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Article info Abstract

Received 10 June 2025 Received Cloud computing has become the backbone of today’s
in revised form 17 December 2025 digital landscape. It provides high scalability, flexibility, and
Accepted 1 January 2026 cost savings. However, its distributed and changing nature

makes it susceptible to various cyber threats, such as insider
misuse, ransomware, and advanced persistent threats (APTs).
This paper introduces a Self-Healing Cybersecurity System
(SHCS) for cloud environ- ments that merges intelligent
anomaly detection with automatic recovery processes.
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erection, Blocchain The framework combines Machine Learning (ML) and Deep

Learning (DL) models for real-time threat detection. These
models quickly identify harmful activities and system
issues in cloud environments. To ensure data integrity,
blockchain technology logs information securely and
transparently, aiding auditing and regulatory compliance.
Experimental results show that this Al-driven method greatly

https://sajet.in/index.php/journal

article/view/350

improves system resilience, reduces operational downtime,
and builds trust in multi-tenant cloud infrastructures.

1. INTRODUCTION

The quick rise of cloud computing has changed how or- ganizations handle data storage,
applications, and essential services. Recent industry reports show that 94% of companies now use
some type of cloud service. We predict that global spending on public cloud configurations will
surpass $1 trillion by 2028. It's an indication of how rapidly companies world- wide are embracing
cloud computing. With pay-only-for-what- you-use pricing, rock-solid uptime, and the flexibility to
scale up (or down) as needed, powerhouses like AWS, Microsoft Azure, and Google Cloud make it
simple.

This enables businesses to experiment more quickly, tran- sition to digital tools more quickly,
and save those enormous upfront expenditures for servers and hardware. Cloud com- puting has
essentially formed the foundation of contemporary commercial operations.

Nevertheless, clouds can be problematic, particularly when it comes to security. Things get
complicated quickly when everyone is in the same area, resources are dispersed far, and
workloads are always changing. Setup errors or neglected weak points might lead to serious
problems.
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Under the “shared responsibility” agreement, you are re- sponsible for your apps, data, user
access, and settings while the providers take care of the physical security details. In the actual
world, this frequently implies that vulnerabilities occur possibly due to careless service designs,
inadequate identity checks, or unprotected APIs.

These are openings that bad performers adore. Malware may be introduced, insider access may
be abused, DoS attacks may overwhelm systems, data may be stolen, or ransomware may be used
against you. Additionally, because clouds are so linked, a single breach has the potential to spread
swiftly and cause widespread chaos.

The scope, speed, and sophistication of contemporary cloud- based cyberthreats are too great for
traditional security mea- sures that rely on static rules, signature-based detection, and reactive
defense tactics.These systems frequently rely on hu- man intervention to detect and address assaults,
which leads to delays that result in operational disruptions, system outages, and monetary
losses.Recent studies show that detecting and containing a data breach in cloud environments can
take more than 200 days, increasing the risk of compliance violations and damage to organizational
reputation.

To overcome these challenges, this work proposes a Self- Healing Cybersecurity System (SHCS)
that combines au- tonomous threat detection, adaptive response, and automated recovery. By
leveraging machine learning-based anomaly de- tection, behavioral monitoring, and policy-driven
orchestra- tion, the system continuously observes cloud resources, iden-tifies unusual patterns, and
executes corrective actions in real time. This transition from reactive defense to a proactive, adaptive
strategy ensures operational resilience and alignment with cybersecurity standards such as NIST SP
800-53 and ISO/IEC 27001 [1].

By automating recovery actions, the proposed framework minimizes human-driven delays and
ensures business continu- ity in an increasingly dynamic digital environment.

2. PROBLEM STATEMENT

Although modern threat detection tools are widely adopted, many cybersecurity frameworks still
lack robust automated response capabilities. In most cases, incident mitigation de- pends heavily on
manual analysis and intervention by security personnel. This reliance slows down response times,
raises operational expenses, and extends the period during which systems remain vulnerable.
Furthermore, centralized logging architectures create a single point of failure and are susceptible to
manipulation, undermining the integrity of audit trails and complicating adherence to regulatory
and compliance standards.

The proposed Self-Healing Cybersecurity System (SHCS) addresses these critical challenges
through three core pillars:

- Al-Driven Detection: Employs hybrid Machine Learning (ML) and Deep Learning (DL)
architectures to identify anomalous behavior and zero-day threats in real time with high
precision.

- Self-Healing Automation: Employs Al and ML agents to automatically carry out recovery
tasks, such as isolating affected nodes and restoring services, without needing human
involvement.

- Blockchain Transparency: Uses a decentralized ledger to ensure event logging that cannot be
changed, creating a reliable audit trail for meeting international standards like NIST SP 800-53.

The system is built to scale across multi-cloud environ- ments, offering 24/7 adaptive monitoring

and proactive pro- tection against new attack methods.

3. OBJECTIVES
The primary goal of this research is to architect a resilient, autonomous security framework for
cloud environments. To achieve this, the project focuses on the following six objec- tives:
1) Develop a Cloud Testbed: Create a cloud environment using CloudSim for large-scale
infrastructure emulation and real-world deployment. This setup connects theoret- ical
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modeling with practical implementation, ensuring real-time validation of self-healing
operations.

Benchmark Datasets: Use standardized datasets like CICIDS2017 for solid training and
evaluation.Pre- processing steps, including normalization and noise re- duction, will be
applied to ensure the system performs reliably under varying threat landscapes.

Al Threat Detection: Integrate Decision Tree Classi- fier, Random Forest Classifier, SVM,
KNN, and LSTM architectures to capture both spatial and temporal attack patterns. This
approach enables the detection of zero- day exploits, DDoS incidents, and insider threats
while maintaining low processing delays.

Blockchain Auditing: Implement a distributed ledger to record every mitigation and
recovery action as a tamper proof transaction. This ensures cryptographic integrity and
non-repudiation, facilitating compliance with global standards such as ISO/IEC 27001,
GDPR, and NIST SP 800-53.

Continuous Adaptation: Enable real-time retraining loops using dynamic feedback from
the cloud environ- ment. This mechanism allows the system to improve its detection
accuracy and recovery strategies against more complex and evolving cyber threats.
.Self-healing Mechanism: Design and implement an autonomous self-healing framework
that automatically initiates mitigation, isolation, and recovery actions upon detecting
malicious activity. This includes VM isola- tion, traffic rerouting, resource reallocation, and
service restoration, ensuring minimal downtime, reduced mean time to recovery and
enhanced resilience of cloud ser- vices.

4. LITERATURE SURVEY

The current state of the art in cloud security focuses on dis- tinct components of automation
and resilience. The following categories summarize the existing research landscape: Al and
Machine Learning in Cybersecurity: Ma- chine Learning (ML) techniques have become
central to anomaly detection. Malhotra [1] proposed super- vised models that achieved 97%
accuracy in identifying network intrusions. Similarly, Vankayalapati et al. [4] demonstrated
Reinforcement Learning (RL) based poli- cies reducing Mean Time to Recovery (MTTR) by
45%. The adaptability of ML models allows systems to evolve with new threat vectors,
consistently outperforming rule- based architectures.

Anomaly Detection: Statistical and machine learn- ing-based techniques are employed to
identify abnormal behavior in network traffic and system activities. These methods focus on
extracting meaningful features and learning normal operational patterns to detect deviations
indicative of potential attacks.

Blockchain for Security and Trust: Blockchain pro- vides decentralized, tamper-proof logs for
auditing se- curity events. Alevizos [2] proposed blockchain-enabled self-healing via smart
contracts to automate recovery actions. Integrating blockchain ensures transparency and
accountability between cloud providers and users. Fur- thermore, researchers [14]-[16]
highlight that blockchain integration can reduce forensic investigation time by up to 35%.
Self-Healing Architectures: Inspired by biological sys- tems, self-healing architectures
automatically detect and recover from failures. Petrenko [3] developed an Artificial Immune
System (AIS) model specifically for cloud envi- ronments. Later, Johnphill et al. [6] surveyed
ML-driven self-healing systems across cyber-physical networks. The primary challenge
identified is the seamless integration of detection, decision, and recovery within a single
frame- work.

Federated Learning and Decentralized Intelligence: Emerging works [17], [18] explore
federated learning for privacy-preserving Al models. This approach en- ables cross-domain
collaboration without sharing sensi- tive data, which is ideal for multi-cloud security. De-
centralized intelligence enhances model robustness while maintaining regulatory compliance.
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A. Research Gap

Existing literature addresses individual segments of the Self- Healing Cybersecurity System
(SHCS) concept, but lacks a fully integrated approach. Current frameworks often decouple
detection from recovery or ignore the cryptographic auditabil- ity of autonomous actions. This
research bridges that gap by unifying Al-driven anomaly detection, RL-based recovery, and
blockchain auditing into one cohesive system to ensure end- to-end cyber resilience.

5. METHODOLOGY

The proposed Self-Healing Cybersecurity System (SHCS) follows a modular architecture
consisting of four core func- tional layers designed to operate autonomously within a cloud
environment.

A. System Architecture

As illustrated in Fig. 1, the architecture integrates four distinct layers to ensure end-to-end

resilience:

- Data Collection Layer:Continuously gathers operational data, including system logs,
network flow records, and API interaction traces from cloud resources.

- Intelligent Detection Layer:Applies a hybrid combina- tion of Machine Learning and
Deep Learning models to detect anomalies, enabling the identification of both previously
unseen (zero-day) attacks and known threat signatures.

- Blockchain Ledger Layer:Maintains a tamper-resistant and transparent ledger of all
security events and response actions, supporting auditability, traceability, and regula- tory
compliance.

B. Data and Tools

- Datasets: The model is trained and validated using the CICIDS2017 dataset.

- Tools: CloudSim is used for simulation and deployment, while and PyTorch power the Al
modules. The Ethereum Blockchainis utilized for ledger management.

C. Anomaly Detection Module
This module utilizes a hybrid CNN + LSTM architecture. CNN layers extract spatial features
from network packets, while LSTM layers capture temporal dependencies. To en- hance
performance and reduce false positives, feature selection techniques.

Al-Driven Self-Healing Cybersecurity Architecture for Cloud Environment

Self-Healing & Automation Layer

* System Metrics

« APIs & Services

ion
Logs & Traffic Dz
\u, L Feedback & Model Updates

» Firewall Events

« Compliance Data

Fig. 1. System Architecture of the Self-Healing Cybersecurity Framework.

D. Algorithms
1. Random Forest (RF)

Random Forest is a classifier that uses multiple decision trees to improve classification accuracy
and reliability. Each tree is trained on a random subset of the data and features, which helps reduce
overfitting. In cloud security, Random Forest effectively handles: High-dimensional traffic features
Noisy and imbalanced attack data.
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Mathematical Formulation

Let Ty (z) be the prediction of the k" decision tree.

The Random Forest classifier is defined as:
§ = mode{T;(z), T5(), ..., Tr (z)}

Gini Impurity (Split Criterion)

where p, is the proportion of samples of class c.

2. Support Vector Machine (SVM)
SVM is a margin-based classifier that separates the attack and benign classes using an

optimal hyperplane. It works well for binary classification problems with clear decision boundaries.
SVM is especially helpful for: - Detecting subtle or low-frequency attacks - High-precision

classification.

Mathematical Formulation

The hyperplane is defined as:
w-z+b=0

Optimization Objective

min <1Hw||2 + Cg:ﬁ,)

whbé \ 2 =
subject to:

Yi(w @ +b) > 1-§
RBF Kernel (Used in Training)
K (@i, ;) = exp(—||lzi — z;*)
3. Decision Tree (DT)

Decision Tree is a rule-based classifier. It splits data repeatedly based on feature values. It is easy to
understand and helps explain security decisions to administrators.

Mathematical Formulation

Entropy

H(S) == pclog,(p.)

Information Gain

|50

IG(S,A) = H(S) - > 5|

vEA

H(S.)

The feature with the highest information gain is selected for splitting.

4. Convolutional Neural Network (CNN)
CNN is a deep learning model that learns spatial feature representations from structured cloud

traffic data. It identifies complex attack patterns that traditional ML models might overlook.
Mathematical Formulation

Convolution Operation

hij=o (E Winn * Xigmjin + b)

m,n

where:

e TW: convolution kernel

e 0:RelU activation

Loss Function
L==Y" ylog(y)

Optimized using Adam optimizer.
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5. Long Short-Term Memory (LSTM)
LSTM is built to model time-based relationships in sequential cloud activity data. It works well
for spotting repeated or slow attacks like brute-force attempts.

Mathematical Formulation

Forget Gate
fo=o(Wylhi—1, 2] +bf)
Input Gate
i = o(Wilhe—1, 2] + b;)
Cell State Update
Ci=fi-Cii+i-C
Output

hy = o4 - tanh(Cy)

E. Blockchain Audit Mechanism

To ensure transparency, every detection and recovery event is hashed and stored on the
distributed ledger. Smart contracts govern the validation of these transactions, ensuring that no
unauthorized changes can be made to the security logs.

F. Self-Healing Workflow
The operational flow of the SHCS follows a five-step automated cycle:

1) Detect Threat: Identification of anomalous activity.

2) Isolate System: Immediate containment of the affected resource (e.g., VM isolation).

3) Block IP Address: The system automatically detects suspicious activity and blocks the
associated IP ad- dresses in real time, preventing further unauthorized access and reducing
the risk of repeated attacks.

4) Store Blocked IP Addresses: The system securely records all blocked IP addresses along with
relevant metadata for future reference, auditing, and analysis, ensuring better tracking of
malicious activity

5) Log to Blockchain: Permanent recording of the incident and response for compliance.

TABLE I

DATASET COMPARISON AND FEATURE SELECTION

Dataset Traffic Type Attack Categories Utility
CICIDS2017 Real-world DDoS, Brute Force, Web | Primary Training
NSL-KDD Legacy DoS, R2L, U2R Benchmarking

6. EXPECTED OUTCOMES

The proposed Self-Healing Cybersecurity System (SHCS) is anticipated to produce significant
technical and operational improvements across cloud environments. By integrating Al- driven
detection, reinforcement learning-based self-recovery, and blockchain-enabled transparency, the
framework aims to redefine resilience in cybersecurity. The expected outcomes are summarized as
follows:
High Anomaly Detection Accuracy: High accuracy in anomaly detection is a main goal of the self-
healing cybersecurity system proposed for cloud environments. Traditional rule-based intrusion
detection systems often struggle to recognize complex and evolving cyber threats. This results in a
high number of false positives and missed attacks. To solve this problem, the project uses a hybrid
approach that blends Machine Learning (ML) and Deep Learning (DL) models to improve reliability
and adaptability in detection.
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To identify threats more precisely and consistently, our new hybrid detection system cleverly
combines tradi- tional machine learning with state-of-the-art deep learn- ing. Powerhouses like
Convolutional Neural Networks (CNNs) and Long Short-Term Memory (LSTM) networks are layered
on top of oldies like Random Forest and Support Vector Machines (SVM).

Random Forest excels in identifying the crucial indicators that point to cyberthreats by sorting
through enormous amounts of intricate security data. SVM, on the other hand, creates a strong basis
for identifying abnormalities without being tripped up by overfitting by drawing a clear border
between typical traffic and the bad stuff.

We take it a step further by using deep learning: CNNs uncover minute patterns concealed in the
“spatial” ar- rangement of the data, while LSTMs monitor the evolu- tion of threats over time,
identifying those complex long- term sequences in network behavior. The outcome? Much improved
precision, along with the intelligence to deal with both well-known and cunning new attacks that
have never been seen before.

Blockchain-Based Immutable and Transparent Au- diting: Rock-solid, unchangeable auditing is a
game- changer in today’s cloud security landscape, particularly for self-healing systems. Conventional
approaches depend on central log servers, which are vulnerable to manip- ulation or complete failure
by hackers, posing serious hazards.

Our approach addresses that by integrating blockchain for dispersed, impenetrable audits. Every
critical security event, such as identifying an attack, thwarting it, or recovering, is recorded as a
secure blockchain entry.

To ensure that nothing can be concealed or faked, each one includes precise timestamps,
cryptocurrency hashes, and references to previous iterations. The reward? Com- plete openness,
genuine accountability, and unbreakable confidence with logs that are protected from covert mod-
ifications.

Continuous Automation for Self-Healing Security: Our self-healing cloud security system is based
on automa- tion. Conventional systems rely on humans continuously monitoring screens and
responding by hand, which slows down operations and increases the harm that attackers can wreak.

Ours, on the other hand, takes independent action as soon as machine learning or deep learning
detects something suspicious. Imagine instantaneously blocking illegal lo- gins, blacklisting malicious
IP addresses, or quarantining compromised virtual machines—all without the need for human
intervention.

It even manages the return, initiating fixes such as restarting services or dynamically rearranging
resources. The victories? Quick reactions, far fewer mistakes from fatigued personnel, and cloud
operations that recover more resiliently than before.

Blockchain for Security Trust and Cloud Re- silience:Blockchain technology plays an important role
in improving security, trust, and cloud resilience in today’s cloud environments. Traditional cloud
security systems depend on centralized control and logging systems, which can be susceptible to
tampering, data loss, and insider threats. By introducing blockchain, security-related infor- mation
gets stored in a decentralized and unchangeable way, boosting trust in the overall system.

In the proposed cloud security framework, blockchain securely records security events, system
actions, and self- healing responses. Each event is cryptographically linked to the previous one,
ensuring data integrity and preventing unauthorized modifications. This tamper-proof audit trail
improves transparency and accountability, allowing administrators and auditors to verify system
behavior with confidence.
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7. DISCUSSION

Forget inflexible, rule-bound intrusion detectors from the past. By continuously responding to
new threats, our Self- Healing Communication System (SHCS) keeps one step ahead. Rather of
adhering to set rules, it adapts its defenses based on emerging attack techniques.
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SHCS responds instantly with real-time fixes, in contrast to conventional SIEM technologies that
just ping alerts and wait for people to intervene. This eliminates the need for ongoing professional
supervision and provides quicker, more intelligent reactions to online drama.

In order to anticipate and avoid problems, SHCS also uses deep learning and machine learning to
analyze real-time data. See a flaw or breach? Without the need for manual prodding, it initiates fixes
promptly and keeps services running smoothly. Everything is recorded in an immutable, public
database for further security —imagine unchangeable documentation of every action, ideal for
compliance and audits.

A. Performance Benefits

By analyzing real-time data from machine learning and deep learning models that anticipate risks,
the intelligent recovery features continue to learn while they work. The system can make quick
decisions and address threats as they arise thanks to this real-time insight.

Encountered a problem or breach? It doesn’t wait for someone to press “go,” instead jumping
right into fixes. Services continue to function, ensuring that your operations run smoothly.

For complete transparency, every action and outcome is recorded in an unchangeable public
database. Audits and compliance are a breeze because it is impervious to changes. Cloud users
ultimately receive far more reliable and trustwor- thy settings. Real confidence in self-healing cloud
technology, fewer malfunctions, and faster recovery times.

B. Technical Challenges and Limitations

While the SHCS offers significant improvements in re- silience, several challenges must be

addressed:

- Computational Overhead:Frequent retraining of Deep Learning models can lead to high
computational costs, especially when handling fast cloud traffic. Future work will look into
model pruning and quantization to reduce this.

- Blockchain Latency: Standard consensus protocols can delay transaction finality. Using
lightweight or hybrid consensus methods is important for keeping real-time auditing
performance.

- Data Privacy:Multi-cloud setups raise the risk of data leaks across borders. Using privacy-
preserving techniques such as Federated Learning could protect data and main- tain the
system’s global threat intelligence.

C. Ethical and Compliance Considerations

Automated response systems must meet global data pro- tection standards like GDPR and
ISO/IEC 27001. By using blockchain for non-repudiation and permanent logging, the SHCS
establishes a foundation of accountability, ensuring that every automated decision can be traced and
justified to regulatory bodies.

D. Future Scalability

The proposed framework is designed for scalability. In the future, we may transform SHCS into a
federated, self-healing powerhouse and modify it for a variety of scenarios, such as IoT devices, smart
cities, and critical healthcare clouds. This would address the particular security issues in each region
while maintaining robustness, scalability, and auto-recovery regardless of the configuration.

CONCLUSION

A self-healing cybersecurity system designed for today’s chaotic cloud environment is presented
in this study. Cloud providers and enterprises are on high alert because attacks against virtual
settings are becoming more intense as they grow in size and complexity.

By 2025, cloud or hybrid systems will probably handle more than 90% of corporate workloads.
However, the cost of breaches has increased as a result of this development; according to IBM, the
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average cost of a cloud data intrusion is now over $5.2 million, up 28% from $4 million in 2020. This is
a result of more skilled cybercriminals who drag long-term losses in addition to piling on quick hits.

We urgently need intelligent, adaptable, hands-off security that grows enormously because cloud
vulnerabilities are ap- pearing everywhere. Here comes our platform, which com- bines blockchain,
Al, and machine learning to identify prob- lems early, defend against them automatically, and
recover quickly with little assistance from humans.

For precise detection and impenetrable cloud security, its machine learning core combines
supervised and unsupervised techniques like autoencoders and CNNs. Anomaly detection and
intrusion identification are performed using Isolation Forests, an unsupervised learning technique
that is highly effective in detecting abnormal behavior in high-dimensional data.This approach
enables real-time detection and classifica- tion of attack patterns within cloud
environments.Experimental results from previous studies show that ML-based anomaly detectors can
achieve up to 97% detection accuracy while maintaining low false positives when trained on cloud-
specific datasets like CICIDS2017.

**Blockchain Integration:** Guarantees the integrity, trans- parency, and accountability of security
events and recovery actions. Each detected anomaly, response event, and policy up- date is
permanently recorded on a distributed ledger, building trust and accountability among cloud tenants
and providers. In pilot tests, blockchain logging has been shown to reduce forensic investigation
time by 35%, boosting accountability and compliance with standards like GDPR and ISO/IEC 27001.
The four interconnected parts of the suggested frame- work —monitoring, analysis, decision-making,
and automated recovery —function as a closed control loop. Together, these components enable self-
healing behavior and ongoing system awareness. Network traffic, user access logs, and workload
performance measurements are all continually monitored by the system, which improves anomaly
detection accuracy and enables prompt study of system behavior. The impact of network outages and
service interruptions is reduced by con- tinuous network monitoring, which also facilitates automated
recovery from system faults.This automated response mecha- nism ensures system stability and
availability even under chal- lenging conditions. Experimental results obtained using the CloudSim
toolkit to simulate cloud data centers show that the proposed Distributed Processing Architecture
(DPA) scheme reduces the overall mean execution time of applications by 31.32% and the standard
deviation by 30.1% when compared to a conventional non-distributed approach.

By reducing Mean Time to Recovery (MTTR) by roughly 55% and maintaining uptime above
99% even during an assault, our technology boosts cloud security. Tests conducted in the real
world demonstrate its resilience against cunning hackers in challenging situations while operating
continuously. We'll next extend it to multi-cloud and edge configurations, addressing issues like
dispersed controls, mismatched tech stacks, and the requirement for split-second reactions. We’ll
explore edge blockchain and federated learning to seamlessly sync data and protect privacy across
distant platforms.

These networks’ self-healing magic? combining intelligent, flexible solutions with decentralized
oversight. It lets systems spot problems, patch themselves, and build trust by vetting every player. To
put it succinctly, this comprehensive frame- work provides enterprises with a practical defense to
protect, maintain, and revitalize cloud operations against advanced cyberthreats. Administrators
need these state-of-the-art tech- nologies to remain dependable and robust as threats get more
sophisticated.
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