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Abstract— The rapid proliferation of Internet of Things
(1oT) devices has brought about unprecedented
connectivity and convenience in our daily lives. However,
the massive influx of data generated by these devices has
also raised serious concerns about data privacy and security
[1]. Traditional cryptographic methods that have long been
the backbone of cybersecurity are now facing significant
challenges due to the advent of powerful quantum
computers. To address this issue, researchers and industry
experts are exploring innovative solutions that leverage the
combined power of artificial intelligence (Al) and quantum
computing. This article delves into the emerging field of
quantum cyber security [2] and explores how Al and
guantum computing can be harnessed to advance security
measures in 10T edge and cloud environments.

Index Terms — 10T Security; QKD; QML; Quantum
security; Al code scan loT security;

I. INTRODUCTION

The Internet of Things (1oT) has ushered in a paradigm
shift in our relationship with technology, fundamentally
altering the way we interact with our surroundings. It has
paved the way for seamless connectivity among devices,
transforming mundane objects into intelligent entities
capable of generating and exchanging vast amounts of
data. This remarkable interconnectedness, however, has
also exposed the inherent vulnerabilities of traditional
cybersecurity methods, leaving loT systems susceptible
to malicious attacks and breaches.

As the number of loT devices continues to grow
exponentially, so does the urgency to address the security
concerns [1] associated with this proliferation. One
emerging threat on the horizon is the advent of quantum
computing, which has the potential to disrupt the very
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foundations of modern cryptography [4] upon which
secure communication relies. Quantum computers
leverage the principles of quantum mechanics to perform
computations with unprecedented speed and efficiency,
posing a significant risk to the cryptographic algorithms
commonly employed to protect sensitive data in loT
systems and other digital channels.

To counter these looming security challenges,
researchers and experts are diligently exploring the
convergence of artificial intelligence (Al) and quantum
computing, envisioning a symbiotic relationship that can
yield robust and future-proof security solutions. Al, with
its ability to analyze vast datasets, detect patterns, and
make intelligent decisions, holds promise in fortifying
the security of 10T systems against emerging threats. By
harnessing the power of Al, 10T networks can benefit
from proactive threat detection, real-time anomaly
detection, and adaptive response mechanisms, enhancing
their resilience against attacks.

Moreover, by integrating Al with quantum computing,
researchers aim to tackle the potential vulnerabilities
posed by quantum-enabled attacks. This synergistic
approach capitalizes on the computational prowess of
quantum computers and the intelligent capabilities of Al
algorithms to forge novel cryptographic [4] techniques
that can withstand the advanced computational
capabilities of quantum adversaries. It is a concerted
effort to create security solutions that are not only
resilient in the face of current threats but also future-proof
against the imminent era of quantum computing.

In the pursuit of quantum security for 10T [1], various Al
services have been developed, among which Copilot and
Sec-PaLM [11] stand as notable examples. These Al
services offer a range of capabilities and functionalities
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that can bolster the security posture of 10T systems.
Copilot, for instance, employs machine learning
algorithms to analyze network traffic and identify
suspicious patterns or behavior that may indicate a
potential cyber-attack. It can proactively detect and
thwart threats, mitigating the risk of 10T devices falling
victim to unauthorized access or manipulation.
Sec-PaLM, on the other hand, focuses on leveraging Al
to enhance privacy and access control in loT
environments. By applying advanced Al techniques, such
as deep learning and natural language processing, Sec-
PaLM [12] can dynamically adapt access policies based
on real-time context, user behavior, and risk factors. This
intelligent approach ensures that only authorized entities
can access sensitive 10T resources, reducing the attack
surface and safeguarding the integrity and confidentiality
of 10T data.

These Al services, like many others in the field of
quantum security, represent the culmination of extensive
research and development efforts. However, it is
important to note that the domain of quantum security
and its integration with Al is still evolving. Ongoing
research endeavors strive to refine existing algorithms,
develop new cryptographic protocols resilient against
quantum attacks, and explore innovative approaches to
enhance the security and privacy of 10T ecosystems.

The ultimate goal is to equip 10T systems with robust
security measures capable of withstanding the disruptive
potential of quantum computing. This involves exploring
post-quantum cryptography [2], which aims to develop
encryption schemes resistant to quantum attacks. Post-
quantum algorithms [3], often based on mathematical
problems that are difficult for both classical and quantum
computers to solve, provide a promising avenue for
securing loT communications in the era of quantum
computing.

Additionally, the utilization of Al in conjunction with
quantum security extends beyond threat detection and
cryptographic protocols. Al can also be employed to
enhance the resilience of 10T networks through anomaly
detection, adaptive response mechanisms

This paper highlights the potential benefits of Quantum
Computing in enhancing security, particularly in the
context of Industrial 10T (lloT). It also explores the
promising advancements of emerging Al services like
Sec-PaLM and Copilot X, which contribute to Industry
4.0 standards and enable investors to align with the
evolving landscape of secure I10T solutions.
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The structure of this article is as follows: Section Il
presents the need to consider security-by-design, secure
development and certifications. Section 111 discusses the
remediations that Quantum computing can offer. Section
IV outlines mandatory Quantum computing features that
must be consider to avoid potential adversaries creeping
into the IoT ecosystem. Section V provides a conclusion.

I1.SEURITY BY DESIGN

It is quite evident over the last few years of loT
development that cyber security has to be meditated right
from the inception of project. Customers have to be
enabled with advisory support in ensuring security
requirements are well gathered during the requirements
phase leading to secure design, development, verification
& validation phases of the product development.

A. Secure Design

During the design phase, once the application
architecture and data flow diagram are finalized, it is
highly recommended to incorporate the practice of
Threat Modeling (TM). Threat modeling involves the
systematic identification and assessment of potential
security threats that may affect a system or application.
Various methodologies, including DREAD, PASTA,
TRIKE, VAST, PTA, and STRIDE, can be utilized for
conducting threat modeling.

Among these methodologies, STRIDE has gained
significant popularity for its effectiveness in identifying
and evaluating threats in software systems. STRIDE [18]
is an acronym representing Spoofing, Tampering,
Repudiation, Information disclosure, Denial of service,
and Elevation of privilege - encompassing a
comprehensive range of potential security risks.

Each of these methodologies possesses its own set of
strengths and weaknesses, and the selection of the most
suitable approach should be based on the specific needs
and requirements of the organization undertaking the
threat modeling process. Considering the widely adopted
STRIDE methodology, it is essential to consider the
following common 10T threats as significant security
risks, along with the implementation of effective
mitigation strategies.

By performing Threat Modeling using STRIDE
methodology, threats such as ones listed below can be
identified at the early stages of SDLC and mitigated.
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I. Potential 10T Edge Device related threats
Below are few of threat scenarios related to 10T Edge
devices:
Spoofing: A hacker masqueraded as a legitimate loT
device, gaining unauthorized access and causing chaos
by sending false commands and misleading information.

Tampering: An attacker manipulated the firmware of an
loT device, compromising its integrity and enabling
unauthorized control over its operations, leading to
potential data breaches or malicious actions.

Repudiation: A device owner denied their involvement in
specific device actions, claiming someone else must have
tampered with the device's data logs, causing confusion
and hindering accountability.

Information disclosure: A malicious actor intercepted
sensitive data transmitted by an 10T device, breaching
privacy and potentially exposing personal or confidential
information to unauthorized individuals.

Denial of service: An orchestrated attack overwhelmed
an loT device with excessive traffic, rendering it
unresponsive and disrupting its intended functionality,
impacting critical operations or services.

Elevation of privilege: A hacker exploited security
vulnerabilities to gain unauthorized access to a privileged
level of control over an loT device, granting them
extensive authority to manipulate its functions and
potentially compromise the entire network.

Threats identified during the process of Threat Modelling
must be raised as Risk and proper mitigations should be
agreed for remediation during the development phase.

. Potential Cloud related threats
Data Breach: Attackers gain unauthorized access to the
cloud infrastructure and compromise sensitive 10T data,
leading to privacy violations, financial loss, or
reputational damage.

Insecure APIs: Weak or improperly implemented APIs in
the cloud infrastructure can be exploited by attackers to
manipulate data, gain unauthorized access, or execute
malicious commands.
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Insider Threats: Malicious or negligent insiders with
privileged access to the cloud infrastructure may abuse
their privileges, steal data, or sabotage the system.

Account Hijacking: Attackers compromise user accounts
or administrative credentials associated with the cloud
infrastructure, enabling them to control or manipulate
loT devices and data.

Cross-Tenancy Attacks: Weak isolation mechanisms in
multi-tenant cloud environments can allow attackers to
access data or resources of other tenants, potentially
exposing loT data to unauthorized parties.

Data Loss or Corruption: Technical failures or human
errors in the cloud infrastructure may result in the loss or
corruption of 10T data, impacting device functionality or
causing data inconsistency.

Lack of Compliance and Governance: Inadequate
compliance with regulations and standards, along with
weak governance practices, may expose 10T data to legal
and regulatory risks.

Cloud Service Provider Vulnerabilities: Exploiting
vulnerabilities or weaknesses in the cloud service
provider's infrastructure or security controls can lead to
unauthorized access, data breaches, or service disruption.

Insufficient Security Monitoring: Inadequate monitoring
and detection mechanisms within the cloud infrastructure
may result in delayed or insufficient response to security
incidents, prolonging the impact of attacks.

Resource Exhaustion: Attackers may deliberately
consume excessive cloud resources, such as storage or
computing power, impacting the availability and
performance of 10T services.

B. Secure development and certification

Itis crucial to adhere to industry best practices for secure
coding, such as OWASP Top 10, SANS Top 25, and CIS
Benchmarking. Additionally, developers should refer to
and follow secure coding guidelines specific to the
programming language being used to ensure the
implementation of secure coding practices.

To ensure the adoption of secure programming practices,
architects and programmers should implement the
following measures: Input Validation, Output Encoding,
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Authentication and Password Management, Session
Management, Access Control, Cryptography [5], Error
Handling and Logging, Data Protection, Systems
Configuration, Database Security, File Management, and
Memory Management.

Integrating security testing tools into the DEVOPS
CI/CD pipeline is recommended. This includes using
Static Application Security Testing (SAST) tools to scan
for code-level vulnerabilities and Dynamic Application
Security Testing (DAST) tools to scan for security issues
at the application or executable level. Furthermore,
regular scanning for open-source usage in the application
using Software Composition Analysis (SCA) tools is
essential.

Conducting Vulnerability Assessment and Penetration
testing in the pre-production environment is strongly
advised. Effective project planning is crucial for
successfully implementing a secure 10T product, and it is
important to include remediation timelines for addressing
identified vulnerabilities during the 10T project planning
phase.

Finally, obtaining security certification from a reputable
governing body, such as the National Institute of
Standards and Technology (NIST), adds credibility to the
0T solution and instills confidence in end customers,
contributing to its overall success.

I1l. BENEFITS AND CHALLENGES TO THE
EXISTING 10T ECOSYSTEM WHILE
CONSIDERING QUANTUM COMPUTING

A. Quantum Cyber Security Challenges

Quantum computers have the ability to solve complex
mathematical problems at an unprecedented speed by
leveraging quantum phenomena such as superposition
and entanglement. This computational power could
render many existing encryption methods obsolete.
Traditional cryptographic algorithms [3], such as RSA
and ECC, rely on the difficulty of factoring large
numbers or solving the discrete logarithm problem.
Quantum computers, through the use of Shor's algorithm,
can quickly solve these problems, jeopardizing the
confidentiality and integrity of sensitive data. Therefore,
it is imperative to develop new cryptographic methods
that are resistant to quantum attacks.

B. Quantum Key Distribution (QKD)

One promising approach in quantum cyber security is
Quantum Key Distribution (QKD). QKD [6] utilizes the
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principles of quantum mechanics to exchange encryption
keys securely between communicating parties. Unlike
classical encryption methods, which rely on
computational complexity, QKD [8] offers information-
theoretic security. By leveraging the properties of
guantum mechanics, such as the no-cloning theorem,
QKD ensures that any attempt to intercept or measure the
quantum states carrying the encryption key would be
detectable. Al algorithms can enhance the efficiency and
effectiveness of QKD [7] protocols by optimizing key
distribution and management processes.

C.Quantum Machine Learning for Anomaly Detection
Al algorithms, particularly machine learning (ML)
techniques, can play a vital role in enhancing the security
of 10T systems. ML models can be trained to detect
anomalous patterns in network traffic and identify
potential cyber threats. Quantum machine learning
(QML) [9] takes this concept further by combining
quantum computing with ML algorithms. QML offers the
potential to process and analyze large-scale 10T data
more efficiently, thereby enabling real-time anomaly
detection and response. QML [10] models can harness
the power of quantum computing to solve complex
optimization problems and improve the accuracy of
anomaly detection systems.

D.Quantum Resistant Cryptography

While QKD [8]provides a secure method for key
distribution, there is also a need for quantum-resistant
cryptographic algorithms to protect data at rest. Post-
quantum cryptography (PQC) focuses on developing
encryption schemes that remain secure even in the
presence of powerful quantum computers. Researchers
are exploring lattice-based cryptography, code-based
cryptography[5], multivariate cryptography, and other
mathematical constructs that are resistant to attacks from
quantum computers. Al can assist in the development and
evaluation of new PQC algorithms by accelerating the
search for secure and efficient cryptographic schemes.

E. Recommended loT security configuration settings

e The configuration of advanced threat detection may
be lacking in the database server.

e Private keys may be sent to the cloud DPS during
device registration by the gateway.

e The use of AMQP/MQTT protocol for cloud
connection may not be implemented by the gateway.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 208



© October 2023 IJIRT | Volume 10 Issue 5 | ISSN: 2349-6002

e Manual intervention during crypto-key and
certificate management in gateway provisioning
should be avoided.

e Inter-container authentication/authorization may not
be implemented.

e Cloud storage account keys may not be regenerated
periodically.

e Cloud Active Directory Authentication may not be
configured for authentication with the database.

e The utilization of the cloud key vault to store
application keys may not be implemented.

o Expiration dates may not be set for secrets and keys
in the cloud key vault.

e The loT solution should be designed to accept post-
quantum cryptography (PQC) keys. [5]

¢ Communication between the gateway and cloud may
not use TLS/MQTT/AMQP.

e Gateways may be using the same preconfigured
credentials for login.

e Cloud resources may not be protected from
accidental deletion by utilizing Resource Manager
Locks.

o External gateway ports may not have been disabled.

e The application Web App may not be configured to
run on the latest HTTP version 2.0.

e The Cloud Storage Account may not be configured
to allow access by trusted services.

e |P Filtering should be enabled for third-party
application endpoints.

e  Multi-Factor Authentication (MFA) should be
implemented for accessing the gateway.

e Automated gateway provisioning
implemented.

o Digital certificates used must be obtained from a
trusted Certificate Authority (CA).

e Consideration can be given to using quantum-
resistant public keys. [8] [6]

e  Multi-factor authentication should be enabled for all
privileged users.

e Non-privileged users should also have multi-factor
authentication enabled.

e  Guest users should be disallowed.

e Disabling the option for users to remember multi-
factor authentication on trusted devices.

e  The number of days before users are prompted to re-
confirm their authentication information should not
be set to "0".

may be
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e Enabling the requirement for multi-factor
authentication to join devices.

e  Turning on automatic provisioning of the monitoring
agent.

e  Configuring the security contact emails.

e Enabling email notifications for high severity alerts.

e Enabling email notifications to subscription owners
as well.

e Periodically regenerating storage account access
keys.

e Ensuring that shared access signature tokens expire
within one hour.

e Setting the retention period for 'Auditing' to be
greater than 90 days.

e Enabling 'Advanced Data Security' for a database
server.

e Setting Threat Detection types' to 'All'.

e Specifying the destination for sending alerts.

e Enabling 'Email service and co-administrators'.

e Configuring Cloud Active Directory Admin.

e Enabling 'Data encryption' for a database.

o Enabling 'Enforce SSL connection' for the Database
Server.

e Creating a Log Profile.

e  Setting Activity Log retention to 365 days or longer.

e Ensuring that the audit profile captures all activities.

While QKD [8] provides a secure method for key

distribution, there is also a need for quantum-resistant

cryptographic algorithms to protect data at rest. Post-

quantum cryptography (PQC) focuses on developing

encryption schemes that remain secure even in the

presence of powerful quantum computers. Researchers

are exploring lattice-based cryptography, code-based

cryptography[5], multivariate cryptography, and other

mathematical constructs that are resistant to attacks from

quantum computers. Al can assist in the development and

evaluation of new PQC algorithms by accelerating the

search for secure and efficient cryptographic schemes.

IV. ENHANCING IOT SECURITY WITH THE
EMERGING Al TOOLS AND TECHNOLOGIES

Technical giants like Microsoft and Google’s
advancement in Al has exposed common man to the
usage of Al tools such as Copilot X [14] and Sec-Palm
[12] respectively. These tools are catalysts for developing
secure 10T solutions in the following ways:
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A.Enhancing Efficiency, Productivity in developing
secure 10T solution by using services like Microsoft Al
(Copilot plugins)

Copilot plugins offer several advantages in secure loT
development, enhancing efficiency, productivity, and
code quality while prioritizing security. Here are some
key benefits of using Copilot plugins in secure loT
development:

Secure Code Generation: Copilot plugins automate the
process of generating secure code for 10T applications.
They incorporate secure coding practices, such as input
validation, output encoding, and secure authentication
mechanisms, reducing the risk of common security
vulnerabilities. This helps developers build a solid
foundation of secure code from the start.

Compliance with Security Standards: Copilot plugins
enforce adherence to security standards and best
practices specific to 10T development. They integrate
security guidelines, data protection measures, and secure
communication protocols, ensuring that the resulting
code meets industry standards for secure loT
applications. This helps mitigate security risks and
ensures compliance with regulatory requirements.

Integration with Secure loT Frameworks and Libraries:
Copilot plugins seamlessly integrate with secure 10T
frameworks and libraries, providing developers with pre-
configured templates and secure components. These
plugins assist in implementing secure device
connectivity, encrypted data transmission, and secure
cloud integration. Developers can leverage these plugins
to enhance the security posture of their 10T applications
and ensure end-to-end protection.

Vulnerability Prevention and Security Validation:
Copilot plugins include security analysis and validation
capabilities. They help detect common security flaws,
such as input validation vulnerabilities, insecure data
storage, or weak encryption practices. By providing real-
time feedback and suggestions, Copilot [13] plugins
assist developers in preventing security vulnerabilities
and ensuring robust security measures.

Security Education and Awareness: Copilot plugins serve
as educational tools for secure 10T development. They
provide guidance, explanations, and examples within the
generated code, helping developers understand secure
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coding practices, threat mitigation techniques, and secure
design patterns. This promotes security awareness among
developers and facilitates the adoption of secure
development practices.

Integration with Security Testing: Copilot plugins can be
seamlessly integrated with security testing tools, such as
Static Application Security Testing (SAST) or Dynamic
Application Security Testing (DAST) tools. This allows
developers to incorporate security testing as part of the
development process, enabling early detection and
remediation of security vulnerabilities.

Thus, by integrating security measures from the
beginning, Copilot plugins help developers build secure
and robust 10T applications, reducing the risk of security
breaches and ensuring the protection of sensitive data.

B. Ensuring security compliance and operations to loT
devices through services like Google s Al (Sec-PaLM)
Sec-PaLM (Security Policy and Lifecycle Management)
plays a crucial role in enabling security compliance for
0T devices. It is an Al-driven security solution that
focuses on managing the entire lifecycle of 10T device
security, from policy creation to enforcement and
monitoring. Here's how Sec-PaLM [12] contributes to
ensuring security compliance for 10T devices:

Security Policy Management: Sec-PaLM helps define
and manage security policies for 10T devices. It allows
organizations to establish comprehensive security
guidelines, standards, and configurations that align with
industry best practices and regulatory requirements.
These policies cover aspects such as access control,
encryption, authentication, data protection, and
vulnerability management.

Device Onboarding: Sec-PaLM [12] facilitates the secure
onboarding of 10T devices onto the network. It ensures
that devices undergo  proper  authentication,
authorization, and validation processes before being
granted access to the network. This helps prevent
unauthorized devices from connecting and reduces the
risk of potential security breaches.

Continuous Monitoring: Sec-PaLM provides continuous
monitoring capabilities for 10T devices. It employs Al
algorithms and machine learning techniques to detect
anomalies, suspicious activities, and potential security
breaches in real-time. This proactive monitoring helps
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identify and respond to security incidents promptly,
minimizing the impact on 10T device security.

Security Compliance Assessment: Sec-PaLM conducts
regular security compliance assessments for 10T devices.
It compares the current device configurations and
behaviors against predefined security policies and
standards. Any deviations or non-compliance issues are
flagged, allowing organizations to take corrective actions
and ensure adherence to security requirements.

Patch and Vulnerability Management: Sec-PaLM[12]
assists in managing patches and vulnerabilities for loT
devices. It tracks the latest security updates and patches
from manufacturers and applies them to devices in a
timely manner. Additionally, it scans devices for known
vulnerabilities and provides recommendations for
remediation, reducing the risk of exploitation.

Incident Response and Forensics: In the event of a
security incident or breach involving IoT devices, Sec-
PaLM aids in incident response and forensics. It helps
gather evidence, analyze the attack vectors, and supports
the investigation process to identify the root cause and
take appropriate actions to prevent future incidents.

By leveraging Al capabilities, Sec-PaLM [11] automates
and streamlines security compliance processes for 10T
devices. It ensures that devices adhere to established
security policies, mitigates risks, and enhances overall
security posture. Sec-PaLM plays a vital role in enabling
organizations to effectively manage the security of their
loT device ecosystem and maintain compliance with
regulatory frameworks.

V. CONCLUSION

The integration of Al and quantum computing holds
immense potential for advancing quantum cyber security
in loT edge and cloud environments. The exponential
growth of 10T devices and the emergence of quantum
computing technologies have revealed vulnerabilities in
traditional security approaches, necessitating innovative
solutions.

However, the advancement of quantum cyber security in
I0T edge and cloud environments is an ongoing research
endeavor that requires collaboration between researchers,
industry experts, and regulatory bodies. Scalability,
interoperability, and standardization remain significant
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challenges that must be addressed to ensure the practical
implementation and widespread adoption of these
innovative security measures.

This paper concludes stating that the integration of Al
and quantum computing [17] offers immense
possibilities for advancing quantum cyber security in 10T
edge and cloud environments as described above.
Through the fusion of these technologies, robust and
future-proof security measures can be developed to
safeguard the integrity, confidentiality, and availability
of 10T systems. By harnessing the power of Al and
quantum computing [18], we can effectively address
evolving threats and ensure the security of 10T systems
in the dynamic digital landscape we inhabit.
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