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Abstract:

Steganography is an information security technique that enables the concealment of data within digital objects without being
detected by other users. In the current digital era, this technique is highly valuable for ensuring data security and privacy in
digital communication. This paper explores the uses and applications of steganography in the digital age by analyzing
existing literature and global research findings. The literature review demonstrates the importance of steganography in data
protection and information security, identifying various applications such as banking information security, email
communication, and the protection of medical images. The research methodology employed a systematic review of scientific
literature for data collection.

The global findings indicate that steganography is a widely used technique across different domains, and its application
helps maintain information privacy and security. However, its disadvantages include the potential malicious use of the
technique for criminal activities. In the discussion section, the obtained results were evaluated, comparisons were made, and
challenges associated with the use of steganography in the digital age were identified. In the conclusion section, the most
relevant information was summarized, key findings were highlighted, and recommendations for future research were
presented. In conclusion, steganography is a useful technique for protecting and ensuring information security in the digital
age. Despite some disadvantages, its application can provide significant advantages in safeguarding data privacy and
preventing potential cyberattacks.
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I. INTRODUCTION

At present, technology has become a key aspect
of our daily lives. The increasing use of digital
devices and access to the Internet has led to a wide
range of opportunities across various domains, from
communication to education and entertainment
[1, 2]. However, the growth in the use of
technology has also resulted in the emergence of
new online threats, such as digital espionage and
information theft. In this context, steganography
has become an important tool for protecting the
privacy and security of information in the digital
age [3-5]. Steganography is a technique used to
conceal information within a communication
medium, in such a way that only the intended
recipients can access it. Unlike cryptography, which
is used to encrypt information, steganography
focuses on hiding the information itself [6-8].
Consequently, this scientific article presents a
literature review on the uses and applications of

steganography in the digital age. It addresses the
history and definition of steganography, its
characteristics, types, and the techniques currently
used. In addition, it analyses how steganography
has been employed to protect privacy and security
in various fields, including communication,
copyright  protection, cloud security, and
information security in general. Therefore, the main
objective of this study is to explore the relevance
and applications of steganography in the present
day, and how it can contribute to information
security and privacy in the digital age [9]. The use
of steganography in different domains and its
potential benefits is examined. Furthermore, the
ethical implications of its use and the limitations of
the technique are analysed. Ultimately, this work
aims to contribute to a deeper understanding and
knowledge of steganography, its applications, and
its benefits in the digital era.
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II. LITERATURE REVIEW

Steganography is a technique used to conceal
secret information within digital media while
maintaining the visual or perceptual quality of the
original content. Unlike cryptography, which
focuses on encrypting information, steganography
aims to hide the existence of the message itself,
making it an essential approach in secure
communication and information protection systems
[10]. Over the years, steganography has evolved
from traditional hidden communication methods
into advanced digital techniques integrated with
modern cyber security frameworks.

Recent developments in image steganography
have significantly improved the capability of hiding
data within multimedia content. [11] Provided a
comprehensive survey of spatial-domain image
steganography techniques, highlighting methods
such as Least Significant Bit (LSB) substitution and
their effectiveness in preserving image quality
while embedding hidden information [6, 8, 12].
Their study emphasized that image steganography
remains one of the most widely adopted techniques
due to its simplicity, flexibility, and high
embedding capacity.

With the advancement of artificial intelligence,
modern steganography has increasingly
incorporated deep learning and Generative
Adversarial Networks (GANs). [13] Introduced
invisible steganography models based on GAN
architectures, demonstrating how adversarial
learning can enhance imperceptibility and
resistance against steganalysis. Similarly, [14]
proposed the HiDDeN framework, which utilizes
deep neural networks for end-to-end data hiding
and extraction. Their work showed that deep
learning models can significantly improve the
robustness and reliability of hidden communication
systems.

In addition, [15] presented a deep steganography
model capable of hiding entire images within other
images using neural networks. This approach
represented a major advancement compared to
traditional techniques because it enabled high-
capacity data embedding while maintaining
minimal visual distortion. These studies collectively
indicate that deep learning has become a

transformative factor in the evolution of modern
stenographic systems.
Beyond image-based approaches, steganography

has also been applied in audio and video
environments. [16] discussed various image
steganography and  steganalysis  techniques,

emphasizing the importance of multimedia security
and the growing demand for secure transmission
methods across digital communication systems.
Their findings highlighted that multimedia
steganography plays a significant role in protecting
sensitive information within modern
communication infrastructures.

As steganography techniques continue to advance,
steganalysis methods have also evolved to detect
hidden information. [17] Introduced rich models for
digital 1image steganalysis, providing highly
effective  detection mechanisms capable of
identifying concealed data within images. Their
research demonstrated that statistical feature
extraction and machine learning techniques can

significantly improve hidden data detection
accuracy. Consequently, the continuous
competition  between steganography and

steganalysis has become a critical area of research
in information security.

Steganography is also closely related to cyber
security and cybercrime prevention. [18] Examined
the role of obfuscated malware and hidden
communication methods in cybercrime activities.
Their work revealed that attackers may exploit data
hiding techniques to evade traditional security
systems, emphasizing the necessity of advanced
cyber security frameworks capable of detecting
concealed threats.

Another important application of steganography
lies in digital watermarking and intellectual
property protection. [19] Discussed the integration
of digital watermarking with steganographic
principles to secure multimedia ownership and
prevent unauthorized duplication of digital assets.
Digital watermarking has become widely used in
copyright protection systems due to its ability to
embed ownership information invisibly within
digital content.

From a broader historical perspective, [20]
explored the history of secret communication and
code systems, demonstrating how information
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concealment has always played a vital role in
political, military, and intelligence operations. His
work provides important historical foundations for
understanding the evolution of modern digital
steganography ~ and  secure = communication
technologies.

Overall, the reviewed literature demonstrates that
steganography has evolved into a sophisticated field
combining multimedia  processing,  artificial
intelligence, cyber security, and privacy protection.
Modern steganography techniques continue to
improve in terms of robustness, imperceptibility,
and embedding capacity, while advances in
steganalysis continue to challenge the effectiveness
of hidden communication systems. Therefore,
ongoing research remains essential for enhancing
secure communication and addressing emerging
cyber security challenges.

I1I. METHODOLOGY

The methodology used to conduct this research
on the uses and applications of steganography in the
digital age was based on a systematic literature
review. Accordingly, an extensive search was
carried out for scientific articles, theses, and other
academic works related to the topic across various
databases, such as Scopus, Web of Science, and
Google Scholar. The search terms used included
“steganography,” “digital steganography,”
“information concealment,” “information security,”
“privacy,” and “cryptography.”

In addition, inclusion and exclusion criteria were

applied to select the studies relevant to this research.

The inclusion criteria included the relevance of the
work to the research topic, the publication date. The
exclusion criteria included works that were not
related to steganography or did not provide relevant
information for the research.

Therefore, a careful review of the selected works
was conducted, and relevant information regarding
the uses and applications of steganography in the
digital age was extracted. A descriptive approach
was employed to analyze and present the findings
of the systematic literature review.

It is important to note that this methodology has
limitations, and the results obtained depend on the
quality and availability of the works included in the
systematic literature review. However, a thorough

effort was made to identify and select the most
relevant studies for this research.

IV. RESULTS

The research findings suggest that steganography
is a useful and widely employed technique in the
digital age for concealing information within
images, audio files, and video files. It has been
applied across various domains, including
information  security, = copyright  protection,
surveillance and espionage, and censorship.

In the field of information security,
steganography has been used to hide secret
messages within images and audio files to prevent
the detection of confidential information. This
technique has been applied in military, intelligence,
and corporate environments to protect information
against espionage and piracy.

In copyright protection, steganography has been
used to embed digital watermarks within images,
audio, and video to prevent unauthorized copying
of protected content.

In surveillance and espionage, steganography has
been utilized to conceal information within
multimedia files to evade threat detection systems.
It has been employed in espionage and surveillance
activities by  governments and  military
organizations.

In censorship contexts, steganography has been
used to bypass censorship filters and enable the
transmission of restricted information through
government-controlled networks.

At a global level, steganography has been
extensively studied in areas such as information
security and digital forensics. Tools and techniques
have been developed for detecting hidden messages
and recovering concealed information from
multimedia files. Additionally, methods have been
proposed to improve the effectiveness of
steganography and enhance its resistance to attacks.

In general, steganography is a versatile and useful
technique for hiding information in the digital age,
with applications in areas such as information
security, copyright protection, surveillance and
espionage, and censorship. However, it also
presents challenges in terms of detection and
prevention of concealed confidential information.
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As a model for information concealment,
steganography  offers both advantages and
disadvantages, which are presented below:
Advantages

» It enables the secure transmission of sensitive
information, such as personal, financial, or
research data, without attracting the attention of
potential interceptors.

* Being invisible to the naked eye, information
can be transmitted through various types of
files, such as images, audio, or video, without
raising suspicion.

+ Steganographic techniques can be used to
protect privacy on social media and online
platforms by hiding information in shared
messages or images.

* In the field of security, steganography is used
to detect potential threats by concealing
identity and location information of devices,
making them difficult to trace.

Disadvantages
» Steganography can be used for illegal purposes,
such as the unlawful transmission of

confidential information, evasion of Internet
censorship, or dissemination of extremist
propaganda.

+ Since it is not detectable by simple observation,
it can be difficult for security systems to
identify hidden information in files, potentially

facilitating the spread of malware and
computer viruses.
» Steganographic techniques may be used

maliciously, such as inserting information into
files without wuser knowledge, thereby
compromising data integrity.

» It requires specialized technical knowledge,
limiting its use to experts and potentially
making it costly in terms of time and resources.

On the other hand, the research identified several
significant findings, highlighting the versatility and
relevance of this technique in various contexts.

The main findings are presented below:

1. Applications in Information Security:

A widespread use of steganography in
information security was identified. The technique
is used to hide sensitive data, such as passwords or
authentication data, within multimedia files,

providing an additional layer of protection against
cyber threats.
2. Covert Communications:

The study revealed the use of steganography in
covert communications. Government groups,
intelligence organizations, and military entities
utilize this technique to conceal important messages
within images, videos, or even seemingly ordinary
documents.

3. Copyright Protection:

An increasing use of steganography in copyright
protection and digital watermarking was observed.
Embedding intellectual property information within
multimedia files helps track and protect ownership
of digital content such as images, videos, and
documents.

4. Steganography in Social Media:

The research highlighted the presence of
steganography on social media platforms, where
users employ this technique to hide confidential
information or share messages discreetly. This
raises security and privacy challenges in online
environments.

5. Forensic Steganography:

A growing interest in forensic steganography was
identified, particularly in recovering hidden data
during criminal investigations. The technique has
become an important tool for digital investigators in
identifying concealed evidence.
6. Development of New

Techniques:

Continuous development of new techniques to
evade conventional detection methods was
observed, emphasizing the need for ongoing
research in cybersecurity to keep pace with
emerging threats.

7. Ethical and Legal Challenges:

Ethical and legal challenges related to the use of
steganography ~ were  identified, particularly
concerning privacy and potential misuse of the
technology. The need for clear regulations and
policies in this area was emphasized.

Steganographic

V. DISCUSSION AND ANALYSIS

When utilizing modern technological applications,
it is essential to consider the security of the
information being handled. In this regard, [3]
highlights the importance of applying information
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encryption mechanisms within organizations to
prevent risks such as cyberattacks, plagiarism, and
loss of confidentiality.

Indeed, information security has become an
increasingly relevant issue in the digital age. [21]
proposes a distributed cybersecurity strategy that
applies the concept of intelligence operations to
strengthen  information  protection  within
organizations.

Within the cybersecurity context, cyber warfare
has also been widely discussed. [22] addresses this
topic by analyzing different types of attacks and
strategies used in such conflicts.

Furthermore, information concealment
techniques such as steganography can be employed
to protect sensitive data. [23] present an
implementation of multiple substitution

steganography using Matlab in a research workshop.

On the other hand, [24] explores the application
of steganography in libraries, demonstrating that
this technique can be used across diverse contexts.
Additionally, despite the existence of various
information protection techniques, phishing attacks
remain one of the major threats. [6, 25, 26]
conducted a systematic literature review to
characterize these attacks and propose mitigation
strategies.

Moreover, the digital age also presents challenges
for social research. [27] discuss the challenges of
digital ethnography in on life fieldwork.

In conclusion, the digital world presents multiple
challenges in terms of information security and
social research. It is essential to remain informed
about the different techniques and strategies that
can be used to protect information and ensure
ethical and responsible research practices.

The following tables present a structured research
discussion organized in comparative formats to
highlight the different uses and applications of
steganography in the digital age:

TABLE I
USES OF STEGANOGRAPHY IN THE DIGITAL AGE

Description
Conceals sensitive data to protect
against cyber threats.
Used by government agencies for
strategic messaging.
Embeds digital watermarks to track
and protect intellectual property.

Uses of Steganography

Information Security

Covert Communications

Copyright Protection

Hides messages in images or text for
more discreet communication.

Used in the recovery of hidden data in
criminal investigations.

Table 1 demonstrates the diverse applications of
steganography in the digital age, particularly in
information security, covert communications,
copyright protection, and forensic investigations.
The findings indicate that steganography has
evolved into a multifunctional technology capable
of supporting privacy preservation and secure
digital communication across multiple domains.

Steganography in social
media

Forensic Steganography

TABLE II
ETHICAL AND LEGAL IMPLICATIONS OF STEGANOGRAPHY
Ethical and Legal Aspects Considerations
Privacy Possibility of misuse for unethical
communication.
Intellectual Property Protection of copyrights and
trademarks.

Potential risks of abuse in
government surveillance.

Government Monitoring

Regulation Need for clear regulations to guide
ethical use.

Ethical and Legal Aspects Considerations

Table 2 highlights the ethical and legal

implications  associated  with  steganography

technologies. The analysis reveals that while

steganography enhances privacy and intellectual
property protection, it may also be exploited for
unethical or illegal purposes. Therefore, effective
regulations and ethical frameworks are essential to
ensure responsible usage.

TABLE III
CONTINUOUS DEVELOPMENT OF STEGANOGRAPHIC TECHNIQUES
Evolution of Considerations
Techniques
Technological Changes | Adoption of new technologies that

influence steganographic techniques.
Need for ongoing research to keep up
with emerging threats.

Parallel development of advanced

Continuous Research

Development of

Countermeasures detection methods.
Evolution of Techniques | Considerations
Technological Changes | Adoption of new technologies that

influence steganographic techniques.

Table 3 illustrates the continuous evolution of
steganographic techniques driven by technological
advancements and emerging cybersecurity threats.
The findings emphasize the importance of ongoing
research and the parallel development of advanced
steganalysis and countermeasure techniques to
address modern security challenges.
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Based on the above, it can be stated that
steganography in the digital age represents a
versatile tool with diverse applications. However,
its use raises ethical and legal challenges that must
be addressed through clear regulations. Furthermore,
its continuous evolution highlights the importance
of ongoing research to understand and respond to
emerging threats in the current digital environment.

VI. CONCLUSIONS

After analysing the existing literature and
conducting this research, it can be concluded that
steganography has numerous applications in the
digital age, both in civilian and military domains. It
can be applied in various areas such as information
security, privacy protection, and intellectual
property protection, among others.

Among the main advantages of steganography
are its ability to transmit information secretly, the
difficulty of detecting its use, and its flexibility to
adapt to different types of files and information
systems. However, some disadvantages have also
been identified, such as the requirement for
specialized technical knowledge and the possibility
of misuse for illegal purposes.

It is important to emphasize that steganography
must be used responsibly and ethically, as its
misuse can have serious consequences for
individuals’ security and privacy. Additionally,
further research and development of new
techniques and tools are necessary to improve its
effectiveness and reduce potential risks.

In conclusion, steganography is a valuable tool in
the digital age, offering a wide range of applications
and possibilities. However, its use must be
responsible and ethical, and further research is
needed to fully understand its advantages and
disadvantages.

The study reveals that steganography plays a
crucial role in various aspects of the digital age,
ranging from information security to copyright
protection and forensic investigations. Nevertheless,
its use raises ethical and legal challenges that must
be addressed to ensure an appropriate balance
between privacy and security in the modern digital
environment.
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