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Abstract

The integration of cloud, edge, and loT ecosystems has transformed industrial operations,
enabling real-time data processing, scalable solutions, and efficient resource utilization. However,
the reliability of such systems is often compromised by challenges related to trust evaluation,
security vulnerabilities, and resource allocation. This paper presents a critical review of state- of-
the-art methodologies in these domains, drawing insights from recent advancements such as visual
cryptography, QoS-aware optimization, and collaborative security frameworks. The paper
highlights gaps in existing solutions, including vulnerabilities to reputation attacks and
inefficiencies in resource provisioning for dynamic industrial applications. Finally,
recommendations for future research are provided, focusing on blockchain integration, Al-driven
trust mechanisms, and energy-efficient resource optimization.
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|. INTRODUCTION

The rapid proliferation of the Internet of Things (IoT) has enabled a significant transformation in
industrial systems, creating a connected ecosystem that integrates cloud and edge computing to
revolutionize operations. Industrial 10T (I1oT) applications such as predictive maintenance, real-time
monitoring, and smart manufacturing have leveraged these technologies to enhance operational
efficiency, reduce costs, and enable intelligent decision-making ([5], [10]). By combining the
computational power of cloud computing with the low-latency processing capabilities of edge devices,
cloud- edge-loT collaboration offers significant opportunities for industrial environments to become
more automated, adaptive, and data-driven ([14]).

However, the effective deployment and management of these systems present several critical challenges.
Trust is fundamental to ensuring secure interactions across distributed 10T devices and cloud-edge
platforms, especially in scenarios where data exchange occurs between heterogeneous devices and
networks ([1], [2]). Security mechanisms are paramount to safeguarding sensitive data and infrastructure
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from unauthorized access, cyberattacks, and system failures ([4], [5]). Simultaneously, resource
management plays a vital role in balancing computational workloads, optimizing energy consumption,
and maintaining Quality of Service (QoS) ([6], [7]).

In dynamic industrial environments, these challenges are further amplified due to factors such as the
scale of operations, the diversity of 10T devices, and the real-time nature of industrial applications ([8],
[11]). The integration of cloud-edge computing requires robust mechanisms to handle vast amounts of
data, ensure reliable communication, and maintain system integrity under variable conditions.
Furthermore, the need for energy-efficient solutions becomes increasingly critical in industrial
applications where sustainability and cost- effectiveness are key priorities ([7], [14]).

Despite significant advancements in trust models, security frameworks, and resource optimization
strategies, several gaps remain unaddressed. Issues such as trust scalability, reputation attacks,
inefficiencies in resource provisioning, and the lack of comprehensive security protocols continue to
hinder the seamless adoption of cloud-edge-l1oT systems in industrial settings ([1], [2], [3], [6]).
Additionally, the evolving nature of industrial 10T introduces new challenges, such as the need for real-
time decision-making, adaptive resource allocation, and seamless integration with emerging
technologies like artificial intelligence (Al) and blockchain ([3], [8]).

This paper aims to provide a comprehensive review of existing literature on trust evaluation, security
mechanisms, and resource optimization in cloud-edge-10T collaboration for industrial applications. By
analyzing recent advancements ([1], [3], [7]), identifying research gaps, and exploring emerging trends,
this paper seeks to offer valuable insights into the current state of the field and propose future research
directions to enhance the reliability, scalability, and security of industrial 10T systems.

Il. LITERATURE SURVEY

Diverse approaches developed are reviewed by collecting recently published papers. This section
describes the advantages and disadvantages of conventional techniques regarding trust- based
authentication framework in edge cloud IoT.

Table 1: Literature Survey Table

Authors Methods Advantages Disadvantages
K. A. Jayaweera, Proposed a mutual  [Provides secure Limited scalability when dealing with
P.S. authentication authentication for large-scale 10T networks, as it requires
Neelakantan, | protocol using resource- extensive cryptographic resources.
and A. J. visual constrained loT
Avestruz[1] (cryptography to| devicesand
enhance trust reduces the risk of
between 10T and unauthorized
cloud. access.

M. C. Zhang, X. |Reputation-based Securely guards cloud Vulnerable to dynamic trust shifts and
Liu,and S. trust evaluation services from scalability issues in highly dynamic
Lee[2] model that reputation- based environments.

considers past attacks and
behavior and provides a trust
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interactions to
assess
trustworthiness.

score to determine
service reliability.

R. Nakamoto, A.

M. Boudguiga,
and

M. P. Ghaffari[3]

Blockchain-based
decentralized trust
management
framework for loT
systems.

Ensures secure,

decentralized
management
without relying on
a central authority,
enhancing
transparency
accountability.

trust

and

High computational overhead and latency,
which can be problematic for resource-
constrained 10T devices.

A.M.R.R.R. Cloud-network-edge [Multi-layer security [Lacks adaptability to evolving threats and
Syed, P. S. R. collaborative approach that rapid response to emerging cyber-
Pradeep, and L. security protects the loT attacks.
Y. Xu[4] framework  for| infrastructure at

protecting loT various levels

devices in (network, cloud,

wireless and edge).

environments.

L. Zhuang, W.  |Developed a cloud- |Improves logistics Not suitable for non-logistics industrial
Xu, and S. J. based video security by sectors, limiting its broader application.
Wu[5] surveillance system providing real-time

for securing monitoring and
logistics in event detection in
industrial 10T industrial
networks. environments.

H. S. A. Faisal, L.|QoS-aware job [Ensures optimal Energy efficiency is not a major concern,

R. Salama, and scheduling resource allocation, | leading to suboptimal resource
G. algorithmin cloud| meeting specific consumption in some cases.

X. Qian[6] systems to QoS

allocate resources [requirements and

effectively based improving overall

on QoS metrics. system
performance.

M. A. N. Kiraly, |Genetic Minimizes energy Computationally expensive and not ideal

R.E. algorithm- consumption by | forreal- time industrial applications

/Ananthanarayana pased VM [consolidating virtual due to the time required for VM
n,and P. G.  [consolidation machines, leading consolidation.

Santosh[7] strategy to reduce | to reduced
energy operational costs.
consumption in
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cloud computing.
B.C.V.R.K.R. |Integration of edge |Reduces network Requires substantial Al infrastructure,
Rao, N. B. Al for real-time latency by which might not be feasible in all
Ramachandra, resource processing data at industrial settings due to cost and
and optimization and the edge, complexity.
T.C.R.M. S. low- latency data improving overall
Kumar[8] processing in system
industrial 10T responsiveness and
systems. efficiency.

I1l. CHALLENGES

The challenges experienced by traditional techniques that are collected based on trust-based
authentication framework in edge cloud 10T is explained below.

Scalability Issues

Many trust evaluation models face challenges in scaling up to large 10T networks, especially in dynamic
industrial environments.

The mutual authentication protocols require extensive cryptographic resources, which may not be
feasible for large- scale systems.

High Computational Overhead

Block chain based trust management frameworks offer decentralized solutions but come with high
computational costs and latency, making them unsuitable for resource- constrained 10T devices.

Genetic algorithm-based VM consolidation is computationally expensive and struggles to meet the real-
time demands of industrial applications.

Dynamic Trust Behavior

Reputation-based trust evaluation models fail to adapt to rapid changes in trustworthiness, leaving systems
vulnerable to new reputation attacks.

Trust mechanisms need to account for dynamic environments where trust relationships evolve over time.

Energy Efficiency Limitations

QoS-aware resource allocation techniques do not adequately address energy consumption, leading to
inefficiencies in cloud systems.

Energy-efficient VM consolidation focuses on reducing energy use but struggles with real-time
adaptability.

Security Vulnerabilities in Evolving Threats

Collaborative security frameworks lack adaptive measures to respond to evolving and sophisticated
cyber threats.

Video surveillance systems prioritize logistics security but fail to address broader industrial security
concerns.
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Latency and Real-Time Processing Constraints

Edge Al-based resource optimization reduces latency but requires advanced infrastructure, which is
often impractical for many industrial setups.

Blockchain frameworks introduce latency due to their reliance on complex consensus algorithms.

Domain-Specific Constraints

Solutions like cloud-based video surveillance are tailored to specific industries (e.g., logistics), limiting
their applicability to other industrial sectors.

General-purpose resource allocation algorithms lack customization for unique industrial needs.

Infrastructure and Cost Barriers
Implementing edge Al and blockchain solutions requires significant investment in infrastructure and
expertise, creating barriers for small and medium-scale industries.

IV. PROPOSED METHODOLOGY

The proposed methodology integrates trust evaluation, security mechanisms, and resource optimization
strategies to create a robust framework for cloud-edge-loT collaboration in industrial applications. The
framework addresses critical challenges such as ensuring reliable trust evaluation, securing sensitive
data, and optimizing resource allocation while maintaining Quality of Service (QoS). The methodology
is designed to enhance system reliability, scalability, and efficiency in dynamic industrial environments.

1. Trust Evaluation Mechanism

A decentralized trust evaluation mechanism is implemented to ensure reliable communication between
10T devices, edge platforms, and the cloud. Trust is computed using a combination of direct trust and
indirect trust. Blockchain technology is employed for secure and immutable storage of trust scores,
mitigating the risk of reputation attacks.

Features:

Real-time trust updates based on device interactions. Secure trust score storage using blockchain.
Scalability for large-scale industrial 10T deployments.

2. Enhanced Security Framework

A collaborative security framework integrates lightweight cryptographic protocols at the device level
and multi-factor authentication (MFA) mechanisms to secure 10T devices and data. Adaptive security
policies powered by Al are employed to detect and mitigate evolving cyber threats.

Features:

Lightweight encryption algorithms optimized for resource- constrained 10T devices.

Al-based intrusion detection for real-time threat monitoring. Multi-layered security for cloud-edge-loT
communication.

3. QoS-Aware Resource Optimization

Resource allocation is optimized using a hybrid model that balances edge and cloud processing. Edge
resources handle latency-sensitive tasks, while computationally intensive operations are offloaded to the
cloud. A genetic algorithm is applied for dynamic VM consolidation, minimizing energy consumption
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and ensuring efficient resource usage.

Features:

Edge Al for real-time, low-latency processing. Dynamic task distribution to balance workloads.
Energy-efficient VM consolidationthrough heuristic optimization.

4. Implementation and Validation

The framework is implemented in a simulated industrial 10T environment. Real-world datasets for
predictive maintenance and smart manufacturing are utilized to validate the system. Performance is
evaluated based on metrics such as trust scalability, security breach rate, latency, and energy efficiency.

1) Algorithm: Trust-Security-Resource Optimization Framework
a) Input:

DDD: Set of 10T devices.

RRR: Computational tasks with priority and resource requirements.
C,EC, EC,E: Cloud and edge resources. TTT: Trust score matrix.

SSS: Security policies.
MMM: Monitoring data for resource utilization.

b) Output:
Optimized resource allocation. Secure data exchange.
Updated trust evaluation.

2) Steps:

1. Initialization

Assign initial trust scores T(di)T(d_i)T(di) to each device dieDd_i \in DdieD.
Configure available resources CCC and EEE with capacity and latency constraints.
Set encryption policies SSS for 10T communication.

2. TrustEvaluation

For each dieDd_i\in Ddi€eD:

ComputeDirectTrust:

DT(di)=Successful InteractionsTotal InteractionsD T(d_ i) = \frac{\text{Successful
Interactions}}{\text{Total Interactions}}DT(di

)=Total InteractionsSuccessful Interactions Compute indirect trust using recommendations from
neighbors: IT(di)=>jeN)T(d))IT(d_i) =

\sum_{j \in N(i)} T(d_j)IT(di)=JeEN()>.T(dj) Aggregate trust: T(di)=o-DT(di)+(1—a)-1T(di)T(d_i)

=\alpha \cdot DT(d_i) + (1 - \alpha) \cdot IT(d_i)T(di)=a-DT(di)+(1—a)-1T(di)

End For

3. SecurityFramework

For each task reRr \in RreR:

Authenticate the initiating device using MFA. Encrypt data using lightweight cryptographic algorithms.
Verify trust score T(di)T(d_i)T(di):
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If T(di)<Threshold,deny access.\text{If } T(d_i) <

\text{Threshold}, \text{deny access.}If T(di
)<Threshold,deny access.
End For

4. Resource Optimization
Determine R(r)R(r)R(r) (task resource requirement). Assign tasks based on priority P(r)P(r)P(r):If
latency-sensitive, allocate to edge resource EEE. Else, allocate to cloud resource CCC.

5. Apply genetic algorithm for VM consolidation:

Define fitness function F(X)F(X)F(x): F(x)=Minimize Energy Consumption + Maximize Qo0SF(x) =
\text{Minimize Energy Consumption + Maximize

QoS}F(x)=Minimize Energy Consumption + Maxi mize QoS

Perform selection, crossover, and mutation to optimize VM allocation.

6. Monitoring and Adaptation
Continuously monitor resource utilization MMM. Update trust scores T(di)T(d_i)T(di) dynamically.
Adapt security policies SSS to handle new threats.

7. Output
Optimized resource allocation plan.
Security breach report and trust evaluation metrics. Updated policies and system configuration.

3) Key Metrics for Evaluation: Trust scalability and reliability. Breach detection rate.
Latency and energy efficiency.
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Figure 1: Block diagram of proposed Cloud-Edge-10T Collaboration.

V. CONCLUSION

The integration of cloud and edge computing within 10T frameworks has transformed industrial
applications, offering capabilities such as real-time data processing, predictive maintenance, and
enhanced decision-making. This review highlights the critical challenges of trust, security, and resource
management in cloud-edge-loT collaboration for industrial environments. Trust evaluation mechanisms,
such as blockchain-based frameworks, and reputation-based models, have emerged as vital solutions for
ensuring reliable interactions between heterogeneous systems. Security challenges are addressed through
advanced encryption protocols, collaborative security frameworks, and edge Al- enabled monitoring, yet
gaps persist in addressing adaptive security measures and evolving threats. Resource optimization
strategies, including QoS-aware scheduling algorithms and energy-efficient VM consolidation
techniques, significantly improve system performance and sustainability, though computational
overhead remains a limitation.

Despite these advancements, the dynamic and resource- intensive nature of industrial 10T systems
necessitates further innovation. Emerging technologies such as Al, blockchain, and edge computing hold
immense potential to address existing gaps and drive future research. By leveraging these technologies,
researchers can focus on developing adaptive, scalable, and secure cloud-edge-10T systems, capable of
meeting the growing demands of industrial environments. The proposed hybrid trust-security-resource
management framework, outlined in this paper, serves as a step towards building more resilient and
efficient 110T ecosystems.

Future research should emphasize seamless integration of trust evaluation, multi-layered security, and
dynamic resource provisioning to enhance the reliability and scalability of cloud-edge-10T systems. This
will enable industries to fully realize the potential of loT-driven automation, contributing to operational
efficiency, sustainability, and cost-effectiveness.
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