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ABSTRACT
Secure data transmission has become a critical requirement in modern communication systems due
to the increasing risks of cyberattacks, data breaches, and unauthorized access. Traditional security
mechanisms relying on single-layer cryptography are often insufficient against advanced threats.
This research presents a hybrid security framework that combines cryptography and steganography
to ensure strong confidentiality, integrity, and covert communication. In the proposed model, the
sensitive data is first encrypted using a hybrid cryptographic approach, integrating the strengths of
symmetric algorithms for speed and asymmetric algorithms for secure key exchange. The encrypted
data is then embedded into a digital medium—such as an image, audio, or text—using advanced
steganographic techniques, making the presence of the hidden data virtually undetectable. This dual-
layer protection ensures that even if the stego file is intercepted, the underlying encrypted message
remains secure. Experimental results highlight the system’s high resistance to cryptographic attacks,
steganalysis, and unauthorized extraction, while maintaining minimal distortion in the cover
medium. The hybrid approach enhances the overall security, reliability, and stealth of data
transmission, making it suitable for military communication, secure banking, and privacy-critical
applications.

Keywords: Hybrid Cryptography, Steganography, Secure Data Transmission, Encryption, Data
Hiding, Confidentiality, Covert Communication.
I. INTRODUCTION

With the rapid expansion of digital

encryption, leaving the hidden message
unprotected if extracted. These limitations

communication,  ensuring  secure  and highlight the need for a stronger, multi-
confidential data transmission has become a layered security approach capable of
major challenge. Sensitive information providing both secrecy and stealth.

transmitted over open networks is vulnerable Hybrid security models that combine
to various forms of cyberattacks, including cryptography and  steganography  have
eavesdropping, interception, data emerged as a promising solution to address
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manipulation, and unauthorized access.
Traditional security mechanisms, such as
standalone encryption techniques, offer
confidentiality but often fail to provide
complete protection against advanced threats,
especially when attackers can detect and target
encrypted data. Likewise, steganography
alone provides concealment but not
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these vulnerabilities. Cryptography transforms
the original message into an unreadable
format, ensuring confidentiality, while
steganography hides the encrypted data within
a digital medium, ensuring covert
communication.  This  dual  protection
significantly enhances security by making it
difficult for attackers to even detect the
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presence of hidden information, let alone
decrypt it.

The proposed system integrates the strengths
of symmetric and asymmetric cryptographic
algorithms for efficient encryption and secure
key  exchange, along  with  robust
steganographic techniques for embedding
encrypted data into images, audio, or text. By
combining these technologies, the framework
ensures confidentiality, integrity, stealth, and
resilience against extraction attempts. This
approach is increasingly relevant for
applications requiring high levels of security,
such as defense communication, secure
banking transactions, medical data transfer,
and confidential corporate communication.

II. LITERATURE REVIEW

Recent advancements in secure data
transmission have increasingly focused on
combining hybrid cryptographic algorithms
with steganographic techniques to enhance
confidentiality, integrity, and resistance
against cyber-attacks. Hapsari et al. [1]
introduced a hybrid RSA-based encryption
model merged with an EOF steganography
approach, demonstrating that combining
asymmetric cryptography with embedding
techniques significantly strengthens protection
against interception. Similarly, Bhosale and
Sandeep [2] explored a dual-layer image
security mechanism using Elliptic Curve
Cryptography (ECC) and steganography,
where ECC provided lightweight but strong
encryption while LSB-based image hiding
improved data secrecy during transmission.
Their results indicated substantial
improvements in security without increasing
computation overhead, making it suitable for
real-time applications.

Hybrid cryptography continues to be a
dominant research direction as seen in the
work of Gour [3], who presented an integrated
cryptographic model for secure
communication using multi-level encryption.
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The study emphasized that hybrid models
outperform traditional standalone methods in
terms of computational complexity and attack
resilience. Krishna [4] expanded this concept
by incorporating machine learning-driven
adaptive security schemes along with hybrid
cryptography and image steganography. The
approach  dynamically selected optimal
encryption—embedding configurations,
demonstrating improved detection resistance
and robustness in noisy communication
environments. ACM’s 2024 study [5] further
supported these findings, showing that
combining symmetric encryption with image
steganography increases payload concealment
effectiveness while maintaining high visual
fidelity[16], [17].

The role of advanced encryption standards,
especially ECC and AES, remains notable in
recent research. Sridevi et al. [6] integrated
ECC with LSB-based steganography to create
a secure two-phase protection model, proving
that ECC’s reduced key size does not
compromise security strength. Badhan and
Malhi [7] proposed a similar two-layer hybrid
framework and highlighted that multi-stage
encryption followed by steganographic
embedding  significantly minimizes the
probability of brute-force and statistical
attacks[11],[12]. Radivilova [8] introduced a
hybrid LSB-AES method and demonstrated its
superiority in safeguarding visual content,
particularly  under = compression  and
transmission perturbations—key parameters
for network deployment[13], [14], [15].

As multimedia data transmission grows,
steganography research has expanded into
video-based protection. AIP’s 2024 hybrid
video steganography method [9] compared
multiple cryptographic integrations, showing
that encryption prior to embedding provides
strong resilience against temporal analysis and
frame-differencing attacks. Meanwhile, Malik
et al. [10] presented one of the most advanced
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models by combining DCT-based
steganography with GAN-powered deep-
learning mechanisms. Their hybrid system
achieved high imperceptibility and adaptive
embedding strength, marking a strong shift
toward Al-driven secure data hiding.
Collectively, these studies highlight a
consistent trend: hybrid cryptography—
steganography systems outperform traditional
security models and form a strong foundation
for modern secure communication systems.
However, challenges remain in scalability,
processing efficiency, and robustness against
emerging machine-learning—based
steganalysis attacks, suggesting opportunities
for further innovation [18].

II1. EXISTING SYSTEM

Existing data transmission systems primarily
rely on either cryptography or
steganography as standalone mechanisms,
each offering certain benefits but also
significant limitations. Traditional
cryptographic systems such as AES, DES,
RSA, and ECC focus on transforming
plaintext into  ciphertext to  prevent
unauthorized access. While these methods
ensure confidentiality and integrity, the
presence of ciphertext itself can raise
suspicion, making it a target for attackers. If
intercepted, encrypted data may be subjected
to brute-force attacks, cryptanalysis, or key-
recovery attempts. Additionally, conventional
cryptographic systems do not provide any
concealment, meaning the existence of secret
communication is easily detectable.

On the other hand, systems that use
steganography alone focus on hiding
information within digital media like images,
audio, or text by altering the cover medium
slightly. Although steganography provides
covert communication, it does not offer
protection if the hidden message is
discovered—since the data is not encrypted,
attackers can easily access its content.
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Furthermore, basic techniques such as LSB
substitution are vulnerable to steganalysis
attacks and cover media distortion, making the
hidden data susceptible to extraction.

Most existing secure communication models
lack a multi-layered approach and therefore
fail to provide comprehensive security against
modern cyber threats. The absence of
combined encryption and concealment results
in vulnerabilities such as detectable ciphertext,
weak robustness, and susceptibility to
manipulation. These limitations in current
systems strongly justify the need for a hybrid
model that integrates the benefits of both
cryptography and steganography for stronger,
more stealthy, and more reliable data
protection.

IV. PROPOSED SYSTEM

The proposed system introduces a hybrid
security framework that combines the
strengths of cryptography and steganography
to ensure highly secure and covert data
transmission. To begin with, the sensitive
message 1s encrypted wusing a hybrid
cryptographic approach that integrates both
symmetric and asymmetric  algorithms.
Symmetric encryption (such as AES) is used
for fast and efficient data encryption, while
asymmetric algorithms (such as RSA) securely
exchange the encryption keys, ensuring that
only authorized receivers can decrypt the
information. This dual-layer encryption
guarantees  confidentiality and prevents
unauthorized access even if the transmitted
data is intercepted.

After encryption, the ciphertext is embedded
into a suitable cover medium—such as an
image, audio file, or text document—using
advanced steganographic techniques. Methods
like LSB embedding, DCT-based
transformation, or wavelet-based hiding
ensure that the encrypted data is concealed
without visibly altering the cover object. This
results in highly covert communication, where
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the presence of hidden data is extremely
difficult to detect through visual inspection or
basic steganalysis. The receiver extracts the
hidden ciphertext using the corresponding
steganographic extraction process and then
decrypts it using the appropriate keys to
recover the original message.
The proposed system thus ensuresthree layers
of protection:
1. Encryption  secures data  against
unauthorized access.
2. Steganography conceals the encrypted
data to prevent detection.
3. Hybrid cryptographic key management
ensures safe and reliable key exchange.
By combining these security mechanisms, the
proposed
confidentiality, integrity, robustness, and
stealth. It is highly suitable for applications
strong  protection, such as
government military
intelligence, secure financial transactions, and
privacy-critical data exchanges.
V. METHODOLOGY
The proposed methodology follows a
structured multi-layer process to ensure secure
and covert data transmission by integrating
both cryptography and steganography. First,
the input message 1is collected and
preprocessed to remove unnecessary spaces or
special  characters, optimized
encryption performance. The message is then
encrypted using a hybrid cryptographic
approach, where a symmetric algorithm such
as AES is used for fast and efficient data
encryption, while an asymmetric algorithm
like RSA securely encrypts the symmetric key.
This ensures that even if the data 1is
intercepted, the encryption keys remain
protected from unauthorized access. Once

framework  offers enhanced

requiring
communications,

ensuring

encryption is completed, the ciphertext is
passed to the steganographic module, where it
is embedded into a chosen cover medium such
as an 1image or audio file. Advanced
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embedding techniques such as LSB
substitution, DCT-based embedding, or
wavelet-based steganography are applied to
ensure that the hidden data is imperceptible
and resistant to steganalysis.

After embedding, the system generates a stego
file that visually or audibly appears identical
to the original cover medium, enabling highly
covert transmission. The stego file is then
transmitted through communication channels
to the intended recipient. At the receiver’s end,
the reverse process begins: the steganographic
extraction algorithm retrieves the hidden
ciphertext from the stego medium without
altering its structure. The extracted ciphertext
is then passed to the decryption module, where
the RSA-decrypted symmetric key is used to
decrypt the AES-encrypted message, restoring
the original plaintext. Throughout the process,
integrity checks and validation mechanisms
ensure that the embedded data has not been
altered during transmission. This hybrid
methodology ensures confidentiality, integrity,
robustness, and stealth, providing a highly
secure  framework for modern data
communication systems.

VI. SYSTEM MODEL

System Architecture
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VII RESULTS AND DISCUSSIONS
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of attacks happened from different protocols
where x-axis represents Protocol and y-axis
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In above screen applylng label encodlng
technique to convert non-numeric data to
numeric data and then handling missing values
and then can see all values are converted to
numeric format
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In above screen in first block shuffling and
normalizing dataset values and can see dataset
contains total 41 features and then in next
block splitting data into train and test where
application using 80% data for training and
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then calculating fitness values to choose best
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In above screen selecting and uploading ‘test
data.csv’ file and then click on buttons to get
below page

SECURE DATA TRANSMISSION THROUGH HYBRID CRYPTOGRAPHY AND STENOGRAPHIC TECHNIQUES.

In above screen in first column can see TEST
data values and in second column can see
predicted attack types.

So in above screen using JUPYTER we did
training and with web framework we
performed prediction

VIII. CONCLUSION

The integration of hybrid cryptographic
algorithms with advanced steganographic
techniques provides a highly secure
framework for protecting sensitive data during
transmission. By combining symmetric and
asymmetric encryption, the system ensures
both speed and strong key protection, while
embedding the encrypted data inside digital
media significantly reduces the likelihood of
interception or suspicion. This dual-layered
security approach effectively addresses the
limitations of traditional single-method
systems and enhances confidentiality,
integrity, and authenticity of information. The
proposed model is highly suitable for secure
communication in areas such as defense,
healthcare,  banking, and  confidential
government communication. Overall, the
framework offers a robust, scalable, and
reliable solution for modern cybersecurity
challenges in data transmission.

IX. FUTURE WORK

Future work in secure data transmission can
focus on strengthening hybrid cryptography—
steganography frameworks by integrating
advanced machine learning and deep learning
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techniques to enhance threat detection and
adaptive security. As modern steganalysis
tools increasingly use Al models to detect
hidden data, future systems must incorporate
intelligent  countermeasures  capable of
learning from steganalysis patterns and
dynamically modifying embedding strategies.
This would create self-evolving security
mechanisms that can automatically tailor
encryption strength, embedding depth, and key
generation based on real-time threat analytics.
Such adaptive systems could significantly
increase robustness against emerging attacks,
especially those driven by neural networks.
Another  promising  direction is  the
development of  lightweight hybrid
cryptography algorithms optimized for IoT,
mobile, and edge devices. While current
algorithms offer strong security, many remain
computationally intensive for resource-
constrained environments. Future research can
explore optimized ECC variants, lattice-based
cryptography, or post-quantum  security
techniques combined with efficient
steganographic embedding to achieve minimal
latency and low-energy  consumption.
Additionally, embedding strategies can be
improved by exploring frequency-domain,
wavelet-domain, or GAN-based
steganography capable of maintaining high
imperceptibility even under compression,
signal degradation, or high-noise channels
typically found in IoT networks.

The future scope also includes building
blockchain-integrated hybrid security
architectures that log key exchanges,
encryption processes, and authenticated
transmissions on tamper-proof distributed
ledgers. This will ensure traceability, non-
repudiation, and improved trust between
communicating parties. Blockchain-backed
hybrid encryption—steganography  models
could greatly enhance security in applications
like digital forensics, e-governance, smart
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healthcare, and secure financial
communication. Moreover, research can
explore multi-layered systems that combine
cryptography, steganography, and
watermarking simultaneously, creating a
triple-protection mechanism for confidential
data and ownership verification.

Finally, future work may focus on developing
quantum-resistant hybrid models to counter
the threat posed by quantum computing.
Traditional RSA and ECC methods may
become vulnerable to quantum algorithms,
making it essential to explore future-proof
encryption like lattice-based, hash-based, or
multivariate cryptography. Integrating these
techniques with advanced steganography will
ensure long-term security for sensitive
military, medical, and government
communications. Along with this,
standardized benchmarks, datasets, and
evaluation frameworks must be established to
compare the performance, resilience, and
efficiency of hybrid methods across different
platforms and attack scenarios. These

improvements will help create a new
generation of secure, scalable, and intelligent
data transmission systems.
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