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Abstract - The rapid expansion of Internet technologies has ushered in an era of unprecedented connectivity, resulting in vast and
vulnerable attacks that demand robust countermeasures. Cloud computing has become integral to modern business, offering scalability
and flexibility. Ensuring the security of cloud services remains paramount with a focus on confidentiality, availability, and integrity. Our
primary objectives of cloud security services are Intrusion Detection and prevention systems (IDPS), Data-Driven threat analysis, and
Trust computation framework for cloud services. IDPS oversees network traffic and system operations in cloud infrastructure to detect
and counteract security threats and unauthorized access efforts. Cloud environments generate substantial data, comprising logs, user
behaviors, and system events. A Data-Driven threat analysis model leverages this data to identify and analyze security threats and
vulnerabilities specific to the cloud. Trust is a fundamental aspect of cloud computing, as users and organizations need to trust cloud
service providers with their data and operations. The Trust Computation Framework assesses and quantifies the trustworthiness of cloud
services, users, and entities within the cloud ecosystem. By integrating these three core elements, the cloud security service enhances the
security of cloud environments, ensuring that unauthorized user behavior is promptly identified and mitigated. Employing this proactive
strategy serves to mitigate the likelihood of data breaches, service interruptions, and various security concerns within the cloud
environment. It concurrently fosters a sense of trust and transparency, benefiting both businesses and users in the realm of cloud computing.
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Introduction

Cloud computing is now an essential component within
contemporary technology ecosystems, offering agility,
scalability, and cost-efficiency. It continues to drive
innovation and transform industries by providing access to
advanced computing and resources on a global scale.

This flexibility, scalability, and cost-effectiveness have
made cloud computing a cornerstone of modern IT
ecosystems. Cloud computing offers a variety of service
models, encompassing Infrastructure as a Service, Platform
as a Service, and Software as a Service, each tailored to
diverse computing requirements.

One crucial aspect of cloud security involves identifying
unauthorized user behavior, which may include activities
such as unauthorized access attempts, data breaches, or
suspicious usage patterns. To address these concerns, cloud
service providers and security experts have developed
specialized cloud security services and tools. Cloud security
services to identify unauthorized user behavior leverage
advanced monitoring, analytics, and machine learning
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techniques to detect and respond to potentially malicious or
unauthorized activities in real-time. These services
scrutinize user access records, network data flow, and
system operations to pinpoint irregularities in typical
patterns, which could signify potential security risks and
breaches.

Data-driven threat analysis within the realm of cloud
computing is like having a vigilant security guard for your
digital assets in the cloud. It uses a combination of data and
sophisticated analytical tools to constantly scan for potential
threats and respond to them in real-time. This proactive
approach significantly enhances the overall security of cloud
services by swiftly identifying and mitigating vulnerabilities
and potential attacks, keeping your data safe from harm.
Trust computation frameworks, on the other hand, act as a
kind of trustworthiness rating system for cloud service
providers and resources [2]. They assess various factors,
such as the provider's reputation, their reliability, and their
security practices. In the rapidly evolving landscape of cloud
computing, ensuring the security of data and resources is
paramount. Unauthorized user behavior poses a significant
threat, necessitating advanced technologies to identify and
mitigate risks effectively. Our three critical components in
this research are Advancing Intrusion Detection and
Prevention Systems (IDPS), Deepening Data-Driven Threat
Analysis (d-Tm), and Safeguarding Trust Computation
systems [3]. Together, these technologies empower
organizations to proactively detect and respond to
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unauthorized activities in cloud environments, enhancing
security and maintaining data integrity.

Literature Survey

This literature works as a vital resource in understanding the
importance of cloud security, with a primary focus on
advancing IDPS, reducing false positives, and real-time
monitoring. It also explores deepening Data-Driven threat
analysis through granular examination and behavioral
anomaly detection. Moreover, it addresses the critical need
to safeguard Trust Computation Systems (TCF) by
emphasizing trustworthiness verification and implementing
robust fraud detection and prevention measures. In its
entirety, this work provides comprehensive insights into
enhancing cloud security and maintaining the integrity of
digital systems in our interconnected world [4].

Cloud computing security involves safeguarding data,
applications, and resources hosted in cloud environments
from various threats and vulnerabilities as shown in (Fig 1).
As organizations increasingly adopt cloud services, ensuring
the confidentiality, integrity, and availability of their data
becomes crucial. Cloud security frameworks and models
provide a structured approach to address these concerns.
These frameworks outline best practices, standards, and
guidelines for securing cloud resources. They help
organizations and cloud service providers understand their
respective security responsibilities, set up access controls,
implement encryption, monitor for threats, and establish
compliance measures [5].
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Fig. 1. Cloud Computing Security and Framework

Cloud computing comprises three primary service models as
shown in (Fig 2).
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Fig. 2. Service Models of Cloud Computing

» Infrastructure as a Service: laaS provides
virtualized resources like virtual machines, storage,
and networking, allowing users to have control over
their  software while offloading hardware
management to the cloud provider. It's ideal for
businesses needing flexibility and scalability
without the difficulty of hardware maintenance [6].

= Platform as a Service: PaaS offers developers a
managed platform for application development and
deployment. Cloud providers handle infrastructure,
including servers and networking, allowing
developers to concentrate on coding and application
development.

= Software as a Service: PaaS offers developers a
managed form for application development
providers to handle infrastructure, including servers
and networking, allowing developers to concentrate
on coding and application development.

While cloud computing presents numerous advantages, it
simultaneously brings forth a set of security issues. These
notable security concerns include [7]

= Data Security: Data residing in cloud storage is
susceptible to unauthorized entry, theft, and
potential loss.

= Privacy: Cloud providers have access to customer
data, which raises privacy concerns.

=  Compliance: Businesses are mandated to adhere to
a multitude of regulatory frameworks, including the
General Data Protection Regulation and Health
Insurance Portability and Accountability Act,
designed to safeguard data and privacy. The
adoption of cloud computing can pose challenges in
maintaining compliance with these stringent
regulations.

= Insider Threats: Malicious insiders can exploit
security wvulnerabilities to steal data or disrupt
operations.
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A significant privacy concern in cloud computing revolves
around the fact that cloud service providers possess the
capability to access customer data. This raises concerns
about how the data is used and protected [8] and another
privacy challenge is that cloud computing can make
tracking and managing data flows difficult. This is because
data can be stored and processed in multiple locations,
inside and outside the organization's control.

A study by the Cloud Security Alliance found that 82% of
organizations are concerned about the privacy of their data
in the cloud [9]. The recent survey by Gartner found that
75% of organizations have experienced at least one cloud
security incident in the past year.

Cloud computing offers many benefits, but it also
introduces several security challenges. Businesses must
carefully consider these challenges before deploying
cloud-based applications and data. Here are some
mechanisms for improving cloud security [10]

= Choose a reputable cloud provider with a strong
security track record.

= Implement a cloud security framework to help you
identify and manage risks.

= Securing data both when stored and during
transmission entails employing encryption to protect
information  from  unauthorized access or
interception.

= Use robust authentication and authorization
measures to enhance security and access control.

=  Monitor your cloud environment for suspicious
activity.

=  Educate your employees about cloud security best
practices.

= By following these mechanisms, you can help to
protect your data and applications in the cloud [11].

Proposed Work

Developing capabilities of real-time monitoring in
intrusion detection and prevention systems to enhance
the system's responsiveness and reduce false positives
and false negatives. Deepening data-driven threat
analysis, particularly through granular analysis and
behavioral anomaly detection, is employed to identify
subtle and previously undetected threats. Additionally,
trust computation systems are fortified with
trustworthiness verification mechanisms to secure the
integrity of data sources and prevent malicious actors
from compromising trust. Research also involves the
integration of fraud detection and prevention measures
to safeguard the system against deceptive activities.

Advanced IDPS

IDPS are integral to modern cybersecurity, serving as
the front-line defenders against unauthorized access,
attacks, and malicious activities, and designed to
identify and alert security administrators to potential
threats, utilizing methods such as signature-based
detection (SBD), anomaly detection (ABD), and
heuristic analysis. It can take two primary forms:
Network-based (NIDS) monitors network traffic,
while Host-based (HIDS) observes individual devices.
Building upon IDS capabilities, the Intrusion
Prevention System (IPS) not only detects intrusions
but also actively takes measures to prevent or block
them in real time, such as dropping malicious packets
or reconfiguring firewall rules. These systems play a
pivotal role in safeguarding networks, providing real-
time alerts, logging, and reporting, and are often
integrated with other security tools for comprehensive
protection [12,13].

Intrusion Detection System

An IDS serves the crucial role of identifying and
notifying when unauthorized or malicious activities
take place within a network or system, as illustrated in
(Fig 3). IDS employs a range of techniques, such as
SBD, ABD, and heuristic analysis, to spot potential
intrusions. There are two main categories of IDS:
NIDS, which scrutinizes network traffic for suspicious
patterns, and HIDS, which focuses on monitoring the
activities occurring on individual devices or hosts [14]

Data Collection

Feature Selection Analysis Action

Fig. 3. Functionality of IDS
Intrusion Prevention System

IPS builds upon the capabilities of IDS by not only
identifying intrusions but also actively taking measures to
prevent or block them in real time as shown in (Fig 4). It
takes actions such as blocking traffic from malicious IP
addresses, dropping packets containing known attack
signatures, and reconfiguring firewall rules to mitigate
threats. IPS can be deployed inline, where it actively filters
and controls network traffic, or in passive mode, where it
monitors traffic and sends alerts without actively blocking
it.

Traffic ‘ Signature-Based
Monitoring Detection on Data

Anomaly-Based Real-Time
Detection Action

Fig. 4. Functionality of IPS
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Key Features of IDS and IPS

= Signature-Based Detection: This approach relies
on known attack patterns and signatures to identify
threats as shown in (Fig 5).
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Fig. 5. Signature-Based Detection

= Anomaly-Based Detection: Anomaly detection systems
establish a baseline of normal behavior and alert when
deviations from this baseline are detected as shown in

(Fig 6).
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Fig. 6. Anomaly-Based Detection

= Heuristic Analysis: Some IDPS use heuristic methods
to detect unknown or zero-day attacks based on
behavior patterns.

= Real-Time Alerts: IDPS provides real-time alerts to
security administrators when suspicious or malicious
activity is detected.

=  Logging and Reporting: IDPS systems generate logs
and reports for analysis and auditing purposes [15,16].

Challenges of IDPS

IDPS are vital components of network security, but they
come with several inherent challenges. One significant
challenge is the potential for false positives, where
legitimate network activities are incorrectly identified as
threats, leading to unnecessary alerts, and straining the
resources of security personnel. Conversely, the challenge
of false negatives exists, where IDPS may fail to detect
sophisticated or zero-day attacks that lack known signatures
[14]. The continuous need for signature updates to keep the
system current is another challenge. IDPS systems also face
the dilemma of balancing security and network
performance. Overly aggressive security policies can impact
network speed and functionality, while overly permissive
policies may compromise security. Additionally, evasion
techniques employed by skilled attackers can trick or bypass
IDPS, necessitating constant refinement of detection
methods. Managing and maintaining IDPS for large-scale
networks can be complex and resource-intensive, making
scalability and administration challenges. Overall, IDPS
must evolve and adapt to address these challenges in the
ever-changing landscape of cybersecurity threats.

= False Positives: A false positive occurs when the IDPS
incorrectly identifies normal, legitimate activities or
network traffic as malicious or intrusive. In other
words, it generates an alert or triggers a response when
there is no actual security threat. It can be disruptive
and resource-intensive, as security personnel may need
to investigate each alert, leading to wasted time and
potentially leading to alert fatigue, where important
alerts are ignored.

= False Negatives: A false negative occurs when the
IDPS fails to detect a genuine security threat or
intrusion. In this case, malicious activities or attacks go
unnoticed, and no alert is generated. These are more
concerning as they can allow actual threats to infiltrate
a network undetected, potentially causing damage,
data breaches, or unauthorized access.

= Scalability and Administration: Managing and
maintaining IDPS for large networks can be complex
and resource-intensive, requiring scalable solutions
and effective administration [17,18].

4.1. Mitigating the Challenges

=  False Positives and False Negatives can be mitigated
by Continuously fine-tuning the IDPS to reduce false
positives by adjusting detection thresholds and rules to
align with your network's normal behavior.

=  Regular Updates Keep the signature database up to
date to improve detection accuracy and reduce the risk
of false negatives.
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= Implement a multi-layered approach that combines
SBD with ABD and heuristic analysis to make it more
challenging for attackers to evade detection.

= Periodically test the IDPS by simulating known
evasion techniques and zero-day attacks to identify and
address vulnerabilities.

= Carefully Design and optimize security policies to
strike a balance between network performance and
security, with the flexibility to adapt to evolving
network requirements.

= Choose IDPS solutions that are scalable and capable of
handling the size and complexity of your network
without degrading performance.

5. Conclusion:

In conclusion, the rapid expansion of Internet technologies
has ushered in an era of unprecedented connectivity,
accompanied by the looming threat of vulnerable attacks.
Cloud computing has undeniably become integral to modern
business, offering scalability and flexibility, but it also
eXposes organizations to security risks that demand robust
countermeasures. IDPS serves as a vigilant guardian,
monitoring network traffic and system activities to swiftly
identify and respond to security threats and unauthorized
access attempts. Data-driven threat analysis leverages the
wealth of data within cloud environments to proactively
detect and mitigate vulnerabilities, enhancing overall
security. Trust Computation Framework, on the other hand,
assesses and quantifies the trustworthiness of cloud services,
users, and entities, promoting trust and transparency within
the cloud ecosystem. By integrating these three core
elements, our cloud security service empowers
organizations to proactively identify and mitigate
unauthorized user behavior. This proactive approach
minimizes the risk of data breaches, service disruptions, and
other security issues in the cloud, promoting trust and
transparency for businesses and users alike. Together, these
technologies reinforce cloud security, maintaining data
integrity and bolstering trust in the ever-evolving landscape
of cloud computing.

Future Work

The realm of NIDS and Host-based IDS HIDS within the
context of cloud computing offers a rich landscape for future
research. The integration of NIDS and HIDS stands as a key
priority, enabling a layered defence system through
enhanced data-sharing protocols. The infusion of machine
learning and artificial intelligence promises to elevate threat
detection accuracy and response times. The exploration of
cloud-specific behavioural anomalies and the pursuit of
scalable solutions will contribute to a more robust security
environment. Moreover, research in user-centric trust
computation frameworks and automated real-time threat
response mechanisms holds immense potential. As the cloud

security landscape evolves, these avenues of inquiry will
play a pivotal role in fortifying and adapting IDS systems to
emerging challenges and opportunities.

References

[1] Tabrizchi, H., Kuchaki Rafsanjani, M. “A survey on
security challenges in cloud computing: issues,
threats, and solutions”. J Supercomput 76, 9493—
9532, 2020, doi- 10.1007/s11227-020-03213-1.

[21 Mohammed K. S. Alwaheidi, Shareeful Islam, "Data-
Driven Threat Analysis for Ensuring Security in
Cloud Enabled Systems",22(15), 5726, 2022, doi-
10.3390/s22155726.

[31 Aisha Kanwal Junejo, Imran Ali Jokhio, Tony Jan, "A
Multi-Dimensional ~ and ~ Multi-Factor ~ Trust
Computation Framework for Cloud Services", 11(13),
1932,2022, doi-10.3390/electronics11131932.

[4] Jour Sheth, Mrs & Bhosale, Sachin & Kadam, Mr &
Prof, Asst," Research Paper on Cloud
Computing",2021.

[5] D. Stalin David, M. Anam, C. Kaliappan, S. Arun
Mozhi Selvi, D. Kumar Sharma, et al., "Cloud
security service for identifying unauthorized user
behavior,” Computers, Materials & Continua, vol. 70,
no.2, pp. 2581-2600, 2022.

[6] Abdullah Aljumah, Tarig Ahamed Ahanger, "Cyber
security threats, challenges and defense mechanisms
in  cloud  computing”,2020,  doi-10.1049/it-
com.2019.0040.

[71 Mahdi Rabbani, Yong Li Wang, Reza Khoshkangini,
Hamed Jelodar, Ruxin Zhao, Peng Hu, “A hybrid
machine learning approach for malicious behavior
detection and recognition in cloud computing”,
Journal of Network and Computer Applications, Vol:
151,2020,102507, 2020, ISSN 1084-8045, doi-
10.1016/j.jnca.2019.102507.

[8] EI Kafhali, S., EI Mir, I. & Hanini, M. Security
Threats, Defense Mechanisms, "Security Threats,
Defense Mechanisms, Challenges, and Future
Directions in Cloud Computing”. Arch Computat
Methods Eng 29, 223-246. 2022, doi-
10.1007/s11831-021-09573-y.

[9] Patrick Vanin, Thomas Newe, Lubna Luxmi Dhirani,
Eoin O’Connell, Donna O’Shea, Brian Lee, Muzaffar
Rao, "A Study of Network Intrusion Detection

Systems  Using Artificial Intelligence/Machine
Learning”,12(22), 11752, 2022, doi-
10.3390/app122211752.

[10] Ajay Kumar, K. Abhishek, M.R. Ghalib, A. Shankar,
X. Cheng, "Intrusion detection and prevention system
for an 10T environment"”, Digital Communications
and Networks, Volume 8, Issue 4,2022, Pages 540-
551, ISSN 2352-8648, doi-10.1016/2022.05.027.

[11] Hee-Yong Kwon, Taesic Kim, Mun-Kyu Lee,
"Advanced Intrusion  Detection = Combining

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(2), 588 593 | 592



[12]

[13]

[14]

[15]

[16]

[17]

(18]

Signature-Based and Behavior-Based Detection
Methods”, 11(6), 867, 2022, doi-10.3390/11060867.
Bhavsar, M., Roy, K., Kelly, J. et al, "Anomaly-based
intrusion detection system for loT application”
Discov Internet Things 3, 5 .2023, doi-
10.1007/s43926-023-00034-5.

Jovana Mijalkovic, Angelo Spognardi, "Reducing the
False Negative Rate in Deep Learning Based Network
Intrusion Detection Systems", 15(8), 258, 2022, doi-
10.3390/a15080258.

Movva, P.V.M., Chintala, R.R., “A Brief Survey on
Enhanced Quality of Service Mechanisms in Wireless
Sensor Network for Secure Data Transmission”,
Expert Clouds and Applications (ICOECA), vol 673,
2022, https://doi.org/10.1007/978-981-99-1745-7_22.

B. Reddy Bhimireddy, A. Nimmagadda, H. Kurapati,
L. Reddy Gogula, R. Rani Chintala, and V. Chandra
Jadala, "Web Security and Web Application Security:
Attacks and Prevention”, International Conference on
Advanced Computing and Communication Systems
(ICACCS), pp. 2095-2096, 2023, doi:
10.1109/ICACCS57279.2023.10112741.

M. Kumar and A. K. Singh, "Distributed Intrusion
Detection System using Blockchain and Cloud
Computing Infrastructure", International Conference
on Trends in Electronics and Informatics (ICOEI), pp.
248-252, 2020, doi:
10.1109/ICOE148184.2020.9142954.

Victor Chang, Lewis Golightly, Paolo Modesti,
Qianwen Ariel Xu, Le Minh Thao Doan, Karl Hall,
Sreeja Boddu, Anna Kobusinska, "A Survey on
Intrusion Detection Systems for Fog and Cloud
Computing"”, Innovative People-Centered Solutions
Applied to Industries, Cities and Societies, 14(3), 89,
2022, https://doi.org/10.3390/fi14030089.

Charan, C., Pradeepthi, A., Jyotsna, J., Lalith, U.,
Chintala, R.R., Vadlamudi, D, “Big Data Security:
Attack’s Detection Methods Using Digital Forensics”,
Expert Clouds and Applications (ICOECA), vol 673,
2022, https://doi.org/10.1007/978-981-99-1745-7_7.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(2), 588 593 | 593


https://doi.org/10.3390/fi14030089

