocates resources such as

bandwidth, energy, and computational power based
on network conditions. This improves efficiency and
reduces resource wastage in loT environments.

n

- Gi(xp)

i=1
Finally, the system continuously monitors network
performance and updates resource allocation
decisions in real time. This adaptive behavior ensures
scalability and robustness in dynamic loT
environments.
Algorithm: Adaptive Quantum Blockchain for loT
Resource Coordination
Input:
e |oT Devices D = {d,,ds, ..., dy}
e Resource Set R(Bandwidth, Energy, CPU)
Output:
e Secure and optimized resource allocation R_opt
Steps:
Initialize loT network with devices D
Assign unique ID to each device
e  While (network is active) do:
a. Collect data from each device d_i
b. Generate quantum key using QKD
c. Encrypt data using quantum key
d. Submit encrypted data to blockchain
e. Validate transaction using consensus mechanism
f. Store verified data in block
g. Monitor network parameters (latency, energy,
load)
h. For each device d_i:
e Calculate resource demand
e Allocate optimal resources
i. Update resource allocation dynamically
e End While
e Return optimized resource allocation R_opt

R,p: = argmin

IV. RESULTS AND DISCUSSIONS

The AQB framework performance is measured
against the existing models like Blockchain-loT,
Quantum Blockchain and Traditional loT systems.

6
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The analysis of the evaluation is conducted on
simulated data in order to understand major
performance indicators such as security, latency,
energy efficiency, throughput, and resource
utilization. The quantum cryptography techniques
make the proposed model significantly higher in
terms  of  security = performance.  Secure
communication and unauthorized access are
guaranteed with the wuse of quantum key
distribution. AQB has a better resistance to possible
attacks compared to the models currently in use.
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Fig 2: Security Level Comparison (%)

The findings indicate that AQB has a greater security
level in relation to Blockchain-loT and Traditional IoT
systems. As shown in Figure 2 This can be largely
attributed to the fact that the methods of quantum-
secure encryption are much more formidable
compared to classical cryptographic methods.
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Fig 3: Latency Comparison (ms)

The latency is a crucial element in loT systems
particularly when it comes to real-time applications
as depicted in Figure 3. The suggested model also
has lower latencies as it optimizes communication
and minimizes processing overheads by means of
adaptive mechanisms.

Figure 3 demonstrates that AQB has lower latency
than Traditional loT systems. AQB offers a more
optimal trade-off between security and performance
than Quantum Blockchain models, although in some
scenarios, the latter can be somewhat lower in
latency.

Another parameter that is significant in the loT
networks is energy efficiency, especially when
operating or using the battery powered devices. The
suggested system enhances the use of energy in that
resources are dynamically distributed according to
the nature of the network.

Energy Efficiency (%)
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Fig 4: Energy Efficiency (%)

The findings show that AQB is more energy efficient
than Quantum Blockchain and Traditional loT
systems as shown in Figure 4. The mechanism of
adaptive optimization will assist in minimizing the
unwarranted energy usage and the better
performance of the system in general.

Throughput is the frequency of transactions
completed in one second. The high throughput of
the proposed AQB model is because of effective data
management and concurrent processing, which is
made possible by blockchain and adaptive control.
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Fig 5: Throughput Comparison (Transactions/sec)

From Figure 5, it is observed that AQB significantly
outperforms other models in terms of throughput.
This makes it suitable for large-scale loT
environments where high data volume is generated
continuously.

Resource utilization is optimized in the proposed
system through intelligent allocation strategies. By
continuously monitoring network conditions, AQB
ensures efficient usage of available resources such as
bandwidth, energy, and processing power.

Resource Utilization (%)
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Fig 6: Resource Utilization (%)

The Figure 6 demonstrate that AQB achieves
balanced resource utilization compared to other
models. This prevents both overutilization and
underutilization, leading to improved system
stability and scalability.

Overall, the proposed Adaptive Quantum Blockchain
framework outperforms existing approaches in

terms of security, efficiency, and scalability. The
integration of quantum cryptography with adaptive
resource management provides a robust solution for
secure |oT resource coordination. These results
validate the effectiveness of the proposed system
and highlight its potential for real-world applications
in next-generation loT environments.

V. CONCLUSION

This paper has proposed an Adaptive Quantum
Blockchain architecture of Secure loT Resource
Coordination to help resolve the increasing issues
concerning security, scalability, and resource
management in the loT settings. Classical blockchain
solutions and traditional loT systems have
drawbacks because of the centralized control,
inefficient utilization of resources, and susceptibility
to new quantum computing attacks. The framework

suggested overcomes these challenges and
combines quantum cryptography, blockchain
decentralization, and adaptive  optimization

methods. Data protection is improved through the
use of quantum-secure communication mechanisms
because it reduces the possible threat of quantum
algorithms including the ones created by Peter Shor
and Lov Grover.

Simultaneously,  blockchain  technology  can
guarantee transparency, immutability, and trust
between distributed loT devices. The adaptive
resource allocation strategies adds to the system
efficiency by dynamically controlling the bandwidth,
energy and computational resources. As shown in
the experimental results, the proposed model is
better than the current solutions in terms of security,
latency, energy, throughput, and resource usage.
The combination of these modern technologies will
allow building a strong and scalable system that can
support the intricate needs of the contemporary loT
networks. All in all, the suggested Adaptive Quantum
Blockchain architecture offers a desirable solution to
the future-oriented secure and smart loT systems. It
is a middle ground technology that provides high-
security with an efficient resource coordination
system, and it is applicable to the real world like
smart cities, healthcare, and industrial automation.
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