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Abstract- Cloud computing has revolutionized data storage and management, offering scalable solutions
to businesses and individuals. However, with the increasing reliance on cloud services, data security
remains a critical concern. Traditional security measures like encryption and access controls are often
insufficient to protect sensitive data from unauthorized access<or tampering. Watermarking techniques
have emerged as a promising solution to address these challenges, providing an additional layer of
protection to cloud data. This paper presents a comprehensive review of watermarking approaches for
enhancing cloud data security. It explores various types of watermarking techniques, including fragile,
robust, and semi-fragile watermarking, highlighting their applications, advantages, and limitations in
cloud environments. The paper also discusses the integration’ of watermarking with other security
mechanisms, such as encryption and access control, to provide multi-faceted protection. Furthermore, it
examines the challenges faced in implementing watermarking techniques in-cloud computing, such as
computational overhead, scalability, and resilience against attacks. Finally, future research directions
and potential improvements in watermarking for cloud data security are discussed, emphasizing the need
for more efficient, secure, and adaptable watermarking solutions. This review aims to provide a
comprehensive understanding of the current state-of-the-art in watermarking techniques and their role in
strengthening the security of cloud-based data storage and transmission.
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1. INTRODUCTION on confidentiality and access restriction but do not
always guarantee data integrity or traceability. To
address these gaps, watermarking has emerged as a
promising security technique in the cloud computing
domain. Watermarking involves embedding a unique,
invisible marker (or watermark) within the data, which

can be used for data authentication, ownership

The Cloud computing has become a cornerstone of
modern digital infrastructure, enabling organizations
and individuals to store, manage, and-process vast
amounts of data with flexibility, scalability, and cost
efficiency. However, as data is increasingly migrated to

the cloud, concerns regarding the security, integrity,
and confidentiality of cloud-stored information have
also grown. Cloud environments, by nature, expose data
to various risks, such as unauthorized access, data
tampering, and malicious attacks, making data
protection a primary challenge for cloud service
providers and users alike.

While traditional security measures such as encryption,
access controls, and authentication are essential in
safeguarding cloud data, these techniques often focus

verification, and tamper detection. Unlike encryption,
watermarking does not alter the original content of the
data but adds an extra layer of security by ensuring that
the authenticity and integrity of the data can be verified
at any point.

This paper provides an in-depth review of
watermarking approaches that strengthen cloud data
security. The primary objective of this paper is to
explore various watermarking techniques, including
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fragile, robust, and semi-fragile watermarking, and
examine their effectiveness in protecting data stored
and transmitted over cloud environments. Additionally,
the integration of watermarking with other security
mechanisms, such as encryption and access control, is
discussed to provide a comprehensive security
framework for cloud data. The paper also addresses the
challenges in implementing watermarking in the cloud,
such as computational overhead, scalability issues, and
vulnerabilities to attacks. Finally, we outline future
research directions that could help overcome these
challenges and improve the applicability and
performance of watermarking techniques in cloud
computing environments.

By investigating the potential of watermarking for
enhancing cloud data security, this paper aims to
contribute to the development of more robust and
adaptable security strategies for cloud-based systems.

Il. LITERATURE SURVEY

S.K. Sahoo et al. (2023) study explores the various
cloud computing services and examines how
watermarking techniques can enhance security. It
discusses how watermarking can improve the protection
of data stored in the cloud, ensuring greater security for
cloud-based information. Cloud computing distributes
data across numerous virtual servers, enabling users
from various locations to connect with cloud service
providers. This model eliminates the need for users to
upgrade their systems or establish complex
infrastructure to access cloud services [1].

Neha Khajanchi et al. (2019) studies on cloud
computing offers a flexible data outsourcing solution
that alleviates users from the challenges of local storage
management. However, a major concern is ensuring
secure and reliable data archiving amidst potentially
unreliable service providers. This paper addresses the
application of watermarking technology for copyright
protection within cloud computing environments. It
employs GLCM (Gray-Level Co-occurrence Matrix)
and PCA (Principal Component Analysis) algorithms to
extract features from the original image and generate a
semi-blind watermarking image. The integration of
digital watermarking with cloud computing can
significantly enhance the robustness and security of the
system, ensuring the protection of users' data [2].
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Amrit Anil et al. (2020) paper explores the advantages
of cloud computing and cloud storage, highlighting
their cost flexibility and security features. It also
examines data security and the associated threats.
Additionally, the paper discusses watermarking and
how digital watermarking can be employed to enhance
data security. Knowledge has the potential to provide
significant leverage, particularly when used with
malicious intent. With the rise of the internet, data
production has reached unprecedented levels,
surpassing the total number of humans who have ever
lived. Given this vast volume of data, it is crucial to
ensure its security, as any stolen or misused data can
have widespread repercussions. Cloud computing has
become a key solution for managing this data influx,
offering both scalability and enhanced security
measures to protect against leaks. Nevertheless,
achieving complete security remains challenging due to
the rapid evolution of technology and the increasingly
sophisticated methods used by hackers to gain
unauthorized access. The best approach to mitigating
data breaches involves continually updating existing
security policies and incorporating new security
techniques [3].

Alaa Abdulsalam Alarood et al. (2022) studies on the
effectiveness of the watermarking technique by
applying it to digital images. It measures the correlation
coefficient between the watermarked and original
images, as well as various metrics such as Signal-to-
Noise Ratio (SNR), Peak Signal-to-Noise Ratio
(PSNR), and Mean Squared Error (MSE). The
implementation of both invisible watermarking using
the Least Significant Bit (LSB) algorithm and visible
watermarking is discussed. The research further
examines various security issues related to image
watermarking and assesses the impact of multiple
attacks on the quality of watermarked images. The
experiments demonstrate that the proposed embedding
process, particularly with the LSB algorithm, enhances
embedding efficiency by avoiding the need to modify
all bits, thus improving the overall effectiveness of the
watermarking technique. The internet revolution has
dramatically transformed multimedia applications,
enhancing the speed and accuracy of data and image
transfers. However, these advancements have also made
it easier for valuable information to be modified or
misused through hacking. To combat these issues,
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digital watermarking has been proposed as a solution to
protect multimedia data copyrights. By embedding a
watermark—whether in the form of an image, text, or
other content—within the digital data, copyright and
confidentiality can be safeguarded, allowing secure
transmission  without revealing the content to
unauthorized third parties. This research presents a
method for hiding data, specifically a text file, by first
encrypting it using the Keyword Mixed Transposition
technique to produce ciphertext. This encrypted data is
then embedded into an image using a Low-High
coefficient wavelet transform. The resulting image
maintains high quality while allowing the full recovery
and decoding of the embedded message without
needing the original image [4].

Shakun Gupta et al. (2020) study introduces the use of
the Kalman filter in conjunction with SVD-DCT-DWT
techniques to improve the PSNR and MSE values of the
extracted watermarked images. The Kalman filter
enhances the overall performance of the watermarking
process, ensuring better quality and security of the
watermarked data in cloud computing environments.
Cloud computing is a widely adopted technology with
numerous benefits, but it faces significant challenges,
particularly in security and privacy. This work
addresses these concerns by implementing a
watermarking technique to enhance data security. The
proposed watermarking approach integrates Singular
Value Decomposition (SVD), Discrete Cosine
Transform (DCT), and Discrete Wavelet Transform
(DWT) within the cloud architecture. To evaluate the
robustness of the watermarked data, various attacks—
such as sharpened attack, contrast attack, and salt &
pepper attack—were applied. The performance of the
watermarking technique was assessed using metrics like
Peak Signal-to-Noise Ratio (PSNR) and Mean Squared
Error (MSE) [5].

Padmini Devi B et al. (2023) study on approach
combines watermarking with proxy re-encryption to
facilitate the secure exchange of multimedia content. In
this method, a private key is encrypted using a specific
encryption algorithm that requires a key, and this
encrypted key is then merged with the user's private
key. The resulting encrypted information is embedded
into an image using the Least Significant Bit (LSB)
technique. Once the confidential data is embedded, the
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image is further secured using Elliptic Curve
Cryptography (ECC) encryption.While this approach
enhances security, copyright protection remains a
complex issue due to the rapid increase in internet
usage and advancements in digital technology. Despite
the implementation of advanced techniques, protecting
intellectual property in the digital realm continues to
pose significant challenges [6].

1. METHODOLOGY

The methodology of this review paper involves a
systematic approach to analyzing and synthesizing
various watermarking techniques used to enhance data
security <in-cloud computing environments. The first
step <in the methodology was .to conduct a
comprehensive literature search across major-academic
databases such as. IEEE Xplore, SpringerLink, and
ScienceDirect. The search focused on keywords like
"watermarking in cloud computing;" "data security,"
"copyright <protection,” and '“robust watermarking."
Studies published between/ 2019 and 2023 were
prioritized to include the most recent advancements in
watermarking applications within cloud environments.

The selected studies were carefully chosen based on
their relevance to cloud data security, specifically those
that explored watermarking techniques for digital image
protection, semi-blind watermarking, and watermarking
combined with encryption methods. Each study was
then categorized based on the type of watermarking
technique employed, such as fragile, robust, and semi-
fragile watermarking, allowing for a comparative
analysis of different approaches. In fragile
watermarking, the focus was on detecting any
unauthorized changes or tampering of data, while
robust watermarking techniques aimed to preserve the
watermark's  integrity  despite  common  data
modifications like compression or noise addition. Semi-
fragile watermarking provided a balanced approach,
combining aspects of both fragile and robust methods to
ensure data integrity while allowing for some controlled
alterations.

To assess the effectiveness of these watermarking
techniques, the study employed several evaluation
metrics, including security strength, data integrity,
scalability, computational efficiency, and resilience to
attacks. Security strength was measured by the
watermark's ability to resist unauthorized removal or
modification, while data integrity was evaluated by
comparing the quality of watermarked data before and
after embedding, using metrics like Signal-to-Noise
Ratio (SNR) and Peak Signal-to-Noise Ratio (PSNR).
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Scalability was considered in the context of cloud
environments, where the ability to manage large-scale
data efficiently is crucial. Computational efficiency was
assessed based on the processing time and storage
overhead introduced by the watermarking process, and
resilience to attacks was evaluated by testing the
watermarked data against various threats such as
compression, cropping, and malicious tampering.

Additionally, the review examined how watermarking
techniques can be integrated with other cloud security
mechanisms, such as encryption, access control, and
data integrity verification, to provide a holistic security
solution. Hybrid approaches, combining watermarking
with encryption techniques, were given particular
attention for their potential to enhance the overall
security framework of cloud data. The paper also
addressed the challenges and limitations associated with
watermarking in cloud environments, including
scalability issues in large cloud infrastructures,
resistance to  sophisticated attacks, and the
computational overhead introduced by watermarking
processes. Finally, the review identified gaps in the
current research and suggested future directions, such
as the development of adaptive watermarking
algorithms and the integration of  Al-driven
watermarking solutions to improve® efficiency and
security in cloud computing environments.

IV. CONCLUSION

In conclusion, this review highlights the significant role
of watermarking techniques in enhancing data security
within cloud computing environments. The study
demonstrates that watermarking offers a robust solution
to safeguard data integrity, protect against unauthorized
modifications, and ensure copyright protection in
cloud-based storage systems. By examining various
watermarking methods, such as fragile, robust, and
semi-fragile techniques, this paper-provides insights
into how these " approaches can be effectively
implemented to address different security challenges in
cloud environments.

The review also emphasizes the importance of
integrating watermarking with other cloud security
mechanisms, such as encryption and access control, to
create a more comprehensive and resilient security
framework. While watermarking has shown promise in
improving data security, the study also identifies
several challenges, including scalability issues,
resistance to advanced attacks, and the potential
computational overhead associated with watermarking
processes. These challenges highlight the need for
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continued research and innovation in watermarking
techniques to make them more efficient and adaptable
to the evolving demands of cloud computing.
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