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Abstract

The recent increase in the adoption of network-based communication systems has resulted in a heightened
need for efficient data transmission techniques which safeguard the confidentiality, integrity, and
availability of information transmitted across the network from eavesdropping, intercepting, and tampering
attempts by cyber-criminals and other forms of cyberattackers. With the ever-present risk of cybersecurity
threats such as eavesdropping, man-in-the-middle attack, packet sniffing, data interception, and data
tampering through the use of conventional data transmission protocols, the need for incorporation of
cryptographic techniques into network communication systems becomes increasingly important. In this
research paper, a cryptographic model for data transmission will be presented. The cryptographic system
utilizes a combination of two cryptographic algorithms, namely the Advanced Encryption Standard (AES)
algorithm and Rivest-Shamir-Adleman (RSA) algorithm to implement a hybrid model for data transmission
across networks. The hybrid encryption model aims at combining the efficiency and speed offered by
symmetric encryption with the ability of asymmetric encryption to provide a means of key exchange for
more efficient security of data transmission across networked systems. The proposed methodology includes
the development and simulation of the encryption and decryption model in the Python programming
language together with OpenSSL libraries. Also, the model is effective in dealing with any potential attacks
from the network while still ensuring efficient transmission of information. It is clear that the integration of
hybrid cryptography in network communication systems improves security and efficiency during data
transfer.
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1. Introduction

The swift evolution of network communication systems has revolutionized the current digital landscape,
allowing efficient transfer of information in various computing networks. Companies rely on network
communications for sending confidential and business-critical data such as financial transactions,
authentication credentials, patient health information, and company data. Despite the efficiency and
scalability improvements, these advancements have made networks vulnerable to numerous types of cyber
risks, which pose threats against information during its movement through networks (Stallings, 2022).
Some of the cybersecurity risks that threaten transmitted information in networked environments today
include eavesdropping, packet sniffing, replay attacks, spoofing, and man-in-the-middle attacks.
Perpetrators make use of these weaknesses found in networks to intercept, steal, tamper with, and monitor
information in a way that does not allow any trace on their activities in the system. Studies show that
networked attackers continue to get smarter as automated and distributed systems for cybersecurity are
increasingly used by perpetrators (Kumar et al., 2025).

In order to solve the problems associated with them, the process of cryptography is still the most basic
security strategy used to ensure data transmission securely. By utilizing various mathematical algorithms,
cryptography converts plaintext messages into ciphertext, which means only authorized persons having the

corresponding cryptographic keys can access the information. The core security goals pursued by modern

GENIUS MULTIDISCIPLINARY INTERNATIONAL JOURNAL 49



GENIUS MULTIDISCIPLINARY ISSN: 2971-7760 | VOL6,I1SS1 | 17 JULY 2026
INTERNATIONAL JOURNAL https://doi.org/10.5281/zen0d0.21412772
NASARAWA STATE UNIVERSITY, KEFFI, NIGERIA

NASARAWA STATE UNIVERSITY KEFFI lg

S

cryptographic methods include confidentiality, integrity, authentication, and non-repudiation (Schneier,
2021). These features play a significant role in building trust in decentralized network communication

systems.

There are two broad categories of cryptographic technologies including symmetric and asymmetric
encryption schemes. One of the most commonly used encryption algorithms of symmetric encryption
includes AES (Advanced Encryption Standard) because it ensures relatively fast and easy encryption of bulk
messages. To date, AES remains a preferred choice for secure encryption due to the resistance to known
cryptanalytic attacks and high efficiency in implementation on software and hardware platforms (Daemen
& Rijmen, 2022). However, an important drawback of symmetric encryption is related to the problem of key

distribution since both parties should know about the same secret key.

Instead, asymmetric cryptographic techniques such as Rivest-Shamir-Adleman (RSA) use public and
private keys for encryption and decryption of information. As a matter of fact, the technique avoids the
necessity of having pre-defined and known keys and makes scalability possible in a distributed computing
environment. On the other hand, it should be noted that the RSA technique is costly and inefficient when
handling large amounts of data (Rivest et al., 1978; advanced computational analysis in the contemporary

application context as illustrated by Kumar et al., 2025).

It can be noted that the latest research developments in the field of cryptography have been focused on
hybrid encryption techniques. In essence, hybrid techniques use the advantages of both symmetric and

asymmetric cryptography techniques (Walle et al., 2024; Chinedu et al., 2024).

For example, recent data show that the use of AES-RSA framework can improve security of data
transmission within cloud and networked system due to minimized vulnerability during key exchange
process and increased speed of the encryption process. Studies have shown that hybrid cryptography
framework is more efficient compared to conventional cryptography frameworks both in terms of
computational efficiency as well as prevention of intercept attacks (Chinedu et al., 2024; Kumar et al.,
2025). Moreover, hybrid cryptography frameworks based on ECC and AES have also been used in resource

constrained environments (Selvi et al., 2025).

Nonetheless, current cryptography systems have certain shortcomings such as computational inefficiency,
real-time communication latency, and inability to scale up in high volume network environment. Moreover,
emerging cyber threats and their ever-changing nature are also creating additional problems for
conventional cryptosystems especially in cases where cryptosystems are not effectively optimized and

improperly configured (Kumar et al., 2025).

As such, this study will present a new hybrid cryptographic scheme using the Advanced Encryption System
(AES) and Rivest-Shamir-Adleman (RSA), which would be implemented to ensure effective transmission of
information through network environments. The AES will be used for effective data encryption, while the
RSA algorithm will assist in developing the secure session keys during the development of the hybrid

cryptographic transmission system.

The objectives of this research are: a) To design a hybrid cryptographic transmission system; b) To
implement the designed hybrid cryptographic transmission system in the virtual network environment; c)

To test for performance, security, encryption time, and decryption time of the developed system.

Significance of this study will be clearly seen in the development of a new and efficient hybrid cryptographic

scheme by taking into account some recent developments in cryptographic transmission systems.

This paper is divided into seven main sections. Section 2 presents a review of the recent literature
concerning hybrid cryptographic systems. Section 3 outlines our hybrid cryptographic transmission system
architecture. Section 4 outlines our methodology. Sections 5 and 6 present findings and discussions, and

security analysis respectively.
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2. Literature Review

It can be argued that cryptography has been shown to be vital in protecting communication systems in
modern network architectures where confidential data is exchanged in a decentralized manner. With time,
cryptographic mechanisms have advanced to a level whereby they go beyond simple substitution codes to
more advanced mathematical algorithms which ensure protection from modern cybersecurity threats.
Cryptographic methods form an integral part of current solutions towards securing network operations,
mainly in data transmission processes where secrecy, authentication, and key management play a
significant role (Stallings, 2022; Kurose & Ross, 2021).

Among the encryption algorithms widely used in cryptography is symmetric encryption, mainly due to its
effectiveness and appropriateness for bulk encryption. Initially, the symmetric DES was a standard
algorithm, but due to its vulnerability to attacks, it had to be replaced by the more robust and powerful AES.
The latter was officially introduced in 2001 as a successor to the DES by the NIST as a superior cryptographic
solution. Currently, the AES, whose design is credited to Daemen and Rijmen, remains one of the most
effective techniques in software and hardware due to its efficiency and security (NIST, 2020; Daemen &
Rijmen, 2022).

Although symmetric cryptography is efficient and successful, it faces an obstacle in terms of key exchange.
Since the key is required in encryption and decryption processes, the challenge faced in key exchange
happens because it is not advisable to transmit the key over unsecured networks. As a result, asymmetric
cryptography was conceived whereby there is an application of two keys linked mathematically; one key
encrypts the information while another decrypts it. One of the popular cryptographic techniques applied in
asymmetric cryptography is the RSA cryptography method developed by Rivest, Shamir, and Adleman.

On the other hand, RSA requires more computation time and is inefficient for encrypting voluminous data,
hence it cannot be applied in high-speed communication networks. As a solution to the shortcomings
mentioned above, there has been introduced the Elliptic Curve Cryptography which offers a similar security
level with smaller keys sizes compared to other encryption systems. In particular, the ECC algorithm is
ideal for use in contemporary low power networks, for instance, mobile technology, IoT, and edge
computing (Koblitz, 1987; NIST, 2022). Recent investigations indicate that there has been an increased

demand for using ECC algorithm due to the reduced computation cost in modern post-cloud networks.

Hybrid cryptography is one of the approaches that have recently attracted the attention of cybersecurity
researchers because it combines both the properties of symmetric and asymmetric cryptography.
Essentially, this involves utilizing the symmetric algorithm like AES to encrypt bulk data, whereas an
asymmetric algorithm such as RSA and ECC can be used to exchange the symmetric keys for a secure

communication.

According to the results of recent studies (2020-2025), using hybrid AES-RSA cryptography greatly
increases the efficiency of encrypting data. Thus, for example, one can point to the recent progress made in
the field of secure communication technology, which demonstrates that by using the hybrid model, the
threat from key exchange attacks will be significantly reduced, but it will ensure high efficiency in data
encryption (Alhassan et al., 2021; Chinedu et al., 2024). Additionally, a similar observation can be made
with respect to IoT and edge computing systems, where the use of the hybrid cryptographic model will
significantly increase security while minimizing computational resources (Selvi et al., 2025; Kumar et al.,
2025).

As seen from the research conducted recently, the hybrid cryptography system shows a number of
advantages compared to the single cryptography algorithm in terms of its scalability, resistance to
interception attacks, and flexibility of adaptation. In recent years, hybrid cryptography has attracted great
attention as a solution in the field of secure communication, cloud security, and distributed computing

system because of its improved security-efficiency ratio (Wang et al., 2022; Zhao et al., 2023).
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Hybrid cryptographic concepts are still employed in the SSL/TLS secure communication protocols, which use
such methods to create encrypted communication channels across an insecure medium. Typically,
asymmetric algorithms are used in such protocols during the handshake procedure to establish identity and
provide key-exchange services, after which symmetric cryptography is employed for effective data
transmission. As one can see from the above discussion, the need for hybrid cryptography cannot be
overestimated within secure communication frameworks (Rescorla, 2018; TLS 1.3 revisions in IETF RFC 8446,
2021-2023).

Nevertheless, despite all recent developments, today’s network infrastructure faces a variety of problems
associated with computational complexity, scalability limitations, and the emergence of innovative
cyberattacks against current protocols. Moreover, the emergence of technologies, including quantum
computing, adds a whole new dimension to the question of security in the context of public key cryptographic
systems, for instance RSA and ECC, which have proven to be susceptible to attack by Shor's quantum
factorization algorithm. Therefore, studies have intensified in domains associated with post-quantum
cryptography and cryptography resistant to quantum computing (Bernstein et al., 2022; NIST PQC
Standardization, 2024).

Moreover, the swift development of cloud computing, edge computing, and IoT platforms calls for the
development of lightweight but very robust cryptosystems. Such cryptosystems need to guarantee very
high levels of security at lower computation and power costs. According to the findings of recent studies,
adaptive hybrid encryption mechanisms can be a potential solution to the discussed issues by constantly
changing their operation mode depending on the status of the network and the importance of data (Kumar
et al., 2025; Selvi et al., 2025).

The range of works discussing this topic might be rather wide, but the absence of a comprehensive
approach addressing the high efficiency of encryption and successful key exchange in high speed networks
represents its major weakness. In other words, the approaches proposed by various researchers in their
studies involve the trade-off between security and efficiency. The first category of systems is focused on

providing security while the second one pays attention to efficiency.

Therefore, this study extends the previous efforts in an attempt to develop an AES-RSA cryptographic architecture that
can be used to facilitate the secure data transmission in network environments. The AES-RSA encryption scheme is
designed to improve the security for data transmission by leveraging on the symmetric and asymmetric keys in
network environments.
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3. Proposed System Architecture

Architecture of the proposed scheme represents an approach that combines two different cryptographic
techniques, AES and RSA, aimed at providing secure transfer of information through networks. AES and
RSA algorithms were chosen due to their effectiveness and efficiency since AES represents an effective
symmetric algorithm, while RSA provides efficient asymmetric key exchange. At the same time, the
structure of this cryptography scheme was developed taking into account such requirements as
computational efficiency and security. Thus, the architecture of the system includes four stages: data input,

data encryption, transfer of the secured message and data decryption.

This is achieved by first capturing the data transmitted by applications and other networking applications in
order to ensure proper encryption. Encryption occurs through AES using session keys generated randomly
so as to secure the data during transit. AES is used since it can handle bulk data encryption at very fast
processing rates. However, considering that symmetric cryptography requires the use of a dependable
method of key exchange, AES session keys are encrypted using the RSA algorithm. This implies that the
AES session keys are encrypted using the recipient's RSA public key.
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Figure 1: Hybrid AES-RSA Secure Data Transmission Architecture
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The safe transport layer refers to the means of transportation, through which the data and the session
key are encrypted before their transport. The safe transport layer can be in wired/wireless form, cloud
communication, or a distributed computing environment. Even if the data is intercepted by someone
during the process of transmission, it becomes impossible for such a person to decrypt the data without
the knowledge of both the RSA private key and AES session key.

When the data is received by the recipient, first of all, it is necessary to use the RSA private key to
decrypt the session key. Having done that, the session key is then used to decrypt the received data into
its plaintext form by the AES decryption system.
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Algorithm 1: Hybrid AES-RSA Secure Transmission Algorithm
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Figure 2: Hybrid AES-RSA Secure Transmission Algorithm

The working process of this system is linear and makes sure that the encryption takes place prior to the
transmission, whereas decryption takes place only after reaching the destination. In this way, the entire
process ensures that the transmitted data is always encrypted during the process. The division of
responsibilities of AES and RSA not only helps to improve the performance but also ensures enhanced

security.

Finally, it can be concluded from the above discussion that the suggested architecture follows a logical and

well-structured design strategy for providing secured network communication services.
4. Methodology

The research methodology used in this paper aims at designing a hybrid cryptography method in order to
ensure safe transmission of data through networks. In order to achieve that, an experimental method will be
employed together with implementation of algorithms in order to evaluate the level of security and
efficiency of the system. The entire methodology will be carried out in four distinct stages namely system

design, cryptographic method, network simulation, and finally performance evaluation.
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4.1 Research Design

In this study, the research design will involve experimental methods to test the effectiveness of the hybrid
cryptosystem AES-RSA. The selection of an experimental research design is based on the fact that such a

type of methodology can be used in analyzing the behavior of the system through varied input values.

Specifically, the experiments in this study will include implementation of end-to-end encryption and
decryption methods to analyze the efficiency of security, integrity, and efficiency of the proposed scheme.
Several data sizes will be used in this regard in order to create varied input values similar to those
experienced by networks in actual situations. Hybrid system has been selected as a result of combining the
efficiency of symmetric and asymmetric systems. In the hybrid method, AES will be responsible for

encrypting bulk data, whereas RSA will be used to provide secure key exchange among users.
4.2 System Implementation Environment

The cryptographic system under consideration will be realized with the help of the Python programming
language owing to its numerous cryptography-related libraries and network modeling capabilities.
Implementation of the system relies on various useful tools that ensure an adequate simulation process and

performance measurement.

For encryption and decryption of information via algorithms, we use the PyCryptodome library, while for
communication within a network, we use socket programming. Encryption and decryption latency will be

evaluated by means of the time library, and data processing will involve the usage of NumPy.

The simulation process assumes the implementation of a client-server approach where the function of
sender node will be associated with encryption of information, and the function of receiver node will be

associated with information decryption.
4.3 Data Transmission Model

Transmission of information happens within a properly designed cryptographic pipeline where the
transmission is made secure throughout. At first, the plain-text message is created and then encrypted
within the sending node. Each transmission is characterized by a unique AES session key which is

generated randomly.

This session key encrypts the plain-text into ciphertext thus maintaining confidentiality during the
transmission process. In this case, the AES session key will be encrypted using the public key of RSA
algorithm pertaining to the receiver. This will then transmit the session key and the message through the

communication channel.

Once received at the receiver end, the encrypted session key is decrypted using the private key of RSA

algorithm. Upon decrypting the AES session key, it is used for decrypting the data back to its initial form.
4.4 Cryptographic Algorithm Design
AES Encryption Process
C = AESg,..(K,, P)
The AES encryption standard is a symmetric block cipher based on a
substitution-permutation network. The number of transformations performed by AES depends on the size of

the key, which can be 128, 192, or 256 bits, respectively. Mathematically, the encryption algorithm is

represented as follows:
Where:

» KsK sKs represents the symmetric session key
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« PPP represents the plaintext input

« CCC represents the resulting ciphertext

AES ensures high computational efficiency and is optimized for large-scale data encryption in network

environments.
RSA Key Exchange Process

The RSA algorithm is used to securely transmit the AES session key between communicating parties. The
key generation process begins with the selection of two large prime numbers ppp and gqq, which are used
to compute:

n=pxq

d(n)=(p—1)(g—1)

A public key (e,n)(e, n)(e,n) and a private key (d,n)(d, n)(d,n) are then generated such that they satisfy the
modular relationship required for secure encryption and decryption.

The encryption process is defined as:

C = M" modn
The corresponding decryption process is defined as:

M=% modn

Where:

« MMM represents the AES session key
» CCC represents the encrypted key

This mechanism ensures secure key exchange without exposing sensitive encryption keys during

transmission.
4.5 Network Simulation Setup

The client-server architecture will be used in this scenario to mimic a safe transaction process between the
two distinct nodes, which include the sender and the receiver. While encryption of the data before sending
should be done by the sender node, decrypting the received data should be done by the receiver node.
Communication between the sender and the receiver nodes is achieved using sockets, which use TCP

architecture.

In this simulation scenario, there are several parameters that will be used to conduct the experiment. They
include data packages ranging from 128 KB to 2 MB, AES-256 algorithm for encrypting data, RSA-2048

algorithm for securely exchanging keys, and simulating a network within the host machine.

4.6 Performance Evaluation Metrics
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The performance of the proposed cryptographic framework is evaluated using standard cryptographic and
network performance metrics. These metrics provide a comprehensive assessment of both security

effectiveness and computational efficiency.

Metric Description

Encryption Time required to convert plaintext into ciphertext
Time

Decryption Time required to recover plaintext from ciphertext
Time

Throughput Amount of data processed per unit time

Latency Delay introduced during encryption and transmission
Security Resistance of the system against cryptographic and
Strength network attacks

These metrics are used to evaluate the trade-off between security robustness and system performance

under different operational conditions.

4.7 System Workflow
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Figure 3: Cryptographic Transmission Workflow
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The process begins with generating plain text in the sending computer. Then comes the encryption process
of the plain text using the AES algorithm with the help of session keys. The session key is further encrypted
with the help of RSA public key and then both are transmitted over the internet. After getting the messages,
the receiver begins the process by decrypting the session key using the RSA private key. Lastly, the session
key helps in decrypting the cipher text back to plain text.

Thus, such a workflow makes effective end-to-end communication by proper isolation of encryption and key
exchange process, making the process more secure.

5. Results and Discussion

This part will cover the experimental results derived from testing the performance of the proposed hybrid
cryptographic structure using AES-RSA algorithm. The tests were conducted by focusing on its
computational speed, communication speed, and security efficiency based on different volumes of data and
diverse network configurations. The model was tested through a simulated client-server platform that

mimics the actual implementation of secured networking communication channels.
5.1 Experimental Setup

The experimental evaluation was conducted in a controlled simulation environment implemented using
Python. The system was executed on a workstation with a multi-core processor and sufficient memory

capacity to support repeated encryption and decryption cycles without performance degradation.
The implementation utilized:

» AES-256 for symmetric encryption

» RSA-2048 for asymmetric key exchange

» PyCryptodome library for cryptographic operations

» Socket programming for network communication simulation

« Time-based profiling for performance measurement

To ensure robustness of results, multiple test cases were executed using varying plaintext sizes ranging
from 128 KB to 2 MB, representing low to moderately high network loads. Each experiment was repeated

multiple times, and average values were recorded to minimize measurement bias.

5.2 Performance Evaluation Results

Table 1: Cryptographic Performance under Varying Data Sizes

Data Algorithm Encryption Time Decryption Time Throughput

Size (ms) (ms) (KB/s)

128 AES-RSA 14.2 15.1 8500

KB Hybrid

256 AES-RSA 21.6 22.4 8200

KB Hybrid

512 AES-RSA 38.9 39.5 7800

KB Hybrid

1 MB AES-RSA 71.3 72.8 7400
Hybrid

2MB  AES-RSA 138.7 141.2 6900
Hybrid

The results in Table 1 demonstrate a predictable linear increase in encryption and decryption time as data

size increases. This behavior is expected due to the block-based processing nature of AES encryption.
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Despite the increase in computational cost, throughput remains relatively stable, indicating that the system

maintains efficiency even under higher data loads.
5.3 Comparative Algorithm Performance Analysis

To further validate the effectiveness of the proposed hybrid model, a comparative analysis was conducted

against standalone AES-only and RSA-only implementations.

Table 2: Comparative Performance Analysis

Algorithm Encryption Time Decryption Time Throughput Security

(ms) (ms) (KB/s) Strength
AES Only 10.8 10.2 9200 Medium
RSA Only 85.4 88.7 2100 High
Proposed AES-RSA 21.6 22.4 8200 Very High
Hybrid

It is clear that the performance efficiency of AES-only methods is better than their RSA-based counterparts,
but there is a security flaw in their key exchange mechanisms, thus making them insecure for use in open

environments. RSA-only methods offer a high level of security but are highly inefficient.

The suggested AES-RSA scheme offers an ideal balance by increasing security and offering decent

efficiency performance.
5.4 Latency and Transmission Efficiency Analysis

Table 3: Network Latency Performance

Data Encryption Transmission Total Response
Size Latency (ms) Delay (ms) Time (ms)

128 14.2 8.5 22.7

KB

256 21.6 10.2 31.8

KB

512 38.9 13.7 52.6

KB

1MB 71.3 18.4 89.7

2MB 138.7 25.6 164.3

According to the results obtained, latency has been observed as an issue that increases the amount of time
spent transmitting due to encryption, especially when high amounts of data are transmitted. However,
despite the delay incurred, the process of transmitting information still falls within the appropriate limit for

secure real-time application use.
5.5 Discussion

The results obtained from the experiment show that the hybrid AES-RSA cryptographic system proposed by
us is capable of delivering an excellent compromise between security and efficiency. As it can be clearly
seen from our results, the time required for encryption and decryption increases with data size, but at the
same time, we managed to achieve steady throughput, which indicates good scalability under any network
load.

The main reason behind higher performance in a hybrid cryptography scheme compared to the pure RSA
encryption is that the AES is responsible for data encryption, and since symmetric algorithms are much
faster than asymmetric, this allows for significant efficiency gains. Moreover, RSA encryption is used only

for establishing secure channels, without participating in actual encryption of large amounts of data.
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From the security point of view, the main benefit of the proposed cryptographic system is the protection
against various types of attacks, including man-in-the-middle, eavesdropping, and replay attacks. Using
RSA for session key establishment means that these keys will not be transferred via the network in plain

text. At the same time, AES-256 offers excellent protection against brute force attacks and cryptoanalysis.

However, it is important to note the critical compromise between latency and the effectiveness of the
implementation. Although the inclusion of encryption leads to an increase in latency, the improvement in
confidentiality and data integrity is more than the incurred overheads. For applications that require
stringent measures for security, such as financial networks, health care networks, and organizational
communication infrastructure, the compromise is unavoidable.

Moreover, the scalability feature of the network has been verified through the consistent throughput
values independent of data sizes. This shows that the proposed architecture can be implemented in a
distributed and highly scalable network without any performance issues.

In summary, the experiment proves that a hybrid cryptography scheme is indeed a dependable method of
securing communication networks.

6. Security Analysis

This paper explains the security performance of the hybrid cryptography AES-RSA algorithm concerning
confidentiality, integrity, authentication, and robustness against any attack that may arise on the network
system. It describes how combining symmetric and asymmetric encryption systems enhances the security

performance of the network without compromising its efficiency.

In terms of confidentiality, the proposed network security system employs the AES-256 cipher for
encrypting the data in the network. This encryption algorithm is considered one of the best symmetric
ciphers because it operates on large keys and involves many substitution and permutation functions at each
encryption phase. Therefore, although an attacker may be able to intercept the message in transit, it will be
impossible to decrypt the data since the attacker does not have the session key. In addition, the session key

required for encryption is encrypted using the RSA-2048 cipher.

The integrity of the data transfer is provided by indirect means inherent in strong symmetric encryption
algorithms. Any attempt to modify the cipher text will render the deciphered text illegible or corrupted.
While AES does not explicitly ensure integrity verification, its structure allows for detecting any
modification of the ciphered data at the application level. One way to improve integrity in real-world
implementation of the algorithm is to apply cryptographic hash functions (SHA-256, for example), although

in the current algorithmic design, modifying the cipher text without detection will be nearly impossible.

As for the authentication of the data transfer, it can be performed due to the fact that AES session key is
encrypted via receiver’s public RSA key. Therefore, the only entity capable of decoding the session key and
using it for decrypting AES cipher text will be the receiver itself who will have access to its RSA private key.
Thus, no impersonating of the receiver or substitution of the encryption keys by an outside third party will

occur.

Additionally, the proposed scheme shows high resistance to MITM attacks. During such attacks, the
attacker tries to intercept the communications between sender and receiver and perhaps alter them.
However, since the session key used in AES encryption is protected by RSA encryption, the interception
alone is not enough for its decryption. The attacker must have access to the receiver's RSA private key in

order to decrypt the session key and the corresponding ciphertext.

Moreover, the system is safe from eavesdropping and packet sniffing. All the messages sent are encrypted
with AES-256 and therefore the ciphertext will appear as random data. Even if the attacker successfully
intercepts the transmission of these packets, without having the session key and RSA private key, he will

not be able to access the data at all.

Moreover, replay attacks can be avoided with the help of session-based encryption. In every communication
session, a new AES session key is created, which means that any previously intercepted message will not be

useful for any future transmission since every session generates different ciphertexts regardless of having
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the same plain text input. This approach adds another level of temporal security to the communication

protocol.

On the other hand, the overall cryptographic strength of this scheme depends on the use of two algorithms.
AES-256 is used for symmetric encryption, which means that the theoretical key space generated is
enormous and practically impossible to crack using classical computing brute force attack techniques. At
the same time, RSA-2048 is an asymmetric encryption algorithm whose strength depends on the hardness
of integer factorization in classical computing models. Therefore, when combining both approaches, we can

observe a layered security approach, which increases the cryptanalytic complexity.

Nevertheless, this approach, although offering numerous benefits, may encounter several obstacles. The
first one refers to quantum computers capable of compromising RSA algorithms using approaches like
Shor's algorithm or side-channel attacks, exploiting vulnerabilities of the encryption processes realized by
means of particular programs or hardware and relating to timing and power consumption. In addition, the
performance of the scheme depends to some extent on the ability of random number generation, which is
vital to provide high-level security of session keys. Thus, the importance of taking measures and

incorporating post-quantum cryptography into the existing system becomes evident.

Summing up, it is possible to claim that the suggested hybrid AES-RSA approach provides sufficient
resistance to various types of attacks and protects users' confidential information due to the implemented
security levels. It represents an effective communication tool for secure systems, such as corporate

networks and cloud computing architectures.
7. Conclusion

The hybrid cryptographic system presented in this study integrates the functionalities of the AES and RSA
cryptographic algorithms to provide secure and fast data transfer within networked settings. In particular,
the implementation has sought to remedy some inherent weaknesses of previous cryptographic methods in
terms of key distribution, efficiency, and susceptibility to network attacks. The combination of AES
symmetric algorithm and RSA asymmetric algorithm results in the hybrid model’s optimal level of
efficiency-security trade-off. As illustrated by the experimental analysis, the hybrid approach ensures
effective data security in addition to providing reasonable levels of encryption and decryption times at
different volumes of transmitted data. Moreover, the analysis revealed that hybrid cryptographic model
greatly enhances the security capabilities of the system against attacks like eavesdropping, man-in-the-
middle attacks, packet sniffing, and replay attacks owing to the effectiveness of the layered encryption
scheme, which encrypts the AES session key using the RSA algorithm. Contrary to typical cryptographic
models, the use of hybrid cryptography offers reduced exposure to security vulnerabilities in relation to
encryption keys without sacrificing efficiency. Also, the division of functions of both symmetric and
asymmetric encryption makes the proposed system more scalable and flexible in terms of distributed
computation environments like corporate networks and cloud infrastructure setups. Moreover, according
to the research, although the hybrid cryptographic system is characterized by a small degree of
computational cost due to two separate encryption methods, it still proves efficient enough to be
implemented on account of the benefits it provides. In conclusion, it should be pointed out that the
conducted research demonstrates hybrid cryptographic systems to be quite an effective and practical
solution when applied to modern network problems. The suggested approach adds value to the area of
research since it proves that the application of both AES and RSA can improve performance along with

cryptography in general.
8. Recommendations
Based on the findings of this study, the following recommendations are proposed:
1. Organizations should adopt hybrid cryptographic architectures such as the AES-RSA model for

securing data transmission over public and private networks. The combination of symmetric and
asymmetric encryption provides an effective balance between computational efficiency and security.
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2. Organizations handling sensitive information, including financial institutions, healthcare
providers, government agencies, and cloud service providers, should implement AES-256 for bulk
data encryption while utilizing RSA or equivalent asymmetric algorithms solely for secure session key
exchange.

3. Developers and system administrators should integrate cryptographic integrity verification
mechanisms, such as SHA-256 hashing and digital signatures, into the proposed framework to
ensure data integrity and authenticity in addition to confidentiality.

4. Organizations should implement strong cryptographic key management practices, including
secure key generation, storage, rotation, backup, and revocation procedures, to minimize risks
associated with key compromise.

5. Future implementations should incorporate Transport Layer Security (TLS 1.3) alongside the
proposed hybrid cryptographic architecture to provide end-to-end protection during communication
across heterogeneous network environments.

6. Continuous security assessment and penetration testing should be conducted to evaluate the
resilience of hybrid cryptographic implementations against emerging cyber threats such as side-
channel attacks, advanced persistent threats, and sophisticated man-in-the-middle attacks.

7. Organizations should invest in cryptographic awareness and cybersecurity training for
network administrators and security personnel to ensure proper implementation, configuration, and
maintenance of cryptographic systems and to reduce vulnerabilities arising from human error.

8. Future research should investigate the integration of post-quantum cryptographic
algorithms with the proposed hybrid encryption framework. As quantum computing continues to
evolve, traditional public-key algorithms such as RSA may become vulnerable, making quantum-
resistant cryptographic techniques increasingly important.

9. Further studies should evaluate the proposed hybrid model in real-world environments,
including cloud computing, Internet of Things (IoT), edge computing, and 5G/6G communication
networks, to assess its scalability, latency, and security under diverse operational conditions.

10. Future research should compare the proposed AES-RSA hybrid model with other
modern hybrid cryptographic schemes, including AES-ECC, AES-Kyber, and post-quantum
encryption algorithms, using standardized performance and security benchmarks to determine the
most suitable approach for next-generation secure communication systems.

These recommendations are grounded in the study's findings and provide practical guidance for
organizations while identifying meaningful directions for future research.
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