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Abstract: The proliferation of digital
ecosystems—driven by the convergence of
cloud computing, big data, and the Internet of
Things (loT)—has introduced new dimensions
of complexity to cybersecurity. This study
presents an in-depth examination of emerging
risks, including data breaches, insecure APIs,
insider threats, advanced persistent threats
(APTs), and loT, specific vulnerabilities such
as botnets and firmware flaws. It further
evaluates protective technologies such as
encryption techniques (including
homomorphic encryption and TLS protocols),
identity and access management frameworks
(RBAC, MFA), and secure API protocols
(OAuth, OpenID  Connect). Advanced
mechanisms such as artificial intelligence-
based anomaly detection, blockchain for trust
assurance, and edge computing for data
localization are critically analyzed for their
potential to enhance cloud and loT security.
Through an integrated approach supported by
recent academic and industry literature, this
work identifies current gaps, maps future
research directions, and recommends adaptive,
policy-aligned strategies to strengthen digital
trust. The findings reinforce the imperative for
multilayered,  proactive, and globally
harmonized cybersecurity models to safeguard
critical  infrastructures and  sensitive
information in hyperconnected environments.
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1.0 Introduction

The rapid proliferation of cloud computing,
Big Data analytics, and the Internet of Things
(IoT) is reshaping how information is
collected, stored, processed, and transmitted.
Cloud computing offers flexible, scalable, and
cost-effective infrastructure to support the
enormous data generated by loT devices and
Big Data systems. According to Al-Hayajneh
(2020), over 29.3 billion networked devices are
expected to be connected by 2025, with a
significant portion relying on cloud-based
services for operation and data analytics. While
these technologies enhance productivity and
innovation across various sectors, they also
introduce new and complex security risks.

The integration of billions of heterogeneous
devices, platforms, and users into a single
virtualized environment presents major
security challenges, including data breaches,
loss of privacy, insecure communication
channels, and malicious software attacks. The
cloud, being an external data repository, often
places sensitive data outside the organizational
perimeter, exposing it to unauthorized access,
cyberattacks, and regulatory non-compliance if
not properly secured. Additionally, the
dynamic nature of resource allocation in the
cloud and the Ilimited computational
capabilities of 10T  devices create
vulnerabilities that conventional security
mechanisms struggle to mitigate.

Numerous studies have examined individual
threats and countermeasures associated with
cloud computing, Big Data, and IloT.
Hashizume et al. (2013) provided a
foundational taxonomy of security issues in
cloud computing, highlighting concerns such
as data confidentiality, integrity, and
availability. Gubbi et al. (2013) emphasized the
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vulnerabilities of loT systems, particularly
regarding authentication and data security.
More recent research (Alaba et al., 2017; Singh
et al, 2020) has explored integrated
frameworks to enhance loT-cloud security, yet
the rapidly evolving nature of attacks, coupled
with the diversity of devices and platforms,
continues to challenge security
implementation.

Emerging technologies such as Artificial
Intelligence (Al), Blockchain, and Secure
Multiparty Computation are being explored to
enhance security in this triad ecosystem.
However, literature remains fragmented, with
limited comprehensive reviews addressing the
interplay between Big Data, 10T, and cloud
security holistically.

Despite growing interest in securing cloud-
based infrastructures, existing research often
isolates cloud security from loT and Big Data
contexts. There is a lack of comprehensive and
updated reviews that synthesize emerging
threats and adaptive protective technologies
across all three domains. Moreover, while
some security mechanisms are proposed, their
scalability, interoperability, and real-time
responsiveness in  diverse  operational
environments remain underexplored.

The aim of this review is to critically analyze
emerging security risks and the corresponding
protective technologies in the integration of
cloud computing, Big Data, and IoT systems.
The specific objectives of the study are to:

(1) Identify and classify the emerging risks
associated with cloud security in Big
Data and 10T ecosystems.

(2) Evaluate current and emerging
protective technologies and strategies.

(3) Analyze real-world case studies and
recent incidents involving cloud and
l0T security breaches.

(4) Highlight existing challenges and
propose future directions for research
and development.

This study is significant for researchers,
security professionals, cloud service providers,

and policymakers as it offers a consolidated
understanding of security challenges and
technological innovations in an increasingly
connected digital ecosystem. By identifying
gaps and recommending future strategies, this
review contributes to the development of
resilient, secure, and scalable cloud-based
systems that support Big Data and loT
applications.

2.0 Fundamentals of Cloud Computing, Big
Data, and IoT

2.1 Definition and Characteristics

2.1.1 Cloud Computing Service Models (laasS,
PaaS, SaaS)

Cloud computing refers to the delivery of
computing  services—including  servers,
storage, databases, networking, software,
analytics, and intelligence—over the Internet,
commonly known as "the cloud.” This model
enables faster innovation, flexible resource
allocation, and significant cost savings through
economies of scale. Typically, cloud
computing operates on a pay-as-you-go basis
and is structured into three primary service
models. Infrastructure as a Service (laaS)
provides virtualized computing resources over
the internet, allowing wusers to rent IT
infrastructure such as servers, virtual machines,
storage, and networking components on a pay-
per-use basis. Examples of laaS include
Amazon EC2 and Microsoft Azure. Platform as
a Service (PaaS) offers a comprehensive
platform that enables users to develop, run, and
manage applications without dealing with the
underlying infrastructure complexity; notable
examples include Google App Engine and
Heroku. Software as a Service (SaaS), on the
other hand, delivers software applications over
the internet on-demand, usually via
subscription, with widely used services
including Microsoft 365 and Dropbox.

2.1.2 Big Data: The 5Vs (Volume, Velocity,
Variety, Veracity, Value)

Big Data encompasses large and complex
datasets that traditional data processing
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systems cannot manage efficiently. Its
characteristics are often summarized using the
5Vs. To provide a clearer understanding of the
fundamental characteristics of Big Data, Table
1 presents a detailed summary of the widely

accepted 5Vs of Big Data, which define its
nature and complexity in cloud-based and 10T-
driven environments.

Table 1: The 5Vs of Big Data and Their Descriptions

V- Description
Characteristic
Volume Refers to the massive amount of data generated every second.

Velocity
Variety
semi-structured).
Veracity
Value

Denotes the speed at which data is created, processed, and analyzed.
Represents the different forms and types of data (structured, unstructured,

Indicates the trustworthiness and accuracy of the data.
Highlights the importance and usefulness of data for decision making.

Table 1 illustrates the multifaceted dimensions
that define Big Data. Volume underscores the
unprecedented scale at which data is now
generated from various sources such as loT
sensors, social media, and enterprise systems.
Velocity captures the real-time nature of data
flows, particularly relevant in applications
requiring instant analysis and response, such as
autonomous vehicles or financial trading
systems.

Variety reflects the diversity of data formats—
ranging from numeric logs to multimedia
content—which  poses  challenges  for
standardization and integration. Veracity
highlights the reliability concerns, especially
when dealing with data from crowd-sourced or
unstructured inputs, where quality and
accuracy can vary. Lastly, Value stresses that
despite the challenges associated with Big
Data, its true potential lies in extracting
meaningful insights that support strategic
decision-making and operational efficiency.
Together, these characteristics emphasize why
specialized storage, processing, and analytic
tools—often integrated via cloud computing—
are crucial for leveraging Big Data effectively
in the Internet of Things (I0T) ecosystem.

2.1.3 Internet of Things (l1oT): Architecture
and Functions

0T is a network of interconnected physical
objects, devices, vehicles, buildings—
embedded with sensors, software, and other
technologies to collect and exchange data. A
typical 10T architecture consists of:

(i) Perception Layer: Captures physical
parameters using sensors and RFID.

(ii) Network Layer: Transfers the data
from sensors to other devices and cloud
platforms.

(iii)Middleware Layer: Processes and
stores data using cloud servers and
databases.

(iv)Application Layer: Delivers specific
services to users based on the analyzed
data.

Functions of 10T include real-time monitoring,
predictive maintenance, environmental
sensing, and automation in smart homes, cities,
and industries.

2.2 Interrelationship among Cloud, Big Data,
and loT

The synergy among cloud computing, Big
Data, and 10T forms the foundation of modern
digital ecosystems. 10T devices generate
enormous streams of real-time data that require
scalable storage, robust processing, and
efficient transmission—services offered by
cloud platforms. The cloud enables remote
access, scalability, and elasticity, making it
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ideal for storing and managing the unstructured
and heterogeneous data generated by IoT.

Big Data technologies, such as Hadoop and
Spark, operate within cloud infrastructures to
analyze massive datasets, uncover insights, and
enable real-time decision-making. Together,
these three technologies create an integrated
loop: IoT collects data — Cloud stores and
manages it — Big Data tools analyze it —
Results improve 10T operations and services.

Fig.1 illustrates the synergistic relationship
among cloud computing, big data, and IoT.
Cloud provides infrastructure for storing and
processing big data generated by 10T devices.
Big data analytics delivers insights for 10T
optimization, while cloud enables scalable,
real-time loT operations, creating an
interconnected digital ecosystem across diverse
industries.

Cloud computing

Integration layer (Data
collection, storage,
processing)

Fig. 1: Interrelationship Between Cloud Computing, Big Data, and loT

3.0 Emerging Risks in Cloud Security

As organizations increasingly adopt cloud
technologies integrated with Big Data and loT
systems, they encounter a broad spectrum of
emerging security risks. These risks not only
threaten data confidentiality and integrity but
also challenge system availability, compliance,
and user trust. This section presents a review of
critical threats in cloud environments.

3.1 Data Breaches and Leakage

One of the most pressing risks in cloud
computing is data breach, which involves
unauthorized access to sensitive or confidential
data. The distributed and virtualized nature of

cloud environments increases exposure to
external attacks and accidental disclosures (Ali
et al., 2015). Cloud providers often store data
from multiple tenants on shared infrastructure,
which—if poorly segregated—can facilitate
data leakage. For example, a misconfigured
Amazon S3 bucket has repeatedly been a cause
of major data breaches in recent years (Hassan
etal., 2021).

3.2 Insecure APIs and Interfaces

Application Programming Interfaces (APIs)

and management interfaces are essential for
interacting with cloud services, but their
openness also makes them vulnerable to
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exploitation. Poor authentication, lack of
encryption, and inadequate access controls can
lead to insecure APIs, exposing cloud services
to injection attacks, credential hijacking, and
unauthorized resource manipulation (Shahzad,
2014). RESTful APIs, in particular, if not well-
guarded, can be manipulated by malicious
actors to bypass security controls.

3.3 Advanced Persistent Threats (APTS)

Advanced Persistent Threats (APTs) are
sophisticated, long-duration attacks typically
orchestrated by organized cybercriminal
groups or state actors. In cloud environments,
attackers exploit vulnerabilities to gain
stealthy, persistent access to systems. Once
inside, they conduct surveillance, move
laterally across virtual machines, and exfiltrate
data while evading detection (Jin et al., 2014).
Cloud's multi-tenant infrastructure  and
complexity can inadvertently provide attackers
with a broader surface for silent intrusion.

3.4 10T-Specific Threats

3.4.1 Botnets and DDoS Attacks

loT devices are often exploited to form botnets-
large networks of compromised devices used to
launch Distributed Denial of Service (DDoS)
attacks. The Mirai botnet is a notable example,
which leveraged weak 0T device security to
disrupt major web services (Kolias et al.,
2017). Because many loT devices continuously

overwhelm servers, leading to service outages
and degraded performance.

3.4.2 Default Credentials and Firmware
Flaws

Many loT devices ship with default usernames
and passwords, which users often neglect to
change. Moreover, these devices typically lack
regular security patching or firmware updates,
leaving firmware vulnerabilities exposed.
Attackers exploit these flaws to hijack devices
and inject malware into connected cloud
systems (Sicari et al., 2015). Once
compromised, the devices can serve as entry
points for larger-scale intrusions into the cloud
infrastructure.

3.5 Insider Threats

Insider threats, both malicious and accidental
are a significant risk in cloud ecosystems.
Employees or contractors with authorized
access may misuse their privileges to steal data,
sabotage services, or leak sensitive
information. In cloud settings, where data is
centralized and accessible from multiple
locations, even minor lapses in access control
or identity management can result in massive
damage (Greitzer &  Frincke, 2010).
Additionally, the difficulty in monitoring
internal user behavior across virtualized
environments complicates threat detection and
prevention.

connect to cloud platforms, they can
Table 2: Summary of Emerging Cloud Security Threats
Threat Type Description Primary Risk Targets
Data Breach and Unauthorized access or loss of sensitive Confidentiality,
Leakage data compliance
Insecure APIs Vulnerable interfaces allowing Service integrity,

manipulation of cloud services
Stealthy, long-term access for espionage or

Advanced Persistent

authentication
Data integrity, system

Threats sabotage availability

Botnets and DDoS Massive attack from hijacked 10T devices, Service availability,
Attacks overwhelming cloud services reputation

Default Credentials Easily exploitable loT security Device integrity, access
and Firmware misconfigurations control
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Insider Threats
rights

Authorized individuals misusing access

Data loss,
compliance

privacy,

Fig. 2 is a flowchart illustrating the different
sources of security threats that target cloud
infrastructure. It consists of four rectangular
boxes and arrows indicating the direction of the
threats. The figure clearly depicts the concept

that cloud infrastructure is vulnerable to threats
originating from internal sources, insecure
APIs, and compromised 10T devices,
reinforcing the points made in the preceding
text.

Internal APIl-Based loT-Originated
Threats Threats Threats
Cloud
Infrastructure

Fig. 2: Cloud Security Threat Vectors

3.7 Compliance and Legal Challenges

One of the most critical non-technical
challenges in cloud security relates to
compliance with legal and regulatory
standards, which differ significantly across
regions and industries. Cloud services operate
globally, but data protection laws—such as the
General Data Protection Regulation (GDPR) in
the European Union or Nigeria Data Protection
Regulation (NDPR)—are jurisdiction-specific
(Tankard, 2012).

A primary concern is data residency:
organizations must know where their data is
physically stored and whether that location
complies with applicable laws. Many cloud
providers operate in multiple data centers
across borders, and without clear service-level
agreements (SLASs), clients may face legal
liabilities for non-compliance (Pearson &
Benameur, 2010).

Moreover, auditability and transparency are
often limited in cloud environments.
Organizations may not have sufficient

visibility into how their data is handled or who
has access to it. This lack of control
complicates demonstrating compliance with
standards such as ISO/IEC 27001, HIPAA, or
PCI-DSS (Rittinghouse & Ransome, 2017).
Another challenge is cloud provider
accountability in the event of a breach or data
loss. Legal ambiguity can delay litigation or
compensation processes, especially if cloud
providers are based in different legal
jurisdictions. To mitigate these issues,
organizations should ensure that providers
adhere  to internationally  recognized
certifications and clearly define legal
responsibilities in the contract.

4.0 Protective Technologies and Strategies

In the rapidly evolving domain of cloud
computing and the Internet of Things (l1oT), the
adoption of protective technologies and
strategies is essential for mitigating emerging
cyber threats. These strategies ensure the
confidentiality, integrity, and availability of
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sensitive data. This section discusses the
advanced protective technologies that are
instrumental in securing cloud and IloT
infrastructures.

4.1 Encryption Techniques

Encryption remains one of the most critical and
foundational techniques for safeguarding
sensitive data within cloud computing
environments, especially where big data and
loT applications demand high levels of
confidentiality and integrity. In cloud
ecosystems—characterized by  distributed
infrastructure and multi-tenant architectures—
robust encryption mitigates the risks of
unauthorized access and data exposure.
Encryption techniques are employed at
multiple levels, including data at rest, data in
transit, and data under computation, each
contributing to an end-to-end security
framework.

Data encryption at rest involves securing data
stored in databases, file systems, and object
storage by converting it into an unreadable
format. This process protects the data from
unauthorized access due to infrastructure
breaches or physical theft of storage media.
The Advanced Encryption Standard (AES),
especially AES-256, is the industry benchmark
due to its high level of cryptographic security
and performance efficiency (Zhou et al., 2018).
Leading cloud service providers such as
Amazon Web Services (AWS), Microsoft
Azure, and Google Cloud Platform offer
integrated options for server-side encryption
using customer-managed or provider-managed
keys, ensuring compliance with international
standards like GDPR and HIPAA.

Data in transit, which refers to data actively
moving  between clients and cloud
infrastructure or between components within a
cloud environment, is secured using Transport
Layer Security (TLS) and Secure Sockets
Layer (SSL) protocols. These protocols
establish encrypted communication channels to
thwart man-in-the-middle (MITM) attacks and
packet sniffing. According to Ali et al. (2015),

TLS 1.3, an updated standard—reduces latency
and eliminates obsolete  cryptographic
functions, thereby enhancing both performance
and security.

An advanced and promising approach in data
security is homomorphic encryption, which
enables computations to be performed directly
on encrypted data without requiring
decryption. This ensures that the data remains
confidential throughout its lifecycle, even
when processed in an untrusted cloud
environment. Gentry (2009) introduced the
first viable model for fully homomorphic
encryption (FHE), which has since been
optimized for real-world applications,
particularly in sensitive domains like
healthcare, genomics, and financial analytics
(Vaikuntanathan, 2011). Although still
computationally intensive, improvements in
FHE schemes are paving the way for secure
outsourced computing.

In parallel, data masking techniques are used to
obscure actual data by substituting it with
fictitious, but structurally similar, content. This
approach is essential for protecting data in non-
production environments such as software
testing or training, where real data is not
necessary and may introduce unnecessary risk.
Gupta and Gupta (2020) highlight how
dynamic data masking, which modifies data in
real time based on user roles, further tightens
access control while maintaining functional
consistency.

4.2 ldentity and Access Management: Role-
Based Control and Multi-Factor
Authentication

Identity and Access Management (IAM) is a
critical framework comprising policies,
technologies, and procedures that ensure the
right individuals have appropriate access to
organizational resources. IAM aims to protect
sensitive information and systems by verifying
and managing user identities and regulating
their permissions.

A fundamental approach within IAM is Role-
Based Access Control (RBAC), which restricts
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access privileges based on the specific roles
assigned to users within an organization. By
defining roles—such as administrator,
manager, or employee—RBAC enforces the
principle of least privilege, granting users only
the permissions necessary to perform their job
functions. This targeted access significantly
reduces the risk of accidental or intentional data
breaches by limiting exposure to sensitive
systems and information only to those
authorized (Sandhu et al., 1996).
Complementing RBAC, Multi-Factor
Authentication (MFA) provides an additional
layer of security during the identity verification
process. MFA requires users to authenticate
using two or more credentials drawn from
different categories: something they know (like
a password), something they have (such as a
security token or a mobile device), or
something they are (biometric identifiers like
fingerprints or facial recognition). By
demanding multiple independent proofs of
identity, MFA dramatically reduces the
likelihood of unauthorized access due to
compromised credentials, thereby enhancing
overall system security (Alotaibi, 2021).
Together, RBAC and MFA form integral
components of a robust IAM strategy. RBAC
controls who can access resources based on
organizational roles, while MFA ensures that
these users are indeed who they claim to be
through strong authentication mechanisms.
The synergy of these controls helps
organizations effectively safeguard critical
digital assets against evolving security threats.

4.3 Secure APIs and Communication
Protocols: OAuth, OpenlID Connect, and TLS

Application Programming Interfaces (APIs)
serve as vital conduits enabling communication
and data exchange between applications and
cloud services. Securing these interfaces is
crucial to protect systems from exploitation,
data breaches, and unauthorized access.

A key technology for securing API access is
OAuth 2.0, an authorization framework
designed to grant third-party applications

limited access to user resources without
exposing sensitive credentials such as
passwords. OAuth enables users to authorize
applications to perform actions or retrieve data
on their behalf securely. Enhancing OAuth,
OpenlD Connect adds an authentication layer,
allowing identity verification alongside
authorization. This combination strengthens
Identity and Access Management (IAM)
systems by enabling both who can access
resources and confirming their identities
efficiently (Hardt, 2012).

Equally important for secure communication is
Transport Layer Security (TLS), the
cryptographic  protocol that  ensures
confidentiality and data integrity between
communicating parties. TLS encrypts data
transmitted over networks, preventing
interception, tampering, or eavesdropping. It is
the foundation for HTTPS, the secure version
of the Hypertext Transfer Protocol, widely
used to protect web traffic. By safeguarding
data in transit, TLS and HTTPS play an
indispensable role in maintaining trust and
security in APl interactions and web
communications (Rescorla, 2018).

Together, OAuth/OpenID Connect and TLS
form the backbone of secure API access and
communication. OAuth frameworks manage
controlled access without compromising
credentials, while TLS encrypts the data
exchanges themselves, ensuring that sensitive
information remains confidential and unaltered
during transmission. These technologies
collectively help organizations defend against
a wide range of cyber threats targeting APIs
and cloud services.

4.4 Artificial Intelligence and Machine
Learning in Security: Anomaly Detection and
Behavioral Analytics

Artificial Intelligence (Al) and Machine
Learning (ML) are transforming traditional
cybersecurity by introducing  adaptive,
predictive, and intelligent defense mechanisms.
These technologies empower security systems
to automatically learn from data, recognize
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patterns, and respond to evolving threats more
effectively than static rule-based approaches.
One critical application is Anomaly Detection,
where ML algorithms analyze vast amounts of
historical data to define what constitutes
normal behavior within a system or network.
By continuously monitoring activities in real
time, these models can identify deviations that
may indicate unknown threats, such as zero-
day exploits or previously unseen attack
vectors. This proactive detection capability is
crucial for timely incident response and
mitigation (Sommer & Paxson, 2010).
Complementing anomaly detection,
Behavioral Analytics examines user behavior
patterns to identify signs of insider threats or
compromised accounts. By understanding
typical user actions, the system can flag
unusual  activities, such as accessing
unauthorized resources or unusual login times.
Behavioral  analytics  enhances  threat
intelligence by providing context-aware risk
assessments, enabling organizations to detect
subtle and sophisticated attacks that traditional
methods might miss (Shiravi et al., 2012).
Together, Al-driven anomaly detection and
behavioral analytics create a dynamic and
intelligent security posture. These technologies
enable continuous monitoring and nuanced
interpretation of security events, greatly
improving the ability to detect, investigate, and
respond to complex cyber threats in real time.

45 Intrusion Detection and Prevention
Systems (IDPS)

Intrusion Detection and Prevention Systems
(IDPS) continuously monitor system and
network traffic to identify suspicious patterns
that may indicate malicious activity. These
systems employ various detection techniques,
including signature-based methods that
recognize known attack patterns, anomaly-
based methods that detect deviations from
established normal behavior, and hybrid
approaches that combine both techniques to
improve  accuracy. By  automatically
responding to detected threats—such as

alerting administrators or blocking traffic—
IDPS help contain and mitigate attacks. The
effectiveness of IDPS is further enhanced when
integrated with Security Information and Event
Management  (SIEM) platforms, which
centralize and correlate security data to provide
comprehensive situational awareness and
accelerate incident response (Scarfone & Mell,
2007).

4.6 Blockchain for Cloud and 10T Security

Blockchain technology provides decentralized,
tamper-evident ledgers that securely record
transactions and device identities. Its
decentralized architecture ensures that no
single entity controls the data, which
significantly reduces risks related to data
tampering and unauthorized access. In cloud
and Internet of Things (IoT) environments,
blockchain enhances data integrity by
cryptographically linking transactions,
enabling traceability and auditability across
distributed devices and services. Additionally,
it supports secure device authentication and
establishes trust among diverse and
geographically dispersed entities, addressing
critical security challenges unique to cloud and
loT infrastructures (Dorri et al., 2017).

4.7 Edge and Fog Computing for Data
Localization

Edge and fog computing bring processing and
analytics closer to the data source, such as loT
devices or local gateways, rather than relying
solely on centralized cloud data centers. This
localized data handling reduces latency,
enabling real-time analytics and faster
decision-making in time-sensitive applications.
By processing data near its origin, edge and fog
computing also minimize the amount of
sensitive  information  transmitted  over
networks, thereby lowering exposure to
interception or data breaches. This paradigm
improves data privacy and helps organizations
comply with regulations that require data to
remain within specific geographic boundaries.
Furthermore, distributing computing resources
enhances system resilience and reliability by
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reducing dependence on central cloud

infrastructure (Bonomi et al., 2012).

4.8 Secure Software Development Lifecycle
(SSDLC)

The Secure Software Development Lifecycle
(SSDLC) incorporates security best practices
throughout every phase of software
development, from initial design through
deployment and maintenance. It involves
writing secure code that mitigates common
vulnerabilities, performing threat modeling

599

early in the design phase to identify potential
risks, and conducting thorough code reviews
and static analysis to detect security flaws. In
addition, vulnerability —assessments and
penetration testing are carried out continuously
to ensure the software remains resilient against
evolving threats. Organizations that adopt
SSDLC processes are better positioned to
prevent security issues before software reaches
production, resulting in more secure and
reliable applications (McGraw, 2006).

Table 3: Protective Technologies and Their Applications

Technology Application Area Benefit

AES-256, TLS Data encryption (at rest and Confidentiality, data integrity
transit)

Homomorphic Secure computation Privacy-preserving data processing

Encryption

RBAC, MFA Identity and access Access control, reduced insider
management threats

OAuth, OpenlID, TLS

Secure communication and

Prevents unauthorized access and

API access interception
Al/ML Anomaly Threat identification Early detection of novel attacks
Detection
Blockchain Transaction and  identity Tamper-resistance, transparency
validation
Edge/Fog Computing 10T data localization Reduced latency, improved data
privacy
SSDLC Secure software development  Reduced vulnerabilities, improved
resilience

5.0 Case Studies and Recent Incidents

Understanding real-world security breaches
and attack scenarios is critical for evaluating
the effectiveness of current cybersecurity
practices and guiding the development of more
resilient systems. This section discusses
notable case studies involving cloud security
breaches and loT-based attacks, along with the
key lessons learned and the industry's
responses to these incidents.

5.1 High-Profile Cloud Security Breaches
Several major cloud security breaches in recent

years have highlighted vulnerabilities in cloud
configurations, identity management, and

access control mechanisms. One of the most
notable incidents occurred in 2019, when
Capital One suffered a data breach that exposed
the personal information of over 100 million
customers. The breach was caused by a
misconfigured Amazon Web Services (AWS)
S3 bucket, which allowed an attacker to exploit
a firewall misconfiguration and gain access to
sensitive data (Leswing, 2019). The incident
underscored the risks associated with improper
cloud configurations and insufficient access
control policies.

Another significant breach involved Microsoft
Power Apps in 2021, where hundreds of
companies inadvertently exposed 38 million
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records due to a misconfiguration in default
access settings. This incident, while not caused
by direct exploitation, revealed systemic issues
in platform default behaviors that can lead to
large-scale data exposure (Greenberg, 2021).
These breaches reflect the growing need for
stronger cloud governance, secure-by-default
configurations, and continuous monitoring of
cloud environments to detect anomalies before
they are exploited.

5.2 loT-Based Attack Scenarios

loT ecosystems, characterized by numerous
interconnected and often poorly secured
devices, have become prime targets for
cyberattacks. A prominent example is the Mirai
botnet attack in 2016, which compromised
thousands of 10T devices—such as IP cameras
and routers—by exploiting default credentials.
The infected devices were then used to launch
one of the largest distributed denial-of-service
(DDoS) attacks ever recorded, temporarily
taking down major websites including Twitter,
Netflix, and Reddit (Antonakakis et al., 2017).
More recently, researchers at Palo Alto
Networks identified an attack campaign known
as “Amnesia:33”, targeting vulnerabilities in
the TCP/IP stacks of loT and embedded
devices. This campaign affected millions of
devices from  multiple vendors and
demonstrated the risks posed by outdated third-
party software components commonly used in
loT systems (Fearn, 2020).

These attack scenarios highlight the
importance of securing the 10T supply chain,
implementing strong device authentication,
and enforcing software update mechanisms to
mitigate vulnerabilities.

5.3 Lessons Learned and Industry Responses

From the above incidents, several key lessons
have emerged. First, misconfigurations remain
a leading cause of security breaches in cloud
environments. Organizations are increasingly
adopting automated configuration management
tools, posture management platforms (like
CSPM), and security baselines to reduce

human error. Second, the principle of least
privilege is being emphasized more strongly,
with role-based access control (RBAC) and
identity-centric security models becoming the
norm.

In the 10T space, the industry has responded
with initiatives such as the 0T Cybersecurity
Improvement Act passed in the United States
in 2020, which sets minimum security
standards for 10T devices used by the federal

government.  Additionally, major cloud
providers now offer loT-specific security
frameworks, such as AWS 10T Device

Defender and Azure Sphere, to help secure
device-to-cloud communication.

Moreover, organizations are investing heavily
in zero trust architectures, which assume
breach by default and require continuous
verification of identities and devices.
Cybersecurity awareness training, secure
software development practices, and supply
chain risk management are also gaining
traction as integral components of a holistic
security strategy.

6.0 Challenges and Research Gaps

Despite rapid advancements in cybersecurity
technologies, several pressing challenges and
unresolved research gaps continue to hinder the
development of comprehensive, adaptive, and
universally applicable security frameworks,
particularly in the contexts of cloud computing,
the Internet of Things (loT), and big data
environments.

6.1 Scalability of Security Mechanisms

As digital infrastructures grow in complexity
and size, traditional security architectures often
struggle to scale efficiently. Many existing
authentication, intrusion detection, and
encryption mechanisms were designed for
relatively static environments and become
computationally expensive or inefficient in
dynamic, distributed systems. For instance,
handling security in multi-cloud and edge
computing architectures demands mechanisms
that can scale elastically without degrading
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performance. A significant research gap exists
in the development of lightweight, scalable,
and autonomous security protocols that
maintain robustness even under high-volume,
geographically distributed deployments.

6.2 Real-Time Threat Intelligence Integration

Another critical challenge is the real-time
integration of threat intelligence into
operational security systems. While many
enterprises collect massive amounts of threat
data, transforming this data into actionable
insights in real-time remains problematic.
Security Information and Event Management
(SIEM) platforms and threat intelligence feeds
are often siloed or too slow to respond to fast-
evolving threats such as zero-day exploits or
Advanced Persistent Threats (APTs). Research
is still needed on creating context-aware, Al-
driven threat intelligence platforms that can
autonomously ingest, analyze, and act upon
real-time data across diverse sources.

6.3 Privacy-Preserving Big Data Analytics

Big data analytics introduces significant
concerns around user privacy, especially when
dealing with health, financial, or biometric
data. Conventional anonymization techniques
are often insufficient against modern re-
identification attacks. Differential privacy and
homomorphic encryption offer promising
directions but are still limited by computational
overheads and practical implementation
challenges. There is a growing need for
efficient, privacy-preserving analytical models
that balance utility with confidentiality,
especially in domains governed by strict data
protection laws like the GDPR and HIPAA.

6.4 Legal and Regulatory Inconsistencies

The global nature of cloud and IoT systems
presents complex legal and regulatory
challenges. Differences in privacy laws, data
residency requirements, and cybersecurity
standards across jurisdictions often create
conflicts, uncertainty, and compliance burdens
for organizations operating across borders. For
example, data practices legal under one

regulation (e.g., CCPA in California) might
breach others (e.g., GDPR in Europe). There is
a pressing need for research into frameworks
that can navigate or reconcile these
inconsistencies, as well as efforts toward
international regulatory harmonization.

7.0 Future
Recommendations

To address the challenges discussed above and
prepare for the evolving cybersecurity
landscape, organizations and researchers must
align with emerging technologies and practices
that promise resilience, adaptability, and
interoperability.

7.1  Quantum-Resistant
Algorithms

As  quantum  computing  progresses,
conventional cryptographic algorithms such as
RSA and ECC are at risk of being rendered
obsolete by quantum attacks (e.g., Shor’s
algorithm). ~ The  future  of  secure
communication  will depend on the
development and adoption of post-quantum
cryptography (PQC), which uses mathematical
problems resistant to quantum decryption
techniques. NIST is currently in the process of
standardizing quantum-resistant algorithms,
and organizations should begin evaluating and
testing these algorithms to prepare for a post-
quantum world.

7.2 Cloud-Native Security Models (e.g.,
DevSecOps)

Trends and

Cryptographic

The traditional perimeter-based security model
IS no longer adequate for cloud-native
environments.  Emerging  models like
DevSecOps advocate embedding security into
every phase of the software development and
deployment lifecycle. This approach includes
automating code scanning, container security,
infrastructure-as-code reviews, and continuous
compliance. Embracing DevSecOps facilitates
faster development while ensuring security is a
shared responsibility across development,
operations, and security teams.
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7.3 Federated Learning and Privacy-
Enhancing Technologies

Federated learning (FL) allows multiple
devices or organizations to collaboratively
train machine learning models without sharing
raw data, thus preserving privacy. FL is
particularly promising in sensitive domains
like healthcare and finance, where centralized
data collection is infeasible or unethical. In
combination with other privacy-enhancing
technologies like secure multiparty
computation and zero-knowledge proofs,
federated learning could revolutionize secure
data analytics and decentralized Al systems.

7.4 Global Harmonization of Security
Standards

To ensure effective cybersecurity in globally
interconnected systems, there must be a
concerted effort toward the harmonization of
security standards. This involves creating
interoperable  frameworks  that  unify
cybersecurity  requirements,  compliance
mechanisms, and data governance protocols
across countries. Initiatives led by international
bodies such as ISO, ITU, and the OECD should
be supported and expanded to facilitate cross-
border cooperation, threat intelligence sharing,
and policy alignment. Harmonized standards
would not only reduce compliance burdens but
also strengthen collective cyber defense.

8.0 Conclusion

In an increasingly interconnected digital
landscape, emerging risks such as sophisticated
cyber-attacks, insider threats, insecure APIs,
and privacy violations pose significant
challenges to cloud and 10T ecosystems. These
risks are further amplified by the growing
complexity —and scale of  modern
infrastructures, making conventional security
models insufficient.

To counter these threats, a diverse set of
protective technologies has evolved. Identity
and Access Management (IAM), incorporating
Role-Based Access Control (RBAC) and
Multi-Factor  Authentication (MFA), has

enhanced access controls. Secure APIs and
protocols like OAuth, OpenID Connect, and
TLS ensure safe communication channels.
Artificial Intelligence and Machine Learning
empower adaptive defenses through anomaly
detection and behavioral analytics, while
blockchain introduces trust and transparency in
distributed systems. Intrusion Detection and
Prevention Systems (IDPS), Edge/Fog
computing, and Secure Software Development
Lifecycles (SSDLC) further reinforce the
cybersecurity framework.

Moving forward, organizations must embrace
future-proof strategies by integrating quantum-
resistant cryptography, adopting DevSecOps
principles, utilizing federated learning for
privacy-preserving analytics, and advocating
for global harmonization of cybersecurity
standards. A proactive, adaptive, and
collaborative approach is essential—not only
to mitigate current threats but also to anticipate
and neutralize those on the horizon.
Cybersecurity must evolve as a dynamic
discipline, embedded into the DNA of digital
transformation efforts.

9.0 References

Alaba, F. A, Othman, M., Hashem, . A. T., &
Alotaibi, F. (2017). Internet of Things
security: A survey. Journal of Network and
Computer Applications, 88, pp.10-28.
https://doi.org/10.1016/j.jnca.2017.04.002.

Al-Hayajneh, Y., Bhuiyan, M. Z. A, &

McAndrew, P. (2020, February).
Improving Internet of Things (loT)
Security with Software-Defined

Networking (SDN). Computers, 9, 1, 8.
https://doi.org/10.3390/computers9010008

Ali, M., Khan, S. U., & Vasilakos, A. V.
(2015). Security in cloud computing:
Opportunities and challenges. Information
Sciences, 305, pp. 357-383. https://doi.org
/10.1016 /j.ins.2015.01.025.

Ali, M., Khan, S. U., & Vasilakos, A. V.
(2015). Security in cloud computing:
Opportunities and Alotaibi, B. (2021). A
survey of multi-factor authentication for



https://doi.org/10.1016/j.jnca.2017.04.002
https://doi.org/10.3390/computers9010008

Communication in Physical Sciences, 2021, 7(4): 590-604 603

cloud-based systems. Journal of Cloud
Computing, 10, 1, pp. 1-15. https://doi.org/
10.1186/s13677-021-00241-3.

Antonakakis, M., April, T., Bailey, M.,
Bernhard, M., Bursztein, E., Cochran, J., ...
& Seaman, C. (2017). Understanding the
Mirai Botnet. In 26th USENIX Security
Symposium (pp. 1093-1110).

Bonomi, F., Milito, R., Zhu, J., & Addepalli, S.
(2012). Fog computing and its role in the
internet of things. In Proceedings of the
first edition of the MCC workshop on
Mobile cloud computing (pp. 13-16).
https://doi.org/10.1145/2342509.2342513.

Dorri, A., Kanhere, S. S., Jurdak, R.,, &
Gauravaram, P. (2017). Blockchain for

loT security and privacy: The case study
of a smart home. In 2017 IEEE
International Conference on Pervasive
Computing and Communications
Workshops (PerCom Workshops),
pp.618-623.

Fearn, N. (2020). Amnesia:33 flaw exposes
millions of smart devices to hacking.
ZDNet.
https://www.zdnet.com/article/amnesia33
-flaw-exposes-millions-of-smart-devices-
to-hacking/

Gentry, C. (2009). A fully homomorphic
encryption scheme. PhD thesis, Stanford
University.

Greenberg, A. (2021). A Microsoft Power Apps
Misconfiguration Exposed 38 Million
Records. WIRED.
https://www.wired.com/story/microsoft-
power-apps-misconfiguration-38-million-
records/.

Greitzer, F. L., & Frincke, D. A. (2010).
Combining traditional cyber security audit
data with psychosocial data: Towards
predictive modeling for insider threat
mitigation. Insider Threats in Cyber
Security, pp. 85-113. https://doi.org/10.
1007/978-1-4419-7133-3_4.

Gubbi, J., Buyya, R., Marusic, S., &
Palaniswami, M. (2013). Internet of Things

(1oT): A vision, architectural elements, and
future directions. Future Generation
Computer Systems, 29, 7, pp. 1645-1660.
https://doi.org/10.1016/j.future.2013.01.01
0.

Gubbi, J., Buyya, R., Marusic, S., &
Palaniswami, M. (2013). Internet of Things
(1oT): A vision, architectural elements, and
future directions. Future Generation
Computer Systems, 29, 7, pp. 1645-1660.
https://doi.org/10.1016/j.future.2013.01.01
0.

Gupta, R., & Gupta, A. (2020). Data masking
techniques and their impact on data security
and privacy in cloud. International Journal
of Computer Applications, 975, 8887.

Hardt, D. (2012). The OAuth 2.0 authorization
framework. RFC 6749. Internet
Engineering Task Force.
https://doi.org/10.17487/RFC6749.

Hashizume, K., Rosado, D. G., Fernandez-
Medina, E., & Fernandez, E. B. (2013). An
analysis of security issues for cloud
computing. Journal of Internet Services
and Applications, 4, 1, 5.
https://doi.org/10.1186/1869-0238-4-5.\

Hassan, M., Rehmani, M. H., & Chen, J.
(2021). Privacy and security in smart cities:
Challenges and solutions. Computer
Networks, 179, pp. 107-125.
https://doi.org/10.1016/j.comnet.2020.107
384.

Jin, X., Wang, H., & Gong, N. (2014). Towards
a hybrid access control model for cyber—
physical systems. ACM Transactions on
Cyber-Physical Systems, 1, 1, pp. 1-21.
https://doi.org/10.1145/2733376.

Kolias, C., Kambourakis, G., Stavrou, A., &
Voas, J. (2017). DDoS in the IoT: Mirai and
other botnets. Computer, 50(7), 80-84.
https://doi.org/10.1109/MC.2017.201.

Kshetri, N. (2013). Privacy and security issues
in cloud computing: The role of institutions
and institutional evolution.
Telecommunications Policy, 37(4-5), 372—



https://doi.org/%2010.1186/s13677-021-00241-3
https://doi.org/%2010.1186/s13677-021-00241-3
https://doi.org/10.1145/2342509.2342513
https://www.zdnet.com/article/amnesia33-flaw-exposes-millions-of-smart-devices-to-hacking/
https://www.zdnet.com/article/amnesia33-flaw-exposes-millions-of-smart-devices-to-hacking/
https://www.zdnet.com/article/amnesia33-flaw-exposes-millions-of-smart-devices-to-hacking/
https://www.wired.com/story/microsoft-power-apps-misconfiguration-38-million-records/
https://www.wired.com/story/microsoft-power-apps-misconfiguration-38-million-records/
https://www.wired.com/story/microsoft-power-apps-misconfiguration-38-million-records/
https://doi.org/10.%201007/978-1-4419-7133-3_4
https://doi.org/10.%201007/978-1-4419-7133-3_4
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.17487/RFC6749
https://doi.org/10.1186/1869-0238-4-5./
https://doi.org/10.1016/j.comnet.2020.107384
https://doi.org/10.1016/j.comnet.2020.107384
https://doi.org/10.1145/2733376
https://doi.org/10.1109/MC.2017.201

Communication in Physical Sciences, 2021, 7(4): 590-604 604

386. https://doi.org/10.1016/j.telpol.2012
.04.011.

Leswing, K. (2019). Capital One data breach
compromised personal information of over
100 million people. CNBC.
https://www.cnbc.com/2019/07/29/capital -
one-data-breach-compromised-
information-of-over-100-million.html

McGraw, G. (2006). Software security:
Building security in. Addison-Wesley
Professional.

Pearson, S., & Benameur, A. (2010). Privacy,
security and trust issues arising from cloud
computing. 2010 IEEE Second
International  Conference on  Cloud
Computing Technology and Science,
pp.693-702. https://doi.org/10.1109/Cloud
Com. 2010.66.

Rescorla, E. (2018). The transport layer
security (TLS) protocol version 1.3. RFC
8446. Internet Engineering Task Force.

Rittinghouse, J. W., & Ransome, J. F. (2017).
Cloud computing: Implementation,
management, and security. CRC Press.

Sandhu, R., Coyne, E. J., Feinstein, H. L., &
Youman, C. E. (1996). Role-based access
control models. IEEE Computer, 29, 2, pp.
38-47. https://doi.org/10.1109/2.485845.

Scarfone, K., & Mell, P. (2007). Guide to
intrusion detection and prevention systems
(IDPS). NIST  Special Publication,
800(2007), 94.

Shahzad, F. (2014). State-of-the-art survey on
cloud computing security challenges,
approaches and solutions. Procedia
Computer Science, 37, pp. 357-362.
https://doi.org/10.1016/j.procs.2014.08.05
3.

Shiravi, A., Shiravi, H., & Ghorbani, A. A.
(2012). A survey of visualization systems
for network security. IEEE Transactions on
Visualization and Computer Graphics, 18,
8, pp. 1313-1329.

Sicari, S., Rizzardi, A., Grieco, L. A., & Coen-
Porisini, A. (2015). Security, privacy and
trust in Internet of Things: The road ahead.
Computer Networks, 76, pp. 146-164.
https://doi.org/10.1016/j.comnet.2014.11.0
08.

Singh, S., Jeong, Y. S., & Park, J. H. (2020). A
survey on cloud computing security: Issues,
threats, and solutions. Journal of Network
and Computer Applications, 75, pp.200—
222. https://doi.org/10.1016/j.jnca.2016. -
09.002

Sommer, R., & Paxson, V. (2010). Outside the
closed world: On using machine learning
for network intrusion detection. 2010 IEEE
Symposium on Security and Privacy, pp.
305-316.

Subashini, S., & Kavitha, V. (2011). A survey
on security issues in service delivery
models of cloud computing. Journal of
Network and Computer Applications, 34, 1,
pp. 1-11. https://doi.org/10.1016/j.jnca.
2010.07.006.

Tankard, C. (2012). Cloud computing security
issues. Network Security, 2012(11), 5-8.
https://doi.org/10.1016/S13534858 (12) 70
-011-3.

Zhou, Y., Sun, L., & Zhang, Y. (2021). A
review of side-channel attacks in cloud
computing. Future Generation Computer
Systems, 117, pp. 1-15. https://doi.org/10.
1016/j.future.2020.11.012.

Competing interests

The authors declared no conflict of interest.
This work was carried out in collaboration
among all authors.

Funding

There is no source of external funding
Authors’ contributions

Both authors contributed equally to the
development of the manuscript



https://doi.org/10.1016/j.telpol.2012%20.04.011
https://doi.org/10.1016/j.telpol.2012%20.04.011
https://doi.org/10.1109/Cloud%20Com.%202010.66
https://doi.org/10.1109/Cloud%20Com.%202010.66
https://doi.org/10.1109/2.485845
https://doi.org/10.1016/j.procs.2014.08.053
https://doi.org/10.1016/j.procs.2014.08.053
https://doi.org/10.1016/j.comnet.2014.11.008
https://doi.org/10.1016/j.comnet.2014.11.008
https://doi.org/10.1016/j.jnca.2016.%20-09.002
https://doi.org/10.1016/j.jnca.2016.%20-09.002
https://doi.org/10.1016/j.jnca.%202010.07.006
https://doi.org/10.1016/j.jnca.%202010.07.006
https://doi.org/10.1016/S13534858%20(12)%2070%20-011-3
https://doi.org/10.1016/S13534858%20(12)%2070%20-011-3
https://doi.org/10.%201016/j.future.2020.11.012
https://doi.org/10.%201016/j.future.2020.11.012

