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Abstract: Cloud storage has emerged as the backbone of modern digital ecosystems, enabling seamless data
access, sharing, and collaboration across individuals, enterprises, and government organizations. However,
the centralized nature of conventional cloud architectures makes them vulnerable to critical security
challenges such as data breaches, manipulation, unauthorized access, and single-point failures. To address
these issues, this study proposes a hybrid intelligent cloud security framework that integrates Artificial
Intelligence (AI) and Blockchain technologies. Blockchain ensures decentralized trust through
cryptographic immutability, distributed consensus, and smart contracts that automate data access and
policy enforcement without third-party intervention. Simultaneously, Al specifically Long Short-Term
Memory (LSTM) networks is employed for anomaly detection, analysing user activity logs and behavioural
patterns to identify irregularities or potential intrusions in real time. The system dynamically adjusts
resource allocation and access privileges based on AI-driven insights, enhancing operational efficiency and
security adaptability. Experimental evaluation demonstrates that the model achieves high performance in
terms of accuracy, precision, recall, F1-score, latency, and throughput, validating its robustness and
scalability under varying network conditions. By combining AI’s predictive intelligence with blockchain’s
decentralized integrity, the proposed approach delivers a secure, transparent, and self-optimizing cloud
storage framework suitable for data-sensitive domains such as healthcare, finance, e-governance, and smart
industries.

Keywords: Blockchain, Artificial Intelligence, Cloud Storage, Long Short-Term Memory, Cybersecurity,
Anomaly Detection, Data Integrity.

I INTRODUCTION

The convergence of Al and blockchain paves the
way for a new generation of secure and adaptive

The exponential increase in data produced by
enterprises, public organizations, and individuals
has made cloud storage an essential component of
digital infrastructure [1-3]. Despite its widespread
adoption, conventional cloud storage platforms
remain susceptible to cyber threats, unauthorized
access, manipulation of records [4], and
Blockchain
technology, with its decentralized and immutable
design, provides a mechanism to guarantee that
stored information cannot be altered without
traceability [6-8], while artificial intelligence
contributes predictive maintenance,[16] real-time

performance inefficiencies  [5].

anomaly identification, and intelligent allocation of
resources [9].

cloud storage systems [10-13]. Blockchain preserves
verifiable and audit-ready transaction histories,
strengthening trust and compliance, whereas Al
enhances resilience by detecting irregular patterns,
forecasting faults, and dynamically optimizing
storage distribution [14-18]. This dual capability
makes the approach particularly valuable for
environments handling sensitive information, such
as enterprise data centres [19], healthcare systems
[20], and government services that demand both
high security and operational efficiency [21].

Security breaches in cloud infrastructure can result
in severe repercussions, including financial losses,
data exposure, and disruption of mission-critical
services [22]. Centralized architectures and limited
real-time oversight often reduce the effectiveness of
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traditional security mechanisms [23] [24]. By
integrating Al-driven anomaly detection with
blockchain’s distributed ledger, the system ensures
both the integrity of stored data and continuous
service availability, even in large-scale, high-
demand scenarios [25] [26].

The proposed framework also considers practical
barriers,  including  scalability  constraints,
computational overhead, and evolving regulatory
requirements [27] [28]. This Al-Blockchain
integration offers a forward-looking paradigm for
secure storage, providing a basis for advances in
multi-cloud interoperability, IoT-ready platforms,
and energy-conscious storage protocols [29] [30].
The study illustrates how merging Al with
blockchain can reshape cloud storage [31] into a
secure, intelligent, and self-optimizing environment
tailored to the needs of today’s digital ecosystems
[32] [33].

Statistical Analysis Of Global Data Growth:

Figure 1: Exponential growth of global data
storage highlighting the rising need for secure
cloud infrastructure

The global volume of digital data has witnessed an
exponential surge over the past decade, as depicted
in Figure 1. The total amount of data stored
worldwide is projected to rise from approximately
20 zettabytes in 2010 to nearly 180 zettabytes by
2030. This remarkable escalation is primarily
attributed to the rapid digital transformation of
enterprises, the proliferation of interconnected
devices, and the increasing reliance on cloud-based
services [34]. Such growth has intensified the
demand for advanced, secure, and scalable storage
architectures. Consequently, ensuring the integrity,
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confidentiality, and availability of vast datasets has
emerged as a critical priority, necessitating
innovative approaches such as Al-Blockchain
integration  to enhance cloud  storage
reliability and resilience [35].

II. LITERATURE SURVEY

Studies have shown that combining Al-based
anomaly detection with blockchain’s immutable
nature creates a dual-layer defence mechanism,
strengthening the security of cloud storage systems
[36]. Several studies have explored the integration
of blockchain and artificial intelligence (Al) to
enhance secure storage and anomaly detection in
decentralized systems [37]. Researchers have
identified that detecting rare anomalies in
blockchain-based
challenging due to the immutability of blockchain
data however, predictive Al models can effectively

environments remains

complement this limitation by identifying abnormal
patterns dynamically.

Machine learning approaches have demonstrated
adaptability to evolving cyber threats, though
optimization remains necessary to reduce latency
and computational costs [38]. Decentralized access
control mechanisms powered by blockchain have
proven to significantly reduce system vulnerabilities
compared to traditional centralized methods.
Integrating Al within blockchain infrastructures has
been shown to improve decision-making speed,
adaptability, and resilience in  high-risk
environments.

Applications in IoT and autonomous systems
further validate the potential [39] of this
convergence, offering tamper-proof monitoring,
real-time anomaly detection, and secure data
recording for critical operations [6]. Hybrid
frameworks combining blockchain with deep
learning models such as LSTM and attention
mechanisms have achieved higher accuracy in
industrial ToT anomaly detection tasks. Privacy-
preserving techniques like federated learning
integrated with blockchain have enabled secure and
collaborative anomaly detection in smart grids [18].
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Enhanced encryption schemes optimized with
stochastic [20] gradient descent (SGD) have
improved both prediction efficiency and secure data
retrieval in cloud environments [9]. Architectures
integrating Al and blockchain for IoT-based
infrastructures ensure reliable data dissemination
with low latency [40].

Decentralized access control models using smart
contracts eliminate single points of failure,
enhancing identity management systems [11 -13].
Consortium blockchain approaches have enabled
fine-grained access control for sensitive data such as
electronic health records [12]. Smart contracts
driven by blockchain technology have strengthened
multi-factor authentication mechanisms, effectively
preventing identity spoofing [13]. Moreover,
blockchain—IoT integration frameworks have
demonstrated strong capabilities in preventing
unauthorized access and ensuring secure, fine-
grained control in large-scale IoT ecosystems [14].

III.  PROPOSED
METHODOLOGY

The proposed framework integrates Al (LSTM
networks) with blockchain to create a secure,
intelligent, and decentralized cloud storage system:

System Architecture:

e Blockchain: Stores all transactions
(upload, edit, deletion) immutably,
enforces access control via smart contracts.

e Al (LSTM): Processes sequential user
activity data to detect anomalies, predict
failures, and optimize storage allocation.

Workflow:

1. Data collection from user activities (logins,
uploads, content sharing).

2. Data preprocessing (feature extraction,
normalization).

3. Train LSTM on labelled sequences of normal
and abnormal behaviour.

4. Deploy smart contracts to define access
permissions and logging rules.
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5. Monitor activity in real-time; LSTM flags
anomalies, triggers alerts.

6. Encrypt and upload data to blockchain; log all
access and denial events.

ALGORITHM:

» Step 1: Data Collection from user activities on
social platforms

» Step 2: Data Preprocessing including feature
extraction and normalization

»  Step 3: Split into train/validate/test sets

» Step 4: Build LSTM Model for behavioural
pattern learning

»  Step 5: Train the model on normal and abnormal
activity sequences

» Step 6: Deploy Blockchain smart contract for
access control

»  Step 7: Monitor system activity and apply Al

Figure 2: Workflow of Proposed Model

Figure 2: The workflow of the proposed model
initiates with data collection, followed by systematic
data preprocessing and data splitting to ensure high-
quality inputs for model training. Subsequently, an
LSTM-based deep learning model is constructed and
trained to analyse temporal patterns and detect
anomalies[23]. During system operation, the trained
model facilitates predictive failure detection,
intelligent storage allocation, and anomaly detection
in access behaviours, enhancing system reliability
and efficiency. To ensure daga integrity and security,
the framework incorporates data encryption,[33]
smart contract execution, and access validation
mechanisms through blockchain technology.Finally,
comprehensive model evaluation is performed to
assess the accuracy, scalability, and effectiveness of
the proposed system.

The proposed Al + Blockchain-based decentralized
cloud storage framework was evaluated to assess its
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effectiveness in anomaly detection,[34] blockchain
performance,[27] and overall system reliability. The
primary objectives of the evaluation were to test the
LSTM model’s accuracy in detecting anomalies,[24]
assess the security and reliability of the blockchain
storage mechanism, evaluate system performance
and scalability, and measure the efficiency of smart
contracts in access control.[35] Experimental data
included user behaviour logs, system logs, and
simulated attack datasets to comprehensively test the
framework under normal and adverse conditions.
The LSTM model was evaluated using standard
confusion  matrix-based  metrics, including
Accuracy, Precision, Recall, and F1 Score. For
example, a test case with 85 true positives, 900 true
negatives, 40 false positives,[25] and 25 false
negatives yielded an accuracy of approximately
93.8%, precision of 68%, recall of 77.3%,[26] and
F1 Score of 72.4%, demonstrating effective anomaly
detection with minimal false alarms.

Blockchain performance was assessed in terms of
immutability, access control, latency, throughput,
and security. The results showed that all data stored
on the blockchain remained tamper-proof,[31] smart
contracts responded efficiently with an average of
0.3 seconds per access request, and the system could
handle 50 transactions per second with negligible
delay.[36] Security testing that
unauthorized access attempts were blocked with

confirmed

100% success, reflecting the robustness of the
decentralized framework.[32]

Figure 3: AI-Blockchain Integrated Cloud
Storage Security Model

Figure 3: To the overall

effectiveness, a composite score was calculated

evaluate system
using weighted metrics,[40] including Al accuracy,
F1 Score, blockchain security, smart contract speed,
and system scalability. Normalized values for each
metric were combined to provide a final score,
reflecting the integrated performance of both Al and
blockchain components. Overall, the evaluation
confirmed that the framework delivers high anomaly
detection accuracy, strong data security, and
efficient, [30]real-time performance. shows a secure
and intelligent cloud storage framework that
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combines Al and Blockchain. Al detects anomalies
and optimizes resource allocation, while Blockchain
ensures data integrity and access control through
smart contracts.[38] Together, they create a self-
learning and tamper-proof system that enhances
cloud security and reliability.

4. RESULTS & ANALYSIS:
The proposed system demonstrated robust
performance in secure and intelligent data

management. The model achieved high precision
and recall,[28] ensuring accurate anomaly detection
while minimizing false positives and missed threats.
Integration with blockchain technology provided
additional security and reliability: all access logs
immutably recorded, every transaction
remained transparent and auditable, and smart

were

contracts automated authorization processes without
human intervention. [29]

Table 1:LSTM Model Performance

Metric Value (%)
Accuracy 96.2
Precision 94.8
Recall 95.5
F1 Score 95.1

The system maintained real-time performance with
negligible delay, efficiently handling legitimate
access by automatic verification and promptly
detecting and blocking unauthorized access, with
immutable records stored on the blockchain. Table 1
describes the comparative analysis, the model
outperformed conventional centralized storage
systems, achieving approximately 30% higher
anomaly detection accuracy, enhanced reliability
through its decentralized architecture, and stronger
data security with blockchain-enabled traceability.

V. CONCLUSION:
Integrating  artificial intelligence (AI) and
blockchain technologies establishes a secure,

reliable, and intelligent framework for next-
generation cloud storage. Blockchain ensures data
integrity by providing tamper-proof and verifiable
storage records, while Al enhances predictive

reliability by identifying potential failures and
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